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Table 68. Electric Power Projections by Electricity Market Module Region

Southeastern Electric Reliability Council

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Electricity Generating Capacity 1/
(gigawatt.)

Electric Power Sector
Coal Steam
Other Fossil Steam 2/
Combined Cycle
Combustion Turbine/Diesel
Nuclear Power
Pumped Storage/Other 3/
Fuel Cells
Renewable Sources 4/
Distributed Generation 5/

Total Capacity

Cumulative Planned Additions 6/
Coal Steam
Other Fossil Steam 2/
Combined Cycle
Combustion Turbine/Diesel
Nuclear Power
Pumped Storage/Other 3/
Fuel Cells
Renewable Sources 4/
Distributed Generation 5/

Total Planned Additions

Cumulative Unplanned Additions 6/
Coal Steam
Other Fossil Steam 2/
Combined Cycle
Combustion Turbine/Diesel
Nuclear Power
Pumped Storage/Other 3/
Fuel Cells
Renewable Sources 4/
Distributed Generation 5/

Total Unplanned Additions
Cumulative Total Additions

Cumulative Retirements 7/
Coal Steam
Other Fossil Steam 3/
Combined Cycle
Combustion Turbine/Diesel
Nuclear Power
Pumped Storage
Fuel Cells
Renewable Sources 4/

Total

71.40 11.50
18.40 18.64
30.92 34.15
31.29 31.61
32.41 32.45

7.01 7.04
0.00 0.00

12.36 12.41
0.00 0.00

203.78 207.80

70.92 70.91 71.53 71.51 72.80
18.56 18.56 18.56 16.56 18.56
35.99 37.48 38.04 38.57 38.57
31.70 31.71 31.71 31.62 31.47
32.73 32.85 33.03 33.03 33.07
7.04 7.04 7.04 7.04 7.04
0.00 0.00 0.00 0.00 0.00

12.38 12.44 12.55 12.55 12.55
0.00 0.00 0.00 0.00 0.00

209.31 210.99 212.46 212.88 214.06

72.80 72.80 72.80 72.11 73.17 73.59 74.50 76.01 78.49
18.56 18.56 14.94 14.94 14.94 14.94 14.94 14.94 14.94
38.57 38.57 38.57 38.57 38.57 38.71 38.71 38.71 38.71
31.36 31.28 30.87 30.78 30.78 31.69 32.51 32.63 32.80
33.14 33.14 33.22 33.22 34.36 35.93 37.S3 39.26 40.09

7.04 7.04 7.04 7.04 7.04 7.04 7.04 7.04 7.04
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

12.55 12.55 12.55 12.55 12.58 12.68 12.71 12.79 12.84
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

214.02 213.94 210.00 209.22 211.46 214.58 217.94 221.38 224.92

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
1.84
0.09
0.00
0.00
0.00
0.02
0.00
1.95

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.95

0.58
0.08
0.00
0.00
0.00
0.00
0.00
0.05
0.71

0.00
0.00
3.33
0.17
0.00
0.00
0.00
0.08
0.00
3.58

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.58

0.59
0.08
0.00
0.07
0.00
0.00
0.00
0.05
0.79

0.62
0.00
3.89
0.17
0.00
0.00
0.00
0.19
0.00
4.87

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
4.87

0.59
0.08
0.00
0.07
0.00
0.00
0.00
0.05
0.79

0.62
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
5.40

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.40

0.61
0.08
0.00
0.16
0.00
0.00
0.00
0.05
0.90

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.70

0.61
0.08
0.00
0.31
0.00
0.00
0.00
0.05
1.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0,00
0.00
6,70

0.62
0.08
0.00
0.42
0.00
0.00
0.00
0.05
1.16

1.92
0100
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.70

0.62
0.08
0.00
0.50
0.00
0.00
0.00
0.05
1.25

1.92
0.00
4.42
0,17
0.00
0.00
0.00
0.19
0. D0
6.70

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.70

0.62
3.70
0.00
0.90
0.00
0.00
0.00
0.05
5.27

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.70

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

1.06
0.00
0.00
0.00
1.00
0.00
0.00
0.03
0.00
2.09
8.79

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

1.48
0.00
0.14
0.91
2.20
0.00
0.00
0.13
0.00
4.86

11.56

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

2.39
0.00
0.14
1.72
3.64
0.00
0.00
0.16
0.00
8.05

14.75

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

3.90
0.00
0.14
1.84
5.37
0.00
0.00
0.24
0.00

11.49
16.19

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

6.38
0.00
0.14
2.02
6.00
0.00
0.00
0.29
0.00

14.83
21.53

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05
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Table 68. Electric Power Projections by Electricity Market Module Region
Southeastern Electric Reliability Council

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Commercial and Industrial S/
Coal
Petroleum
Natural Gas
Other Gaseous Fuels
Renewable Sources 4/
Other
Total

Electricity Demand
(billion kilowatthours)

Residential
Commercial/Other
Industrial
Transportation

Total Sales

0.81 . 0.79 0.82 0.92 0.82 0.82 0.82 0.82 0.91 1.01 1.10 1.15 1.19 1.24 1.32 1,40

0.25 0.50 0.50 0.50 0.53 0.52 0.54 0.57 0.58 0.62 0.57 0.60 0.59 0.61 0.59 0.58

4.61 4.63 4.72 4.79 4,87 4.96 5.07 5.18 5.29 5.40 5.50 5.62 5.76 5.90 6.04 6.18

0.57 0.57 0.57 0.57 0.47 0.47 0.47 0.47 0.48 0.48 0.48 0.48 0.48 0.48 0.49 0.49

2.96 2.99 3.02 3.16 3.31 3.41 3.52 3.66 3.73 3.79 3.84 3.89 3.95 4.00 4.08 4.15

0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

9.27 9.56 9.71 9.91 10.06 10.25 10.49 10.77 11.05 11.36 11.56 11.81 12.04 12.30 12.59 12.87

295.73 303.34 312.83 316.13 321.97 330.15 336.47 343.06 349.17 356.15 361.12 367.05 373.39 380.05 385.01 390.86

227.88 237.37 245.95 249.33 257.57 266.45 274.59 282.20 290.18 298.29 306.04 313.65 321.45 329.53 337.76 346.06

251.72 258.60 259.27 260.79 261.76 263.03 263.25 264.91 268.10 270.50 272.87 275.12 277.75 281.05 284.49 288.24

4.35 4.45 4.45 4.49 4.54 4.60 4.68 4.75 4.81 4.87 4.93 5.00 5.06 5.12 5.18 5.25

779.69 803.76 822.49 830.75 845.84 864.24 878.99 894.92 912.26 929.82 944.97 960.82 977.64 995.74 1012.44 1030.41

Net Energy for Load (billion kilowatthours) 7/
Gross International Imports 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00. 0.00 0.00 0.00" 0.00 0.00

Gross International Exports 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Gross Interregional Electricity Impo 103.29 112.81 80.80 82.57 86.61 92.76 93.98 98.43 101.34 96.09 96.28 90.52 87.97 79.01 69.67 63.25

Gross Interregional Electricity Expo 66.95 67.14 50.35 54.28 63.46 63.73 66.79 62.93 66.77 60.41 57.35 55.48 53.53 51.32 49.18 48.25

Purchases from Combined Heat and Pow 8.35 8.75 9.17 9.78 12.33 12.75 13.73 14.59 15.81 17.24 17.84 18.90 19.81 20.90 21.99 23.02

Electric Power Sector Generation for 810.39 831.64 833.30 843.08 861.13 873.87 889.63 896.85 914.12 929.46 941.00 959.86 976.69 1001.37 1024.96 1048,28

Total Net Energy for Load 855.07 886.06 872.92 881.15 896.60 915.65 930.55 946.93 964.50 982.38 997.76 1013.81 1030.93 1049.96 1067.44 1086.30

Generation by Fuel Type
(billion kilowatthours)

Electric Power Sector
Coal
Petroleum
Natural Gas
Nuclear
Pumped Storage/Other 3/
Renewable Sources 4/

Total Generation
Sales to Customers
Generation for Own Use
Distributed Generation 5/

commercial and Industrial 8/
Coal
Petroleum
Natural Gas
Other Gaseous Fuels
Renewable Sources 4/
Other

Total
Sales to Utilities
Generation for Own Use

Total Electricity Generation

438.00 446.83 456.04 460.82 468.07 478.10 490.00 489.21 494.15 498.72 499.25 506.15 509.84 512.87 523.87 545.53

12.26 12.59 14.27 13.31 7.60 7.64 7.86 7.96 7.26 7.69 7.82 7.78 7.78 7.82 7.92 8.07

74.43 85.01 83.48 79.84 80.53 82.12 84.19 85.40 99.75 113.36 123.54 128.29 130.27 136.34 135.72 130.85

246.95 256.42 252.42 257.14 267.60 267.67 267.94 267.72 267.79 268.59 268.66 275.10 285.96 297.91 310.94 319.94

-2.48 -3.14 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60

44.11 36.59 35.26 40.14 45.51 46.55 47.87 54.79 53.42 49.34 49.85 50.66 50.96 54.55 54.63 52.01

813.27 834.28 837.87 847.66 865.73 878.48 894.26 901.49 918.76 934.10 945.52 964.38 981.21 1005.89 1029.48 1052.80

810.39 831.64 833.30 843.08 861.13 873.87 889.63 896.85 914.12 929.46 941.00 959.86 976.69 1001.37 1024.96 1048.28

2.87 2.64 4.56 4.58 4.59 4.61 4.63 4.64 4.64 4.64 4.52 4.52 4.52 4.52 4.52 4.52

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3.97 4.21 4.26 4.26 4.25 4.25 4.25 4.25 4.98 5.71 6.44 6.79 7.14 7.47 8.10 8.72

1.54 1.45 1.74 1.74 3.22 3.14 3.42 3.59 3.70 4.03 3.63 3.83 3.81 3.95 3.86 3.71

25.22 25.38 25.99 26.51 28.40 29.12 30.01 30.91 31.74 32.59 33.40 34.35 35.42 36.54 37.66 38.74

1.91 1.33 1.42 1.42 1.20 1.22 1.23 1.25 1.26 1.27 1.28 1.29 1.31 1.32 1.33 1.34

20.15 20.11 20.23 20.91 21.59 22.08 22.56 23.12 23.53 23.88 24.17 24.45 24.76 25.09 25.51 25.95

2.73 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76

55.52 55.26 56.40 57.60 61.42 62.57 64.24 65.88 67.97 70.25 71.68 73.47 75.19 77.13 79.22 81.23

8.35 8.75 9.17 9.78 12.33 12.75 13.73 14.59 15.81 17.24 17.84 18.90 19.81 20.90 21.99 23.02

47.17 46.50 47.23 47.82 49.09 49.82 50.51 51.29 52.16 S3.01 53.84 54.57 55.39 56.23 57.22 58.20

868.79 889.54 894.27 905.25 927.15 941.05 958.49 967.37 986.73 1004.35 1017.20 1037.86 1056.40 1083.02 1108.70 1134.03
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Table 68. Electric Power Projections by Electricity Market Module Region
Southeastern Electric Reliability Council

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

End-Use Prices
(2004 cents per kilowatthour)

Residential
Commercial
Industrial
Transportation

All Sectors Average

Prices by Service Category
(2004 cents per kilowatthour)

Generation
Transmission
Distribution

Fuel Consumption (quadrillion Btu) 9/
Coal
Natural Gas
Oil

Total

Fuel Prices (dollars per million Dtu)
Coal
Natural Gas

,Distillate Fuel
Residual Fuel
Biomass

Emissions 10/
Total Carbon (million tons)
Carbon Dioxide (million tons)
Sulfur Dioxide (million tons)
Nitrogen Oxide (million tons)
Mercury (tons)

7.9
6.8
4.5
6.2
6.5

4.5
0.4
1.6

8.0
6.9
4.5
6.2
6.5

4.6
0.4
1.6

8.3 8.2 7.9 7.6
7.2 7.3 7.0 6.8
4.8 4.9 4.7 4.6
6.4 6.5 6.2 6.0
6.9 6.9 6.6 6.4

7.6
6.7
4.6
6.0
6.4

4.5
0.4
1.5

7.5
6.7
4.5
5.9
6.4

4.4
0.4
1.5

7.4 7.2
6.6 6.5
4.5 4.4
5.8 5.8
6.2 6.2

7.2
6.5
4.4
8.7
6.2

7.2 7.1
6.5 6.4
4.4 4.4
5.7 5.7
6.1 6.1

7.1
6.5
4.4
5.7
6.1

7.2 7.2
6.5 6.5
4.4 4.5
5.8 5.8
6.2 6.2

4.3 4.3
0.5 0.5
1.4 1.4

5.0
0.4
1.5

5.0 4.7 4.5
0.4 0.4 0.4
1.5 1.5 1.5

4.3 4.3 4.3
0.4 0.4 0.5
1.5 1.5 1.4

4.2 4.2 4.3
0.5 0.5 0.S
1.4 1.4 1.4

4.48 4.84 4.67 4.72 4.79 4.89 5.01 5.00 5.05 5.11 5.11 5.16 5.20 5.22 5.31 5.49
0.71 0.77 0.69 0.66 0.69 0.70 0.71 0.72 0.83 0.92 1.00 1.03 1.05 1.10 1.09 1.05
0.13 0.13 0.14 0.13 0.08 0.08 0.08 0.08 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08
5.32 5.44 5.50 5.51 5.55 5.67 5.80 5.80 5.96 6.11 6.19 6.27 6.33 6.39 6.48 6.62

1.52 1.59 1.73 1.78 1.75 1.76 1.74 1.78 1.75 1.73 1.72 1.71 1.70 1.70 1.71 1.71
5.84 6.06 8.08 7.26 6.27 5.92 5.52 5.23 5.03 5.04 5.18 5.09 8.01 5.06 5.10 5.26
6.62 9.36 10.10 10.94 9.98 9.74 9.28 8.98 8.94 9.09 8.72 8.87 8.91 9.18 9.15 9.35
4.41 4.36 6.51 6.03 6.63 6.44 6.07 5.59 5.60 5.53 8.44 5.50 5.46 5.52 8.56 5.60
0.71 0.86 1.13 1.24 1.53 1.58 1.64 1.80 1.78 1.71 1.75 1.77 1.79 1.87 1.86 1.80

138.30 140.71 146.40 147.14 147.93 151.11 154.87 154.59 157.75 160.76 162.15 164,11 165.36 166.71 169.27 173.71
507.09 515.94 536.79 539.51 542.41 554.08 567.85 566.82 578.41 589.46 594.55 601.74 606.31 611.27 620.67 636.93

2.84 3.11 2.92 2.62 2.48 2.08 1.69 1.44 1.39 1.25 1.16 1.14 1.11 1.07 1.04 1.00
1.04 0.94 0.80 0.80 0.79 0.82 0.46 0.46 0.47 0.48 0.48 0.48 0.40 0.39 0.40 0.40

10.54 11.41 10.95 10.08 10.58 10.24 9.12 7.01 7.07 7.01 6.40 5.95 4.30 3.84 3.81 3.82

I/ Net summer capacity is the steady hourly output that generating equipment is expected to supply to system load (exclusive of auxiliary power), as demonstrated
by tests during summer peak demand. Includes electric utilities, small power producers, and exempt wholesale generators.

2/ Includes oil-, gas-, and dual-fired capacity.
3/ Other includes methane, propane gas, and blast furnace gas for utilities; and hydrogen, sulfur, batteries, chemicals, fish oil, and spent sulfite liquor.
4/ Includes conventional hydroelectric, geothermal, wood, wood waste, municipal solid waste, other biomass, solar thermal, photovoltaics, and wind power.
5/ Primarily peak-load capacity fueled by natural gas.
6/ Cumulative additions after December 31, 2004.
7/ Generation to meet system load by source.
8/ Includes combined heat and power plants and electricity-only plants in the commercial and industrial sectors; and small on-site generating systems in the residential,

commercial, and industrial sectors used primarily for own-use generation, but which may also sell some power to the grid.
9/ Includes fuel consumption by electric utilities, small power producers, independent power producers, and exempt wholesale generators.

10/ Estimated emissions from utilities and nonutilities (excluding combined heat and power).
N/A - Not applicable.
Note: Totals may not equal sum of components due to independent rounding.
Sources, 2003 and 2004 electricity generating capacity and projected planned additions: Energy Information Administration (EIA), Form EIA-860, "Annual Electric

Generator Report" (preliminary). Other 2003 and 2004 data, Annual Energy Review 2004, DOE/EIA-0384(2004) (Washington, DC, September 2005) and supporting
databases. Projections: EIA, AE02006 National Energy Modeling System run aeo2006.dlllS05a.
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Table 68. Electric Power Projection
Southeastern El

Electricity Generating Capacity 1/
(gigawatte)

Electric Power Sector
Coal Steam
Other Fossil Steam 2/
Combined Cycle
Combustion Turbine/Diesel
Nuclear Power
Pumped Storage/Other 3/
Fuel Cells
Renewable Sources 4/
Distributed Generation 5/

Total Capacity

Cumulative Planned Additions 6/
Coal Steam
Other Fossil Steam 2/
Combined Cycle
Combustion Turbine/Diesel
Nuclear Power
Pumped Storage/Other 3/
Fuel Cells
Renewable Sources 4/
Distributed Generation S/

Total Planned Additions

Cumulative Unplanned Additions 6/
Coal Steam
Other Fossil Steam 2/
Combined Cycle
Combustion Turbine/Diesel
Nuclear Power
Pumped Storage/Other 3/
Fuel Cells
Renewable Sources 4/
Distributed Generation 5/

Total Unplanned Additions
Cumulative Total Additions

Cumulative Retirements 7/
Coal Steam
Other Fossil Steam 3/
Combined Cycle
Combustion Turbine/Diesel
Nuclear Power
Pumped Storage
Fuel Cells
Renewable Sources 4/

Total

Average
Annual
Growth

2004-

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2030

81.51 84.79 87.85 91.21 94.84 98.94 102.78 107.16 111.64 116.35 121.31 124.46 2.2%

14.94 14.94 14.94 14.94 14.94 14.94 14.94 14.94 14.94 14.94 14.94 14.94 -0.8%

38.89 38.89 38.89 38.89 38.89 38.89 38.89 38.89 38.89 38.89 38.89 39.44 0.6%

33.01 33.10 33.10 33.10 33.10 33.10 33.10 33.10 33.10 33.10 33.10 34.28 0.3%

40.09 40.09 40.09 40.09 40.09 40.09 40.09 40.09 40.09 40.09 40.09 40.09 0.8%

7.04 7.04 7.04 7.04 7.04 7.04 7.04 7.04 7.04 7.04 7.04 7.04 N/A

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A

12.90 12.90 12.90 12.90 12.90 12.90 12.91 12.91 12.91 12.91 12.91 13.12 0.2%

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N/A

228.38 231.76 234.81 238.17 241.80 245.90 249.74 254.12 258.60 263.31 268.28 273.38 1.1%

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

9.40
0.00
0.32
2.22
6.00
0.00
0.00
0.35
0.00

18.29
24.99

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.0S
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

12.68
0.00
0.32
2.32
6.00
0.00
0.00
0.35
0.00

21.67
28.37

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.09
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

15.74
0.00
0.32
2.32
6.00
0.00
0.00
0.35
0.00

24.73
31.43

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

19.09 22.73
0.00 0.00
0.32 0.32
2.32 2,32
6.00 6.00
0.00 0.00
0.00 0.00
0.35 0.35
0.00 0.00

28.09 31.72
34.78 38.42

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

26.82
0.00
0.32
2.32
6.00
0.00
0.00
0.35
0.00

35.81
42.51

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

30.66
0.00
0.32
2.32
6.00
0.00
0.00
0.35
0.00

39.6S
46.35

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

39.04
0.00
0.32
2.32
6.00
0.00
0.00
0.36
0.00

44.03
50.73

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.0S
6.05

1.92

0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

39.52
0.00
0.32
2.32
6.00
0.00
0.00
0.36
0.00

48.51
55.21

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.0S
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

44.23
0.00
0.32
2.32
6.00
0.00
0.00
0.36
0.00

53.22
59.92

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.0S
6.05

1.92
0.00
4.42
0.17
0.00
0.00
0.00
0.19
0.00
6.70

49.20
0.00
0.32
2.32
6.00
0.00
0.00
0.36
0.00

58.19
64.89

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05

1.92 N/A
0.00 N/A
4.42 N/A
0.17 N/A
0.00 N/A
0.00 N/A
0.00 N/A
0.19 N/A
0.00 N/A
6.70 N/A

52.34 N/A
0.00 N/A
0.87 N/A
3.50 N/A
6.00 N/A
0.00 N/A
0.00 N/A
0.57 N/A
0.00 N/A

63.29 N/A
69.99 N/A

1.30 N/A
3.70 N/A
0.00 N/A
0.99 N/A
0.00 N/A
0.00 N/A
0.00 N/A
0.05 N/A
6.05 N/A

1.30
3.70
0.00
0.99

0.00
0.00

0.00
0.0S
6.05

1.30
3.70
0.00
0.99
0.00
0.00
0.00
0.05
6.05
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Table 68. Electric Power Projection
Southeastern El

Commercial and Industrial S/
Coal
Petroleum
Natural Gas
Other Gaseous Fuels
Renewable Sources 4/
Other

Total

Electricity Demand
(billion kilowatthours)

Residential
Commercial/Other
Industrial
Transportation

Total Sales

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

1.48 1.96 2.44 2.92 3.18 3.45 3.71 3.99 4.27 4.55 4.55 4.55

0.58 0.63 0.58 0.58 0.59 0.59 0.60 0.60 0.60 0.60 0.60 0.60
6.33 6.46 6.63 6.77 6.92 7.06 7.20 7.33 7.45 7.58 7.71 7.84

0.49 0.49 0.49 0.49 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

4.22 4.29 4.35 4.42 4.50 4.58 4.67 4.78 4.93 5.11 5.30 5.50
0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

13.16 13.92 14.56 15.26 15.75 16.24 16.75 17.26 17.82 18.40 18.73 19.07

396.72 403.49 407.81 413.13 418.55 425.03 429.65 435.48 441.45 448.56 453.59 459.56

354.41 362.99 371.64 380.66 390.01 399.45 409.02 419.16 429.18 439.94 450.97 461.35

290.85 292.75 296.12 299.05 302.05 306.31 310.65 315.68 320.82 325.77 330.73 334.97
5.31 5.37 5.43 5.49 5.56 5.62 5.69 S.75 5.82 5.89 5.95 6.02

1047.28 1064.60 1081.01 1098.33 1116.16 1136.42 1155.01 1176.08 1197.27 1220.15 1241.24 1261.89

Net Energy for Load (billion kilowatth
Gross International Imports 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Gross International Exports 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Gross Interregional Electricity ImpO 55.69 50.23 46.60 41.61 36,04 30.16 27.09 19.35 14.96 9.47 7.75 7.98

Gross Interregional Electricity Expo 45.83 44.52 43.01 42.13 43.01 44.58 45.73 43.88 45.34 44.15 45.06 45.88

Purchases from Combined Heat and Pow 24.20 27.72 30.26 33.08 35.18 37.37 39.23 41.44 43.13 44.79 46.57 47.38

Electric Power Sector Generation for 1069.95 1088.21 1104.49 1123.51 1146.25 1172.44 1194.14 1219.71 1245.96 1272.51 1295.31 1316.88

Total Net Energy for Load 1104.00 1121.64 1138.34 1156.06 1174.47 1195.38 1214.73 1236.62 1258.71 1282.62 1304.58 1326.35

Average
Annual
Growth

2004-
2030

6.9%
0.7%
2.0%

-0.5%
2.4%

N/A
2.7%

1.6v
2.6%
1.0t
1.2%
1.8%

N/A
N/A
-9.7%
-1.5%
6.7%
1.8%
1.6%

2.5%
-1.3%
0.4%
0.9%
0.5%
1.3%
1.8%
1.8t
2.1%

N/A

8.2%
3. 9%
2.8%
0.3%
1.8%
0.0%
3.2%
6.7%
2.0%

1.9%

Generation by Fuel Type
(billion kilowatthours)

Electric Power Sector
Coal
Petroleum
Natural Gas
Nuclear
Pumped Storage/Other 3/
Renewable Sources 4/

Total Generation
Sales to Customers
Generation for Own Use
Distributed Generation 5/

Commercial and Industrial 8/
Coal
Petroleum
Natural Gas
Other Gaseous Fuels
Renewable Sources 4/
Other

Total
Sales to Utilities
Generation for Own Use

Total Electricity Generation

567.17 590.80 613.27 635.84 660.46 687.84 712.97 741.46 772.74 802.24 829.90 849.34

8.08 8.16 8.27 8.31 8.45 8.54 8.70 8.79 8.78 8.72 8.89 8.87

128.23 123.18 117.53 113.32 111.73 109.82 106.10 102.65 99.40 96.85 92.48 93.34

322.13 322.50 322.50 322.50 322.50 322.50 322.50 322.50 322.50 322.50 322.50 322.50

-3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60 -3.60

52.47 51.69 51.04 51.65 51.23 51.85 51.99 52.43 50.65 50.33 49.66 50.94

1074.47 1092.73 1109.01 1128.03 1150.77 1176.96 1198.66 1224.23 1250.48 1277.04 1299.83 1321.40
1069.95 1088.21 1104.49 1123.51 1146.25 1172.44 1194.14 1219.71 1245.96 1272.51 1295.31 1316.88

4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

9.33 12.98 16.55 19.82 21.96 24.19 25.87 28.14 29.59 31.02 32.68 32.70

3.73 4.17 3.75 3.76 3.77 3.81 3.84 3.87 3.88 3.88 3.88 3.91

39.86 41.08 42.19 43.33 44.44 45.51 46.59 47.58 48.56 49.52 50.44 51.52
1.35 1.36 1.38 1.39 1.40 1.41 1.42 1.42 1.42 1.42 1.42 1.45

26.32 26.68 27.07 27.47 27.88 28.32 28.80 29.33 29.97 30.66 31.39 32.16
2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76 2.76

83.36 89.05 93.70 98.53 102.21 106.01 109.29 113.11 116.17 119.26 122.57 124.50

24.20 27.72 30.26 33.08 35.18 37.37 39.23 41.44 43.13 44.79 46.57 47.38

59.16 61.33 63.44 65.46 67.02 68.64 70.07 71.67 73.05 74.47 76.00 77.12

1157.83 1181.78 1202.72 1226.56 1252.98 1282.97 1307.96 1337.34 1366.65 1396.30 1422.40 1445.90
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Table 68. Electric Power Projection
Southeastern El Average

Annual
Growth

2004-

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2030

End-Use Prices
(2004 cents per kilowatthour)

Residential
Commercial
Industrial
Transportation

All Sectors Average

Prices by Service Category
(2004 cents per kilowatthour)

Generation
Transmission
Distribution

Fuel Consumption (quadrillion Btu) 9/
Coal
Natural Gas
Oil

Total

Fuel Prices (dollars per million Btu)
Coal
Natural Gas
Distillate Fuel
Residual Fuel
Biomass

Emissions 10/
Total Carbon (million tons)
Carbon Dioxide (million tons)
Sulfur Dioxide (million tons)
Nitrogen Oxide (million tons)
Mercury (tons)

l/ Net summer capacity is the stead
by tests during summer peak demand. I

2/ Includes oil-, gas-, and dual-fi
3/ other includes methane, propane
4/ Includes conventional hydroelect
5/ Primarily peak-load capacity fue
6/ Cumulative additions after Decem
7/ Generation to meet system load b
8/ Includes combined heat and power

commercial, and industrial sectors use
9/ Includes fuel consumption by ele

10/ Estimated emissions from utiliti
N/A - Not applicable.
Note: Totals may not equal sum of
Sources: 2003 and 2004 electricity

Generator Report" (preliminary). Othe
databases. Projections: EIA, AEO2006

7.2 7.2 7.2
6.6 6.6 6.6
4.5 4.5 4.5
5.8 5.8 5.8
6.2 6.2 6.2

4.3 4.4 4.4
0.5 0.S 0.5
1.4 1.4 1.3

7.2
.6

4.5
5.8
6.2

4.4
0.5
1.3

7.1
6.5
4.5
5.8
6.2

4.3
0.5
1.3

7.1
6.6
4.5
5.8
6.2

4.4
0.S
1.3

7.2 7.2 7.2
6.6 6.6 6.7
4.5 4.5 4.5
5.8 5.8 5.8
6.2 6.3 6.3

7.2
6.7
4.5
5.8
6.3

7.2 7.2 -0.4%
6.7 6.7 -0.1k
4.5 4.6 0.0%
5.8 5.9 -0.2%
6.3 6.3 -0.1k

4.4
0.5
1.3

4.4
0.5
1.3

4.4
0.5
1.3

4.4 4.5 4.5 -0.1%
0.5 0.5 0.6 1.5%
1.3 1.3 1.3 -0.8%

5.65 5.82 5.99 6.14 6.32 6.51 6.68 6.87 7.09 7.28 7.45 7.58 2.0V

1.03 1.00 0.96 0.92 0.91 0.90 0.87 0.84 0.82 0.80 0.77 0.77 0.0%

0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09 -1.5%

6.76 6.90 7.02 7.15 7.32 7.49 7.64 7.80 7.99 8.17 8.31 8.44 1.7%

1.70 1.70 1.70 1.70 1.71 1.72 1.72 1.72 1.73 1.75 1.76 1.77

5.37 5.39 5.52 5.61 5.67 5.78 5.90 5.97 6.05 6.08 6.13 6.28

9.44 9.S4 9.58 9.77 9.84 9.93 10.02 10.05 10.06 10.11 10.12 10.20

5.68 5.68 5.91 5.98 6.09 6.23 6.35 6.48 6.57 6.59 6.67 6.83

1.80 1.80 1.79 1.81 1.81 1.83 1.83 1.84 1.82 1.81 1.80 1.82

0.4%
0.1%
0.3t
1.7%
2.9%

177.91 182.21 186.15 190.15 194.88 200.01 204.32 209.24 215.00 220.07 224.20 227.88 1.9%

652.33 668.12 682.54 697.22 714.55 733.37 749.17 767.22 788.32 806.92 822.06 835.57 1.9%

0.99 0.97 0.93 0.93 0.91 0.90 0.87 0.86 0.84 0.85 0.83 0.82 -5.0%

0.40 0.40 0.39 0.38 0.38 0.37 0.37 0.37 0.37 0.36 0.36 0.35 -3.7%

3.53 3.37 3.40 3.40 3.41 3.41 3.34 3.43 3.25 3.18 3.18 3.20 -4.8%
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IntroductionMomentum is building among consumers, politicians and others to increase the

share of renewable resources in utility portfolios. Yet uncertainties exist about
renewable resource availability, system integration, costs and rate impacts.

While many parties agree there is a need to "do something," how much renewables are
appropriate, and how quickly to accelerate development of renewables are more uncertain
topics for utility directors, managers, planners and stakeholders. Given these uncertainties,
smaller member-owned utilities especially, are often unable to commit the resources neces-
sary to fully explore these issues.

The objective of this guidebook is to help answer a common question: What should
public power utility managers be doing to expand the role of renewables in their energy
supply portfolio? This guidebook describes a suggested process, analytic approach, and
discusses key issues that enable a utility manager to work with key stakeholders to develop
an informed answer to this question that is specifically tailored to its size, customer base,
and other unique situations.

The guidebook describes key resource planning considerations and how these can be

addressed in the context of a renewable energy strategy. Special attention is given to help-
ing understand the factors driving renewable resources including environmental, financial,
supply diversity, and political factors. The guidebook reviews in some detail, criteria and
an evaluation framework for assessing renewable energy alternatives and quantifying re-
sults. The guidebook summarizes methods for analyzing and evaluating renewable energy
alternatives including the impact to total power portfolio cost and risk from adding varying
amounts of incremental, new renewable energy supply.

The importance of developing consensus among various stakeholders, including senior
management, utility operating and customer service staff, energy conscious consumers,
business interests and others is also discussed.

Trends are converging to Increase the role of renewables

Renewable energy alternatives have been generally available to utility planners for
many years. Historically, utilities have sought out opportunities to use renewable resources
wherever feasible, but their options for traditional renewable resources were limited by
their geographic location. The early days of the industry witnessed the development of hy-
dro facilities in the Northeast, followed by more hydro facilities built during the New Deal
era in the western United States and the Tennessee River Valley. For utilities located away
from these regions however, fewer alternatives were available.

Over the past few decades, more renewable technologies became available to utilities.
In many cases, they were categorized as "development" stage technologies. These early
renewable alternatives tended to have higher capital costs, and suffered from the perfor-
mance issues common to commercialization of new technologies. Although many utilities

1



implemented a number of demonstration and prototype projects, they tended to be less
visible to the general public than the large thermal plants with tall stacks or cooling towers.
The result is that in many people's eyes, utilities have never really been inclined to imple-
ment renewable alternatives.

In recent years, a number of national and local trends are converging related to renew-
able resource alternatives that are causing utility managers to look hard at their alternatives
and asking again: What is the proper role for renewables in today's power supply portfolio?

The most obvious and apparent trend is a sea-change increase in concerns about the en-
vironment over the past generation. This is most evident in Europe, where the Green Party
has gone from a fringe political wing, to an considerable, influential force on the political
scene. While the Green Party captured as much as 4 percent of some state's popular vote in
the U.S. presidential election in 2000, they will likely never be as significant a political force
in our two-party system as it is in Europe. However, the influence of environmental related
issues on a local and national political level is growing and is gaining an increasing con-
stituency that can be only expected to increase.

In fact, any resource planning assessment conducted today has to acknowledge that
renewables are increasingly attractive against most planning criteria. When the assessment
also considers uncertainties such as available hydro power, natural gas prices and existing
and potential future legislation, renewables become even more attractive.

It is still true however, that although the costs of renewables alternatives are increasingly
competitive; they are still generally higher than most other thermal options according to tradi-
tional resource planning criteria. However, the magnitude of any cost gap is dearly shrinking.



It is also true that for years, experience has shown that despite consumers indicating
they will pay more when asked on a survey, the participation in actual green pricing pro-

grams runs generally in the range of one to four percent. Higher participation rates have

been achieved in programs that have been more aggressively marketed by utilities, espe-

cially if this has also involved community and stakeholder organizations. Other research

has indicated that customers prefer renewable energy to be paid for out of general rates.
Member-owned utilities have achieved higher penetration rates than their investor-owned

colleagues, yet many utilities still remain concerned with low penetration rates, and how to

apply these results to determine how much renewable energy customers really want, and

how much a utility manager should pursue.
Each utility will have a different unique answer for how it should best proceed to ex-

pand its use of renewable energy alternatives, depending upon its specific circumstances.

For those utilities that have decided they will do "something," the question of how much

and how fast is a difficult one to answer, both from an analytical, and public policy per-

spective. For some utilities, the answer might be a significant investment in a multi-turbine
wind farm, for others it might be a single turbine installation, or a geothermal, solar, landfill

or other technology application. Others might choose purchasing Renewable Energy Cred-

its (RECs) to offset the impact of their existing generation. A variety of alternate strategies
may make sense for particular utilities. Each of these strategies needs to be evaluated sepa-

rately by each specific utility.
This guidebook is not intended to prescribe any particular solution or direction to any

utility. Rather, it is intended to assist each utility manager to walk through the various op-

tions and alternatives in an objective, fact-driven manner, and to examine how these alter-
natives relate to the situation at that specific utility. The guidebook is designed to provide

the raw tools and directions to help managers develop a plan that is right for them and

them alone.

Evaluating Alternate Scenarios and Choosing a Strategic Path

A range of alternate strategies are available to
utilities that have agreed upon a goal to increase the
role of renewables in their portfolio. Which particu-
lar strategy makes the most sense for any given util-
ity will depend upon a number of different variables,
each of which needs to be analyzed. For simplicity
of beginning our analysis, we identify three major
strategies that a utility can pursue to support the
increased use of renewables. Although some combi-
nation of strategies is also possible, every path to ex-
pand the role of renewables will start with pursuing

one of the three strategies shown at right.

*rIa . Build new
renewable
g eneration

Expand the role B uy renewable~
of renewables In the generation
power supply portfolio output via PPA

~ ~ RECs
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Which strategy or combination of strategies a utility decides is most appropriate de-
pends upon how it answers key questions about certain company-specific considerations.
Some of these considerations are illustrated in the figure below.

0 Rate base - Fuel risk t Environmental 0 Residential 0 Development
... .... - - ,nnpome - *.. nenrrr,n4" n -a~a

To be successful, a utility needs to decide how it will define success for its particular
situation. That depends upon how honestly and realistically it evaluates the above
considerations and how clearly it has defined its renewable goals. A utility then needs
to think through the key questions regarding how to best implement the strategies it has
selected. For example, using the three alternate strategies described earlier, a number of key
questions need to be assessed for that particular utility. Each of these questions will suggest
alternatives that may be different for each utility as shown in the figure below.

renewable Whijchrenewable ehoo
generation chqo

7k~How will output be sold?

. ~ How muchhow fast?
Buy renewable ~
generation When to finacialIy commit?
output 4

How to Integrate Into grid?

Cost

• Before project Is finan~ced1
After project Is finanied

I~ntegratwio requiremntsb and cost
ERegionalIinterfaces

I

I
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Requirements for a Successful Renewable Energy Strategy

Once the utility has identified alternative strategies to achieve its defined goal, then it
can then quantify the impact of these strategies in today's uncertain markets by develop-
ing different scenarios to quantify the overall cost and impact to portfolio risk, depending
upon which scenarios come to pass. The utility can then articulate a set of objectives and
implementation plans that have a greater likelihood of acceptance and support from all
stakeholders, since the costs and risks are better understood, and there is a correspondingly
greater chance of success. Most importantly, the utility will have articulated a plan that
makes the most sense for its specific situation.

In conjunction with certain stakeholder desires to simply increase renewable energy
resources, advocates may expect management to do this as part of a cost-effective, well
designed, and well managed program. Defining and articulating a plan of what the orga-
nization is doing and it is heading puts utility management in a position to say "we might
be able to do a little more" which is preferable to having to say "we should probably do
something."

Given the above considerations, a number of requirements to be successful are illus-
trated below.

i

* Consistent
with corporate
strategy,
capabilities
and values

* Support
strategic
requirements
for power
supply

* Addresses
needs and
concerns of
all stakeholder
groups

V Achieves
any RPS or
regulatory
requirement

I Sets realistic
and reasonable
targets

9 Coordinated
with strategic
plan and
company goals

t0 Organized
and focused
project team

It Coordinated
high level
and detailed
work plans

i Adequately
staffed and
budgeted to
meet goals

I
__________gý

The chapters that follow elaborate on each of these important steps to help utility man-
agers and others understand and apply them toward successful solutions.
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This chapter presents opportunities and requirements to build public support for any
renewable energy initiative. It is organized into the following three sections.

EI Organization governance

E[ Public participation

E Examples of public participation on renewable energy

Public power is often differentiated from other types of power providers and is gener-
ally considered more democratic, locally accountable, driven by purposes other than profit,
centered more on customers and more focused on the long term.

Consumers need and want an opportunity to participate in the decision processes on
renewable energy. Public participation brings many benefits including improving the qual-
ity of decisions, reducing risks of delay and costs for contentious decisions and maintaining
credibility and legitimacy.

There is a demonstrable increase in the public's interest in renewable energy. One indi-
cator of this interest is the growth of green pricing programs and the public participation in
those programs. While studies suggest that the marketing of those programs could still be
improved, they are becoming a more frequent customer offering, particularly among mem-
ber-owned utilities. The chart below shows participation rates for the leading green pricing
programs as found in a recent National Renewable Energy Laboratory (NREL) study. It is
noteworthy that many of the leading programs are offered by member-owned utilities.

Top Ten Green Pricing Programs In Participation Rate'

Lenox Municipal 11.1 percent 2003
[tyofPaloAtl . 6.6percent 2003

Moorhead Public Service 5.5 percent 1998

Montezuma Municipal Ught and Power 4.9 percent 2003
resPwrand Light 74.9 percent, 1999

Fairbanks Municipal Utilities System 4.7 percent 2003
[Saen u~nicipal Utility District 4.6 percentŽ 1997

Central Electric Cooperative 4.1 percent 1999
Sele Energy Lbr99ory, Te G ercing P
Source: National Renewable Energy Laboratory, "Top Ten Utility Green Prlcfng Programs," April 19, 2004.



Organization Governance

Ensuring public participation is ultimately a responsibility of the public utility board of
directors. John Carver, a leading expert on governance, suggests that directors should be in
frequent contact with the public's concerns, if directors represent owners-consumers.2 Since
directors represent the owners, Carver proposes that board members are morally, although
not necessarily legally, responsible for the outcomes of their decisions. Thus, the challenge
for the board is to determine how much to be involved in the renewable energy policy pro-
cess relative to other participants, including the public, the chief executive officer and the
staff.

The board must strike a balance between governance and management or between
macro policy direction and organization micro-management. According to American Public
Power Association briefings, the board has five functions:

E Set strategic direction

[ Approve operating policy

E Monitor organizational performance

91 Assure an effective chief executive

13 Assure effective board performance

To some extent, how much the board beomes involved in re-..
newable energy strategy may be affected by how its directors are
selected. An APPA survey in 2001 found that 59 percent of utility
boards serve dual roles as city council members. Some 29 percent are
appointed and just 12 percent are elected directly as members of the
board of directors for the utility. For utilities of fewer than 5,000 cus-
tomers, the city council serves as the board in 71 percent of the cases.

In matters of policy governance, it is important to distinguish Council
between ends and means. The "ends" are the outcomes for which
the organization exists and the owner-consumers are served. It is the
duty of the board of directors to approve ends in an affirmative and
prescriptive way.

The "means" include the activities, practices, methods, technol-
ogy, conduct and procedures employed by company management.
The role of the board is a limiting or proscriptive one, providing
boundaries within which management and staff are directed to achieve the "ends." This is
often articulated in vision and mission statements.

Ten ends or goals of progressive public power organizations were identified by an
APPA task force in a 2002 report, "Public Power in the 21st Century." Renewable energy
policies can help meet at least seven of these progressive goals including:

!ii•i•::i.

29%

Elected
12%

Source: America Public Power
Association 'Governing in
a Changing Marketplace,'
Scottsdale, AZ, January 2004.

E Provide superior customer service

E Deliver value through power supply management

I



E Keep the public in public power

E Optimize community infrastructure synergies

C Lead in environmental stewardship

C Build consensus in democratic leadership

E Invest in future technologies

The functions of the CEO can be summarized as recommending strategic direction,
developing operating policies for approval and reporting on organization performance. The
level of involvement by the Board must be considered for many issues such as:

El What should be the objectives in supplying power resources?

El How should renewable resources be evaluated relative to other resources?

E2 How should goals be defined for renewable resources?

C How should decisions be made about what resources should be acquired,

E How much should costs be included in general rates?

El Who is authorized to acquire resources and under what conditions?

EI What is the role of the public in these and other issues?

Public Participation
Public participation refers to "any process that involves the public in problem-solving

or decision-making and uses public input to make decisions."'
The "public" will vary from situation to situation. In one situation, it may be just a few

people most directly impacted, such as landowners. In another, it may be the people living
near the landowners. The public could be all the people concerned about a particular issue,
such as rates or the environment. Vendors of renewable energy products and services may
also be considered part of a public participation process, both for their corporate interests,
as well as their interest in the welfare of the community.

In addition to individuals, groups may be interested and affected. Registered groups as
well as informal or ad hoc groups could be involved in public participation, including gov-
ernment agencies, business associations, non-profit groups and community groups.

Decision-makers need to consider the critical components of public participation in
order to be comfortable with the process. Effective public participation is based on values,
oriented toward decisions and driven by objectives. Critical components include:'

[E Clarify the decision and decision-making process

[I Develop full understanding of who needs to be involved

10 Define the appropriate level of public participation

93 Understand and accept the core values of public participation

8



E Design a public participation process reflecting values and resources

E Evaluate and adapt, continuously

In planning on public participation, it is helpful to ask. "Who are the people who see
themselves as affected by or interested in a decision?" Factors for utility managers to con-
sider in public participation include the following:

VI Proximity Who might be directly affected due to geography?

[1 Economics Who might bear the costs?

[V Participation Who perceives that they will benefit from the program
or service?

VI Impacts Who perceives they will benefit or suffer indirectly from
environmental, economic, or social impacts?

13 Implementation Who has legal and organizational responsibility?

Then is it helpful to determine the appropriate objective in serving those individuals
and groups. At least five levels of involvement are considered when conducting a public
participation process:5

KI Inform: promote awareness and provide education

KI Consult: seek broad-based input and feedback

KI Involve: foster meaningful discussion

KI Collaborate: facilitate consensus

IV Empower: provide forum for public decision

Where the level is to inform, a distinction may made between building awareness
and providing education. Awareness is built through such techniques as advertising, bill
stuffers, brochures and fliers. Education is provided through more elaborate and involved
techniques such as fact sheets, newsletters, technical reports and Web sites.

Where the level is to consult, a distinction may be made between bringing people to-
gether vs. collecting input and obtaining feedback. Techniques for bringing people together
include open houses, fairs, events and study circles. Techniques for collecting input and ob-
taining feedback include questionnaires or opinion polls, comment forms, interviews, focus
groups, and deliberative polls.

Summarized in the table on page 10 is a matrix of the public participation levels of in-
volvement and the tools or techniques commonly used. They are grouped to also show the
format purposes, such as providing information and bringing people together.

The following section in the chapter indudes a couple of examples of tools used in
public participation.

9



Public Participation Framework

Awaireness Advertising

Bill stuffers
Brochures ________~Displays

Fliers /f•osks

Oducatinhonpenho Fact sheets

Information centers
Newsletters

Public access TV

Technical reports ____ /_ _

AdWeb sites c V/ ________ / __ .....

togethr DSymposia/panels

Fair
; . ;: :•. Events

• il ii !~iii)!! iiiBriefings

Town meetings V',i•,:
Advisory committees :•:: :

Deliberative polls

Collect input Focus groups / _ _!

and feedback Questionnaires _ _......

Citizen juries

.... Voting I I
Source: International Association for Public Participation. Techniques for Effective Public Participation Student workbook 02002.
Used with permission.

Public Participation and Renewable Energy

Opinion Polling. Numerous customer opinion surveys have been conducted on renewable
energy. Whether focused on individual utilities or covering the nation, these surveys pro-
vide similar results about customer interest in and willingness to pay for renewable energy.
These survey results may be summarized as follows:7

E There is a long standing preference among adults and electricity consumers in the
United States for renewable energy over other energy sources.

E Consumers may not be knowledgeable about renewable energy, unless they
participate in a specific program.

E In more than 50 percent of the responses, consumers profess a willingness to pay
additional amounts for renewable energy, if price is not mentioned.

Ei When price is mentioned, 75 percent say they are willing to pay at least $5 per month
for electricity from renewable sources.

10



13 When asked to pay more individually for a green energy program or spread the costs
among all ratepayers, most respondents preferred modifying general rates to spread
the costs among all ratepayers.

Deliberative Polls Because consumer opinion polls are relatively spontaneous where respon-
dents have little time to ponder the questions, another type of polling has been practiced.
Deliberative polls have been characterized as "informed" surveys and have been employed
to assess consumer attitudes on renewable energy, in a three part process.

E] First, a random sample of customers is surveyed by telephone with a set of questions
on renewable energy and its costs, relative to other resource choices.

C3 Second, an all-day education and discussion town meeting is facilitated for a subset
of participants among those surveyed who are willing become more informed.

V2 Third, the same poll is offered again to meeting participants with the expectation that
the results will be more representative.

Nebraska Public Power District conducted a deliberative poll on alternative energy
resources in 2003.8 The telephone survey reached 1,351 customers. Then 109 of the survey
participants attended an all-day session with a professional facilitator. Meeting participants
received an information package prior to attending.

At the meeting, the central question asked of the participants was whether to pursue
200 MW of wind energy, equivalent to 5 percent of capacity by 2010. In the process, other
information was gained and exchanged about values and choices. Results included:

C 96 percent agreed with the plan to pursue wind energy, even at a bill increase of $1 to
$2 per month.

V 81 percent agreed to obtaining 5 MW through methane from animal waste.

E 94 percent, believed new resources should be paid for by all customers.

The meetings also offered an opportunity to compare values and choices before and
after the event. Values deal with such matters as the importance of cost, reliability, avail-
ability and environment. Choices relate to priorities such as lowest cost, highest reliability
and more renewable energy resources relative to fossil resources. Values changed less than
choices in the deliberative polling process.

Regarding values, participants increased the importance of availability, reliability,
economic development and environment, after the workshop. Regarding choices, support
increased for energy efficiency, wind, coal and natural gas resources. Respondents' support
for solar and methane from animal waste declined after the workshop.

These findings are consistent with a series of deliberative polls conducted in Texas in
1996 to 1998.1

While questions may be raised about deliberative polling, participants consider the
process valuable, fair and balanced. There are, of course, costs to consider with any of these
techniques. Rather than use one tool, some utilities have found it cost-effective to deploy a
combination of tools such as focus groups, survey questionnaires and evening meetings to
meet public participation objectives.

. . . . . . . . . . . . .. .. . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . .. . . . . . . .. .. . . . . .... . . . . .1



This chapter addresses some considerations involved in defining renewable energy
objectives. It reviews companies that have recently reassessed their perspective on
renewable energy and discusses how renewable energy objectives can be estab-

lished using a common strategic planning framework. It is organized into the following
two sections:

E] Reassessing renewable alternatives

[1 Alternate approaches to developing a strategic vision

Reassessing Renewable Alternatives

Many energy companies around the world and in the United States have recently made
strategic announcements indicating a fundamental shift in how they regard renewable en-
ergy alternatives. These companies include some of the leading global energy companies
as well as investor-owned and public power utilities. While they have each reached these
conclusions for different reasons and applying different decision criteria, the inescapable
fact remains that they are all independently reaching the same conclusion; namely, that
renewable energy alternatives are increasingly attractive from a cost perspective, and that
this will result in a growing use of renewables on the part of electricity consumers.

Global Energy Companies

Many of the companies announcing a revised strategic perspective on renewable en-
ergy are among the most highly regarded companies in the world for their strategic plan-
ning capability. Their planning processes' are regarded as comprehensive, fact-driven and
analytically robust. They often developed this new perspective on renewables quietly, as

part of an ongoing strategic planning process, and announced it to the world by way of a
major capital investment. These actions have caused other companies-and investors to chal-
lenge and reassess how they themselves viewed the future of renewable energy. Examples'

of these companies include:

1E General Electric's building a $1.3 billion renewables business group following its ac-
quisition of EnronWind Corp for $358 million in 2002. This was further increased by its

acquisition of AstroPower Inc., a leading manufacturer of solar products in March 2004

E Royal Dutch/Shell's acquisition of Siemen's solar business in 2002, which was
accompanied by the development of Shell WindEnergy into one of the world's
largest wind developers

C BP Amoco's investment in the BP Solar business group which operates in 160
countries and has an estimated 17 percent share of the world's solar market

C FPL Energy growing to become the U.S.'s largest producer of wind energy with 2,700

MW operating in 15 states

12T. . . . . . . . . . . . . . . . . ... .



Member-Owned Utilities

Member-owned utilities operate in a significantly different environment than energy
companies and investor-owned utilities. Probably the biggest difference is that member-
owned utilities "enjoy" a much more open planning process that involves consideration of
a much wider range of stakeholder discussions and concerns.

Member-owned utilities are run by elected or appointed officials who tend to listen
much more closely to what their stakeholders, (or voters) want. Traditionally, cost of service
is among the most important considerations for these stakeholders. However, other consid-
erations such as economic development, growing environmental concerns, or the influence
of vocal political constituencies, have resulted in many member-owned utilities announcing
new goals and strategies related to renewable energy. While these utilities all had some de-
gree of planning and analysis supporting their announced strategies, they were also moti-
vated to respond to a growing voice from their consumer owners to become more proactive
regarding renewable energy, and to "do something," rather than waiting for every single
uncertainty to be analyzed. Some of these member-owned utilities are:

E City of Austin Utilities [E City Public Service of San Antonio

E Sacramento Municipal Utility District IS Waverly Light and Power

E Fort Collins Utilities C Richmond (Ind.) Power & Light

Investor-Owned Utilities

Several large investor-owned utilities have also revaluated renewable energy alterna-
tives. Particularly in states where deregulation had stalled, utilities had often deferred their
generation plans and now were contemplating large scale supply-side additions to their
portfolios. In some of these cases, utilities as part of their Integrated Resource Planning or
Least Cost Planning process, formally evaluated all supply-side alternatives. When they
conducted IRP/LCP evaluations, renewable alternatives emerged as a significant compo-
nent of their announced long term strategy, primarily for economic reasons. The chart below
shows announced renewables-only solicitations for energy issued through June 2004.

These examples describe three vastly different kinds of organizations that have inde-
pendently determined that current circumstances and
trends make a compelling case for renewable energy
options in today's energy markets. Whether it is a For-

tune 500 company renowned for strategic planning __

expertise, IOUs looking for the most economically favor- E
able resource alternative, or public power organizations
responding to social and environmental concerns of their 800' 1-:

stakeholders, they have reached the same conclusion. 60o-4

This creates a moment in time when every utility man- J uf'i
ager should be asking if there is some reason not to be ,1 0: D -ýý Jý
doing the same.
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Alternate Approaches to Developing a Strategic Vision

br~ings value to cuistomi

M~ajor accompilsilmenl
achieve the vl~lomtand

Meothods (how andJ wh~
for achieving goals

Specific steps (mlUesto
In strategies to reachi

Resources to met oj
strategies and goals,

A wide range of different approaches and techniques are available to develop a stra-
tegic vision and supporting goals and strategies. These different approaches are well-re-
searched and a great deal of information is available on them outside of this guidebook.
Each of these alternate approaches has its own merits, advantages and disadvantages that
utility managers need to assess. Most approaches however, have similar components.
APPA defined six components of a strategic planning process in its January 2004 Policy
Maker's Workshop. These components are sometimes presented as a pyramid, since each

-layer builds upon the others to define
ia framework for planning and bud-

ifive years Viingeting purposes that help achieve the
defined vision. An illustrative pyramid

does that Mission is shown at right:
ers tIn almost every case where an

Iorganization achieves significant prog-
mr tess against any strategic goal, it has

ere)j eIes reinforced its commitment with clear
goals and targets. This is not to say

nes arid tthat an organization cannot achieve
goals 8its goals without explicitly defined

ect•ives,, targets, but the likelihood of success
is increased when the organization,
its employees, customers and other
stakeholders all recognize the depth

of its commitment. When all of these groups understand, and have alignment on the goals
and direction that the organization has committed to pursuing, then significant progress is
generally achieved.

This guidebook presents an approach to developing a renewable energy strategy. The
guidebook has adopted the APPA Planning Pyramid as a reference for terminology and
structure and uses it to help build a renewable energy strategy. While the approach de-
scribed is focused exclusively on renewable energy issues, it could easily be integrated into
the other components of a utility's overall strategic planning process.

For the purpose of this guidebook, it will be helpful to define a renewable energy goal
to build upon in later chapters. This goal could also be incorporated into a vision statement.
The decision of how prominently to elevate the statement of renewable goals is one that
needs to be made by each utility during its planning process.

Each utility will need to assess its situation, and after analyzing the data and potential
scenarios, it might change the text or targets we have suggested, but defining the goals,
strategies, and objectives should be a helpful learning tool. For the purpose of providing
illustration and direction in future chapters of this guidebook, the following two goals are
assumed for a utility seeking to expand the role of renewables in its portfolio.
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Revalidatlon

Any strategic planning process needs to be regarded as a repetitious cycle, or process,
and not as a single snapshot in time. Once the plan is initially proposed, but while still in
the planning cycle, the utility needs to quantify the impact and allocate budgets necessary
to ensure that the plan's goals, strategies and objectives can be achieved. Then, when the
implementation requirements have been fully understood, the plan is presented to, and
approved by, the board or City Council. But even at that point, the utility has only just em-
barked on its planning process.

As the year passes, the utility gathers information to measure progress against its strat-
egies and goals. It also observes and gathers information about the overall environment and
the company's health and outlook. Factors such as regional economic activity, national and
state legislation, and evolving customer preferences all need to be assessed as the first year
of the planning cycle is completed.



If we assume an annual planning cyde, then the next cycle begins with an assessment
of all of these factors, progress achieved during the prior year, and the cost to achieve that
progress. At this time, the utility either revalidates its vision, mission and goals or adjusts
these accordingly. It is then prepared to embark on the second year of its planning process,
until the same cycle repeats the next year. This cycle is illustrated below.

Typical Strategy Development Cycle
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Summary

It is not the purpose of this guidebook to preach any particular vision, or agenda to
utility managers about renewable energy alternatives. Each utility must develop its own
strategy that best reflects its customers' and other stakeholders' priorities. This guidebook
does however, have an objective of describing an approach and methodology to help utility
managers to examine for themselves, what is the best strategy for their utility, and to design
and implement this strategy in the way that maximizes its chances for success.

APPA's Strategic Planning Pyramid demonstrates how the elements of a strategic plan-
ning process fit together. Goals and strategies illustrate our thinking and establish a foun-
dation for upcoming discussions. Any utility that already has an established planning pro-
cess should be easily able to adopt these concepts to its planning process with only minimal
effort. For others, we will continue to build upon this foundation.
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his chapter reviews the many opportunities available in renewable energy tech-

nologies. A robust planning process starts with identifying all feasible options to
reduce the risks of overlooking real possibilities. Reviewing the universe of renew-

able energy opportunities also increases the confidence of stakeholders that all reasonable
opportunities have been considered. This chapter is organized in three sections:

C Utility scale renewable energy technologies

C Customer scale renewable energy technologies

E Options screening
Renewable energy resources are defined as energy resources that are constantly replen-

ished and will never run out. Non-renewable energy resources, in contrast, are resources
that will eventually dwindle.

Renewable technologies may be categorized by type of energy source. These include:

C Wind C Hydro

V Geothermal E Oceans

13 Bioenergy E Hydrogen

I Solar

This listing reflects the relatively increase in renewable energy resources in the years
ahead and is the basis for organizing the remainder of the chapter. Wind is forecast to be
the largest source of renewable energy followed by geothermal and then bioenergy includ-
ing biomass and landfill gas.

On a national basis, the U.S. Department of Energy forecasts the addition of more than
18,000 MW of renewable energy resources from 2001 to 2025. It is noteworthy that more
than half of the planned resource is driven by legal and regulatory mandates, including
renewable portfolio standards (RPS).

U.S. Renewable Energy Generation In MW

Wind 4,830 15,990 11,160

-6Ge o-th'erm aZl 2,-8-9-0 6,840 --3-95-0
Blomass 1,830 3,740 1,910

Hydro 78,290 78,680 390

Solar thermal 330 520 190

Suc Dart m 91,680 110,130 18,450

Source: U.S. Department of Energy, EnergyInformation Agency, Annual Energy Outlook 2004.
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Utility Scale Renewable Energy Technologies

Utility scale renewable technologies refer to resources targeted for acquisition and use
by electricity suppliers. These are typically larger systems providing more energy than
needed by individual homes and businesses.

Wind Energy

Wind is created by the uneven heating of the atmosphere by the sun. Wind currents
turn two or three blades connected to a rotor that drives a generator, either directly or
through a step-up gear box. There are two general types of wind turbines:

Vertical axis. Vertical axis wind turbines have advantages such as being able to place
the generator and gearbox on the ground. A principal disadvantage is that they are shorter
and capture wind closer to the ground where speeds are lower and turbulence is higher.

Horizontal axis. Horizontal axis wind turbines
place their generator and gear box behind the blades
that are elevated to catch higher wind speeds. They
are the most common wind energy machines. They
may be categorized by size.

Large turbines [500 kW to 6 megawatts (MW)]:
used as central-station wind farms, distributed pow-
er and offshore wind generating stations.

Intermediate turbines [10 kW to 500 kW]: used
for village power, hybrid systems and distributed
power.

Small turbines [less than 10 kW]: used for on-
site or remote applications such as battery charging,
water pumping and telecommunication sites.

Good wind areas, which cover 6 percent of the
contiguous U.S. land area, have the potential to sup-

ply more than one and a half times the current electricity consumption of the United States.
Estimates of the wind resource are expressed in wind power classes ranging from class

1 to class 7, with each class representing a range of mean wind power density or equivalent
mean speed at specified heights above the ground. Areas designated class 4 or greater are
suitable for the advanced wind turbine technology under development today. Class 3 areas
may be suitable for future technology. Class 2 areas are marginal and class 1 areas are un-
suitable for wind energy development.

Because techniques for wind resource assessment have improved greatly in recent
years, work began in 2000 to update the U.S. wind atlas. The work will produce regional-
scale maps of the wind resource with resolution down to one square kilometer. The new
atlas will take advantage of modem mapping techniques. It will also incorporate new me-
teorological, geographical and terrain data. Advanced mapping of the wind resource is an-
other important element necessary for expanding wind-generating capacity in the United
States.
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The figure below shows the relative distribution of wind resources across the United
States. More detailed maps for individual states are also available at WindPowering Ameri-
ca's web site at http:lwww.eere.energy.govlwindpoweringamerica/. WindPowering Amer-
ica maintains an active catalog of wind resource maps with a number of interactive features
that allow zooming in to more detailed geographical areas that might be of further interest.

United States Annual Average Wind Power

Source: U.S. Department of Energy, Wind Energy Resource Atlas of the United States.

Geothermal Energy

Geothermal energy is heat from beneath the
earth's surface, usually a couple of miles or more
underground. There are three types of geother-
mal power plants: dry steam, flash steam and
binary cycle.

Dry steam: Steam is piped directly from un-
derground wells to the power plant, where
it is directed into a turbine generator unit.
No boilers or fuel are needed. The Geysers in
California is the only domestic commercial
operation.

Flash steam: Hot water at a temperature of more than 360' F flows up through wells in
the ground under its own pressure. As the hot water rises, its pressure decreases and
some of the hot water boils into steam. The steam is separated from the water and used
to power a turbine generator. Leftover water and condensed steam are injected back
into the reservoir, making this a sustainable resource.
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Binary cycle: Operates on water at temperatures of 225' to 3600 E Heat from the hot
water is used to boil a working fluid, usually an organic compound with a low boiling
point. The working fluid is vaporized in a heat exchanger and used to turn a turbine.
There are little or no air emissions as the water and working fluid are kept separate.

The Idaho National Engineering and Environmental Laboratory maintains geothermal
resource maps for individual states and the country. A map showing the distribution of
geothermal resources across the entire United States is shown below.

U.S. Geothermal Projects and Resource Areas

3 r*i * #e!, = w •Z~*W$~ '.4'~~

Source: Idaho National Engineering and Environmental Laboratory, GeoHeat Center, April 2004.

Solar Energy

Solar energy is characterized by two general types of systems: photovoltaic solar cells
and solar thermal arrays.

Photovoltaic systems. These systems convert sunlight or "photons" into electricity or
"voltage" for a "photovoltaic" effect. The conversion takes place in solar cells of semi-
conducting materials similar to those used in computer chips. The solar energy knocks
electrons loose from their atoms, thereby allowing electrons to flow through the mate-
rial to produce electricity. Solar cells can be arranged into several types of systems.

Flat plate collectors: silicon wafers or solar cells that are 150 to 300 microns thick
are combined into modules and about 10 modules are mounted onto flat arrays.
The arrays can be mounted at fixed angles to the sun or on a tracking device that
follows the sun. Both direct and diffuse sunlight are converted into electricity
at an efficiency of about 13 percent with current technology and greater than
16 percent in the future. Electric storage may be added to the array, such as with
batteries. Small arrays can serve individual structures, while large arrays can be
interconnected with the electric grid.

• -•~~~~ ~ .. . . . . . . . .. . .. . .. . . . . .. . . . ... . .. . .. . . . . . . . . . . . . . .. . .. . .. ..



Photovoltaics concentrator: lenses, such as
Fresnel lenses, with mirrored dishes focus
sunlight on solar cells especially designed for
concentrated sunlight. A principal advantage
of this technology is reduction in the amount
of expensive conducting material. However,
only direct sunlight can be used. It is important
then to design tracking systems to focus the
sunlight.

Solar thermal power systems. Just as conventional
power plants boil water to create steam to run through a turbine and generate electric-
ity, solar energy can also be harnessed with similar effect. Three types of solar power
systems use reflector principles to concentrate solar energy.

Solar power towers: Sunlight is reflected from mirrors to a thermal receiver on
a tower. A working fluid, such as molten nitrate salts in the receiver, absorbs the
heat energy and is sent to a turbine generator. The fluid may also be sent to a stor-
age tank and then onto a heat engine to meet peak electric loads or continuous
operation of the solar system, including after sunset.

Solar thermal parabolic troughs: Sunlight is reflected from mirrors onto specially
coated metal pipes inside vacuum insulated glass tubes, all suspended above the
mirrors. The pipes contain a heat transfer fluid, such as synthetic petroleum, that
is heated, and is then passed through a heat exchanger to generate superheated
steam to power a conventional steam turbine electric generator.

Solar thermal parabolic dishes: Sunlight is reflected from a parabolic mirror ar-
ray to a focal point for each dish. The energy may be converted directly, such as in
a Stirling cyde heat engine, or to heat a working fluid piped to a central engine.

A map showing the distribution of solar resources across the United State is shown below.
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Source: National Renewable Energy Laboratory, National Solar Radiation Database. Dots on the map correspond to 239 NSRDB sites.



Hydropower

Hydropower resources convert energy contained in falling or flowing water into elec-
trical energy through the use of a turbine and generator. Several types of hydropower may
be distinguished.

Impoundment: A dam on a river stores water in a reservoir that is released through a
turbine to produce electricity. Water releases may be managed to meet changing elec-
tricity needs or for agricultural, recreational or other needs.

Diversion or run-of-rivern A portion of a river is diverted through a canal or penstock
and run through a turbine. The turbine spins a shaft which may be used to run a gen-
erator or to operate mechanical equipment such as a water pump.

Water pressure relief. Excess pressure within conveyance systems is released with the
use of a microturbine and generator.

Pumped storage: When demand for power is low, water is pumped from a lower to a
higher reservoir by having generators reverse the turbines; when demand for power is
high it is released from the upper to the lower reservoir thereby spinning the turbines
to activate the generators.

Hydropower may be further distinguished by size. Large hydropower is defined by the
U.S. Department of Energy as capable of providing 30 MW of power. Small hydropower is
from 30 MW down to 100 kW. Micro hydropower is below 100 kW Since many municipal
power agencies are also in the water business, they may have unique opportunities to cap-
ture renewable energy benefits from hydro resources.

The geographic locations of low head/low power potential sites in the conterminous
United States are shown below. In this figure, different color symbols are used to designate
sites of power potential corresponding to each of the three classes of low head/low power
technologies. Areas in which hydropower development is excluded because of federal

statutes and policies are
also shown. The map
is intended to show the
relative density of power

1, potential. The symbols
are larger than the actual
extent of the stream reach

containing the potential
they designate, so that the

ij'• density of symbols gives a
distorted image of the ac-

tual density of the streamHigh Head/Lower Power t •••reaches.
Existing Hydroelectric Plant
Exclusion Area

Source: U.S. Department of Energy, Water Energy Resources of the United States with Emphasis on Low Head/

Low Power Resources, Apr1 2004.
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Bloenergy

Bioenergy comes from renewable biomass resources used to produce a variety of en-
ergy related products. These products indude: solid, liquid and gaseous fuels; heat; chemi-
cals; and electricity. Biomass resources include: dedicated energy crops and trees, agricul-
tural food and feed crops, agricultural wastes and residues, forest and wood wastes and
residues, aquatic plants, and-animal wastes. One of the most common bioenergy resources
is municipal solid waste with its potential for landfill gas production. Another opportunity
for municipalities is to capture and use methane generated in the sludge disposal process in
waste water treatment plants.

Biopower technologies take biomass resources and convert them to power generation.
Multiple energy conversion processes are available.

Direct combustion: Biomass is burned with excess air to turn water into steam to drive
turbine generators to produce electricity.

Co-firing: Biomass resources are mixed in the boiler with conventional fuels to produce
electricity from steam turbine generators.

Anaerobic digestion: Organic matter is decomposed by bacteria in the absence of air
producing methane and other fuel products available that can be used for energy pro-
duction.

Cogeneration: The combustion of biomass resources is used to generate electricity and
to provide process steam or hot water.

Gasification: Biomass is heated in an oxygen-starved environment to produce a me-
dium or low calorific gas. This biogas can be used as a fuel in a combined cycle power
plant that includes a topping and a steam turbine bottoming cycle.

23



Pyrolysis: Biomass is heated in the absence of air to decompose biomass. The end
products of pyrolysis is a mixture of solids (char), liquids (oxygenated oils) and gases
(methane, carbon monoxide and carbon dioxide).

A variety of other biofuels can be made from biomass resources. These include: etha-
nol, methanol, biodiesel, hydrogen and methane. While most of these fuels are finding use
in transportation applications, opportunities also are being found in direct energy produc-
tion, such as biodiesel in diesel generators. A map showing the distribution of biomass re-
sources across the United States is shown below.

t. * Dry Tons
SThousands Tons per County
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500-1,000

-7e 100-500
' •.•0-100

,v Data for this state map
is incomplete. Map may
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, •available.

Source: U.S. Forest Service,
No Data No Data U.S. Environmental Protection

Agency, National Renewable
Energy Laboratory

Please note that biomass availability can very significantly from one locality to the next. These map is
intended to provide a general indication of a region's biomass availability. Only municipal waste, mill
and forest residues and select crop residues are considered in this map. Some areas not shown on the
map that are near urban or manufacturing centers, or areas with agricultural residues that have not been
considered, may have excellent biomass resource availability.

Oceans

Ocean energy draws on the energy in ocean waves, tides and the thermal energy stored
in the ocean. Two principal technologies convert ocean energy into electric power.

Tidal energy- A dam is placed across an opening of a tidal basin and water is directed
flow through a sluice into the basin. The sluice can be dosed while the tide drops and
then the water releases through conventional hydropower technologies to produce
power.

Ocean thermal. Advantage is taken of the temperature differences at different levels of
the ocean. Closed-cycle systems circulate a working fluid in a closed system, heating it
with warm seawater, flashing it to vapor, routing the vapor through a turbine, and then
condensing it with cold seawater. Open-cycle systems flash warm seawater to steam
and route the steam to a turbine. Hybrid plants flash warm water to steam and use the
steam to vaporize a working fluid in a closed system. Various versions of ocean thermal
systems are land-based by mounting on the ocean shelf or offshore as floating plants.
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Hydrogen

Hydrogen is found in many organic compounds, as well as in water. It is the most
abundant element on the Earth, but it does not occur naturally as a gas. It is always com-
bined with other elements, such as oxygen to make water. Once separated from another ele-
ment, hydrogen can be burned as a fuel or converted into electricity.

Hydrogen can be produced from numerous hydrocarbons including gasoline, natural
gas, methanol, propane and even coal. Hydrogen may also be produced from water by
electrolysis. Hydrogen has the highest energy content of any fuel and produces almost no
pollution.

In the future, hydrogen could join electricity as an important energy carrier. The energy
for producing hydrogen can be produced from renewable resources including wind and
solar. It can then be stored and moved to provide energy to consumers.

Customer-Scale Renewable Energy Technologies

Renewable energy technologies are also available for buildings such as for businesses
and homes. A utility should be aware of these options and may encourage their adoption.

Solar water heating - active: Sunlight heats water or other heat transfer fluid in collec-
tors which is then pumped to storage tanks. The system involves controls, sensors and
pumps. Drainback systems send the water back from the collector to the storage tank
when pumping stops. Draindown systems send water into storage whenever freezing
conditions occur.

Solar water heating - passive: Sunlight heats water or a heat transfer fluid that send
the water by convection to storage tank located above the collector until needed. Called
thermosyphon systems, there are no moving parts and they may have electric heaters
for freeze protection.

Passive solar design: Buildings are designed to maximize useable solar heat. Tech-
niques include south-facing windows, moveable insulation, walls and floors to absorb
heat, white roofs to reflect heat, sunspaces, greenhouses, overhangs, shades, landscap-
ing and vents.

Transpired collectors: Air is preheated for ventilation. A transpired collector consists of
a black metal panel mounted on a south-facing wall to absorb the sun's heat. A space
behind the perforated wall allows the air streams from the tiny holes to mix together.
The heated air is then sucked from the top of the wall space into the ventilation system
for the building, such as for warehouses and airplane hangers.

Geothermal direct use: Heat is provided directly from geothermal reservoirs of hot
water. In addition to time-honored uses for bathing and cooking, modem uses include
heating buildings, heating whole towns or groups of buildings, raising plants in green-
houses, drying crops, serving fish farms, and some industrial processes, such as pas-
teurizing milk.
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Geoexchange heat pumps: Heating, cooling and
water heating can be provided by a system includ-
ing a heat pump, ground loops, and a distribution
system, such as ductwork, in the building. Earth-
coupled geoexchange heat pumps treat the ground
as a heat source or sink with a liquid circulating to
provide heat transfer. The fluid may be water or a
mixture of water and antifreeze. Typical applications
include homes and commercial buildings of various
types, but usually those with sufficient land area.
Water-source geoexchange heat pumps operate with
water from a well, stream or pond.

Photovoltaic systems: Photovoltaic systems convert sunlight to electricity. Smaller
applications for buildings are typically flat plate or thin film photovoltaic designs.
Thin film solar cells are semiconductor material of only I to 10 microns thick and are
attached to inexpensive backing materials. Numerous applications include metal or
glass, allowing them to double as rooftop shingles, roof tiles, building facades, and
even skylights. Efficiencies range from 5 percent to 11 percent, although, layering thin-
film materials on top of each other may allow conversions of more than 15 percent of
sunlight into electricity. Systems can be scaled up to meet internal building use during
peak hours as well as send excess electricity into the utility grid.

Small wind turbines: These are typically horizontal axis wind systems of less than 10
kilowatts designed to meet electrical use through on-site generation. However, systems
could also be grid connected.

Fuel cells: Fuel is converted to electricity through chemical processes without combus-
tion. Fuel cells are not renewable energy technologies as such. However, fuel cells are
considered renewable technologies, when a renewable fuel such as methanol from bio-
mass or hydrogen is employed.

Option Screening

Choices must be made in selecting among numerous renewable energy options due to
limitations of time and money to perform the analyses. Several criteria may be considered
in screening options down to those most applicable to a particular utility, including:

C Resource availability: Is the resource available in the utility service territory or in
relative proximity? For example, geothermal resources are not readily available in
many parts of the country. However, landfill gas resources are commonly available.

M Resource size: Is the available resource of sufficient size to be considered? When it
comes to renewable resources, even small size projects can be considered, including
wind and solar.
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91 Technology maturity: Is the renewable technology commercially available? Some
technologies are still being refined through research and demonstrations.

11 Capacity factor: What is the energy output relative to the potential output?
Intermittent renewable energy resources have lower capacity factors than
dispatchable units.

V] Economically competitive: How do the costs compare to conventional resources?
Even if some renewable technologies cost more, customers may be willing to pay a
premium. Cost comparisons need to recognize that capital costs may be higher for
renewables but operating costs may be lower.

I] Resource diversity: How much does the resource add to supply diversity?
Renewable resources can add diversity and reduce price risk associated with
traditional energy supplies.

E] Environmental impact: What are the environmental advantages and disadvantages?
While many environmental technologies have air quality benefits, there can be
disadvantages in terms of land use, visibility and other impacts.

E Public preferences: How strong are the public perceptions and attitudes? There can
be significant public education benefits from renewables and some stakeholders may
have strong preferences in their favor.

1] Transmission interconnection: How easy will it be to bring the renewable energy
that is generated and deliver it to the utility's load?

Important criteria are economics and capacity factor. The U.S. Department of Energy
estimates contained in the 2004 annual outlook are shown below. Note, that while the table
reports point estimates, each situation will be different depending on local resources, costs,
system integration and other factors.

Resource Comparisons In Capital Costs and Capacity Factor

Biomass $1,715 83 percent

Geothermal $1,882 86 percent, .

Landfill gas $1,470 90 percent

'Solar photovolta'ic-" $,3,8,89,- 7 -24 perce'nt'
Solar thermal $2,577 15 percent

Source: U.S. DOE, Energy Information Administration, Assumptions to the Annual Energy Outlook 2004, February 2004, p. 128, 129.
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Summary

This chapter outlines the wide variety of renewable energy resources available to utili-
ties and their customers. Both utility-scale and customer-scale resources are identified.
Starting with a complete inventory of options helps stimulate consideration of the criteria
for narrowing down the options. Such criteria as resource availability, technological matu-
rity and comparative economics can then be applied with greater confidence. Forecasts at
the beginning of the chapter estimated potential resource development and at the end of
the chapter summarized relative costs.



nce the technologies have been screened to those of primary interest to a utility, it

is desirable to outline the key aspects for more detailed consideration. Somewhat
like developing a business or product plan with pro forma financial statements,

it helps to design or describe in some detail the potential or hypothetical projects or pro-
grams. The outputs of this process are a set of energy production estimates and associated
load impacts, along with estimated costs and risks. The costs then feed into a more detailed
and robust financial and risk analysis discussed in the next chapter.

This chapter suggests the key considerations in producing sufficiently detailed project
or program designs. The chapter is organized into the following sections:

C Stages of development and implementation

C Framework for program design

Development and Implementation Stages

It is important to recognize the stage of development and readiness when implement-
ing a project or program. It is also useful to distinguish between the term project or pro-
gram. Supply-side opportunities are typically thought of in project terms, since they can
involve a long planning and implementation cycle supporting one single installation or
resource. For example, a plan to develop a new wind facility to be integrated with other
supply-side resources is usually thought of as project planning. A plan to offer customers an
option to purchase blocks of wind power is usually thought of as a green power program.

Demand side opportunities are typically thought of in program terms, since they typi-
cally involve applying a similar set of programs or features to a set of customers that grows
over time. In the case of a customer focused-program, a utility may want to conduct a pilot
program before launching a full-scale program.

Thus, the stages of development and implementation as shown below may be more ap-
propriate for customer scale programs, while utility scale programs proceed directly to full
scale design.

Research ,: Field test Pilot' prgram / Full Ipe

This figure suggests that the program for the prospective renewable energy technol-
ogy may need to proceed through several stages of development before reaching full scale
implementation. In the research stage, more detailed analysis may be required to identify
the technical, economic, environmental and other issues of concern. In the second stage, a
field test may be appropriate to confirm how important the issues are and whether they are
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adequately resolved. This may involve putting a renewable energy system on a customer or
employee home for testing.

Assuming the field test is satisfactory, a pilot program may warranted. In a pilot pro-
gram, a segment of the customer population may be offered the program to test market ac-
ceptance and help predict participation rates. Finally, full scale implementation may follow
with roll-out to all customers.

Supply-side projects are less likely to follow this path of development and implementa-
tion. For one thing, the projects are more discreet. For another, they do not lend themselves
to partial or phased-in implementation.

A Framework for Program Design
The first topic to consider is: Who is purchasing or acquiring the resource? Is the utility

purchasing the resource to integrate into its supply mix for all customers? Is the utility pur-
chasing the resource on an aggregation basis for participating customers? Is the customer
purchasing the resource directly, such as a photovoltaic system? In other words, who is the
target user for the renewable resource.

A second set of considerations may be summarized as the five Ps of program design:
Product, Price, Place, Promotion and Policy. Product refers naturally to the resource being

Five Ps of Program Design acquired. Price refers to its cost either to the consumer or to the utility.
and Development Place refers to delivery and how the product reaches the user, whether

the user is the utility or the end-use consumer. Promotion, of course, refers
-~ 27to information, education and sales, which is more involved for consumer-

~oriented programs, but even utility purchases can have a significant

Prod uct , Price public education component. Policy refers to the realities of building
codes, environmental rules, transmission access and the numer-

4_-ý ous other regulatory considerations. These aspects for program
~ design are explored below.

Product Considerations. Products need to be defined by tech-
iotion Place noloiv and the features associated with tha technolozv. Prod-

71 ~ i , uct considerations include such matters as resource size, energy

Policy produced and metering. If it is a service, such as consumer pur-
chases of green power, product considerations may include compo-

sition of the green energy in the product bundle and size of the bundle
in kilowatthours per some period of time. Product considerations include

maintenance responsibilities, repair services, warranty coverage, safety protections,
and appearance or packaging. For long-term programs, the product may be defined by
length of term and termination provisions.

In the case of a project where the utility is acquiring resources, then the utility will go
through a purchasing process. The purchasing process could be a sole source arrangement
without competitive bidding. Sole source arrangements are likely where a renewable en-
ergy resource is uniquely situated with no other potential buyers except the utility. Another
approach is by competitive bidding through a request for proposal from existing or pro-
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spective developers of renewable resources. The product becomes defined by the project
size, terms, capacity available, energy produced and other aspects.

These product considerations need to be described or specified to create cost estimates
for purpose of analyzing the program or project.

Pricing. A second key consideration in program design is pricing. If the utility is building a
renewable energy resource, then pricing is really about costs or what the utility will pay for.
If the utility is not building, but instead buying, the renewable resource, multiple pricing
choices may be considered, including:

E capacity. purchases

C] energy purchases

C combinations of capacity and energy

C quantity discounts

C timing premiums or discounts

C front-loaded purchase agreements where some capital costs are covered

CI back-loaded purchase agreements where prices rise over time

10 lease purchase arrangements

[ application of tax incentives

For customer programs, pricing strategies adopted by the utility are equally varied. The
first question is to determine whether renewable energy resources cost the utility more or
less than conventional resources. If the renewable resources cost less, then the utility may
choose to include the resource costs in general rates and keep average rates from rising. If
the renewable resources cost more, then the question is whether to charge full cost for re-
newable resources or absorb some of the costs in average rates.

One example of the pricing considerations may be seen with a green pricing program
where wind energy costs more than conventional resources. If a premium is charged for
wind power, the following pricing policies may be considered:

C participating customer pays full cost for wind generation

C participating customer pays for the incremental cost above conventional types of
energy

C participating customer pays some share of the incremental cost with remaining costs
recovered through average rates

One pricing strategy is to offer a fixed rate for renewable energy. Since most of the re-
newable energy cost is fixed, variable costs are a minor portion of the total costs and utilities
can guarantee a rate over a number of years. This can be attractive to customers as a way to
avoid volatile energy costs for conventional resources.
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Listed below are various types of financial incentives that may be offered by the utility
for renewable energy products for end-use customers:

Renewable Resource Pricing Strategies

Rates Special rates such as premium, discount, guarantees and time-of-use

Credit sBill credits" for p-wer se-t into the grid based o ni ne t imetering using
mrnalynal rates, using average rates ,

Connection charges Surcharges, discounts, waivers such as to builders

[Rebates'; S_ Single paym ent frpur chasefandinstallat ion0f product

Coupons Certificates with cash value to reduce product purchase price

:.Loans ' Financin at favorable rates including zero interest

Shared savings Investing in customer facilities with payments made from savings

Leasng .Makingregular payments instead of up"font financing with option to I
purchase

Place or Delivery Delivering or getting the product to the user's place of business or home
is a third key program design consideration. Where the utility is the purchaser, such as for
wind energy, delivery can be a crucial part, considering the transmission system and inte-
gration requirements.

Where the customer is the user and renewable energy technology or capability is being
built onto a facility, two typical options are found. One option is for the utility to arrange
installation of the renewable energy product either with its own employees or with contrac-
tors. A second option is for the customer to arrange delivery with a third party, often called
a trade ally.

A trade ally is any organization that can influence
the transaction between a utility and its customers.

Itects ... : , .. Trade allies perform valuable services to the customer

neers directly and the utility indirectly. Trade allies are im-
... ...... portant in:

butors IC educating customers E1 training

ractors' ; Customer • marketing and sales C testing

pers'- "" II financing E certificationlopers,,, : .. .

C developing standards and procedures

iltants• "• I installation, maintenance and repairultants ::-•....

__________,___ Utilities can work effectively with trade allies by

providing them with standards, training, education
materials, sales materials and quality inspection services. Utilities may choose to develop a
list of recommended trade allies for specific skill areas such as in engineering, installation
and service. Also, customers may be encouraged to secure funds from recommended finan-
cial institutions.
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Promotion. A fourth design consideration is promotion, a term encompassing education,
publicity and sales. Where the utility is the user or buyer of renewable resources, promotion
is focused on education and publicity, and the sales process is between the utility and the
vendor of renewable resource products. For example, in the case of a wind farm develop-
ment, the utility purchasing electrical output may wish to promote its activities with cus-
tomers and others.

There are multiple strategies for marketing where the utility may take the lead, a third
party may be encouraged to market its service, or some combination, such as cooperative
advertising.

Marketing and promotion are important for new technologies and new programs.
There are various possible value propositions just as there are multiple renewable energy
program options. For renewable energy programs to succeed, the many potential market
participants may need to be educated and indeed sold on the values that can be achieved.

Success in marketing is not only related to education and awareness of participants, but
also program stability. If program designs change radically from year to year or even within
a year, it is more difficult to attract and retain end-use customers as well as others in the
value chain.

Various marketing methods may be adopted. The general categories of marketing include:

V customer education E direct customer contact C advertising and publicity

For each of these strategies, various tools are available. Customer education options
indlude:

E] brochures E Web sites

V] bill inserts E speakers bureaus

E direct mailings C customer seminars

For direct customer contact, consider:

C on-site technical analyses C workshops

E telemarketing C seminars

E] on-site visits K] inspections

C] mall storefronts C fairs and home shows

For advertising and promotion, consider:

E mass media: print, radio, TV and print media

C personal media: direct mail, brochures, CDs and Web pages

C other advertising: posters, symbols, logos, pencils, key chains and hundreds
of other items

C other promotion: contests, games, demonstrations, fairs, shows, conferences
and meetings
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The tools used will depend on such considerations as objec-
tives and costs. Objectives might include maximizing participa-
tion in renewable resource programs or maximizing the amount of
renewable resources acquired. Cost considerations might include
maximizing gross revenues or maximizing net revenues of the

PwrOMtion $ organization.
It is also useful to consider market segments in such terms as

demographics, facility types, appliance saturations and energy
use patterns. These should be considered to optimize budget expenditures for promotion.
There is probably some minimum amount that should be spent on promotion, but do not
expect a direct relationship between sales and promotion.

It is generally acknowledged that in marketing and advertising, there are diminishing
returns. Initial spending on these promotional activities may generate great customer ac-
ceptance, participation and sales for the early amounts spent. But higher levels of spending
should not be expected to increase sales proportionately. In fact the opposite will occur, so
that additional promotional dollars result in smaller increments of participation.

Policy. Government rules and regulations play a larger role in most products than is gener-
ally recognized. Whether producing consumer goods or services, from apples to zinc, mar-
ket success can be depend heavily on compliance with government policies such as health,
safety, environment, anti-trust, insurance, and energy regulation. Since this guidebook
includes material on public participation, it is important to note that stakeholders need to
include regulatory officials in energy, environmental and other agencies.

Government laws and regulations may encourage or discourage certain types of re-
newable energy products. Government rules may add to costs or may be modified to re-
duce costs.

For example, building codes may inhibit roof-mounted solar panels or restrict building
heights that shade solar arrays for homes and businesses. For situations where the utility is
the purchaser of renewable resources, it may need to comply with land use covenants, zon-
ing regulations, environmental restrictions, transmission policies and other public policies.

A complex web of government rules and regulations may need to be negotiated in
implementing arrangements by the utility to build or purchase renewable resources. While
many municipal utilities may have the power through their boards of directors to modify
local policies, extra attention may be needed for county, state and national rules and regula-
tions.

Public policy options to foster and potentially reduces costs for renewable resources
include:

C adopting favorable building codes

C encouraging tax incentives

C authorizing green tag programs

C supporting renewable portfolio standards

C harmonizing net metering rules

C standardizing service interconnection
requirements
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Summary
Once decisions have been made to analyze renewable resource projects or programs in

depth, many program or project design considerations must also be featured in. An early
consideration is whether to proceed to a full scale program or adopt a more incremental ap-
proach such as a pilot program, particularly for customer-focused programs. Another early
consideration is to confirm if all utility customers or just participating utility customers are
the users of the products being offered under the renewable energy program.

For customer-scale programs, and in some cases for utility-scale projects, five sets of de-
sign topics should be reviewed. This systematic review will help ensure that costs and risks
are being addressed. This should add confidence to the detailed analysis recommended in
the next chapter. This design process should also set the stage for more efficient implemen-
tation as discussed in the last chapter of the guidebook. The design topics are summarized
in the diagram below to highlight some of the key issues for consideration.

Key Issues In Program and Project Design

rPrloduct Quantity, QualtTmn etrs evcs em
Price Costs, Bidding Premiums, Discounts, Financing

P1 ac e Lo aon, Intgraton Utility delivery, Trade allies y
Promotion Education, publicity Marketing, Advertising

(Pol~y;. Evironent, afety Zonig-, Sft
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his chapter addresses the consideration and methods to measure, analyze and

compare renewable energy alternatives. It is organized into four sections:

E An appropriate level of modeling and analysis

C A suggested approach

[] Monte Carlo analysis

C Applying a portfolio perspective to evaluate costs and benefits

An Appropriate Level of Modeling and Analysis

One early step in developing a renewable energy strategy is determining what level
of modeling and analysis is appropriate. Many larger municipal utilities undergo a rigor-
ous resource planning effort, while for many smaller member-owned utilities, this level of
analysis is neither required nor warranted due to their limited resources. However, even
smaller utilities undergo some form of resource planning that should be used as the basis
to evaluate the impact of adding additional renewables resources into their portfolios. For
example, Western Area Power Administration's IRP Regulations (10 CFR Part 905) require
firm-power customers to submit IRP type plans.

Larger production cost models provide attractive features useful to a resource planner.
They can analyze detailed interactions of dozens or even hundreds of different input vari-
ables and related decision factors and provide detailed, hourly dispatch and cost estimates
for a service territory or a region. However, these models are heavily dependent upon input
assumptions and require a high degree of training and sophistication to properly interpret
their output. These models also require significant license fees that can put them out of
reach of most smaller, member-owned utilities.

Statistical packages can also be useful. These can be stand-alone statistical packages, or
what is referred to as "add-ins" to Microsoft Excel. These "add-ins" can be used with Excel
to develop spreadsheet models to analyze data-intensive forecasts to a much greater degree
than was possible even a few years ago. These spreadsheet models can simulate scenarios
allowing different input variables to fluctuate and then estimate the resulting power prices
over a long-term horizon. Much more importantly, they provide these results in only a few
minutes or hours, depending upon the complexity of the spreadsheet. This speed and ease
of use is better suited for evaluations where alternate scenarios need to be run quickly and
is of great value to a team evaluating alternate scenarios such as the impact difference of
adding 2 percent or 10 percent renewables to a power portfolio.

The choice of whether its more appropriate to use a production cost model, an Excel
spreadsheet-based approach, or some combination of the two, will depend on the specific
utility's needs and internal capabilities. Most smaller utilities tend to have forecasts built
upon a spreadsheet and do not require the complexity of a production cost model. Howev-
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er, the box at left outlines a representative ill
sample of the types of analytical capabili-l

RIsR Modeling (stochastic) Fuel supply
ties be provided by the larger production Ror~ioIg S
cost models.

Upgrades for RTO/LMP. mod~eling, Shortage prlclný,
This guidebook presents a spread- -- :

sheet-based approach suitable for smaller aao p -,%" eo
utilities to apply. This results in a simpli- E.M o gStme

fled model, but still requires some degree Modeling support Loss of, load probability

of spreadsheet expertise and detailed Geogaphic scope UReport function

knowledge of the utility's loads and re- Reserves calculation Data extraction

source projections to be most useful. Demand elasticity.

A Suggested Approach

Our suggested approach builds upon the various demand and supply side studies and
models that a utility typically has completed as inputs to our analysis. Our approach is bro-
ken out in two phases:

C Phase I develops the base case estimate for a utility's power supply forecast and
budget. This could be as simple as applying the current methodology used by the
utility to develop its power forecast.

K! Phase II builds upon this base case forecast to develop a number of alternate
potential scenarios. It then assigns probability distributions to key variables and runs
simulations against these alternatives to better understand the cost and risk impacts
to the total portfolio.

It is important to reiterate that a more simplified methodology for Phase I could be
appropriate for smaller utilities, depending upon the detail available from their planning
studies. The important factor is that at the end of Phase I, the utility needs a forecast of a 5-
to 10-year time horizon, which represents expected power supply requirements and expen-
ditures. One potential methodology for Phase I is described in the figure that follows.
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Phase I
Develop Base Case Forecast

[1Develop- Preliminary
Utility Load Forecast

Typical day/typical month
.Annual load growth

SComplete Utility-Specific
Load Forecast

UWonservation program
1 Other utility-specific assumptions

Develop Method of
Exising owerPortfolio

Review and update the utility's load forecasting methodologies
and develop a preliminary forecast. For our analysis, we will
simplify this step by using a typical daily loa d profile, and a
typical mronthly load profile, as well as an assumed constant,
load growth estimate for the 10-year horiz'on of our analysis.
period.

Thle preliminary load forecast Gan be adjusted to reflect utility-
specific considerations or other forecasting adjustments.
These Gould include the utility's conservationi or peak
~load management program assumptionis or other contract
:parameters. In our simplified discussion, we make no
adjustments for' utility-specific considerations.

I

Here, we collect the relevant dispatch attributes of the existing2
power supply portfolio ~and generation fleet, including factors
such as heat rate/disptch basis, expected availability, capital
and O&M estimates. We also compile cost and other data
related to contractual supply resources, as well as spot-market
purchases as appropriate. '

UEx.sting c•ptracts
Self-generation passets
Spot-market 'purchases

I
$DeveI

)JFue

ýNe~
43)Spe

lop Capacity Expansion Plan Thsplan describes how we will meet furthe~r load growth and'
other obligations. For utilities without significant load grow~th,

I forecast ~this paln could al'so. consider replacing existing resources 'with
~tract alternatives reriewables. We comhpile dispatch attributes of "generic' new
Y resource alterntatives re'sources, which will b'e fincorporated into the, evaluation of
~cific new projects altemnatives to project forward how future load growth will be

met an~d at what expected market prices,

*1

Develop Power Supply Forecast We conclude with the "expected case" of the power supply'

an~d Budlget ' forecast and budget. This will reflect the longer term (e.g.'
5-10 year) forecast for power supply load requirem~ents and

-"Expected case" financial projections. This will be used as the base case in
Longer-term (5-10 year) perspective later steps, to determine the impact of altema~te scenarios ~to~

add renewables to the portfolio. ''

~' ~- ~

Phase II of our suggested approach focuses upon
developing an analytic capability to understand the
cost and risk trade-offs involved with adding differ-
ent levels of new renewable resources. This phase
involves developing the renewables integration
module, developing alternate scenarios for adding
incremental generation to the portfolio and evaluat-
ing the impact to portfolio cost and risk. The steps
are discussed in greater detail in the appendix to this
guidebook. An overview of our suggested approach
for Phase II is described in the following figure.



Phase II
Evaluate Additional Renewables

Develop Renewable Energy The integtion module Gan bedeweoped from a ste-
lntegrat•on Module specific project under constructeon,or estimated asia

Relibiliy an cos pa~n~etrs generic plant from in'dustry sources. The, module. should
Relibiliy ad cot prameerscontain specific data and assuimptions for lo .cal resource

Integration and forecasting assumptions capabilities, costs andf projected output data.

I
Assign Probability Distributions
to Inputs
I_ Load forecast
i4JElectric price forecast

lJFuel (gas) forecast

We now take the ksey input variables developed in Phase
I and assign a probability distribution to, them. This step

Scan have an extremely significanit impact oni the eventual
results and care must be taken to assign the proper,
distribution shape~, and to en~sure 'the interaction of
different input variables with themselves and with other

Define Scenarios
=5.•

2 2% versus 10%

Scenarios w~ill quantify the cost and risk impact on
the total portfolio,'For each scenario, we allow the
input variables to fluctuate according to the probability'
'distributions we assigned in step 7. We will simplify
our scenarios to include only two: 2% arnd ~10% of total
portfolio comprised of renewables.,

Others as appropriate

Run Simulations , We next examine the impactof thelinput variables for the
J2% ~erus 10%o scenarios on the total impact to portfolio cost, but
_J2% ersu 10%this could also be expanded to examine other measures.

-JRelative contribution of key input With simulations, we get a distribution of values for the
'parameters to total cost and risk ' expected portfolio cost. The shape of these distributions

provide insight to totalI portfolio rfsk.

rInte ractive Review of Asupio-n The level of effort involved in this last step depends on'
the priority and ability to me~et and work with different

'As appropriate stakeholder groups to develop a consensus opinion on the
final recommended strategy.:I

The steps described in Phase II might at first glance, appear to be overly complex,
and too labor-intensive to interest many smaller utilities. However, the general concept is
actually fairly straightforward. We are taking our existing forecast from Phase I and using
Microsoft Excel to perform a large number of simulations, using different values for our
input variables, to estimate the power portfolio costs as these variables change. By look-
ing at a large number of simulated results, we develop better insight to the cost and risk
impacts of different scenarios such as adding increasing increments of renewables to the
power portfolio.
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Monte Carlo Analysis
The power of a Monte Carlo simulation analysis is to test a wide range of uncertain

conditions, and to evaluate their overall impact on the end result. A number of different
scenarios could also be evaluated instead of just portfolio costs that are considered here.
These other scenarios could include different reserve margins requirements, different natu-
ral gas price forecasts or legislative events such as imposition of a national carbon tax, if
desired. To help simplify the discussion, two scenarios are defined. One scenario assumes
2 percent of the total portfolio is comprised of renewable resources and the other scenario
assumes 10 percent.

Once Phase II analysis is completed, a series of workshops or meetings can then be
held with various stakeholder groups to walk through the analysis and to educate these
groups on the impact that the different input assumptions have on portfolio cost and risk.
By running a large number of iterative simulations and examining the results, stakeholders
can see that there are a smaller number of input variables that drive the results than they
might have thought beforehand. For example, O&M costs and the degree of fluctuation in
wind output can have a much smaller impact on total cost and risk than the natural gas
forecast used for the analysis.

At these workshops, participants can propose alternative parameters or scenarios to
be evaluated, and see for themselves the impact on the end result. This can be a powerful
learning tool, as well as allowing each stakeholder's voice to be heard, resulting in greater
alignment among stakceholders with the eventual recommended strategy. When stakehold-
ers feel they can have all of their opinions examined in a fair and open manner, the discus-
sion can avoid some of the digressions that can typically occur, and the group can move
toward a more fact-based analysis and conclusion.

By using the PC-based application to run hundreds of simulations, the utility will also
be in a much better position to estimate the expected impact to portfolio costs of incremen-
tally increasing its power portfolio exposure to specific fuel types (e.g. gas vs. wind) and at
what point the attractiveness of incremental addition of a given fuel type begins to decline.
This information is critical to determine the overall goals for renewable energy commit-
ments and targets that make the most sense for the utility's stakeholders.

Applying a Portfolio Perspective to Evaluate Costs and Benefits
Modem portfolio theory can provide planners with valuable insight regarding the risk

factors affecting individual assets and groups of assets in a power supply portfolio. Risk
factors can include load growth assumptions, fuel price forecasts and the costs for spot
market replacement power purchases. Applying portfolio principles can quantify how each
of these risk factors affect individual assets and the portfolio as a whole.

A portfolio-based. perspective of power supply assets also provides a better under-
standing of how individual assets interact to different planning scenarios and risk factors.
In addition, an understanding of the interaction of the assets to each other provides insight
to their true strategic value and cost to the enterprise as a whole. The ultimate objective of



this analysis is to develop an understand-
ing of how the utility's power portfolio
is affected by different percentage com-
positions of renewable resources and to
use this insight to help develop a target
renewable portfolio composition.

To evaluate the portfolio impact from
adding incremental amounts of wind
generation, it is first necessary to define
a dependent function, such as the total
portfolio cost, and to examine all the in-
dependent variables that affect the costs
of the assets individually and the portfo-
lio in aggregate. We then allow the pri-
mary input variables to vary, according to
some probability distribution that is ap-
propriate for that variable. For example,

_i. W ýtLý4

Certain risk factors will affect different assets dlfferen~y',and~ sometimes in
opposite directions, For example, rising natural as pjices will increase the
prQoUpctiofl cost of gas fired plants while having little impact on the cost of base
load coal'and wind plants. In adiint
electicity will increase as rising gas prices are passe,4,Althroughto themrkt
Understanclig how these lis factors affect eaaftqc.ý94ses
independently, as well how they affect tffe entire portfolid, iS the nextevolution of
corporate uisk mainagpment,

~The statistical'masr of how different op~ponents~qf a~n qgfajl, react to
diferent risk factors is mneasured by tlLaac npn1j
variables (in this case, wholesale power picnq
tUnderstandinthe covariance of wind productiq~t~
with~ the other portfolio cost drivers is the ke~to widQstrd i,
adding incremnental amounrts of renewables toa poto1oai q ht
is an appropriate target percientage for renewables in a portfolio.

let us assume that we define the total portfolio cost of a power supply portfolio as follows.

0 Leoade f o ars 'oRne wable sreaS p
>to serve unt trct costtosg

cos fail eh~s~ costs cae "

When the dependent function has been defined, it is possible to use a PC-based spread-
sheet model to calculate total portfolio costs under a range of varying values for the input
variables. A statistical package such as @Risk or Crystal Ball can be used as a business simu-
lation tool to examine the economics and underlying risk potential of assets such as wind
turbines in a manner not available previously.

In a simplified example, we could calculate the
portfolio production cost for a number of different
load growth forecasts. For a given utility, it might be
reasonable to forecast a load growth of 2 percent an-
nually for the next 10 years. We might further specify
that our projected load growth has a probability distri-
bution that is normally distributed, with a mean of 2
percent and a standard deviation of 0.2 percent. This is
shown in the probability distribution chart to the left.

Applying the statistical measures to our assumed
forecast, the chart at right shows us that we expect a
load growth rate of 2 percent, it is also normally dis-
tributed, so it has the same chance of being too high as
too low. We also know that approximately 66 percent

1.6% 1.8% 2% 2.2% 2.4%
I x I ~~t4Load Growth

j Observaions F

I 95% of. Observations ~
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of the time, the actual forecast will be between 1.8 percent and 2.2 percent; (one standard
deviation) and that 95 percent of the time, the actual load growth rate will be between 1.6
percent and 2.4 percent (two standard deviations).

For each of these different load growth rates, each asset in the power supply portfo-
lio will react differently, as it will have to produce a varying amount of future generation,
depending upon what the actual load growth turns out to be. We can then simulate our
expected future by calculating hundreds or even thousands of iterations for a range of po-
tential load growth rates. We estimate a different load growth for each iteration, and then
calculate the total portfolio cost for each assumed load growth for each iteration. This gives
an expected portfolio cost, which is the mean value from all the iterations, as well as a prob-
ability distribution telling us the distribution of calculated portfolio costs for each of the
different iterations.

We can apply this same concept to the other primary independent variables that will
largely determine the total portfolio costs. In our simplified case, we have identified the
three most important variables to consider as the load forecast, the projected electric price
forecast and the projected gas price forecast.

When we have estimated the expected value and probability distributions for the input
variables, we then calculate total portfolio cost by running a specified number of iterations
on the spreadsheet program. The time required to perform these iterations will depend
upon how complex the portfolio and its dispatch assumptions are, and what type of com-
puter resources are available. However, even an older PC should be able to run through the
1,000 iterations for a small portfolio with a 10-year planning horizon in a matter of seconds.
Even to perform 10,000 iterations would only require a few minutes on most computers.

In our example discussed earlier, we ran through the iterations for two different scenar-
ios. The first scenario assumed 2 percent of energy costs would be met by wind resources
and the second scenario assumed 10 percent of future energy costs would be met by wind
resources. The results are described in the figure below.



What our previous example illustrates, and what can be seen in the previous figure, is
the trade-off between choosing the least cost or the least risk strategy. In our example, our
second scenario consisted of 10 percent wind. Current cost and production data indicate
that at today's prices, wind is generally still going to have higher construction cost per MW
than a traditional gas-fired CCCT option. While wind will have lower fuel and operating
expenses than the gas plant, which helps its relative economics, it is still a more expensive
economic option on a life-cycle basis. Although it should be pointed out that there are nu-
merous project-specific opportunities where prevailing wind conditions, and electric or gas
transmission access and availability could make wind more attractive than a CCCT even
strictly on an economic basis.

However, the primary advantage that wind provides a total portfolio is a result of its
significantly less volatile fuel costs compared to an alternative such as natural gas. Wind
has zero fuel costs and small O&M costs, while natural gas prices have demonstrated ex-
treme price volatility in recent years. When the projected price and assumed volatility for
natural gas are incorporated into the simulation, the range of potential gas prices must in-
clude some probability that the price for natural gas will spike upward at times. The result
of this volatility is that, while the total expected cost of the power supply portfolio is less for
the natural gas- based alternative, there is a probability of occurrence that can be measured
where a future price of natural gas will make the production cost for the resource greater
for gas than for wind.

The trade-off that must be considered and communicated to stakeholders comparing
portfolio cost is that renewables might have a slightly higher cost than traditional alterna-
tives under today's assumptions, but the reduced risk exposure to natural gas prices must
also be considered. This perspective is especially important for utilities that might be obli-
gated by statute to procure power supply
requirements in a "least cost" manner. M, i t 0-10 P1
The figure at right shows actual historic 0 I

natural gas prices and the Energy Infor-
,,V Actuals W AE02'

mation Agency's latest forecast. What $8
is immediately evident from this figure $7

is that gas price volatility has increased $6__

dramatically, and the current forecast for $5

future prices to trend lower and more $4_,_ _

stable is not a clear certainty by any __ _ _ _ _ _ _

means. Especially in light of the extreme $2

magnitude of recent gas price volatilities,
least cost may not always be preferable to .. '. .least risk. ? %08 28 MNM1 8U9 2* 501 00 20 4M4

Conducting an assessment using a
business simulation tool improves the
ability to weigh these trade-offs between costs and risks, and allows stakeholders to better
understand how pricing and risk assumptions affect the eventual recommended strategy.



his chapter discusses the challenges and requirements to successfully implement

renewable energy goals, strategies and objectives. It is divided into two sections:

[I Organizing the implementation team

E] Implementation planning work steps

Organizing the Implementation Team

Once the renewable energy goals, strategies, and objectives are approved, the util-
ity should develop a plan to implement these decisions in an organized, well-structured
manner. We assume for our implementation planning discussion in this chapter that the
CEO has designated the renewable energy project manager and considered and
approved specific:

[2 Goals, strategies and objectives

[ Milestone schedules and planning targets

[2 Budgets and authorization levels

A large number of tasks should be considered and incorporated into the initial imple-
mentation team organization and planning. To be successful, the planning effort needs to
consider the wide array of functions within the utility that will need to become involved as
well.

One of the first steps for the implementation project manager is to create the project or-
ganization and ensure the roles are filled with the appropriate people from throughout the
utility. As this team is selected, it is useful to consider the following common hazards that
many project managers face when assigned a new task, and to take steps early on in the
process to ensure these are avoided if at all possible.

E Not providing dedicated resources to perform required tasks, but instead simply
"adding it on" to existing job requirements

C Not recognizing the total budget requirement, or allowing for future budgetary
authorization review at key milestones

[ Not building in schedule contingencies to "check and adjust" as the project develops
or as circumstances might change

E Assigning loose responsibility among various project participants without
designating lines of authority and accountability

V Informal approach to project management, decision making and progress reporting

C Not being clear about the need for, and use of, outside resources from equipment
vendors, contractors and consultants
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A representative project organization chart in the figure below provides perspective
on how many functions will be involved with the various tasks to be completed. It is rec-
ognized that for smaller utilities, one individual may be responsible for two or more of the
functions listed, but each function is shown to represent a wide range of internal organiza-
tions.

In team-oriented organizations, there may be a steering team and a project team. The
steering team provides overall direction and consists of the organization's top management.
The project team consists of staff members with functional expertise and responsibility and
is led by the project leader. The project team may meet weekly and the steering committee
may meet monthly, as one example of how they may interface.

The project organization chart provides an indication of the coordination effort that
is required to successfully implement the goals and strategies associated with a large
programmatic effort such as a renewable energy strategy. In addition, the time frame for
implementation is likely to extend over many months, so the time invested up-front to
develop an organized approach and methodology can be expected to pay dividends in the
longer term, during implementation.
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Implementation Planning Work-Steps

We have defined five suggested steps to be performed during implementation plan-
ning before the implementation team is even ready to begin work. These steps are de-
signed to ensure that the team has a well-focused, well-organized approach defined before
proceeding. The five steps are illustrated below and described in the following paragraphs.

4-
1. Compile relevant

documents on
renewable energy
goals, strategies
and objectives
* Project analysis
* Approval

authority
* Budget authority
" Explicit goals,

strategies and
objectives

2. Compile relevant
documents on
goals, strategies
and objectives
* Internal
* Extemal
" Feedback loop

3. Identify steering
team and project
manager and
define roles and
responsibilities

4. Define roles and
responsibilities
and reporting
requirements for
team leaders
" Marketing/

Customer
* Finance
" Legal/Contracts
" Regulatory
" Public
" Construction
* Operations

5. Communicate
organization
structure and
responsibilities via
communication
plan

6. Translate approved
budget into cost
and schedule
task and areas of
responsibility

7. Define project
management tools
and approach
* Project reporting
[] Performance

measures
" Progress reviews

" Contigency
planning

8. Review available
information from
APPA, NREL, DOE
and other public
sources

9. Separate plan for
each team leader
0 Marketing/

Customer
[] Finance
* Legal/Contracts
1* Regulatory
[ Public
" Construction
* Operations
*1 Partner/Ally

Interface (if
appropriate)

10. Initiate
discussions/
negotiations with
developer(s)

11. Coordinate with
vendors and
trade allies

12. Document
progress

11 Project team
E Steering team
[] Public

information

Step 1 - Ensure clarity of objectives, roles and responsibilities.
To the greatest extent possible, it is important to be explicit regarding program
goals and objectives. As discussed earlier in the guidebook, most organizations
that successfully implement significant change, or redirect their strategic priori-
ties, also set explicit targets and executive commitments and provide the neces-
sary support to achieve those targets. There will be times when a new initiative
such as a new renewable energy strategy might proceed without such specificity,
but the implementation manager is well-advised to obtain this level of clarifica-
tion wherever possible.
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Step 2 - Designate team and project organization.
The implementation team might not be as numerous as indicated in the project
organization chart shown on page 45. However, each of these functional areas
will need to be addressed at some point during implementation. Responsibility
for these functions needs to be identified and communicated as part of the com-
munication plan.

Step 3 - Develop detailed cost & schedule Information.
It is important to include sufficient administration and project support funding
in this early stage of the effort to allow for adequate project management and
controls. While the project construction and integration costs of potential new
renewable resources can only be estimated at this point in time, detailed cost and
schedules can be defined with allowances for contingency as needed. In addition,
the project management tools and approach should be defined and understood by
all project participants.

Step 4 - Develop Individual work plans for team leaders.
Separate work plans should be prepared by each functional team leader and
communicated with the rest of the implementation team. These should define ex-
pected tasks, schedule milestones and key points of interface with other members
of the implementation team.

Step 5 - Initiate work and report progress.
After the detailed planning steps are completed, then the utility is ready to initiate
work in a structured, organized manner. This may indlude a process of identify-
ing, selecting and negotiating with one or more developers. It may include work-
ing with vendors, particularly if the resource is being acquired on a long-term
basis. Also, contractors and trade allies may be involved in customer-oriented
programs that result in the installation of renewable energy equipment on homes
and businesses. As the work progresses, it is useful to document and report on
progress. Not only does this help the project team better manager the process, it
makes efficient use of the steering committee resources. Finally, it may be desir-
able to report to the public on progress at opportune times.
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Summary

As we have stressed throughout this guidebook, each utility is different and will need
to address the issues we have discussed in the manner that makes the most sense for their
specific needs. The real world rarely unfolds as anticipated, and the utility manager seek-
ing to expand the role of renewables in their portfolio will likely be faced with insufficient
funding, unrealistic time schedules and vocal, and sometimes conflicting, opinions from
various stakeholder groups.

This guidebook has attempted to identify the major issues and to address how these
issues might affect a utility manager's thought process in looking at renewable energy al-
ternatives.

We have also attempted provide a framework for evaluation and decision-making that
results in a more thorough evaluation of alternatives, involving all interested stakeholders
in a process that is pursued together, so that all participants feel that their viewpoints have
been adequately considered to ensure greater support for the strategies chosen.

It has been said the three functions of management are to plan, organize and imple-
ment. And of these, implementation, it can be argued, is the most important, since without
action, nothing happens. This chapter offers an outline of the functions of likely impor-
tance in organizing a renewable energy project or program. It recognizes that for small
utilities, one person may be responsible for multiple functions. The chapter concludes with
implementation steps. By following the five steps, there is greater assurance of a successful
project brought in on-time, within budget and supported by the customers.
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This appendix lists additional sources of information on renewable energy alternatives. It should be pointed out that most of the tools
and other information presented in this section is extracted from the Public Renewables Partnership Web site at www.repartners.org.

General Information Resources

rjicWebsite
Wind
http://www.awea.org/utilltyscale.htmI
http://www.eere.energy.gov/wlndpowerlngamerlca/wpa/ smalLwind.asp
http,//www.repartners.org/members/pdcstechno.htm
httpl//www.eere.energy.gov/windandhydm/windjpotential~html

http,//www.repartners.org/members/tocisident.htm

http://analyss.nrel.gov/retfinance/logln.asp
http,//www.repartners.org/keycontact~htm
http*//www.greentle.org/index.php

[ lr P owe r .

http://www.eere.energy.gov/solar/
http,://www.repartners.org/members/pdcstechno.htm
http://rredc.nrel.gov/ solar/olcd.ata/nsrdb/
http://www.eere.energy.gov/state~energy/states.cfin?state

,http,//wwwý.repartners.org/ihembers/toolsldenthtm

htp*//analyss.nrel.gov/retflnance/login.asp
http,//www.repartners.org/keycontact~htn1
http,//www.greentle.org/Index.php

[ý.qeothermal Power
http,//www.eere.energy.gov/geothermal/powerplants.html
http-//geothermal.1d.doe.gov/what-ls.shtml
http*//www.eere.energy.gov/geothermal/dlrmctuse.htmi
http://www.eere.energy.gov/geothermal/heatpumps.html
http://Www.geothennal-blz.com/utlllties.htm
http://geoheat.olt.edu/dusys.htm
http://geothermal.inel.gov/maps-software.shtini

Reso urce Descriptioln

Utility scale wind
Small scale wind
Wind technology case studies
Wind resource maps
Tools for identifying and screening wind
energy projects
Renewable energy finance model
Key wind Industry contacts
Wind supplier information

DOE solar energy technologies program
Solar technology case studies
National solar radiation data base
State renewable energy potential
Tools for identifying and screening solar
energy projects
Renewable energy finance model
Key solar industry contacts
Solar supplier information

Overview of Geothermal power technologies

Direct use applications
Ground source heat pumps
Why utilities choose geothermal enery

Geothermal Resource Map of US

http"f/geoheat.olt.edu/colres.htm More detail about where direct use
applications can be found

http://www.repartners.org/members/toolsIdenthtm Tools for identifying and screening
http://geothermal.lnel.gov/geot-s2.shtml geothermal energy projects
http://analysls.nrel.gov/retflnance/logln.asp Renewable energy finance model
http://www.repartners.org/keycontact.htm Geothermal industry contacts:
http://www.greentue org/Indexphp Geothermal supplier Information

http://www.eere.energy.gov/wlndandhydro/hydroplantjypes.html More information on hydropower plants
http://hydropower.lnel.gov/hydrofacts/defaultshtml General information on hydropower
http://hydropower.lnel.gov/resourceassessment/states.shtml DOE report on low-Impact hydro sites
http://www.eere.energy.gov/state.energy/states.cfm?state= State renewable energy potential
http://hydropower.lnel.gov/resourceassessment/software/ Hydropower evaluation software
http://analysls.nrel.gov/retflnance/logln.asp Renewable energy finance model
http://www.repartners.org/keycOntact.htm Key hydro Industry contacts
http://www.greentle.org/index.php Hydro supplier information
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http://www.eere.enertg.gov/blomass/blomass basIcs.htmI. More information on biomass
http://www.eere.energy.gov/state.-energy/tech..blomass.cfm?state=AK. I National biomass resource map
http://www.eere.energy.gov/blomass/blomass_feedstocks.html#avall Information on resource availability
http://www.eere.energy.gov/stateenergl/states.cfm?state= State renewable energy potential
http://analysls.nrel.gov/retfinance/logln.asp Renewable energy finance model
http://www.repartners.org/keycontact.htm Key biomass contacts
http://www.greentle.org/Index.php Bioenergy Supplier information

http://www.eere.energy.gov/hydrogenandfuelcells/ Comprehensive DOE hydrogen page

http://www.eere.energy.gov/RE/ocean.html More information on ocean energy

http://flnder.nnl.org/ Community energy finder
http://www.focusonenergy.com/page.Jsp?pageld=538 PV watts calculator
http://www.consumerenergycenter.com/pv4newbulldlngs/ PV new construction tool kit
http://www.greenblz.com/toolbox/tools_thtlrd.cfm?LlnkAdvlD=43007 Sustainable design tools
http://www.consumerenergycenter.com/renewable/estlmator/ Clean power estimator
http://www.deforum.orgJdebaslc.asp Distributed energy calculator
http://analysls.nrel.gov/windfinance/Iogln.asp Wind project finance calculator

http://www.eere.energy.gov/femp/InformatIon/download-fresa.cfm

http://www.eere.energy.gov/bulldlngs/tools_dlrectory/

http://hydropower.lnel.gov/resourceassessment/software/
http://analysis.nrel.gov/retflnance/login.asp

http://geothermal.lnel.gov/geot-s2.shtml

http://rredc.nrel.gov/solar/calculators/PVWATrS/
http://www.thegreenpowergroup.org/gpat/
http://www.greentle.org/Index.php
http://www.repartners.org/members/geocase/GeoNeatPumpsjntroductlon.htm
http://www.appanetorg/publcations/Index.cfm?category=2&ld=1013UO1

http://www.appanet.org/publlcations/Index.cfm?category=2&ld=779

Federal renewable energy screening
assistant
Building energy software tools
Hydropower evaluation software
Renewable energy finance model:
Software for analyzing geothermal direct
use system economics
PV watts performance calculator
Green power analysis tool
Renewable energy supplier Information:
Geothermal heat pump case studies
APPA power supply RFP guide
APPA Introduction to Financing Public
Power Guide

Renewable Energy Assessment Tools

Wind Engineering Mini Codes. Collection of mini codes related to Wind Power Engineering
http://www.ceere.org/red/projects/software/mlnl-code-oveniew.hbnil

WndScreen3. wind/diesel systems screening model
http://www.ceere.org/rei/projects/software/wlnd-screen3-ovenaew.html

The Utility Wind Resource Assessment Program database was prepared by the Utility Wind Interest Group to technically and
financially support utilities conducting wind resource assessments
http://www.uwlg.org/uwrapprotocols.htn

The Union of Concerned Scientists has produced Assessing Wind Resources: A Guide for Landowners, Project Developers, and Power
Suppliers intended to guide developers through the process of site assessment It provides practical information on how to develop
reliable estimates of the wind resource and electricity production at a given site. This Includes information on how to measure wind
speeds and direction; how to qualify your land's potential for wind projects; how certain variables affect wind production costs
and return on investment what information is typically needed by banks and investors to finance a project; and where to look for
additional Information.
http://www.uscusa.org/cleanenergy'renewableenergy/page.efm?pagelD=1013
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Wind Power Map.org's Northwestern United States Wind Mapping Project's new high-resolution, state-of-the-art maps of wind
energy potential are now available for the Northwest Resource estimates are easily accessible to the public through an interactive
Geographic Information System Web site. Maps are provided at state, county and utility scale.
http://www.wlndpowermaps.org/default.asp

TrueWind Solutions TrueWind Solutions provides state wind resource maps
http://www.truewlnd.com/htm/reports-pubs.htm

For more information on wind resource assessment, see Wind Resource Page.
http://www.wapa.gov/es/prp/wlnd/wpblows.htm

[Solar PhotovoltaiIc .

PV New Construction Toolkit
http://www.consumerenergycenter.com/pv4newbulldlngs/

PVWATTS calculates electrical energy produced by a grid-connected photovoltaic system. Currently, PVWATTS can be used for
locations within the United States and its territories.
http://rredc.nrel.gov/solar/calculators/PVWATrS/

Sustainable By Design provides a suite of shareware tools to aid with solar design and building-energy analysis.
http://www.geenbiz~com/toolbox/tools-thlrd.cfm?UnkAdvlD=43007

For more information on solar resource assessment, see Solar Resource Page
http://www.repartners.org/solar/pvresources.htm

G~eothermnal
For information on geothermal resource assessment, see Geothermal Resource Page.
http://www.repartners.org/geothermal/georesources.htm

For information on biomass resource assessment, see Biomass Resource Page.
http://www.repartners.org/blomass/blosources.htm

Green Power Analysis Tools permit corporate managers to analyze the economic and environmental attributes of one or more green
power projects.
http://www.thegreenpowergroup.org/gpat/

Hydropower potential of the United States
http://hydropower.lnel.gov/resourceassessment/

Project Economics Tools

[11 Rerlewables '

Clean Power Estimator is an economic evaluation software program the California Energy Commission is licensing for use from Clean
Power Research. The program provides California residential and commercial electric customers a personalized estimate of the costs
and benefits of investing in a photovoltaic solar or small wind electric generation system.
http://www.consumerenergycenter.com/renewable/estlmator
http://www.clean-power.com/

'The Community Energy Opportunity Finder is an interactive tool that will help you determine your community's best
bets for energy solutions that benefit the local economy, the community, and the environment.
http://flnder.nnl.org/
RElFinance is used to calculate cost of energy of biomass, geothermal, solar, and wind based on modifiable project assumptions;
the program also allows users to store and change multiple projects.
http://analysls.nrel.gov/retflnance/logtn.asp
RETScreen International Is used to analyze the technical and financial viability of renewable energy projects. These tools make it
easier for stakeholders to consider the financial feasibility of renewable energy projects at the critically important Initial planning
stage while significantly reducing the costs of assessing potential projects. Some of the enabling tools Include renewable energy
project analysis software models and manuals; international product and weather databases; project case studies; and university
textbooks. RETScreen assesses both large and small scale, on-grid and off-grid wind, photovoltaic, small hydro, solar thermal,
passive solar, biomass heating and ground source heat pumps.
http://retscreen.gc.ca
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Distributed Energy Calculator
http://www.deforum.org/debaslc.asp

The National Renewable Energy Laboratory's Wind Project Finance Calculator allows users to create new (or modify an existing)
project by entering values for numerous assumptions step-by-step, until enough information has been entered to calculate the
project's cost of electricity.
http://analysls.nrel.gov/wlndfnance/Iogln.asp

Windustry's Wind Project Calculator was developed to assist farm owners and operators in evaluating the economics of installing a
wind turbine on their farms to provide electricity for the farm and home. Windustry also provides a directory of national wind maps
resources.
http://www.wlndustry.org/calculator/default.htm
http://www.wlndustry.org/resources/wIndmaps.htm

The National Wind Coordinating Committee has produced a report Guidelines for Assessing the Economic Development Impacts of
Wind Power designed to guide the assessment of the economic Impacts of wind power development. The purpose of the guidelines
is to identify the most important factors that should be considered in economic Impact analyses of wind power development as well
as to provide a consistent basis for comparing the impacts across studies.
http://www.natlonalwInd.org/pubs/economic/guldellnes.pdf

Financing Geothermal Development from Geothermal-biz.com takes a look at types of geothermal projects, direct use costs,
electricity generation costs, financing challenges, sources of financing, state and federal incentives.
http://www.geotherinal-blz.com/BattoclettlPortland_620..2.pdf
http://www.geothermal-blz.com/

Geothermal resource maps have been developed by the U.S. Department of Energy to assist states, utilities and others, interested in
identifying geothermal resource potential for use in power generation and direct use applications.
http://geothermal.ld.doe.gov/maps-software/

tGreen House Gas
Greenhouse Gas Equivalency Calculator
http://www.usctcgateway.net/tool

Science Applications International Corporation, under a grant from the U.S. DOE, has developed a new project
screening software tool for distributed generation applications. The Distributed Generation Analysis Tool provides
assessments of DG applications in the form of a 20-year life cyde cost analysis and environmental impact assessment
and predicts successful projects.
http://www.eere.energy.gov/dlstdbutedpower/news/134.html

Project Implementation and Integration Tools

[6e n~eraI R-e-n-ezwa' iies~
The GREENTIE Project Broker Facility is a tool to help you source appropriate supplier organizations for your clean energy project
from the GREENTIE Directory. The Directory contains information on more than 5,000 suppliers around the world whose clean energy
technologies help to reduce greenhouse gas emissions. The Broker takes you through a step-by-step process, designed to gather
information about your project and requirements, and then matching them to the most appropriate organizations that may be able to
help you out. The Broker then allows you to send information to those suppliers it finds to match your project profile.
http://www.greentle.org/project.broker/

The Federal Renewable Energy Screening Assistant Version 2.5 allows energy auditors in the DOE SAVEnergy Program to quickly
evaluate renewable energy opportunities and energy systems options for possible inclusion in a facility's energy program. The
program is a supplement to the energy and water conservation audits that will be completed for all Federal buildings and will flag
renewable energy opportunities by facilitating the evaluation and ranking process.
http://www.eere.energy.gov/femp/techassist/saftwaretools/saftwaretools.html#fresa

The DOE Office of Building Technology, State and Community Program has descriptions of 265 energy-related software tools for
buildings, with an emphasis on using renewable energy and achieving energy efficiency and sustainability in buildings.
http://www.eere.energy.gov/bulldlngs/tools_dIrectory/

The Iowa Department of Natural Resources wind programs Web site provides a number of reports on wind power including, 'Wind
Analysis Guidelines," "Analysis of Delivering Wind Energy to High Load Centers in the Midwest,: and 'Wind Hybrid Study."
http://www.state.1a.us/dnr/energy/MAIN/publications&Reports.html#RenewableEnergyPublications
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Recognizing the emerging popularity of wind as a distributed generation application, the Utility Wind Interest Group has organized
this effort to assess the impacts of small-scale wind generation on utility distribution networks. The primary goal of the Distributed
Wind Impacts Project is the development of a set of tools to aid utility distribution and planning engineers in analyzing wind
generation at the distribution system level. The tools consist of technical information resources and a set of engineering software
application tools.
http://www.uwlg.org/uwlgdlstwind/

The Utility Wind Interest Group has released a summary report, Wind Power Impacts on Electric-Power-System Operating Costs,
which includes results from studies conducted on the power systems of Xcel Energy, Bonneville Power Administration, PJM, We
energies and others. The study results, which are linked to the penetration of wind on a given system, show a range of $1.47/MWh
for 7 percent penetration in BPA's system to a high of $5.50/MWh for much higher penetration of 20 percent in PacifiCorp's system.
The report also addresses Integration issues that still warrant investigation.
http://www.uwlg.org/operatlnglmpacts.html

AWEA's small wind toolbox is a resource for Individuals seeking to install a small wind energy system and for individuals, policy
makers or others interested in improving opportunities for small wind energy use.
http://www.awea.arg/smallwind/toolbox/default.asp

For more information on integrating wind, see the Wind Power Integration Page.
http://www.wapa.gov/es/prp/wind/wplntegratlon.htm

.`,-ar
The purpose of A Guide to Photovoltaic System Design and Installation is to provide tools and guidelines for the installer to help
ensure that residential photovoltaic power systems are properly specified and installed, resulting in a system that operates to its
design potential. This document sets out key criteria that describe a quality system and key design and installation considerations
that should be met to achieve this goal. This document deals with systems located on residences that are connected to utility power
and does not address the special issues of homes that are remote from utility power.
http://www.energy.ca.gov/reports/2001-09g-O4_5OO-1-20.PDF

For more Information on connecting solar to the grid, see the Grid-Connected PV page.
http://www.repartners.org/solar/pvgrid.htm
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While thils case study looks at wind, other potentiat sources of
renewable energy could also beconsidered. A usefulstairtig point Is
a renewobte resource map of fte state
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Richmond Power & Light Case Study:
Focus on Communication to Encourage Public Participation to Purchase Renewables

Richmond Power and Light is implementing a public participation plan that includes
customer surveys, education and Web site signup for a green energy program. Richmond
Power and Light is a municipal utility in eastern Indiana with annual revenues of $15 mil-
lion.

The utility committed to investing in a 1.5 MW landfill gas recovery and generation
system for operation in early 2005. To help pay for this renewable energy resource, a goal
was established to sell 900 blocks of green energy at 1.5 cents per kilowatthour per month
per block.

However, awareness of renewable energy among the 18,000 residential and 4,000
commercial/industrial customers was low, based on survey results. The utility designed a
seven-month public education program on renewable energy culminating in a call to action
to subscribe to the program. A series of bill inserts over the period progressively educated
customers on renewable energy in general, then different types of renewables, and finally
on landfill methane as a renewable energy source.

Text and graphics emphasized many benefits for this 100-MW, coal-burning utility.
Themes included using local resources, displacing car loads of coal, improving the environ-
ment and husbanding energy for the future.

Segmenting customer markets results in several tactics to recruit participants. Early
adopters and environmental sympathizers are being targeted at a local college. Corporate
citizenship is being appealed to at companies with sustainability policies. For the high-tech
segments of the population, a utility Web site echoes the bill insert education materials,
shows photos of progress on landfill construction and allows on-line registration for the
program. All customers are receiving bill inserts for each of seven months reinforcing the
message of supporting renewables programs.

Plans also include contingencies. One is if the program is oversubscribed. In this case, it
will be expanded to add wind and perhaps solar resources to the energy supply mix.

Richmond Power and Light is proceeding with this well planned program through the
Demonstration of Energy-Efficient Development program of the American Public Power
Association.
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Fort Collins Utilities:
Screens and Selects a Wide Range of Renewable Alternatives

Ambitious goals and objectives develop over time with careful study and deliberate
implementation, as demonstrated by City of Fort Collins Utilities, a Colorado municipal
utility providing electric, water, wastewater and storm water services. In 1998, it was one of
the first United States utilities to adopt a green pricing program for customers to purchase
wind energy. By 2003,0.8 percent of the utility's energy was purchased from wind farms
in cooperation with Platte River Power Authority (PRPA), a joint action agency providing
wholesale power to Fort Collins and other Front Range cities.

Fort Collins' City Council adopted the Electric Energy Supply Policy in March 2003,
which set an ambitious objective of increasing the city's percentage of renewable energy to
2 percent by the end of 2004 and to 15 percents by 2017. These objectives grew out of a de-
liberative process that began in December 2001 and culminated in March 2003.

Fort Collins Utilities has a long history of leadership in environmental and renewable
energy planning and implementation. The Fort Collins City Council, sitting as the Utility
board of directors, charged the utility's citizen advisory board (CAB) to recommend long-
term supply policies. The CAB recommended several objectives as part of a broader strate-
gy to encourage renewable energy. They included increasing public awareness of renewable
energy, working with PRPA to diversify resources and supporting sustainable practices in
energy use and management. The CAB recommended a goal of 10 percent renewable en-
ergy by 2017. City Council supported the goal to 15 percent by a one-vote margin in March
2003.

Now, in the summer of 2004, Fort Collins Utilities is effectively moving forward. In
addition to the 10,000 megawatthours the utility has been buying under its green pricing
program. It will also purchase another 20,000 MWh of wind energy from PRPA based on
renewable energy credits for a total of 2.3percent of electricity sales in 2004.

Fort Collins Utilities has reduced the green pricing program premium from 2.5 cents/
kWh hour to 1 cent/kWh, reflecting the blended costs of the various sources of wind en-
ergy. Starting in January 2004, electric rates were increased by 1 percent to all customers to
help underwrite the renewable energy program. Fort Collins Utilities will continue to eval-
uate opportunities to increase the use of renewable energy to reach its goal of 15 percent by
2017.

The utility participates in other renewable energy programs as well. Net metering start-
ed in April 2004 at retail rates for up to 10 kilowatts per customer for the first 25 customers.
Geothermal heat pumps are encouraged with expert technical assistance. At its wastewater
treatment facility, the utility captures methane gas to provide heat to the digester process.
Other renewable resource options that have been explored over the years include solar do-
mestic water heating, small head hydro and fuel cells. The utility is working on a joint proj-
ect with the city's transportation department to build a hydrogen fueling station to supply
fleet transportation applications for the City of Fort Collins.
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Sacramento Municipal Utility District:
Sets Clear Goals and Implements Aggressively

Sacramento Municipal Utility District continues to build on its strategy for resource
diversity with objectives to increase the renewable energy in its system portfolio from 7
percent in 2002 to 10 percent by 2006 and to 20 percent by 2011. Both utility-scale and cus-
tomer-scale renewable resources are encouraged.

As a vertically integrated utility, SMUD operates with renewable energy generation
of 228 MW of non-hydro renewables in its system portfolio, roughly 35 percent of which
is utility-owned and operated. This includes 15 MW of wind power and 10 MW of photo-
voltaics. It also owns biomass and small hydro facilities. Large hydro resources account for
about 25 percent SMUD customer demands in an average water year.

SMUD recognizes that asset ownership brings project control and operational flexibil-
ity. However, power purchases are also part of the portfolio with the advantage of reducing
financial liabilities, but adding exposure to increased price volatility. This occurs as well
with renewable energy resources. The costs for the majority of renewable generation in
SMUD's resource mix are recovered in the rate base.

SMUD also has a voluntary green pricing program, which continues to grow, with
27,000 accounts participating or 4.6 percent of the customer population as of July 2004. The
nearly 150,000 MWh/year acquired through the program are supplied from landfill gas,
wind and small hydro resources. Customers pay a $6 per month flat rate premium on top
of regular energy costs. The rate is designed to cover 100 percent of the energy required for
the average residential account. The green pricing program acquires resources separately
from SMUD's other renewable energy programs. This assures participants that their vol-
untary payments fund specific renewable energy projects that would not proceed without
their support.

SMUD also encourages customer-scale renewable resources. Net metering is permit-
ted at full retail rates with no limit on the amount of load or number of participants. SMUD
sells photovoltaic systems for homes and businesses. In addition to technical assistance, an
incentive of $2.50 per watt is paid for systems of at least 30 kW, plus PV systems are exempt
from property taxes.

SMUD encouraged geoexchange heat pumps and solar domestic water heaters in past
years, but has recently chosen to encourage customer investments in photovoltaic systems.
To help achieve long term objectives to increase the contribution of renewable energy re-
sources in its supply mix, SMUD expects to purchase renewable energy credits.

SMUD also cooperates in research and development projects for renewable resources.
Designed to reduce costs and improve effectiveness, projects include photovoltaics, wind,
biomass and concentrating solar. In addition to all these activities, SMUD has encouraged
and helped underwrite more than 300,000 shade trees since 1990 to save energy, improve
the air and beautify neighborhoods.
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Determining an Appropriate Level of Discussions
Between the Utility and the Developer

This checklist follows the overall sequence of the guidebook chapters and has two main parts. The first section has ques-
tions to help determine if you are ready to talk with a developer, and the second section has questions to help determine
if a developer is ready to talk with you.

Answering some of these questions is an admittedly subjective exercise, and there are no clear criteria for what might
constitute a "yes" or a "no." However, even thinking through a subjective assessment of these questions should provide
valued feedback to a utility manager about their state of readiness to conduct detailed discussions with developers.

, ,*,iI' i ' '. . , , . .. .. .

Criteria: No. of 'yes" answers Criteria: No. of 'yes' answers

I Is There a Good Understanding U 2-4 "yes" responses P 0-1 "yes" responses
of the Needs and Desires Of Your U Utility's direction and U Utility direction still appears
Stakeholders? understanding of unclear. Beware developer

stakeholder's needs appear selling what is not an agreed
to be well developed, upon need.

II Have You Adequately Defined Your N 3-4 'yes" responses a 0-2 'yes" responses
Renewable Energy Objectives? U Resource needs appear to be a Indicates probable need for

well understood. more quantitative analysis to
define resource needs.

III Have You Adequately Screened N 6-11 'yes" responses U 0-5 'yes" responses
Renewable Energy Alternatives? K Utility ready to narrow a Utility not yet ready to focus

potential projects. Any need on a specific technology;
for structured RFP cycle is a limit any discussions to
key threshold question. information sharing only

IV Is the Development Project N 6-9 "yes" responses M 0-5 "yes" responses
Flnanceable? H A viable project probably 0 Early stage project, probably

worth exploring in greater more of a concept than a
detail tangible project at this stage.

V Is the Developer Company U 6-8 'yes" responses U 0-5 'yes" responses
Financeable? IN Appears to be a solid M Considerable reason for

company suitable for a long- concern before entering long-
term relationship term relationship.

VI Is the Development Contract [] 7-10 "yes' responses K 0-6 'yes' responses
Financeable U Contract structure appears U Project has potential

reasonable obstacles that could spell
trouble
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R.-M MMF-ý wlioh--OAN6
Yes No

1. He you idetd of te Needs andDesirsfYourStakelde?

1. Have you identified your key stakeholder groups?I
2. Have you contacted or listened to your key stakeholder groups regarding your renewable

energy goals?

3. Do you know what your key stakeholders really want and what they value regarding your
renewable energy?

4. Does your plan and approach adequately involve key stakeholder groups at major
decision points?

1. Do you have explicit goals for where your renewable energy efforts are heading?
2. Does the rest of your internal organization and key stakeholder groups understand your

goals and how you will reach them?

3. Can you adequately measure your renewable energy goals and communicate progress
to Internal or external stakeholders?

4. Will your organization ever be able to measure and determine if it is succeeding in its
renewable energy goals or will it continue to evolve?

111. H~ave You Adequately Screened Renewable Energy Alternatives?.
1. Have you identified a preferred renewable energy technology that best suits your utility?

2. Have you considered, and do you understand, the implications of how this renewable
resource will interact with the rest of your portfolio?

a. Energy needs and costs?

b. Capacity needs and costs?

c. Availability needs and costs?

d. Interaction with rest of portfolio?

e. Impact of transmission and scheduling requirements?

f. Geographic considerations and constraints?

3. Is a structured decision-making process defined or needed?

a. Can you proceed on sole-source discussions (or is an RFP cycle needed?)
b. Will decision be well received or is there high potential a decision could be second-

guessed in the future?

Is Ithe Develop~ment Project Fina !icea ble?•

1. Has the developer passed successfully complete key schedule milestones?

a. Located a specific site for development?

b. Begun collecting data to support siting process

c. Adequately validated the energy source (drilled test wells or collected MET tower
data)?

d. Obtained the necessary lease or easement agreements?

e. Obtained the necessary land permits?

f. Applied for necessary Interconnection or wheeling agreements?

g. Had any tangible discussions with any other utilities about PPAs?

h. Had any tangible discussions with any other financing entities

2. Has any independent assessment of the project been conducted or is available?

a. Has any 3rd party due diligence been conducted?
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b. Has any specialist validated the energy source (drilled test wells, collected MET tower
data or other)?

c. Has any specialist validated the energy source (drilled test wells, collected MET tower
data or other)?

d. Other (what are some preliminary 3rd party requirements to proceed with financing
discussions??

3. Is the project totally dependent on signing a PPA with you in order for it to move forward?

IV. Is the Developer Company Financeable?
4. Is the development company adequately experienced?

5. Are the development team members adequately experienced?

6. Does the development company have adequate financial strength and resources?

7. Does the development company display an attractive attitude and responsiveness to
your specific needs experienced?

8. Are other project participants or issues that help or hurt from a financing perspective
identified and acceptable?

a. Developer's subsidiaries?

b. Developer's corporate structure or deal structure?

c. Developers risk exposure to other partners or circumstances?

[V.Is the Development Contract Financeable?.

9. Is the price competitive?

10. Are transmission or deliverability issues identifiable and acceptable?

11. Will ratings agencies view this project's impact as positive to your financials?

12. Is the project deal structure clear and straightforward?

13. Are regulatory uncertainties (federal, state and local) identifiable and acceptable?

14. Is there a balanced allocation of risks between participants?

15. Are there balanced timing considerations (e.g. is O&M contract time horizon consistent
with PPA)?

16. Are other project terms and conditions acceptable on the surface?

17. Could this project help your portfolio's risk exposure?

18. Are all other potential circumstances or conditions identified and acceptable?
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INTRODUCTION

An Inventory of State Incentives for Wind Energy in the US: A State by State Survey
is intended to serve as a research tool for those seeking information about incentives for wind
energy in their area. The inventory is organized on a state-by-state basis. It includes information
about the local wind resource and about financial, economic, and regulatory incentives for wind
energy in each state.

The information provided in this survey should be of use to individuals and businesses
interested in installing a wind energy system and seeking to identify existing incentives. The
information can also be of interest to state regulators and policy makers, utilities, wind energy
companies, and the general public.

HOW TO USE THIS DOCUMENT:

This survey provides a starting point for research. However, legislation and rules change
over time, and the pace of change is expected to accelerate due to changes in the electric
industry. It is recommended that the reader consult the Web sites listed at the end of this
section and contact the sources listed at the end of each state summary to determine
whether a particular incentive is still in place and whether new ones have been introduced.

METHODOLOGY:

The incentives listed in this document are of three types:

(1) economic and financial incentives for wind energy. Such incentives include tax rebates
and credits, low-interest loans, and net metering.

(2) legislative and regulatory incentives. These include Renewables Portfolio Standards,
which require that a certain percentage of electricity be produced from renewable energy
sources, and other measures requiring a utility to install a certain amount of renewable or
wind energy generating capacity (as in Minnesota, for example, in return for the utility's
right to store nuclear waste within the state).

(3) research and outreach programs. These can be implemented by private groups, utilities,
state organizations, and other entities. Such programs are often funded by system benefit
charges collected from ratepayers.

Green power pricing programs are not considered an incentive in this survey. For
information on green power, visit AWEA's Web site at
http://www.awea.org/greenpower/index.html. or go to the following Department of Energy Web
site: http://www.eren.doe. gov/rreenpower/home.shtml.

Not included in this document are economic and regulatory incentives that indirectly benefit
wind energy, such as fees for emission of greenhouse gases and pollutants.
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Kaua'i Island Utility Cooperative 3.0 Renewable Energy Technology
Renewable Energy Technology Assessments Options

3.0 Renewable Energy Technology Options

The first step in the development of generation alternatives involves the
identification of generic generation technologies whose technical and cost characteristics
cause them to be worthwhile candidates for inclusion in full-fledged alternative plans.
The objective of this section is to characterize the various renewable energy technologies
suitable for application in Kauai. The information contained in this section will be used
to screen technologies for further investigation later in the project.

Renewable energy sources are practically inexhaustible in that most derive their
energy from the sun. Technologies to harness renewable energy are diverse and include
wind, solar, biomass, biogas, geothermal, hydroelectric, and ocean energy. Steady
advances in equipment and operating experience spurred by government incentives have
lead to many mature renewable technologies. The technical feasibility and cost of energy
from nearly every form of renewable energy have improved since the early 1980s.
However, most renewable energy technologies struggle to compete economically with
conventional fossil fuel technologies, and in most countries the renewable fraction of
total electricity generation remains small. This is true despite a huge resource base that
has potential to provide many multiples of current electricity demand. Nevertheless, the
field is rapidly expanding from niche markets to making meaningful contributions to the
world's electricity supply.

This section provides an overview of the following renewable energy options:
1. Solid biomass

1.1 Direct fired

1.2 Cofiing
2. Biogas

2.1 Anaerobic digestion
2.2 Landfill gas

3. Biofuels

3.1 Ethanol
3.2 Biodiesel

4. Waste to energy
4.1 Mass bum
4.2 Refuse derived fuel
4.3 Plasma arc

5. Hydroelectric
6. Ocean energy

6.1 Ocean thermal energy conversion
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Kaua'l Island Utility Cooperative 3.0 Renewable Energy Technology
Renewable Energy Technology Assessments Options

6.2 Wave

6.3 Tidal

7. Solar
7.1 Solar photovoltaic

7.1.1 Residential
7.1.2 Commercial

7.2 Solar thermal
7.2.1 Parabolic Trough
7.2.2 Parabolic Dish Stirling
7.2.3 Central Receiver
7.2.4 Solar Chimney

8. Wind
8.1 Wind Farm
8.2 Distributed Wind

9. Geothermal
10. Multi-fuel generation technologies

10.1 Reciprocating engines
10.1.1 Spark Ignition
10.1.2. Compression Ignition

10.2 Small combustion turbines
10.3 Microturbines
10.4 Fuel cells

Generally, each technology is described with respect to its principles of operation,
applications, resource characteristics, cost and performance, environmental impacts, and
outlook for Kauai. The alternatives have been presented with a typical range for
performance and cost, and the generic data provided should not be considered definitive
estimates. The performance and costs are based on a representative size and installation
in Hawaii. Estimates are based on Black & Veatch project experience, vendor inquiries,
and a literature review. In addition, an overall levelized cost range for the general
technology type is provided. This levelized cost of energy accounts for capital cost
(including direct and indirect costs), fuel, operations, maintenance, and other costs over
the typical life expectancy of the unit. At this point in the analysis, no financial
incentives have been included in the levelized cost calculation.

Although a few of the technologies are not commercially viable at this time, cost
and performance data were assembled as available to provide a complete screening-level
resource planning evaluation.

21 arc 205 32 Back& Vatc
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3.1 Solid Biomass
Biomass is any material of recent biological origin. There is a huge variety of

biomass resources, conversion technologies, and end products, as shown in the figure
below. This report focuses on electricity generation technologies. Electricity generation
from biomass is the second most prolific source of renewable electricity generation after
hydro.

Blomass Sources Processing Fuel Products Markets
§ Forests § Dpirng § Solid Fuels § Electricity

-Natural regrowth § Extrusion -Charcoal § Heat
-Energy forests § Compression -Wood chips § Solid fuels e.g.(domesfic)
-Forest residues § Chipping -Pellets/ briquettes § Transport
- Processing residues § Carbonization § Gaseous fuels

§ Agriculture § Anaerobic digestion - Methane
-Crop residues § Fermentation - Pyrolysis gas
-Processing residues § Gasification - Producer gas
- Energy crops §Pyrolysis §Liquid fuels

§ Wastes § Fischer tropsch -.Plant esterslois
- Municipal etcprocessors - Ethanol
- Industrial - MethanoValcohols

- Pyrolysis liquids
-Other liquids

Source: Renewable Energy World, March-April 2003.

Figure 3-1. Biomass Sources, Processes, Products, and Markets.

This section of the report describes solid biomass power options: direct fired
biomass and cofired biomass. Other sections describe biogas, biofuel (e.g., ethanol), and
waste to eneg technologies.

3.1.1 Direct Fired Biomass
According to the US Department of Energy, there'is over 40,000 MW of installed

biomass combustion capacity worldwide. The majority of this capacity is in combined
heat and power applications in the pulp and paper industry.

Direct biomass combustion power' plants in operation today essentially use the
same steam Rankine cycle introduced into commercial use 100 years ago. By burning
biomass, pressurized steam is produced in a boiler and then expanded through a turbine
to produce electricity. Prior to combustion in the boiler, the biomass fuel may require
some processing to improve the physical and chemical properties of the feedstock.
Furnaces used in the combustion of biomass include spreader stoker-fired, suspension-
fired, fluidized bed, cyclone and pile burners. AdVanced technologies, such as integrated

21 March 2005 3-3 Black & Veatch



Kaua'I Island Utility Cooperative
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3.0 Renewable Energy Technology
Options

biomass gasification combined cycle and biomass pyrolysis, are currently under

development and are not considered for commercial applications in this study.

Applications
Wood is the most common biomass fuel. Other biomass fuels include agricultural

residues such as bagasse, dried manure and sewage sludge, black liquor, and dedicated

fuel crops such as fast growing grasses and eucalyptus. There are also many municipal

waste burners installed throughout the world employing similar conversion technology.

However, the construction of new municipal waste combustion plants has become

difficult in the United States due to environmental concerns regarding toxic air emissions.
(See the waste to energy section for further discussion).

)._

r)

Figure 3-2. 35 MW Biomass Combustion Plant

The capacity of biomass plants is usually less than 50 MW because of the

dispersed nature of the feedstock and the large quantities of fuel required. Furthermore,

biomass plants will commonly have lower efficiencies than modem coal plants. The

efficiency is lower because of the smaller scale of the plants and the lower heating value

and higher moisture content of the biomass fuel compared to coal. Additionally, biomass

is typically more expensive and lower in density than coal. These factors usually limit

use of direct fired biomass technology to inexpensive or waste biomass sources.

21 March 2005 3-4 Black & Veatch
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In addition to electrical generation, there are many industrial plants that bum their

own biomass waste to produce thermal energy for heating and process applications. The
small scale production of combined heat and power is seen as one of the more promising
biomass applications.

Resource Availability
Wood and wood waste are the primary biomass resources and are typically

concentrated in areas of high forest products industry activity. In rural areas the
agricultural economy can produce significant fuel resources that may be collected and
burned in biomass plants. These resources include bagasse, corn stover, rice hulls, wheat

straw, and other agricultural residues. Energy crops, such as switchgrass and short
rotation woody crops, have also been identified as potential biomass sources. In urban
areas, a biomass project might bum wood wastes such as construction debris, pallets,
yard and tree trimmings, and railroad ties. Locally grown and collected biomass fuels are
relatively labor intensive and can provide substantial employment benefits to rural

economies. Generally, availability of sufficient quantities of biomass is not as large of a
concern as delivering the biomass to the power plant at a reasonable price.

Cost and Performance Characteristics
Table 3-1 provides typical characteristics of a 30 MW biomass plant using a

traditional stoker boiler and Rankine steam cycle. Three different fuel prices are included

for comparison: $O/MBtu, $3/MBtu and $6/MBtu. The zero cost fuel is indicative of a
plant using a biomass fuel that the supplier would otherwise need to dispose of. The
highest price, $6/MBtu, is equivalent to a price of about $100 per dry ton, which is at the
very upper range of estimates for energy crops. The final price, $3/MfBtu is probably a
reasonable estimate for the average price of delivered biomass on the island. Further
investigation would be required to better define the expected price.

21 March 2005 3-5 Black & Veatch
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Table 3-1. Direct Biomass Combustion Technology Characteristics.
1*

Performance

Typical Duty Cycle

Net Plant Capacity, MW

Net Plant Heat Rate (HHV), Btu/kWh

Capacity Factor, percent

Economics

Capital Cost, $/kW

Fixed O&M, $/kW-yr

Variable O&M, $/MWh

Levelized Cost, $6/MBtu Fuel, $/MWh

Levelized Cost, $3/MBtu Fuel, $/MWh

Levelized Cost, $0/MBtu Fuel, $/MWh

Technology Status

Commercial Status

Installed US Capacity, MW

Kauai Potential

Baseload
30

14,500
70-90

2,600 - 3,900
78
10

173-186
114 -127

55-68

Commercial
4,425*

Very Good

)

KNotes:
* Black & Veatch estimate for direct-fired plants only. Numerous plants also cofire

biomass fuels, and these are not included in this estimate. See also Table 3-4.

Environmental Impacts
Biomass power projects must maintain a delicate balance to ensure long term

sustainability with minimal environmental impact. Several states impose specific criteria

on biomass power projects for them to be classified as "renewable". A key concern is

sustainability of the feedstock. Most biomass projects target utilization of biomass waste

material for energy production, saving valuable landfill space. Targeting certain wastes

for power production (such as animal manure) can also address other emerging

environmental problems. Projects relying on forestry or agricultural products must be

careful to ensure that fuel harvesting and collection practices are sustainable and provide

a net benefit to the environment.

Biomass utilization has several positive impacts. Unlike fossil fuels, biomass is

viewed as a carbon-neutral power generation fuel. While carbon dioxide is emitted during

biomass combustion, a nearly equal amount of carbon dioxide is absorbed from the

atmosphere during the biomass growth phase. Further, biomass fuels contain little sulfur

compared to coal, and so produce less sulfur dioxide. Finally, unlike coal, biomass fuels 5)
21 March 2005 3-6 Black & Veatch
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typically contain only trace amounts of toxic metals, such as mercury, cadmium, and

lead.
On the other hand, biomass combustion still must cope with some of the same

emissions issues as larger coal plants. Primary pollutants are nitrogen oxides, particulate

matter, and carbon monoxide. Standard air quality control technologies are used to

manage these pollutants.

Kauai Outlook

There is very good potential for power production from biomass combustion in

Kauai. Until recently, the island has generated a significant portion of its power from

bagasse, the fibrous residue from sugarcane. Gay & Robinson, the only remaining sugar

plantation, supplies a small amount of power to KIUC. Unlike most other renewable

energy options, the past experience with bagasse indicates that the island has not only the

potential biomass, but also the human resources and technical know-how to staff and

successfully operate a biomass plant. Further, the recent closure of the Lihue bagasse

fired power plant may represent a unique opportunity to salvage equipment for reuse in a

new or refurbished biomass plant.

Kauai's biomass resources are diverse. A survey of existing biomass resources

was recently competed for the DBEDT.4 The survey results for Kauai are summarized in

Table 3-2.

As shown in the table, residues from sugar production (bagasse and cane trash)

currently comprise the largest biomass resource on the island. However, Gay & Robinson

is exploring alternative uses for their bagasse, including ethanol production. In addition,

the future of sugar production on the island is quite uncertain, making exclusive reliance

on sugar residues unwise. The other major existing resource identified in the study is

municipal solid waste, which is discussed more thoroughly in Section 3.4. The existing

biomass and waste resources identified in the study represent a moderate potential source

of energy. If used in a single baseload plant of about 17 MW, they could generate about

200 GWh/yr of energy. Black & Veatch also surveyed the island for other sources of

biomass waste not identified in the study. These include residues from corn, coffee, and

guava production. Available quantities appear somewhat limited, but further

investigation is warranted if biomass passes the screening phases.

4 University of Hawaii, Hawaii Natural Energy Institute, "Biomass and Bioenergy Resource Assessment
State of Hawaii", available at: http://www.hawaii.gov/dbedt/ert/biomass-assessment.pdf December 2002.
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Table 3-2. Kauai Biomass Resource Estimates.

Combus- Est. Heat Potential Potential Potential
Resource Basis a Quantity, don Content, Heat, Energy, Capacity,

tons/yr Fuel?b MtBtu/ton MBtulyr GWh/yrr MWd

Swine Manure dry 180 No

Poultry Litter dry 1,520 No
Bagasse Fiber dry 18,000f Yes 16 288,000 19.9 2.8

Molasses AR 15,000 No

Cane Trash dry 37,000 Yes 16 592,000 40.8 5.8

Municipal Waste AR 80,000 Yes 10 800,000 55.2 7.9

Sewage Sludge dry 246 Yes 14 h b h

Fats/Oil/Grease dry 800 Yes 34 27,200 1.9 0.3

Total _ 1 1,707,200 118 16.8

Source: Except as noted, tonnage estimates adapted from University of Hawaii, Hawaii Natural Energy
Institute. Energy related estimates by Black & Veatch.
Notes:

a Basis for tonnage estimate. Dry orfas-received (AR).
b Indicates if the fuel is suitable for combustion in its raw form.
C Potential annual electricity generation by burning the fuel in a multi-fuel power plant assuming a net

plant heat rate of 14,500 Btu/kWh.
d Potential power capacity assuming an annual capacity factor of 80 percent.

Includes poultry litter from Hawaii and Maui counties.
f Excess bagasse not cur-ently used. Gay and Robinson processed a total of 74,000 dry tons of bagasse

in 2002 and used 56,000 dry tons to meet internal steam and power needs.
s Estimate from landfill gas study, based on more recent data. Source: SCS Engineers for US EPA,

"Landfill Gas Utilization Feasibility Study Kekaha Landfill", April 2004.
h Included with municipal solid waste.

C)

K)

In addition to the existing resources identified, there is very good potential for

development of new biomass resources on Kauai. For example, Bill Cowern of Kauai

Mahogany has started a plantation of mahogany and eucalyptus and will soon begin

harvesting material. As of mid-2004, 1,100 acres had been planted, with a total of 3,000

acres planned. The annual maintenance of growing stock and harvesting processes will

generate significant amounts of residue, up to 35,000 air-dried tons per year when fully

operational. Mr. Cowern has indicated that he believes he will have enough residue to

generate 3 MW of power for his own use in a small power plant.5 If used in a larger,

more efficient utility scale power plant, this same quantity of residue might be enough for

5 MW of capacity producing 35 GWi/yr of energy annually. As with bagasse, this

resource is dependent on the viability of the underlying business.

If waste agricultural resources are not present or do not develop in sufficient

quantities to support a biomass plant, dedicated energy crops could be grown on the

5 Bill Cowern (Kauai Mahagony), personal communication, June 15, 2004. q~'
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island, albeit at higher cost. The decline of the sugar industry in Hawaii represents a
good opportunity to develop new energy crop farms. Although some former sugar land

has been put to new uses (such as coffee and cattle), these generally use only a small

portion of the land formerly in sugar production. As stated in a recent report, "Large
quantities of productive and well-developed agricultural lands presently exist in Hawaii
in 'ready to plant' condition."6

Energy crop options for Kauai generally consist of woody crops and grasses.
Research trials have identified banagrass as one of the more promising energy crop

options. Banagrass is a fast-growing variety of elephantgrass with yields projected to

range from 18 to 22 dry tons per acre, per year. Banagrass could be grown on land
currently zoned for agriculture and possibly also conservation land. Total land zoned
agricultural in Kauai is about 140,000 acres, although only a fraction of this is currently
farmed.7 Banagrass has a heat content of approximately 16 MBtu/dry ton. Theoretically,
if all 140,000 acres were used to grow banagrass yielding 20 dry tons per acre per year,
approximately 2.8 million dry tons of banagrass could be harvested per year. This would
be enough to generate over 3,000 GWb/yr from a plant capacity of 440 MW. If only 20

percent of this land was available to grow banagrass (an amount equal to 28,000 acres,
less than the amount of land used for sugarcane in the mid-1990s) this would be enough
to generate over 600 GWh/yr from a plant capacity of about 90 MW. Banagrass alone

could supply all the electricity needs of Kauai, while substantially reinvigorating the
island's agricultural industry.

There is good potential from a variety of biomass sources on the island. It is

possible to design a biomass facility to accept a diverse fuel mix, possibly even including
imported coal. Given the uncertainty about future availability of biomass on the island,

such an approach is advisable. The developable potential for biomass is summarized in
the following table.

6 Charles Kinoshita and Jiachun Zhou, "Siting Evaluation for Biornass-Ethanol Production in Hawaii",

available.at: http://www.hawaii.gov/dbedt/ert/bioethanol/ch I O.html. 1999.7 Kinoshita and Zhou.
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Table 3-3. Developable Potential from Direct Fired Biomass.

Year Energy, Capacity, Notes

GWh NMW

3 97.4 13.9 Constrained to near term available fuels (tree farm
trimmings and resources in Table 3-2; except MSW).
Project would need to be repowering of Lihue power
station to be available in 3 years.

5 714 102 Includes near-term fuels and energy crops on 20 percent
of agricultural lands, excludes MSW

10 714 102

20 714 102

3.1.2 Biomass Cofiring
An .economical way to bum biomass is to cofire it with coal in existing plants.

Cofired projects are usually implemented by retrofitting a biomass fuel feed system to an

existing coal plant, although greenfield facilities can also be readily designed to accept a

variety of fuels.

A major challenge to biomass power is that the dispersed nature of the feedstock

and high transportation costs generally preclude- plants larger than 50 MW. By

comparison, coal power plants rely on the same basic power conversion technology but

have much higher unit capacities, exceeding 1,000 MW. Due to their scale; modem coal

plants are able to obtain higher efficiency at lower cost. Through cofiring, biomass can

take advantage of this high efficiency at a more competitive cost than a stand-alone direct

fired biomass plant.

Applications

There are several methods of biomass cofiring that could be employed for a

project. The most appropriate system is a function of the biomass fuel properties and the

coal boiler technology.

Provided they were initially designed with some fuel flexibility, stoker and

fluidized bed boilers generally require minimal modifications to accept biomass. Simply

mixing the fuel into the coal pile may be sufficient.

Cyclone boilers and pulverized coal (PC) boilers (the most common in the utility

industry) require smaller fuel size than stokers and fluidized beds and may necessitate

additional processing of the biomass prior to combustion. There are two basic

approaches to cofiring in this case. The first is to blend the fuels and feed them together
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to the coal processing equipment (crushers, pulverizers, etc.).* In a Cyclone boiler,

generally up to 10 percent of the coal heat input could be replaced with biomass using

this method. The smaller fuel particle size of a PC plant limits the fuel replacement to

perhaps 3 percent. Higher cofiring percentages (around 10 percent) in a PC unit can be
accomplished by developing a separate biomass processing system at somewhat higher

cost.
Even at these limited rofirng rates, plant owners have raised numerous concerns

about negative impacts of cofiring on plant operations. These include:

* Negative impact on plant capacity,

* Negative impact on boiler performance

" Ash contamination impacting ability to sell coal ash

* Increased operation and maintenance costs

* Limited potential to replace coal (generally accepted to be 10 percent on an

energy basis)

" Minimal nitrogen oxide reduction potential

" Boiler fouling/slagging due to high alkali in biomass ash

" Negative impacts on selective catalytic reduction air pollution control

equipment (catalyst poisoning)

These concerns have been a major obstacle to more widespread biomass cofiring

adoption. Most of these concerns can be addressed by using an external biomass gasifier

to convert the energy of the solid biomass into a low energy gas ("syngas") to be fired in

the boiler. Using gasification technology, it is expected that 25 percent or more of the

coal heat input could be displaced without significant operational problems.

Additionally, the syngas can be used as a rebum fuel to significantly reduce NO.

emissions. The gasification system has a higher cost than the other cofiring approaches,

but still a fraction of the cost of a new direct-fired plant.

Coal and biomass cofiring may also be considered for new power plants.

Designing the plant from the outset to accept a diverse fuel mix would allow the

specifications for the boiler to incorporate the biomass fuel into the design, ensuring high

efficiency with low operational and maintenance impacts. Fluidized bed technology is

often the preferred boiler technology as it has inherent fuel flexibility. There are many

fluidized bed units around the world that bum a wide variety of fuels, including biomass.

An example is the 240 MW CFB owned by Alholmens Kraft Oy in Finland which bums

a mix of wood, peat and lignite. This unit was supplied by Kvaerner Pulping and was

commissioned in 2001. The plant is shown in Figure 3-3.
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Figure 3-3. Alholmens Kraft Multi-Fuel CFB (Source: Kvaerner).

r7)
Resource Availability

For viability, the coal plant should be within 100 miles of a suitable biomass
resource. In the United States, which has the largest installed biomass power capacity in
the world, biomass power plants provide 6,200 MW of power to the national power grid.

Of the total electricity produced in 2001, coal accounted for 1.9 trillion kWh, or 51
percent. Conversion of as little as five per cent of this generation to biomass cofiring
would nearly quadruple electricity production from biomass.

Cost and Performance Characteristics
Table 3-4 provides typical characteristics for a cofired plant using biomass as

fuel. Three different fuel prices are included for comparison: $0/MBtu, $3/MBtu and

$6/MBtu. The zero cost fuel is indicative of a plant using a biomass fuel that the supplier
would otherwise need to dispose of. The highest price, $6/MBtu, is equivalent to a price

of about $100 per dry ton, which is at the very upper range of estimates for energy crops.
The final price, $3/MBtu is probably a reasonable estimate for the average price of
delivered biomass on the island. If biomass fuel is available at a lower cost than the

plant's coal supply, biomass cofiring could actually result in cost savings at the plant and

a "negative cost" renewable energy resource. Further investigation would be required to
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better define the expected price. The low end of the capital cost range corresponds to a
direct fuel mixing system, while the upper end reflects a biomass gasification system.

Table 3-4. Cofired Biomass Technology Characteristics.

Performance
Typical Duty Cycle
Net Plant Capacity, MW
Net Plant Heat Rate, Btu/kWh
Capacity Factor, percent

Economies
Incremental Capital Cost, $/kW
Incremental Fixed O&M, $/kW-yr
Levelized Cost, $6/MBtu Fuel, $/MWh
Levelized Cost, $3/MBtu Fuel, $/MWh
Levelized Cost, $0/MBtu Fuel, $IMWh

Technology Status
Commercial Status
Installed US Capacity, MW
Kauai Potential

Typically baseload, depends on host

1-50 (typically 1-25 percent of host)
9,000-12,000 (same as host)

50-90 (same as host)

100-800
7-26

76-113
39-64
2.7-15

Commercial
2,100*

Poor without host coal plant, otherwise
- very good

Notes: I - -

Notes:
* Black & Veatch estimate for the biomass portion of plants that cofire coal and

biomass. Actual capacity is unknown as the degree of cofiring varies substantially.

Environmental Impacts
As with direct fired biomass plants, the biomass fuel supply must be collected in a

sustainable manner. Assuming this is the case, cofiring biomass in a coal plant generally,
has overall positive environmental effects. The clean biomass fuel typically reduces
emissions of sulfur, carbon dioxide, nitrogen oxides and heavy metals, such as mercury.
Further, compared to other renewable resources, biomass cofiring directly offsets fossil
fuel use.

Critics are opposed to cofiring biomass with coal because they feel it is a form of
"green washing" dify coal plants. They believe that biomass could be used to justify

extended lives for coal plants. For these reasons, they argue that the cofired biomass
should not be counted as renewable.
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Kauai Outlook
As discussed in the previous section, there are a large variety of potential biomass

fuels on the island that could be used to supplement coal. However, the outlook for

cofiring biomass with coal clearly depends on the development of a new coal-fired power

plant on the island. Without coal or any near term plans for-coal, cofiring is not a viable

option. The last Kauai Electric Integrated Resource Plan (1997) identified a potential

24 MW coal capacity addition in 2014. Biomass could be a meaningful and cost

effective contributor to the fuel mix for this plant. It is likely that up to 25 percent of the

heat input could be feasibly (technically and economically) provided by biomass. This

would generate about 40 GWh/yr assuming an 80 percent capacity factor. Considering

this addition, the developable potential for biomass cofiring is summarized in the

following table.

Table 3-5. Developable Potential from Biomass Cofrking.

YearEnergy, Capacity, Notes
GWh MW

3 0 0 Potential is not limited by resource, but coal capacity.

5 0 0 Last IRP called for 24 MW of coal capacity in 2014.

10 42 6 Assumes cofiring biomass at 25 percent of 24 MW coal
plant at 80 percent capacity factor.

20 84 12 Assumes another 24 MW unit is added, with similar
cofiring.

C~~)

3.2 Biogas
The biogas technology characterization generally pertains to the products of

anaerobic digestion of manure and gas produced from landfills. The following sections

detail the formation of these fuels and how each can be used to produce useful energy.

3.2.1 Anaerobic Digestion

Anaerobic digestion is the naturally occurring process that occurs when bacteria

decompose organic materials in the absence of oxygen. The byproduct gas has 50 to 80

percent methane content. The most common applications of anaerobic digestion use

industrial wastewater, animal manure, or human sewage. According to the European

Network of Energy Agencies' ATLAS Project, the world wide deployment of anaerobic

digestion in 1995 was approximately 6,300 MWth for agricultural and municipal wastes.
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This is estimated to increase to 20,130 MWth in 2010 with the majority of that growth
being in municipal wastewater digestion.

Applications
Anaerobic digestion is commonly used in municipal wastewater treatment as a

first stage treatment process for sewage sludge. Digesters are designed to convert the
organic material or sewage sludge into safe and stable biosolids and methane gas. The
use of anaerobic digestion technologies in wastewater treatment applications is increasing
because it results in a smaller quantity of biosolids residue compared to aerobic
technologies. Power production is typically a secondary consideration in digestion
projects. Increasingly stringent agricultural manure and sewage sludge management
regulations are the primary drivers.

In agricultural applications, anaerobic digesters can be installed anywhere there is
a clean, continuous source of manure. It is highly desirable that the animal manure be
concentrated, which is common at dairy and hog farms. (Poultry litter is dryer and more
suitable for direct combustion.) Dairy farms use different types of digesters depending
upon the type of manure handling system in place at the farm and the land area available
for the digester. A 600 to 700 head dairy farm generally produces sufficient manure to
generate about 85 kW. Hog farms typically use simple lagoon digesters because of the
wetter manure and generate approximately 50 kW for every 500 swine.

Figure 3-4. 500 m3 Digester Treating Manure from a 10,000 Pig Farm in China.!

8 Image source: Perdue University,
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21 March 2005 3-15 Black & Veatch
21 March 2005 3-15 Black & Veatch



Kaua'l Island Utility Cooperative 3.0 Renewable Energy Technology
Renewable Energy Technology Assessments Options

In addition to wastewater and agricultural residues, Los Angeles Department of

Water has announced a new agreement to purchase power from a 40 MW anaerobic

digestion facility that will process 3,000 tons per day of municipal green waste (such as

landscape trimmings and food waste) to produce biogas for power production. The

facility is scheduled to be on-line by 2009. This facility would be the largest of its kind

in the world. There are various other high-solids digestions systems installed world wide.

These are primarily in Europe and Japan and use municipal solid waste and green waste

as feedstocks.
Biogas produced by anaerobic digestion can be used for power generation, direct

heat applications, and/or absorption chilling. Reciprocating engines are by far the most

common power conversion device, although trials with microturbines and fuel cells are

underway. (For further discussion of conversion technology options see Section 3.10.)

Agricultural digesters frequently satisfy the power demands for the farm on which they

are installed, but do not provide significant exports to the grid. Municipal sewage sludge

digesters generally produce enough gas to satisfy about half the wastewater treatment

plant electrical load. Power production is typically a secondary consideration in digestion

projects. Increasingly stringent agricultural manure and sewage sludge management

regulations are the primary drivers.

Resource Availability
For on-farm manure digestion, the resource is readily accessible and only minor

modifications are required to existing manure management techniques. In some cases,

economies of scale may be realized by transporting manure from multiple farms to a

central digestion facility. For central plant digestion of manure from many farms, the

availability of a large number of livestock operations within a close proximity is

necessary to provide a sufficient flow of manure to the facility. However, the larger size

of regional facilities does not necessarily guarantee. better economics because of high

manure transportation costs.. For. anaerobic digestionr of municipal sewage wastes the

resource is readily available at the wastewater treatment plant.

Cost and Performance Characteristics
Table 3-6 provides typical characteristics of farm-scale dairy manure anaerobic

digestion systems utilizing reciprocating engine technology.
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Table 3-6. Anaerobic Digestion Technology Characteristics.

Performance
Typical Duty Cycle
Net Plant Capacity, MW
Capacity Factor, percent

Economics
Capital Cost, $/kW
Variable O&M, $/MWh
Levelized Cost, $/MWh*

Technology Status
Commercial Status
Installed Worldwide Capacity, MWth
Kauai Potential

Baseload
0.085-
70-90

3,000-4,900
20

57-77

Commercial

6,300
Poor

* Fuel cost of $0/MBtu assumed.

Environmental Impacts
Anaerobic digesters have multiple positive environmental impacts. First, they

provide a dependable waste stabilization process that significantly reduces pathogens in
the waste stream. Second, they eliminate odor problems. Third, they reduce methane
emissions relative to atmospheric decomposition of manure. These emissions are a
significant contributor to greenhouse gas emissions. Fourth, they can be incorporated as
an important part of the nutrient management planning of a farm to prevent nutrient
overloading in the soil resulting from manure spreading. Finally, biogas used for power
production replaces the use of fossil fuels for the same purpose.

Kauai Outlook
Opportunities for utilization of biogas produced by anaerobic digestion on Kauai

are poor. Kauai does not have sufficient concentrated animal farming activities that
would-make animal manure digestion attractive. According to the Statistics of Hawaii
Agriculture, most of the approximately 10,000 cattle raised on the island are for beef
production, with less than 50 cows for dairy production. Further, there are only about
2,000 pigs raised on. the island.9 This quantity and density of animals is insufficient for
economical power production.

9 Hawaii Department of Agriculture and US Department of Agriculture, "Statistics of Hawaii Agriculture,
2000", available at: http://www.nass.usda.gov/hi/stats/t of c.htm. March 2004.
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.The prospects for power generation from biogas produced at local wastewater

treatment plants are also minimal. Kauai has four public wastewater treatment plants, all

relatively small (the highest average flow is at Lihue, 1.2 million gallons per day).

According to Mel Matsumura of the County, there is little potential for biogas utilization.

For example, biogas production at the Lihue treatment plant is flared with a small

"candle-like" flame. Apparently the County had been approached by a biogas developer

in the past, but after visiting the site, the developer did not make contact with the County

again. Most new housing and resort developments on the island are served by private

water and wastewater systems, reducing the possibility that there will be a significant

developable resource in the future.10

3.2.2 Landfill Gas
Landfill gas (LFG) is produced by the decomposition of the organic portion of

waste stored in landfills. Landfill gas typically has a methane content between 45 and 55

percent and is considered to be an environmental risk. Political and public pressure is

rising to reduce air and groundwater pollution and the risk of explosion associated with

LFG. From an energy generation perspective, LFG is a valuable resource that can be

burned as fuel by reciprocating engines, small gas turbines or other devices.

LFG was first used as a fuel in the late 1970s. Since then, LFG collection and )
utilization technology has steadily improved. LFG energy recovery is now regarded as

one of the more mature and successful of the waste to energy technologies. There are

more than 600 LFG energy recovery systems in 20 countries.

Applications
LFG can be used to generate electricity and process heat or may be upgraded for

pipeline sales. The major constituents released from landfill wells are carbon dioxide and

methane. LFG contains trace contaminants such as hydrogen sulfide and siloxanes that

should be removed prior to combustion.
Power production from LFG facilities is typically less than 10 MW. As discussed

earlier, several types of conversion devices can be employed to generate electricity from

LFG. Typically the equipment requires only minor modification so long as the gas is

properly cleaned and prepared. Internal combustion engines are by far the most common

generating technology choice. About 75 percent of landfills that generate electricity use

engines.11

1o Mel Matsumura (Chief Engineer Kauai County Wastewater Division), personal communication, June 16,

2004.
' EPA Landfill Methane Outreach Program.
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Depending on the scale of the gas collection facility, it may be feasible to
generate power via a combustion turbine and/or a steam turbine. Testing with
microturbines and fuel cells is also underway, although these technologies do not appear
to be economically competitive for current applications (see Section 3.10).

Resource Availability

Gas production in a landfill is primarily dependent upon the depth of waste in
place, age of waste in place, and amount of precipitation received by the landfill. Each
landfill is unique because each has a different volume, receives a different amount of
water, and has a different material composition. This variability makes it important to
measure the quantity and quality of LFG before installing a power generation system.

In general, LFG recovery may be economically feasible at sites that have more
than one million tons of waste in place, more than 30 acres available for gas recovery, a
waste depth greater than 40 feet, and the equivalent of 25+ inches of annual precipitation.
There are methods of changing both the quantity and quality of the LFG, if required, but
doing so will affect the long term gas production. It is particularly important to
understand that every landfill will reach a point after closure at which time the LFG
production will decrease and eventually diminish below economically viable levels.

Figure 3-5. LFG Well Drilling.

Many existing larger landfills have collection systems to remove leachate and
LFG from the landfill to prevent it from infiltrating ground water supplies and causing

other nuisance problems.. These systems are usually connected to a flare system if there
is not a power generation system installed. The flares combust the methane in the LFG.
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Such sites are attractive to LFG developers because the resource is generally well known

and accessible.

In some cases, the payback period of LFG energy facilities is between 2 and 5
years, especially when environmental credits are available and the gas collection system

is already in place. Capital costs are dependent on the conversion technology and landfill

characteristics, especially the presence of a gas collection system. The cost of installing a

gas collection system at an existing landfill can be prohibitive. Performance and cost

estimates for typical LFG projects using reciprocating engines are summarized in Table

3-7.

Table 3-7. Landfill Gas Technology Characteristics.

Performance
Typical Duty Cycle Baseload
Net Plant Capacity, MW 0.2-15
Capacity Factor, percent 70-90

Economics
Capital Cost, $/kW 1,700-3,500
Variable O&M, $/MWh 20
Levelized Cost, $/MWh 44-63

Technology Status
Commercial Status Commercial
Installed US Capacity, MW 1,100
Kauai Potential Good, but limited resource

Environmental Impacts
Combustion of landfill gas, as with nearly any other fuel source, does release

some environmental pollutants. However, landfill gas to energy systems are generally
viewed in a positive light by environmentalists because landfill gas that is otherwise

released to the atmosphere is a significant source of greenhouse gas emissions. As a

greenhouse gas, methane is 23 times. more powerful than carbon dioxide. Collecting the

gas and converting the methane to carbon dioxide through combustion greatly reduces the
potency of LFG as a source of greenhouse gas emissions.

Kauai Outlook
There is good, but limited potential for LFG on Kauai. Trash generated on Kauai

is taken to one central landfill, near Kekaha on the west side of the island. This landfill
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has been accepting waste since 1953 and was expected to close in 2004, but has recently
been given permission to operate until 2009. One cell of the landfill is already closed and
capped, with one remaining active cell. The landfill does not have an existing gas
collection and flaring system. The US EPA Landfill Methane Outreach Program
(LMOP) recently completed a feasibility study of the landfill for the County.' 2 The study
estimated a 15-year sustainable power production of 0.7 MW at a production cost of 7.8
cents/kWh. However, there are a number of factors that impact these findings. The
feasibility study was based on landfill closure in 2004. Additional waste accumulated
during the extended operating period will increase landfill gas production potential to
perhaps 1 MW. Annual energy generation potential from the larger facility could be
expected to be about 7 GWh/yr. The production cost estimate is based on private
ownership and the smaller facility size. Finally, it is uncertain if the study authors
considered the higher construction and operating costs of power production facilities in
Kauai versus the mainland. Additional study on these topics would be warranted if
biogas passes the screening phase. The developable potential for landfill gas is
summarized in the following table.

Table 3-8. Developable Potential from Landfill Gas.

Year Energy, Capacity, Notes
GWh MW

3 3.5 0,5 Assumes development of half of Kekaha landfill
5 7.0 1.0 Assumes full development of Kekaha landfill potential

10 7.0 1.0
20 7.0 1.0 Additional LFG may be available from future landfills,

however, this will likely just offset the expected decline
of Kekaha

3.3 Biofuels
Biofuels - liquid fuels derived from biomass - are increasingly gaining

acceptance for transportation and power generation purposes. The two most common
biofuels used today are ethanol and biodiesel. Ethanol is generally a supplement for
gasoline, while biodiesel displaces diesel. The table below introduces some of the key
characteristics of the fuels and contrasts them with conventional fuels. This section
describes the two fuels in further detail.

12 SCS Engineers for US EPA, "Landfill Gas Utilization Feasibility Study Kekaha Landfill", April 2004.
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Table 3-9. Domestic Fuel Production and Price Comparison.

Gasoline Ethanol Diesel Biodiesel

Production Capacity, Mbbl/day 8,853 0.12 538 0.004

Energy Content, Btu/gal (HHV) 124,000 84,000 139,000 128,000

National Average Price, $/gallon $1.28 $1.75 $1.23 $2.23

National Average Price, $/MBtu $10.00 $21.00 $9.00 $17.00

Production Source: DOE
Pricing Source: Energy Management Institute, Alternative Fuels Index, July 29, 2004.
Pricing does not include taxes, rebates, or subsidies.

3.3.1 Ethanol
Ethanol, also called ethyl-alcohol or grain alcohol, is an alcohol that can be easily

produced from common agricultural feedstocks such as corn and sugarcane. While
ethanol has been widely used in a variety of non-energy related industries for many years,

its favorable characteristics as a cool-burning, clean, renewable fuel have recently caused

energy applications to dominate ethanol consumption and drive ethanol production in the

United States. )
Ethanol is most commonly produced through a dry milling procedure. The

biomass feedstock is milled to a fine powder and slurried with water. This causes the

starch component in the biomass feedstock to break down into its simple sugars

(glucose). With the addition of yeast, these simple sugars are then fermented into

ethanol. After fermentation, the mash is distilled to 200 proof. To make the ethanol
undrinkable as well as to avoid any alcoholic beverage excise taxes, a denaturant (usually
gasoline) is added to the ethanol.
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Figure 3-6. Ethanol Production Facility in Wisconsin (Source: Badger State
Ethanol LLC).

Due to federal legislation, increased demand, and other market drivers, ethanol
production has increased dramatically over the last two decades. Production has increased
from 50 million gallons in 1980, to 2.81 billion in 2003.13 Correspondingly, ethanol
production facilities are being- constructed all across the United States, with most new
facilities having a production capacity over 50 million gallons per year. As of 2004,
there are 78 ethanol production facilities operating in the United States, and ten new
facilities under construction. 14

Applications
Since ethanol can be used in most spark ignition engines with little to no engine

modifications, ethanol use can directly displace gasoline use. Ethanol is already
commonly used as a low percentage blend in automobiles; however, recent efforts from
the ethanol industry are pushing to market higher percentage ethanol blends such as E85,
which contains ethanol as 85 percent of the total fuel volume. In general, ethanol is
suitable for any application in which gasoline is used. While this primarily pertains to the
transportation sector, there are a variety of power production applications in which
ethanol would be a suitable replacement for gasoline or natural gas.

13 Department of Energy, Energy Information Administration
14 American Coalition for Ethanol. (Online) Available at http://www.ethanol.org/production.html. Accessed
3 August 2004.
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Resource Availability

While most of the ethanol produced in the United States today is derived from

corn, ethanol is also produced from agricultural feedstocks that are high in simple sugars

such as sugarcane and sugar beets. Currently, the sugar or starch components of plants

are primarily used for ethanol production. It is also possible to utilize the more fibrous

parts of biomass, such as the cellulose, hemicellulose polymers, and lignin to produce

ethanol. While the sugar polymers in hemicellulose and cellulose are more resistant and

difficult to break down usingiconventional dry ,milling processes, other production

processes are being developed that allow -these components to be fully utilized.

Researchers have focused their efforts on acid hydrolysis fand enzymatic hydrolysis

technologies that are capable of breaking down or hydrolyzing the sugar polymers in

lignocellulosic biomass such as trees, grasses, and waste biomass. Processes are also

under development that gasify organic feedstock (including municipal waste) and

synthesize ethanol from the product gas. These alternative processes hope to expand the

biomass resource base and lower feedstock cost in ethanol production.

Cost and Performance Characteristics

As a fuel, ethanol has a lower energy density than gasoline, which means that it

contains less energy per gallon than gasoline does. The energy content of ethanol is

84,000 Btu/gallon which, when compared to a gallon of gasoline, translates into only 70

percent of the energy per gallon. The price of ethanol is dictated by a complex

interaction of the cost of the raw feedstock, the processing technology, state and national

subsidies, and the supply and demand for the product. Because of all of these factors, it

is not necessarily true that a rise in gasoline prices will make ethanol comparatively

cheaper. Nationally, ethanol has recently cost anywhere from $18/MBtu to $25/MBtu,

which is $6-$8/MBtu more than gasoline.

Currently the costs of ethanol production using the advanced lignocellulosic

technologies are not competitive compared to conventional dry milling and wet milling

processes. The high costs are attributed to the high-volume acid requirements.

Advancements in acid recovery and recycle will significantly reduce the cost of ethanol

production using the lignocellulosic technologies. It has been estimated that such

advancements can reduce the cost of ethanol production by up to 40 cents per gallon.

Gasoline and diesel production far outweigh their biofuel counterparts. The

market potential for ethanol is greatest in the Midwest, close to the corn feedstock. The

difference in price between the Midwest and the West Coast, which has little corn

production, can be 20 cents per gallon or more. However, proposed legislation to ban

MBTE as a fuel additive and implement new renewable fuel standards, may drastically
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increase the market potential for ethanol. Ethanol is already used in place of MBTE in

many Midwestern states.

Environmental Impacts

Ethanol is a renewable, environmentally friendly fuel that is inherently cleaner

than gasoline. Using ethanol reduces emissions of carbon monoxide, particulate matter,

oxides of nitrogen, and other ozone-forming pollutants. Ethanol blended fuel can reduce

carbon monoxide emissions by as much as 25 percent and greenhouse gas emissions by

as much as 35-45 percent.' 5

While the actual energy balance of ethanol was debated for several years, recently

released results from a USDA study indicate that corn ethanol yields 67 percent more

energy than what is required to produce it.16 It is further noted that the fossil fuels used

in the process of producing ethanol are usually of domestic origin (coal and natural gas),

rather than imported fuels. While the USDA's study focused specifically on ethanol

produced from corn, it is likely that ethanol production from other feedstocks can yield

similar results.

Kauai Outlook

The overall prospects, for ethanol in Hawaii are good, particularly for the
transportation sector. The state of Hawaii has already implemented a variety of ethanol

incentives and is likely to implement further incentives and requirements in the near

future. In 2000, Hawaii signed into law an ethanol production incentive providing

ethanol producers with a tax credit equivalent to 30 cents per gallon for up to ten years:

Further, the state currently provides an exemption from the state's 4 percent excise tax on

retail sales for fuels that are at least 10 percent biomass-derived alcohol by volume. In
addition to the numerous direct financial incentives from the state for using and

producing ethanol, ethanol would directly displace imported petroleum products

providing greater resource independence for Kauai.

On Kauai, Gay & Robinson has expressed seriousinterest in building a 15 million

gallon per year ethanol production facility provided the state moves forward with its
proposed ethanol content requirement. Ethanol can be. relatively easily produced from

raw sugar and molasses, or directly from the juices of crushed cane. Gay*& Robinson is

also investigating the possibility of producing ethanol from excess bagasse. It might be

advantageous for KIUC and Gay & Robinson to jointly explore an integrated ethanol

15 American Coalition for Ethanol, "Environmental aid Clean Air Benefits," available at
http://www.ethanol.org/environment'html accessed 2 August 2004.
16 United States Department of Agriculture, "Net Energy Balance for Corn Ethanol," available at
http://www.biogroducts-bioenergy.gov/pdfs/net%20energy%20balance.pdf, accessed 4 August 2004.
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production and power facility that would optimize the production of ethanol from higher

value feedstocks, while producing power from waste biomass (such as bagasse).

Although there are many potential feedstocks for ethanol production, sugarcane is

one of the most attractive given its high yields and the historical production of the crop

on the island. Similar to banagrass discussed earlier, if all 140,000 acres zoned for

agriculture on Kauai were used to grow sugarcane yielding 2,070 gallons of ethanol per

acre per year, approximately 290 million gallons of ethanol could be produced each

year.17 More realistically, if only 20 percent of this land was available (an amount equal

to 28,000 acres, less than the amount of land used for sugarcane in the mid-1990s), about

58 million gallons of ethanol per year could be produced. For comparison, Kauai

consumed 32.3 million gallons of gasoline in 2003.18 Kauai could easily supply 10

percent of its transportation fuel use from ethanol and have remaining fuel for export or

other use, including power generation. Assuming power generation from 50 million

gallons at a heat rate of 8,000 Btu/kWh (HHV), approximately 525 GWh/yr of energy

could be produced from a 75 MW baseload power plant.

Gasoline is generally reserved for use as transportation fuel but can be used for

power generation in some applications. Ethanol could be blended relatively easily with

gasoline for power applications, if the power conversion technology can bum the blend.

Ethanol can also be mixed with diesel; however it has poor solubility and other issues

that have limited this application. Further research and development is underway to

explore these issues.
It should be noted that for power generation, it is generally more efficient and cost

effective to burn the biomass directly rather than convert biomass to ethanol and then

bum the ethanol in an engine or turbine. That said, ethanol could be used to displace

fuels in existing power plants with minimal modifications to the power plant, similar to

solid biomass cofiring (discussed earlier). Given that all of KIUC's existing thermal

capacity is designed to bum liquid fuels, this may be attractive; however, there are

limitations on which units are compatible. The nearest term application for KIUC would

be to replace diesel fuel combusted in the 10 MW thermal steam plant at Port Allen. This

would likely require burner modifications to the boiler and some fuel system changes, but

these should be straightforward and relatively low cost. Assuming 100 percent firing of

ethanol and operation similar to historical patterns 19, this plant would generate about 50

GWh/yr consuming approximately 5.6 million gallons of ethanol. Assuming ethanol is

supplied by a third party, this project could be implemented quickly, at low capital cost,

17 Yield data from Stillwater Associates, "Hawaii Ethanol Alternatives", available at:
httn://www.hawaii.gov/dbedt/ert/ew /ethanol-stillwater.pdf.
18 State of Hawaii Department of Taxktion, "Liquid Fuel Tax Base & Tax Collections", 2003.

19 9,000 Btu/kWh (HHV) heat rate and a capacity factor of 60 percent , )
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and with minimal risk to KIUC. On the other hand, its economic viability is strongly
linked to the price of diesel compared to ethanol and the future and applicability of
ethanol subsidies for power generation.

Other applications utilizing existing KIUC equipment are more complicated.
Although it is technically possible to bum ethanol in combustion turbines, manufacturer
support of this option has been limited to date. Further, as discussed earlier, mixing
ethanol with diesel for reciprocating engines is currently not technically viable. Within a
10 to 20 year timeframe it is likely that these issues may be addressed and additional use
of ethanol for KIUC will be limited largely by available supply. Considering these
factors, the table below summarizes the developable power potential from ethanol on
Kauai.

Table 3-10. Developable Potential from Ethanol for Power Production.

Year Energy, Capacity, Notes
GWh MWV

3 52.6 10.0 Constrained to use at 10 MW steam plant at Port Allen
5 52.6 10.0
10 262 37.4 Assumes availability of 25 million gallons per year of

ethanol

20 525 74.9 Assumes availability of 50 million gallons per year of
ethanol

3.3.2 Biodiesel
Biodiesel is a non-toxic, biodegradable, and renewable fuel that can be used in

diesel engines with little or no modification. Biodiesel can be produced from oils and
sources of free fatty acids such as animal fat, vegetable oil, and waste greases. Biodiesel
is produced by removing excess hydrocarbons from these oils to create a shorter chain
molecule that is chemically more comparable to diesel fuel. Sodium methoxide is added
to the oil causing the mixture to settle into two simpler constituents: glycerin and methyl
ester. The methyl ester is coliected, washed and filtered to yield biodiesel. The glycerin
has several commercial uses, the most common one being the manufacture of soap.

The actual facilities where biodiesel is created are relatively simple and easily
scaled to meet local needs. Two kinds of biodiesel production facilities are in operation
today: batch plants and continuous flow plants. Batch plants tend to be much smaller
than continuous flow plants, and produce discrete "runs" of biodiesel. Continuous flow
plants are usually much larger, run continuously, and are capable of implementing more
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efficient processes than those used in batch operations. Compared to ethanol, production

of biodiesel is still in its infancy. There are very few large scale continuous flow

biodiesel plants in operation in the United States at this time.

Applications
Biodiesel can directly displace diesel fuel in many applications. Biodiesel

requires some special handling and storage procedures, and is limited to use during warm

or temperate seasons/climates due to its viscous nature at low temperatures. No engine

modifications are required for most static internal combustion (IC) engine applications.

While there has been little study of biodiesel's performance in gas turbine engines, there

has been extensive research and testing of the fuel's performance in traditional four-

stroke IC engines. As such, biodiesel is already used in a variety of operations

throughout the United States.

Biodiesel's greatest market potential lies within the transportation sector.

However, diesel is generally the fuel of choice for most IC engine power production, as

such, there is substantial potential for biodiesel to replace diesel fuel in the energy sector.

A variety of stationary engine products are available for a range of power generation

market applications and duty cycles including standby and emergency power, peaking

service, intermediate and base load power, and combined heat and power. Reciprocating K

engines are available for power generation applications in sizes ranging from a few

kilowatts to over 5 MW.
Diesel engines have historically been the most popular type of reciprocating

engine for both small and large power generation applications. However, in the United

States and other industrialized nations, diesel engines are increasingly restricted to

emergency standby or limited duty-cycle service because of air emission concerns.

While biodiesel does improve the emissions of a diesel engine, the improvements are

small when compared to the emissions reduction provided by natural gas powered

engines.

Resource Availability
The most basic feedstock for biodiesel is vegetable oil, a long chain hydrocarbon.

The oil can be derived from a variety of sources including: soybeans, cotton, palm,

rapeseed, sunflower seeds, and restaurant waste greases. These feedstocks are generally

categorized as virgin (fats and oils that have not been previously used) and recycled (fats,

oils, and greases that have been previously used). While recycled feedstocks tend to have

lower costs, they are limited by their availability and a variety of socioeconomic factors
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that may not be completely controllable. Virgin feedstocks are controlled by the
available agricultural resources.

In the United States, soybean and corn oil are the two leading vegetable
feedstocks for biodiesel production. These two feedstocks are readily available
throughout most of the country and can be grown in the large quantities necessary to
meet large scale biodiesel production demands. The pork and beef industries dictate the
supply of white grease and tallow that is available for biodiesel production. The supply
of recycled fats and oils is largely determined by the demand for fried food products,
lubricants, and other oil dependent industries. While biodiesel demand has been known to
have moderate impacts on corn and soybean production, it is unlikely that increases in the
demand for biofuels will significantly impact the supply of animal fats or recycled
greases.

20

Cost and Performance Characteristics
Currently the production cost of biodiesel can range from competitive with diesel,

to as much as 2.5 times higher. Because the majority of biodiesel production cost is
directly derived from the cost of the plant feedstock, potential for cost reduction is less
than that of ethanol. Biodiesel can be more cost effective when produced from low-cost
oils (restaurant waste, frying oils, and animal fats), compared to commodity crops.

Integration of biodiesel into the transportation sector has been limited due to the
fact that nearly every major diesel engine manufacturer has imposed blend limits on
biodiesel for warranted operations. Typically the fuel composition is restricted to a
maximum of 5 percent biodiesel (35). Recently some manufacturers have raised their
limits to 20 percent. Some users have elected to run their engines on B100 and other high
percentage blends, conceding the manufacturer's warranty coverage; however, this is a
risk that few operators are willing to take.

Gasoline and diesel fuel, and their biofuel counterparts ethanol and biodiesel, are
quality controlled based on ASTM specifications. The recent establishment of the ASTM
biodiesel specification was a major advance for manufacturers who now have an
industry-accepted standard for quality. This new standard will likely lend itself to an
increase in large-scale biodiesel production, as well as a greater acceptance of the biofuel
by diesel engine manufacturers.

While biodiesel can be used in any standard diesel engine with little to no
modification to the engine, due to its different properties, such as a higher cetane number,

lower volatility, and lower energy content, biodiesel may cause some changes in the

20Agricultural Marketing Research Center, "Biodiesel as a Value-added Opportunity," available at
http://www.agmrc.org/energv/info/biodieselooporthmit.Rdf accessed 3 August 2004.
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engine performance and emissions. These different properties can affect the injection

timing and the diesel combustion process causing lower power output. In contrast,

biodiesel has a higher concentration of oxygen (by weight) which lends itself to more

complete combustion, and biodiesel's higher cetane number provides smoother

combustion and less engine noise.

Environmental Impacts
When compared to petroleum diesel, biodiesel offers a variety of benefits.

Testing has shown that biodiesel has lower sulfur emissions and particulate emissions

than regular diesel fuel. While biodiesel yields significantly lower sulfur emissions,

particulate matter, and unburned hydrocarbons, emissions of nitrogen oxides can be

higher for biodiesel than diesel depending upon engine configurations. Not only does

biodiesel emit few harmful gases when combusted, but in almost every circumstance,

fewer greenhouse gases'are emitted in the production and transportation of biodiesel than

are released in the production, transportation, and refinement of petroleum diesel. In

addition to the aforementioned benefits, biodiesel boasts higher full-fuel cycle efficiency,

and, in certain niche applications, a lower cost than petroleum diesel

Kauai Outlook
Given Hawaii's high fuel prices and agricultural productivity, biodiesel is

especially attractive in the state. Overall prospects for biodiesel in Hawaii are good both

in the transportation and power generation sectors. This is evidenced by Pacific

Biodiesel, which already has biodiesel production facilities on Oahu and Maui. The

company sells biodiesel for $2.315 per gallon on Maui (retail price including all taxes)

compared to $2.61 - $2.65 per gallon for regular unleaded and up to $2.85 per gallon for

retail diesel (as of July 23, 2004).2t The Maui plant has been open since 1996 and

produces 200,000 gallons of biodiesel annually. The Oahu plant is double the capacity.

The feedstock for the plants is used cooking oil and restaurant trap grease. These are the

lowest cost resources, but also the most limited.

There are several resources available on Kauai that could provide required

feedstocks for biodiesel production. A study completed in 2002 estimated Kauai's

recycled grease resources at roughly 800 tons annually, which could be used to produce

approximately the same weight of biodiesel.22 As for animal fats, the current livestock

production on the island suggests that there is limited potential to obtain animal fats for

21 "Biodiesel Discussion Board", available at: http://biodiesel.infopop.cc/eve. accessed August 2004.
22 University of Hawaii, Hawaii Natral Energy Institute, "Biomass and Bioenergy Resource Assessment

State of Hawaii", available at: http://www.hawaii.gov/dbedt/ert/biomass-assessment.pdf, December 2002.

21 March 2005 3-30 Black & Veatch



Kaua'i Island Utility Cooperative 3.0 Renewable Energy Technology
Renewable Energy Technology Assessments Options

fuel production. While recycled fats and oils are the most difficult feedstock to process

because of their variable content, they are generally inexpensive.
The fat and oil resource is likely too small to consider for power production.

Dedicated crops would need to be planted for large scale production. While not currently
grown on the island in any significant quantity, oil palm is considered to be one of the
best sources of vegetable oil for biodiesel production and could easily be grown as it is

well suited for tropical climates. The reported yield of biodiesel from oil palm is 635
gallons per acre annually, which is over 30 times the yield from corn and 13 times the
yield from soybeans.23 One local businessman expects yields to be even higher, around
1,000 gallons per acre per year.24 If grown on twenty percent (28,000 acres) of Kauai's

zoned agricultural lands, about 17.8 million gallons of biodiesel per year could be
produced. In comparison, Kauai consumed 2.2 million gallons of diesel for
transportation in 2003.25 Kauai could easily supply a substantial portion of its diesel fuel

needs and have a large amount remaining for power production. Assuming power
generation from the entire biodiesel supply at a heat rate of 9,000 Btu/kWh (HHV),
approximately 240 GWh/yr of electricity could be produced from a 34 MW baseload
power plant.

Compared to ethanol, biodiesel can be integrated more easily into KIUC's
existing diesel oil fuel supply and power generation infrastructure. Starting with perhaps
a 2 percent biodiesel blend, KIUC could gradually increase the percent of biodiesel

supplied to its power plants without noticing significant equipment impacts.
Alternatively, KIUC could incrementally add B20 capability to selected units until the
entire thermal fleet was fueled with a biodiesel blend. This would allow the utility to
quantify and monitor biodiesel impacts on plant performance, emissions, and longevity
prior to widespread implementation. Regardless, in the near term, biodiesel potential is
constrained by the supply of the fuel. It is estimated that only 25 million gallons were
sold in the United States in 2003.26 Large 'scale biodiesel production on Kauai with oil
palm would require significant investment in a new plantation and production facility, an

activity that probably could not be expected to be mature for ten years. In the near term,
KIUC could meet its needs from smaller producers and imports from other islands. Table
3-10 outlines a potential development scenario for biodiesel power production on Kauai.

23 Joshua Tickell, From the Fryer to the Fuel Tank 2000.
24 Bill Cowem (Kauai Mahagony), personal communication, June 15, 2004.

25 State of Hawaii Department of Taxation, "Liquid Fuel Tax Base & Tax Collections", 2003.26 National Biodiesel Board, "Frequently Asked Questions", available at:

http://www.biodiesel.org/resources/faqs/, accessed August 2004.
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Table 3-11. Developable Potential from Biodiesel for Power Production.

Year Energy, Capacity, Notes
GWh MWV

3 2.4 0.5 B20 blend in one 2.7 MW diesel engine, 50 percent
capacity factor, using 0.18 million gallons per year
(MGY) of biodiesel

5 7.1 1.6 B20 blend in three 2.7 MW diesel engines, 50 percent
capacity factor, using 0.5 MGY

10 85 19.3 B20 blend in all existing thermal plants except Kapaia
combustion turbine, 50 percent capacity factor, using

1_1_6 MGY

20 239 54.6 Energy potential from 17.8 million gallons per year, 50
percent capacity factor

Apart from power production, one of the most readily deployable opportunities

for biodiesel is to establish small scale production operations at agricultural centers on

the island, namely farms and plantations. Most farm equipment runs on standard No. 2

diesel fuel, and is capable of running on biodiesel in some blend. With proper

information and support, many farmers and agricultural producers on Kauai could easily

develop and operate biodiesel production facilities to meet their own fuel needs as well as

supplement the fuel supply of the rest of the island. Such an approach might enable

development of a larger biodiesel infrastructure through a "grassroots" staged approach

to development.

3.4 Waste. to Energy
Waste to energy (WTE) technologies can use a variety of refuse types and

technologies to produce electrical power. The direct use of municipal solid waste (MSW)

and refuse derived fuel (RDF) to generate power are addressed in this section. An

emerging technology, plasma arc, is also explored. Landfill gas is also often considered

WTE, and this technology was discussed previously.
Economic feasibility of WTE facilities is generally difficult to assess. Costs are

highly dependent on transportation, processing, and tipping fees associated with a

particular location. Values given in this section should be considered representative of

the technology at a generic site.
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3.4.1 Municipal Solid Waste Mass Burn
There are currently 65 WTE plants in the United. States using mass burn

technology to generate electricity. These plants bum MSW in "as-discarded" form, with
minimal or no pre-processing of the waste. Waste to energy facilities employing mass
burning of MSW were seen in the 1980s as an environmentally sound and cost effective
method of handling the problem of diminishing available landfill space in the United
States. However, as concerns about environmental pollutants (particularly dioxin) from
the plants have risen, opposition to new projects has become increasingly effective. In
addition, costs for MSW facilities have often exceeded initial estimates, and communities
are left paying for the plants for years. To its credit, the industry has drastically
decreased dioxin emissions over the past decade. Nevertheless, since 1996 only one new
MSW facility has come online in the United States. That project retrofitted an existing
incinerator to generate steam for a turbine generator. The plant is located in Michigan
and is shown in Figure 3-7.

Figure 3-7.,Central Wayne Waste to Energy Plant.

Converting refuse or MSW to energy can be accomplished by a variety of
technologies. The degree of refuse processing determines the method used to convert
municipal solid waste to energy. Unprocessed refuse is typically combusted in a water
wall furnace (mass burning). After only limited processing to remove non-combustible

and oversized items, the MSW is fed on to a reciprocating grate in the boiler. The
combustion generates steam in the walls of the furnace, which is converted to electrical
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energy via a steam turbine generator system. This is similar to coal and biomass

furnaces. Other furnaces used in mass burning applications include refractory furnaces

and rotary kiln furnaces, which use other means to transfer the heat to the steam cycle or

add a mixing process to the combustion. For smaller modular units, controlled air

furnaces, which utilize two-stage burning for more efficient combustion, can be used in

mass burning applications.

Applications
The avoided cost of disposal is a primary component in determining the economic

viability of a waste to energy facility. For this reason, areas where land costs are high

and landfills must be sited far from waste sources are the most likely locations for WTE

plants. According to the Integrated Waste Services Association, about two-thirds of

WTE plants in the US are on the East Coast. The 65 operating mass bum plants have an

annual capacity to process 22.1 million tons of waste. Large MSW facilities typically

process 500 to 3,000 tons of MSW per day (the average amount produced by 200,000 to

1,200,000 residents), although there are a number of facilities in the 200 to 500 ton per

day size range. The average design capacity of mass bum plants operating in the US is

about 1,100 tons per day of waste.27

Resource Availability
MSW plants are high capital cost projects that require a cheap and abundant fuel

source to operate profitably. For this reason, they are typically cited near large

population centers or in areas where land is valued at a premium. The average American

generates about 4.5 pounds of garbage per day, most of which would otherwise be sent to

landfill. 28 Similar to biomass, the cost of fuel transportation is al primary factor in the

economics of an MSW plant. New plants are usually not economically viable unless a

high tipping fee can be secured.

Cost and Performance Characteristics

Table 3-12 has typical ranges of performance and cost for a facility burning 300

tons of MSW per day. The $50/ton tipping fee represents a fee that would be competitive

with current landfill disposal costs. The $90/ton fee considers the "all-in" costs of

disposal of waste on the island. The actual fee the facility would charge will likely be the

result of political negotiation between the county and KIUC.

27 Integrated Waste Services Association, "The 2004 IWSA Directory of Waste-to-Energy Plants",

available at: http://www.wte.or-/2004 Director/I[WSA 2004 Directory.html, accessed August 2004.
23 EPA, available at: http://www.epa.gov/epaoswer/osw/basifact.htm, accessed August 2004.
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Table 3-12. MSW Mass Burning Technology Characteristics.
P

Performance

Typical Duty Cycle

Net Plant Capacity, MW

Net Plant Heat Rate (HHV), Btu/kWh

MSW Consumption, tons per Day

Capacity Factor, percent

Economics

Capital Cost, $/kW

Fixed O&M, $/kW-yr

Variable O&M, $/MWh

Levelized Cost, $50/ton tip fee, $/MWh

Levelized Cost, $90/ton tip fee, $/MWh

Technology Status

Commercial Status

Installed US Capacity, MW

Kauai Potential

Baseload
7

17,500
300

60-80

6,500-9,100
260-455

20-33
41-132

(54)-37

Commercial
2,493*

Good, but limited resource

Notes:
* Includes both mass bum and refuse derived fuel plants.

Environmental Impacts
The products of combustion of MSW are similar to those of most organic

combustion materials. Particulate matter must be abated and nitrogen oxides can form if
the combustion temperature is too high. Unlike coal, the sulfur emissions from MSW are

low. One possible emission that is atypical of other fuels is dioxin. The US EPA has
ruled that some types of dioxins are carcinogenic. This issue is debated intensely in the

scientific community, but MSW plant construction faces opposition in many
communities because of it.

An obvious benefit of burning MSW is that it reduces landfill deposits. The

bottom ash recovered from a MSW furnace is reduced to one-tenth of its original volume.

Kauai Outlook

Waste to energy plants are gaining renewed interest throughout Hawaii. The

potential for power generation from MSW on Kauai is good, but limited. The Kekaha

landfill currently accepts over 200 tons per day of waste, and about 80,000 tons
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annually.29 This quantity is sufficient to generate about 44 GWh/yr of electricity from a 7

MW plant operating at 70 percent capacity factor. As discussed in the section on landfill

gas, plans are in place to close the landfill in 2009. The County has not identified a

future landfill site or developed plans to deal with the growing waste stream. The current

tipping fee at the landfill is $56/ton. However, this fee does no cover the capital cost of

the landfill, which is covered through taxes. The all-in cost for disposal including the

capital cost is about $90/ton.30 A waste to energy facility looks increasingly attractive at

such high disposal costs. The development of a waste to energy facility would address

the county's disposal issues while generating baseload power from an eligible renewable

resource.

The developable potential for MSW mass bum is summarized in the following

table.

Table 3-13. Developable Potential from MSW Mass Burn.

Year Energy, Capacity, Notes

GWh MW

3 0.0 0.0 Highly unlikely in near term

5 43.8 7.1 Assumes construction of one 300 TPD unit

10 43.8 7.1

20 65.7 10.7 Assumes addition of a 150 TPD unit

3.4.2 Refuse Derived Fuel

Refuse derived fuel (RDF) is an evolution of MSW technology. Instead of

burning the trash in its bulky native form, trash is processed and converted to fluff or

pellets for ease of handling and improved combustibility.

To ensure a proper mix of fuel, trash is typically sorted to remove metals,

"heavies" and other undesirable materials. The remaining "clean" trash is conveyed to a

mulching facility that shreds the material into small pieces. These pieces are delivered as

fuel to a combustor. Due to the extensive pre-processing and sorting of the material,

RDF facilities are often considered to be more compatible with local recycling efforts

than mass bum facilities.

29 SCS Engineers for US EPA, "Landfill Gas Utilization Feasibility Study Kekaha Landfill", April 2004.
30 Troy Tanigawa (Solid Waste Programs Administrative Officer, Kauai County Solid Waste Division),

personal communication, June 16, 2004.

(7)
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Applications
RDF is preferred in many refuse to energy applications because it can be

combusted with technology traditionally used for coal. Spreader stoker fired boilers,
suspension fired boilers, fluidized bed boilers, and cyclone furnace units have all been
utilized to generate steam from RDF. Fluidized bed combustors are often preferred for
RDF energy applications due to their high combustion efficiency, capability to handle
RDF with minimal processing, and inherent ability to effectively reduce nitrous oxide
and sulfur dioxide emissions. In all MSW or RDF boiler types, the boiler tube metal
temperature must be kept at a temperature less than 800°F to minimize boiler tube
degradation due to chlorine compounds in the flue gas.

There are 15 operating refuse derived fuel plants in the United States with an
annual capacity to process 6.2 million tons of waste. Typical RDF facilities process 500
to 2,000 tons of RDF per day (the average amount produced by 200,000 to 800,000

residents). The average design capacity of RDF plants operating in the US is about 1,330
tons per day of waste.31

Cost and Performance Characteristics
Table 3-14 has typical ranges for performance and costs for a 300 ton per day

RDF facility.

Environmental Impacts
RDF faces the same environmental opposition as MSW while providing the same

environmental benefits. RDF plants are generally viewed as being more compatible with
recycling efforts. RDF plants using fluidized bed technology can potentially achieve
lower emissions than mass bum plants.

Kauai Outlook
Like MSW mass burn, RDF is a potentially promising option for Kauai.

Resource availability and developable potential is essentially the same as was previously
discussed in the MSW mass bum section. RDF technology is commercial technology,
but has not been used in as many applications due to its higher cost. The technology does
allow for greater recovery of recyclable materials and the potential for lower emissions.
Finally, an RDF plant could readily bum other biomass fuels, especially if it was based
on fluidized bed combustion technology.

31 Integrated Waste Services Association, 2004.
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Table 3-14. Refuse Derived Fuel Technology Characteristics.

Performance
Typical Duty Cycle
Net Plant Capacity, MW
Net Plant Heat Rate (HHV), Btu/kWh
RDF Consumption, tons per Day

Capacity Factor, percent
Economics

Capital Cost, $/kW
Fixed O&M, $/kW-yr
Variable O&M, $/MWh
Levelized Cost, $50/ton tip fee, $/MWh

Levelized Cost, $90/ton tip fee, $/MWh

Technology Status
Commercial Status
Installed US Capacity, MW
Kauai Potential

Baseload
7

19,300
300

60-80

9,100-11,700
455-715

26-39
110-215
5.8-111

Commercial
2,493"

Good, but limited resource

,.')

Notes:
* Includes both mass bum and refuse derived fuel plants.

3.4.3 Plasma Arc Gasification
Plasma arc gasification is a combination of gasification with plasma arc

technology. Both are mature technologies, but the integration of the two is relatively

new.

Gasification is typically thought of as incomplete combustion of a fuel to produce

a fuel gas with a low to medium heating value. Heat from partial combustion of the fuel

is also generated, although this is not considered the primary useable product. The

primary product of conventional air-blown gasification is a low heating value fuel,

typically 15 to 20 percent (150 to 200 Btu/Ift3) of the heating value of natural gas (about

1,000 Btu/ft3). Combustible components of the gas include carbon monoxide, hydrogen,

methane, higher hydrocarbons such as ethane and propane, and tar. The conventional

use for this gas is combustion in a boiler to generate steam, although it could potentially

be used in higher efficiency engines or combustion turbines if the gas is sufficiently

clean.
There are two primary configurations for plasma torches: transferred and non

transferred torches. Both configurations use a pair of electrodes across which a large

current is applied. An arc, basically manmade lightning, is created when the electricity
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bridges the gap between the two electrodes. The arc generates temperatures of up to

30,0000 F. The transferred torch directly contacts the arc with the material, or a
conductor, in the reactor. The non-transferred torch blows a stream of air across the arc

inside the torch to produce superheated gas, approximately 5,0000 F. This gas provides
the thermal input to the reactor that is required to decompose the material. The

temperature in the reactor itself is generally around 2,000°F. Plasma arc torches require
large amounts of electricity. Depending on the fuel being processed, the facility may not
generate net electricity output.

Figure 3-8. Plasma Arc Torch Operating (Source:
http:llwww.zeusiroup.org/applications.html).

Applications
The extreme temperatures produced by plasma torches makes them well-suited

for waste remediation applications because the inorganic constituents in the waste that
might normally be hazardous are. literally melted to form a glassy slag which can be
captured in a solid form. This encapsulation of hazardous waste requires significant
amounts of energy and has very specialized economical niche markets. Currently, some
industry leaders feel that plasma arc disposal of MSW is not economic. An alternate
approach to strictly disposing of the MSW with plasma torches is to gasify the MSW and
recover the combustible syngas that results from the thermal reaction. There are very few
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installations worldwide to benchmark against for economic evaluation. These are
summarized in Table 3-15.

Table 3-15. Installed MSW Plasma Arc Gasification Projects.

Electrical Fuel
Commercial Capacity, Throughput,

Vendor - Project Fuel Status MW tpd
Westinghouse Plasma Corp.

Yoshii, Japan MSW Pilot --

Utashinai, Japan. ASR/MSW* Commercial 8 165
Mihama, Japan - MSW Commercial -- 28

Startech Environmental
Bristol, Connecticut Variety Demonstration -- 5

Integrated Environmental Technologies
APET, Hawaii Medical waste Commercial -- 24

Notes:'
• Primary fuel intended to be auto shredder residue (ASR). Plant is capable of using

MSW for up to 50 percent of volumetric throughput. §7)
Resource Availability

Plasma arc gasification technologies can process the same basic resources as
MSW aind RDF technologies. However, plasma arc is particularly well suited to handle
difficult materials, such as hazardous waste, auto shredder residue, incinerator ash, low-
level radioactive waste, and medical waste. The net power export potential (if any) of a
plant depends heavily on the resource being processed.

Cost and Performance Characteristics
Objective cost and performance information for plasma arc systems using MSW

is difficult to find. Table 3-14 provides cost and performance characteristics based on a

30 MW plasma arc system recently investigated by Black & Veatch.

21 March 2005 3-40 Black & Veatch
21 March 2005 3-40 Black & Veatch



Kaua'i Island Utility Cooperative
Renewable Enerav Technoloov Assessments

3.0 Renewable Energy Technology
Oltlons

Table 3-16. Plasma Arc Gasification Technology Characteristics.

Performance

Typical Duty Cycle

Net Plant Capacity, MW

Net Plant Heat Rate (HHV), Btu/kWh

MSW Consumption, tons per Day

Capacity Factor, percent

Economics

Capital Cost, $/kW

Fixed O&M, $/kW-yr

Variable O&M, $/MWh

Levelized Cost, $50/ton tip fee, $/MWh

Levelized Cost, $90/ton tip fee, $/MWh

Technology Status

Commercial Status

Installed US Capacity, MW

Kauai Potential

Baseload
6.6

19,000
300

60-80

7,200-9,100
260-455

20-33
39-122
(64)-19

Demonstration
0

Poor, given technology status

Environmental Impacts
Plasma arc technologies are well-suited for vitrification of waste materials.

Extensive documentation of testing shows that the vitreous slag has very low leaching

potential, effectively "locking up" contaminants in the solid material. Air emissions are
not as well-documented. Technology suppliers claim that the extreme temperatures of
the plasma system dissociate any harmful molecular emissions. However, very little
discussion of emissions such as mercury can be found. It does not seem that mercuiry
would be captured in the slag because it has such a low boiling point. Conventional
MSW mass burn and RDF facilities seem to have achieved compliance with EPA's
emissions limits for dioxins and furans; plasma arc gasification would not seem to offer

substantial benefits over those technologies in that respect.

Kauai Outlook

Plasma arc gasification of MSW is a developmental technology that has not
gained widespread support, particularly as a power generation technology. There do
seem to be some instances in which it can be cost effective, such as in extremely land

constrained areas with significant population density. Even in these favorable conditions,
the economic viability of plasma arc projects is very subject to technology risk. It is
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possible that plasma arc gasification of MSW may become commercial in a 10 to 20 year

timeframe. In such case, it could be expected to generate approximately the same amount

of electricity as MSW and RDF options.

Table 3-17. Developable Potential from Plasma Arc Gasification.

Year Energy, Capacity, Notes
GWh MW

3 0 0 Technology not expected to be fully commercial for

5 0 0 utility power applications

10 43.8 7.1 Assumes construction of one 300 TPD unit

20 65.7 10.7 Assumes addition of a 150 TPD unit

3.5 Hydroelectric
Hydroelectric power is generated by capturing the kinetic energy of water as it

moves from one elevation to a lower elevation by passing it through a turbine. Often, the

water is raised to a higher potential energy by blocking its natural flow with a dam. The

amount of kinetic energy captured by a turbine is dependent on the head (distance the

water is falling) and the flow rate of the water. Another method of capturing the kinetic 0
energy is to divert the water out of the natural waterway, through a penstock and back to

the waterway. Such "run-of-river" applications allow for hydroelectric generation

without the impact of damming the waterway. The existing worldwide installed capacity

for hydroelectric power is by far the largest source of renewable energy at

740,000 MW.3 2

Applications
Hydroelectric projects are divided into a number of categories based upon size.

Micro hydro projects are below 100 kW. Systems between 100 kW and 1.5 MW are

classified as mini hydro projects. Small hydro systems are between 1.5 and 30 MW.

Medium hydro is up to 100 MW, and large hydro projects are greater than 100 MW.

Medium and large hydro projects are good resources for baseload power generation

because of the ability to store a large amount of potential energy behind the dam and

release it consistently throughout the year. Small hydro projects generally do not have

large storage reservoirs and are not dependable as dispatchable resources.

32 internatona Energy Agency, 2002. {)
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An especially attractive hydro resource is the upgrading and modernization of

existing facilities, many of which were built more than 30 years ago. Such "incremental"

hydro includes unit additions, capacity upgrades, and efficiency improvements.

Resource Availability

Hydroelectric resource can generally be defined as any flow of water that can be

used to capture the kinetic energy of its water. Projects that store large amounts of water

behind a dam regulate the release of the water through turbines over time and generate

electricity regardless of the season. These facilities are generally baseloaded. Pumped
storage hydro plants pump water from a lower reservoir to a reservoir at a higher

elevation where it is stored for release during peak electrical demand periods. Run-of-

river projects do not impound the water, but instead divert a part or all of the current

through a turbine to generate electricity. This technique is used at Niagara Falls to take

advantage of the natural potential energy of the waterfall. Power generation at these

projects varies with seasonal flows.

Figure 3-9. 3 MW Small Hydro Plant.

All hydro projects are susceptible to drought. In fact the variability in
hydropower output is rather large, even when compared to other renewable resources.
The aggregate capacity factor for all hydro plants in the US has ranged from a high of 47
percent to a low of 31 percent in just the last 5 years.33

33 Based on analysis of data from Energy Information Administration, Renewable Energy Annual 2002.
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Cost and Performance Characteristics

Hydroelectric generation is usually regarded as a mature technology that is

unlikely to advance. Turbine efficiency and costs have remained somewhat stable;

however, construction techniques and costs continue to change. Capital costs are highly

dependent on site characteristics and vary widely.

Table 3-18 has ranges for performance and cost estimates for hydro projects.

These values are for representative comparison purposes only. Capacity factors are

highly resource dependent and can range from 10 to more than 90 percent. Capital costs

also vary widely with site conditions. To be able to predict specific performance and cost,

site and river resource data would be required.

Table 3-18. Hydroelectric Technology Characteristics.

Performance
Typical Duty Cycle Varies with resource

Net Plant Capacity, MW 0.5-10

Capacity Factor, percent 40-60

Economics

Capital Cost, $/kW 1,700-5,700

Fixed O&M, $/kW-yr 14-29

Variable O&M, $/MWh 3-6

Levelized Cost, $/MWh 36-109

Technology Status

Commercial Status Commercial

Installed US Capacity, MW 79,842

Kauai Potential Moderate

Environmental Impacts

The damming of rivers for small and large scale hydro applications may result in

significant environmental impacts. The first issue involves the migration of fish and

disruption of spawning habits. Minimum flows must be maintained in the waterway. For

reservoir projects, one of the few viable abatements of this issue is construction of "fish

ladders" to aid the fish in bypassing the dam when they swim upstream to spawn.

The second issue involves flooding existing valleys that often contain wilderness

areas, residential areas, or archeologically significant remains. There are also concerns

about the consequences of disrupting the natural flow of water downstream and

disrupting the natural course of nature.

r~)
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More positively, reservoirs resulting from dams can be valuable recreation areas,
and dams assist in flood control efforts, thereby preventing economic hardship and loss of
life.

Many environmental groups object to the broad definition of hydroelectric
resources as renewable. Numerous classification systems for hydro have developed in an
attempt to distinguish "renewable" projects. Generally this distinction is based on size,
although "low-impact," low-head, and run-of-river plants are also often labeled
renewable. Incremental hydro, which generally does not alter water flows any more than
the existing hydro project, may also qualify as renewable.

Kauai Outlook
Hydroelectric generation is a fully commercial technology that already makes a

significant contribution to the electric supply on Kauai. Hydro resources on Kauai are
very good with consistently large rainfall and sharp elevation changes on many parts of
the island. On the other hand, Hawaiian stream flows vary considerably throughout the
year, making hydro an intermittent, "as available" resource.

There has been considerable opposition: to new hydro development on the island
in the past 20 years. Several proposed projects, such as a project diverting the Hanalei
River, have been strongly opposed by local residents forcing project developers to
eventually abandon plans. However, with the recent increase in fossil fuel prices, there
appears to be new interest in hydro development on the island, particularly projects
involving upgrades to existing plants and addition of generation to agricultural irrigation
systems. Such projects have little new impact on important watersheds and would
presumably encounter less opposition than past proposals.

It is difficult to develop a precise estimate of the developable hydro potential on
the island due to the large variety of different schemes and the environmental and
institutional obstacles facing many projects. A recently released broad survey of United
States hydro potential performed by INEEL includes estimates of the cost and
performance of new and upgrade hydro projects on Kauai.34 The INEEL database was
developed based on information from projects identified and proposed in the past.
Although development of all of these sites is highly unlikely, the INEEL projects provide
one view of the developable potential for hydro generation on the island. The total
potential identified is about 60 MW producing 320 GWh annually. This could be viewed
as an upper bound for the hydro potential on the island. See Table 3-19 for a list of the
projects.

34 Idaho National Engineering and Environmental Laboratory, "Hydropower Equipment Refurbishment or
Replacement: Generation Increases and Associated Costs," 2003.
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Table 3-19. INEEL Identified Kauai Hydro DevelopmentProjects.

SSteam Project Type Net Capacity, Generation,
Name SmoW GWh

Upper Mahae St., North Run of river 1.3 6.7
Wailua Fork Wailua River

Kitano Haeleele Stream, Gravity 1.5 8.0
Kokee Ditch diversion

(powerhouse on
different stream)

Waimea Waimea River Gravity 2.9 15.5
diversion

(powerhouse on
different stream)

South Fork South Fork Wailua Run of river 6.6 35.3
Wailua River River

North Lumahai River Run of river 6.0 32.1

Hanalei Hanalei River Run of river 6.0 32.1

Kokee Water Kawaikoi Stream / Storage 10.0 53.4
Project Kokee Ditch

Kauai Wainha River Storage 25.0 133.6

Totals 59.2 317

Source: INEEL, 2003.

Assuming that the INEEL identified hydro projects provide at least a proxy

estimate of the hydroelectric generation potential on the island, this list was used to

estimate the developable potential for the next 3, 5, 10, and 20 years. Through

conversations with developers, KIUC, and publicly available information, background

information was obtained to determine the general timeframe in which projects such as

these could be developed. The table below shows a hypothetical development timeline.

The 25 MW "Kauai" project was not included in the developable potential estimates

because of likely very strong public opposition to a hydro project of this magnitude on

the island.

)
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Table 3-20. Developable Potential from Hydroelectric Resources.

Year Energy, Capacity, NotesGWIh MWV
3 8 1.5 Development of the Kitano project
5 61 11.5 Development of the Kitano and Kokee projects
10 118 22.3 Development of these and additional sites
20 183 34.3 Development of all INEEL sites, except "Kauai" project

Note: Conceptual only. Hydro development prospects addressed in detail later in this
report.

3.6 Ocean Energy
Ocean energy resources can be captured in numerous ways with a variety of

technologies. The current areas of research and development are ocean thermal energy
conversion (OTEC), wave energy, and tidal energy.

3.6.1 Ocean Thermal Energy Conversion
An OTEC plant uses the temperature difference between warm surface water and

cold deep water to generate electricity via a heat engine system. There are multiple
configurations under development, but all OTEC facilities operate on the same basic
principle. Comparatively wam surface water is used to heat a working fluid to create
vapor and drive a turbine generator. Cold ocean water from depths exceeding 3,000 feet
is then used to condense the working fluid. When compared to other renewable
technologies, one of the largest advantages of OTEC is the capability to provide base
load continuous power output.

Applications
In general, researchers have classified OTEC technology into three main groups:

closed cycle, open cycle, and hybrid cycle. Most commercial developments plan to use
the closed cycle OTEC (CC-OTEC) system, which uses large seawater heat exchangers
to boil and condense a working fluid such as ammonia. Open cycle OTEC (OC-OTEC)
uses the seawater directly, boiling the warm seawater at very low pressures and using the
cold sweater to condense the steam. Hybrid cycle OTEC (HC-OTEC) uses a
combination of the two previous systems. Normally the CC-OTEC is first used to
generate electricity, and then an OC-OTEC is used to produce desalinated water.

OTEC is currently in active R&D by several organizations and corporations
around the world. Most of these facilities are operated by laboratories or research
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foundations, or federal programs. This section provides an explanation of some of the

R&D and demonstration projects that are ongoing.

The Natural Energy Laboratory of Hawaii Authority (NELHA) and the Pacific

International Center for High Technology Research (PICHTR) have led the American

efforts in OTEC technology. In 1979 a mini CC-OTEC plant off Keahole Point (Big

Island of Hawaii) produced 18 kW of net power. In the 1990's an OC-OTEC plant

produced up to 103 kW of net power. No OTEC facility is currently generating at these

locations. Research into OTEC and its potential related services continues at NELHA,

and a proposal is currently being developed for submittal to NELHA for a 1 MW OTEC

plant running on the Kalina cycle.

Ocean Engineering & Energy Systems International (OCEES) based in Honolulu

has incorporated the Kalina cycle into their CC-OTEC technology. The Kalina cycle is a

modified Ranklne cycle with an increased efficiency resulting from the altered properties

of its ammonia/water working fluid, rather than the pure water or ammonia working fluid

in a standard Rankine cycle. Use of this cycle should allow higher efficiency and hence

reduced costs. Figure 3-10 shows a flow diagram of a Kalina Cycle CC-OTEC.

Regenerator

. ffise
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Xalfina CycleP=

Figure 3-10. CC-OTEC Using the Kalina Cycle (Source: Saga University).

OCEES has partnered with Makai Ocean Engineering who was involved in the

recent installation of the new large deep water pipelines at NELHA. OCEES has

proposed an 8 MW OTEC plant at the US Navy base on the Diego Garcia Island, Indian

Ocean. This project is under active development.
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Sea Solar Power International (SSP) has been developing CC-OTEC with funding
from the Abell Foundation. They have proposed a 10 MW plant on Guam, and several
100MW floating plants, but were unsuccessful in obtaining financing. They are now
proposing a CC-OTEC 10 MW plant for the Cayman Islands using propylene as the
working fluid. This appears to be fully funded by the Abell Foundation. This plant is
expected to produce 10 MW of net power and 3 million gallons of desalinated water per

day.
OTEC plants allow a wide range of other services to be derived from the supply

of cold deep ocean water including desalinated water, air conditioning and industrial
cooling, aquaculture, and chilled soil agriculture. Many of the current approaches to
commercializing OTEC utilize the added-value that these services can bring for a small
incremental increase in cost. Since air conditioning and aquaculture can generally only
use a small amount of the water required for the OTEC plant, the main added-value
service is normally desalinated water.

Resource Availability
OTEC requires warm ocean surface water and cold deep ocean water with a

temperature difference exceeding 36°F. Water cold enough to provide the required
temperature difference is normally only found at depths of over 3,000 ft. Further, surface
water temperature requirements limit development to tropical oceans. Land-based
applications require steep underwater slopes to minimize the length of cold water piping.
The use of off-shore OTEC facilities expands the number of suitable locations for
development.

Cost and Performance Characteristics
In general, OTEC plants must be large to be economic, which has made financing

difficult for developers as there are no large demonstration plants to provide real-world
data on costs. The World Bank determined that a pilot plant of 5MW operating for 5
years would be required before the funding risks associated with a large scale plant
(50MW) could be justified. Therefore, developers are concentrating on pilot scale plants
that are located in niche markets where the price of electricity (and often desalinated
water) is high. Table 3-21 presents the estimated performance and costs for an on-shore
and off-shore CC-OTEC facility. There is a broad range for the cost estimates, as there
has not been a large-scale facility built to test the cost estimates.
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Table 3-21. Ocean Thermal Energy Technology Characteristics.

On-Shore Off-Shore

Performance

Typical Duty Cycle Baseload Baseload

Net Plant Capacity, MW 10 100

Capacity Factor, percent 90 90

Economics
Capital Cost, $/kW 13,000-19,500 3,300-6,500

Variable O&M, $/MWh 17-33 17-33

Levelized Cost, $/MWh 140-220 53-103

Technology Status
Commercial Status Initial Demonstration Development

Installed US Capacity, MW 0 0

Kauai Potential Good Good

(r-)

Environmental Impacts
There remain some important questions about the environmental impacts of

SOTEC plants. The most frequently raised points are: changes to thermal, salinity, and

nutrient gradients within the vicinity; leakage of working fluid from CC-OTEC plants or

of the chlorine used for controlling bio-fouling; fatalities of small organisms such as

plankton; and the effects on fishing grounds.

Kanai Outlook
Several demonstration plants are currently under development, and these should

result in significantly more detailed and reliable cost and performance information within

the next five years. Commercial application of OTEC by utilities is unlikely until after

this time, but Hawaii is then a prime candidate for OTEC. Hawaii has some of the best

OTEC resources in the world. Current OTEC technology, is not cost completive with

conventional power generation technologies; however, with continuing research and

demonstration, as well as added value services such as desalination and air conditioning,

this technology could become competitive in the long-term.

There have been no numerical estimates of the ocean thermal energy potential in

Hawaii; however, the potential is known to be very large and could easily support all of

the energy needs of the state.3 Based on bathymetric data, on-shore plants could be

located on the southwest and southeast coasts of Hawaii, on the south coast of

35 State of Hawaii DBEDT, http://www.hawaii.gov/dbedt/ert/otec hi.html. accessed July 2004.
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Kahoolawe, and on the southeast coast of Maui. Large offshore plants could be located

around any of the islands. The following table summarizes the potential for OTEC in

Kauai over the next 20 years.

Table 3-22. Developable Potential from Ocean Thermal Energy Conversion.

Year Energy, Capacity, Notes
GWh MW

3 0 0 Technology not expected to be fully commercial for

5 0 0 utility power applications

10 > 500 > 80 Sufficient potential to supply all of Kauai's electricity

20 > 500 > 80

3.6.2 Wave

The power of ocean waves can be harnessed using a wave energy conversion

system (WECS). Many hundreds of WECS technologies have been suggested; only a

very small proportion of these have been evaluated beyond the concept stage, and of

those only a limited number have been developed beyond laboratory testing to

deployment as prototypes in real sea conditions. Most of the development work is being

performed in Europe, although there is work ongoing in the US, India, Australia, and the

Far East countries.

Applications

WECS are generally categorized as shore-based (onshore and near-shore) or

offshore systems. There are two basic shore-based wave energy designs: oscillating

water column (OWC) devices, and overtopping-tapered channel (TAPCHAN) devices.

Examples of these two shore-based technologies are shown in Figure 1.

Oscillating Waler Column Device

ArCo0lunn

Tpered ChannellDenv. (TAPCHAM

'Turhine Corweqbig Indeed Channel a lgo

Tortes Houjse
k W9

"\ Return to the S*ea

Figure 3-11. Onshore Wave Energy Devices (Source: EU's Atlas Project).
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Oscillating Water Column devices generate electricity from the wave-induced rise

and fall of a water column. The energy in this water column is normally extracted via a

moving air column using an air turbine. The main disadvantage with onshore devices is

that their construction is very dependent on local conditions and the available wave

power is lower at the shoreline; the advantage is that power transmission and

maintenance access are much simpler. The most developed example is Wavegen's

500 kW LIMPET device operating since 2001.

Near-shore devices that can often be built around existing breakwater structures

include the Energetech device that uses a parabolic wall to focus wave energy onto the

collector and a Dennis-Auld turbine. In general, near-shore devices have the advantage

that they can access higher wave power without the need for extensive electricity

transmission, however (as with onshore devices) their shoreline location may affect their

adoption due to their visual appearance.

Overtopping tapered channel (TAPCHAN) devices generate electricity using

conventional low head hydropower turbines. A tapering channel concentrates and

funnels waves up the channel and increases their height so that they then spill into the

reservoir. As these are driven by water flowing from a reservoir back to the sea, this

device produces a more stable power output. Onshore devices normally need a tidal

range of less than 3 feet, deep water near the shore, and a reservoir location.

There is a much greater diversity of offshore WECS. The most common offshore

WECS are: 1) pneumatic devices, 2) overtopping devices, 3) float-based devices, 4)

moving body devices. In general, offshore devices can access the highest wave power,

but will require extensive power transmission as well as survivability/maintenance

requirements based on a more extreme environment.

Pneumatic devices generate electricity using air movement, often using a similar

OWC concept to that of shore-based devices. Overtopping devices generate electricity

using the same basic methodology as the shore-based versions. Float-based devices

generate electricity using the vertical motion of a float rising and falling with each wave.

The float motion is reacted against an anchor or other structure so that power can be

extracted. Moving body devices use a solid body moving in response to wave action to

generate electricity.
Float-based devices are the most common of all proposed designs. The well-

developed European designs that are still under development include the recent

combination of the IPS Buoy and the Swedish Hose Pump as the AquaBuOY, for which a

1 MW demonstration plant consisting of four 250kW buoys is planned for 2006 at Makah

Bay, WA. A fully submerged device is the Archimedes Wave Swing of which a 2 MW

prototype was successfully installed in Portugal in May 2004 and is now undergoing
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trials. Ocean Power Technologies (OPT) is developing the PowerBuoy device, and the
first 50 kW unit of a 1 MW demonstration system was installed in June 2004 off Marine
Corps Base Hawaii at Kaneohe Bay, Oahu. Another company that has shown interest in
Hawaii is SeaVolt Technologies who have developed the Wave Rider device; this has yet
to be demonstrated.

Moving body devices use a solid body moving in response to wave action to
generate electricity. These are the most complex and sophisticated devices. Several have
been under development for many years but few appear close to deployment, with the
exception of the Pelamis from Ocean Power Delivery (OPD). The Pelamis is a semi-
submerged, articulated structure composed of cylindrical sections linked by hinged joints.
Power take-off is via hydraulic rams pumping high-pressure oil through hydraulic
motors. A wide variety of tests have been performed including sea trials of a 1:7 model,
and a full-scale prototype has been deployed for testing at the European Marine Energy
Centre (Scotland).

The AquaBuOY, Archimedes Wave Swing, PowerBuoy, and Pelamis devices are
shown in Figure 3-12.

Figure 3-12. AquaBuOY, Archimedes Wave Swing, PowerBuoy, and Pelamis
devices. (Sources: AquaEnergy Group Ltd., AWS BV, Ocean Power Technologies,

and Ocean Power Delivery).

Costs and Performance Characteristics
Since there has not been large-scale- commercialization of any of these

technologies, there is a very wide range of predicted costs which are based on theoretical
calculations and are therefore highly uncertain. Most onshore devices are likely to be
based on OWC technology. The costs of onshore OWC can be estimated from the
commercial LIMPET device which has forecast electricity costs of around $100/MWh
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based on UK wave conditions; given Hawaii's lower wave resource this would probably

yield costs of over $200/MWh. Developers of off-shore devices quote costs as low as

$30/MWh, but independent studies give likely costs for Hawaii of $150/MWh to

$250/MWh. Table 3-23 provides an estimate for a hypothetical 10 MW wave energy

plant.

Table 3-23. Wave Energy Technology Characteristics.

Performance
Typical Duty Cycle
Net Plant Capacity, MW

Capacity Factor, percent
Economics

Capital Cost, $/kW
Variable O&M, $/MWh
Levelized Cost, $/MWh

Technology Status
Commercial Status
Installed World Capacity, MW

Kauai Potential

Intermediate
10
40

4,600-5,900
59-78

173-225

Demonstration

Moderate

Environmental Impacts
Wave energy devices are generally considered to be environmentally benign,

however there are some concerns including degradation 'of marine habitat and adverse

visual impacts.' These concernsmay be mitigated through careful siting of projects.

Kauai Outlook
There is currently a high level of development activity on these technologies in

Hawaii and around the world. A few technologies are now at full-scale prototype

deployment and could be ready for semi-commercial applications, within the next 1-3

years.
The most complete wave energy resource assessment of Hawaii was performed in

1992 in the report entitled Wave Energy Resource and Economic Assessment for the State

ofHawaii.16 The study noted that the primary sources of wave energy in Hawaii are sea

36 SEASUN Power Systems, "Wave Energy Resource and Economic Assessment for the State of Hawaii",

available at http://www.hawaii. -ov/dbedt/ert/wave92/wave92.html June 1992.
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build-up from local trade winds and swell generated by extratropical storms in the north
Pacific Ocean. There are additional wave producing forces that originate in the southern

hemisphere, but these are a minor contribution to the wave energy resource. The
analyses for this report found that the wave power density along the 80-m depth contour
typically averages 10 to 15 kW/m. This is surprisingly low considering Hawaii's location
in the Pacific. The recently released EPRI Innovation Institute Survey and
Characterization of Potential Offshore Wave Energy Sites in Hawaii notes that the wave

energy resource on the northern shores of the Hawaiian Islands far exceeds the electricity
demand for all islands, except Oahu. 37

Hawaii's reasonable wave resource, centers of population close to the coast, and
high electricity prices mean that wave energy may have potential for utilities in the near
future (5-10 years). However, development will be limited by environmental constraints
(particularly visual appearance and any potential or perceived effect on tourism), and

utility constraints due to the variability of wave power output. Further, as the industry is
still in its formative stages with a limited number of commercial products, potential is
limited by the ability of the technology developers to supply the necessary equipment.
Based on these considerations, the following table summarizes the potential for OTEC in
Kauai over the next 20 years.

Table 3-24. Developable Potential from Wave Energy.

Year Energy, Capacity, Notes
GWh MW

3 3.5 1 Constrained by technology supplier ability to provide
5 17.5 5 product

10 175 50 J
20 > 500 > 140 Sufficient potential to supply all of Kauai's electricity

3.6.3 Ocean Tidal

The generation of electrical power from ocean tides is very similar to traditional
hydroelectric generation. A tidal power plant consists of a tidal pond created by a dam, a
powerhouse in the dam containing a turbo generator, and a sluice gate in the dam to allow

the tidal flow to enter and leave. By opening the sluice gate in the dam, the rising tidal
waters are allowed to fill the tidal basin. At high tide these gates are closed and the tidal

3"Electricity Innovation Institute and EPRI "Survey and Characterization of Potential Offshore Wave
Energy Sites in Hawaii", available at: bttp:I/www.e2i.orgIe2i/docs/O03 Hawaii Site Report.pdf June
2004.
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basin behind the dam is filled to capacity. After the ocean waters have receded, the tidal

basin is released through a turbo-generator in the dam. Power may be generated during

ebb tide, flood tide, or both.

Resource Availability

Tidal power is typically used as an intermediate generation source for utilities

because of the intermittent, although predictable, nature of the tidal resource. The

capacity factor of tidal energy facilities may be expected to be around 25 percent. A few

utility-scale facilities have been developed around the world. The largest facilities are a

240 MW plant in France and an 18 MW plant in Canada.

Times and amplitudes of high and low tide are predictable, although these

characteristics will vary considerably by region. Economic studies suggest that tidal

power will be most economical at sites where mean tidal range exceeds about 16 feet. In

the US, these conditions only exist is Maine and Alaska, which precludes the rest of the

country, including Hawaii, from the economic generation of power from this resource.

Cost and Performance Characteristics

Costs to develop a tidal energy facility are extremely site-specific, and can vary

considerably. Table 3-25 presents a range typical performance and cost characteristics )
for tidal energy plants.
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Table 3-25. Tidal Energy Technology Characteristics.

Performance
Typical Duty Cycle
Net Plant Capacity, MW
Capacity Factor, percent

Economics
Capital Cost, $/kW
Fixed O&M, $/kW-yr
Variable O&M, $/MWh
Levelized Cost, $/MWh

Technology Status
Commercial Status
Installed World Capacity, MW
Kauai Potential

Intermediate
18-40
20-25

3,300-6,800
7-33
1-3

140-305

Early Commercial
250+
Poor

Environmental Impact

Utilization of tidal energy for power generation has the environmental advantage

of a zero emission technology. However, the environmental and aesthetic impact that the

facility has on the coastline must be carefully evaluated. The main barriers to the

increased use of tidal energy are the high cost and long period for the construction of the

tidal generating system and concerns about impacts on sensitive estuarine ecosystems.

Kauai Outlook

Tidal energy 'is a: mature renewable energy technology that can provide

competitive power prices with ideal tidal conditions. However, tidal resources on Kauai

are very poor, with summer and winter height differences in the range of 3 feet 38 Due to

the small tidal changes, development of tidal energy generation facilities would not be

possible in Kauai with current technology.

3.7 Solar
Solar radiation can be captured in numerous ways with a variety of technologies.

The two major groups of technologies are solar photovoltaic and solar thermal.

3' Tide height data obtained from co-ops.nos.noaa.gov
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3.7.1 Solar Photovoltaic )
Photovoltaics (PV) have achieved considerable consumer acceptance over the last

few years. PV module production tripled between 1999 and 2002, reaching a worldwide

output of 562 MW in 2002. Worldwide grid-connected residential and commercial

installations grew from 120 MW/yr in 2000 to nearly 270 MW/yr in 2002. The majority

of these installations were in Japan and Germany, where strong subsidy programs have

made the economics of PV very attractive. Large scale (>100 kW) PV installations have

been added at a rate of about 5 MW per year over the last 2 years.39

PV cells convert sunlight directly into electricity by the interaction of photons and

electrons within the semiconductor material. To create a PV cell, a material such as

silicon is doped (i.e., mixed) with atoms from an element with one more or one less

electron than occurs in its matching substrate (e.g., silicon). By alternate doping, thin

layers of "p" material and of "n" material are created to form a "pn" junction. Photons

striking the cell cause electrons to be set free in the junction, creating a current as it

moves across the junction. The current is gathered through a metallic grid. Various

currents and voltages can be supplied through series and parallel cell arrays.

Figure 3-13. Photovoltaic Solar Panel Installation.

The direct current produced depends on the material involved and the intensity of

the solar radiation incident on the cell. Single crystal silicon cells are most widely used

today. Single crystalline cells are manufactured by growing single crystal ingots, which

are sliced into thin cell-size material. The cost of the crystalline material is a significant
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part of the cell production cost. Other methods of crystalline cell production (casting of

polycrystalline material, pulling of cell-thickness ribbons) can cut material costs at some

penalty to cell efficiency.

Another approach to reducing cell material cost is the development of thin film

PV cells. Commercial thin films are principally made from amorphous silicon; however,

amorphous silicon cells suffer significant degradation and are not being seriously

developed for large power applications. Copper indium diselenide and cadmium telluride

show promise as low-cost solar cells. Thin film solar cells require very little material and

can be manufactured on a large scale. Furthermore, the fabricated cells can be flexibly

sized and incorporated into building components. However, to date, thin film technology

has not proven to be cost effective compared to crystalline silicon.

Gallium arsenide cells are among the most efficient solar cells and have other

technical advantages, but they are also more costly. Gallium arsenide cells are typically

used where high efficiency is required even at a high cost, such as space applications.

Applications

The modularity, simple operation, and low maintenance requirements of solar PV

makes it ideal for serving distributed, remote, and off-grid applications. Most PV

applications are smaller than 1 kW, although, larger utility-scale installations are

becoming more prevalent. Current grid-connected PV systems are generally below 100

kW. Several larger projects ranging from 1 to 50 MW have been proposed. A 3.4 MW

project is under construction in Arizona. This is one of the largest PV installations in the

world. Most grid-connected PV applications require large subsidies (50 percent or more)

to overcome inherently high initial costs.

Resource Availability

Solar radiation reaching the earth's surface, often called insolation, has two

components: direct normal insolation (DNI) and diffuse insolation. DNI, which

comprises about 80 percent of the total insolation, is that part of the radiation which

comes directly from the sun. Diffuse insolation is that part of the radiation which has

been scattered by the atmosphere or is reflected off the ground or other surfaces. All of

the radiation on a cloudy day is diffuse. The vector sum of DNI and diffuse radiation is

termed global insolation. Systems which concentrate solar energy use only DNI, while

non-concentrating systems use global radiation. Most PV systems installed today are flat

plate systems that use global insolation. Concentrating PV systems, which use DNI, are

being developed, but are not considered commercial at this time.

39 Paul Maycock, 'TV market update", Renewable Energy World, July-August 2003.
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Generally, stationary (non-tracking) PV arrays will receive the highest average

annual insolation if they are mounted at an angle equal to the latitude at which they are

located. To optimize performance for winter, the array may be tilted at an angle equal to

the latitude plus 15 degrees. Conversely, for maximum output during summer months

the array should be tilted at an angle equal to the latitude minus 15 degrees. Single and

double axis tracking systems increase the system output, but at a significantly higher

capital cost and increased O&M requirements.

Cost and Performance Characteristics

Numerous variations in PV cells are available, such as single crystalline silicon,

polycrystalline, and thin film panels. Several support structures are available, such as

fixed-tilt, one-axis tracking, and two-axis tracking. For evaluation purposes, fixed-tilt,

single crystalline PV systems are characterized in Table 3-26: a 4 kW residential system

and a 50 kW commercial system.

Table 3-26. Solar PV Technology Characteristics.

Residential Commercial

Performance
Typical Duty Cycle As available, peaking As available, peaking

Net Plant Capacity, kW 4 50

Capacity Factor, percent 18 20

Economics
Capital Cost, $/kW 9,400-13,800 8,300-10,500

Fixed O&M, $/kW-yr 59 26

Variable O&M, $/MWh 68 30

Levelized Cost, $/MWh 518-764 397-486

Technology Status
Commercial Status Commercial

Installed US Capacity, MW 212

Kauai Potential Niche applications

Environmental Impacts
A key attribute of solar PV cells is that they are virtually non-polluting after

installation. Some thin film technologies have potential for discharge of heavy metals in

manufacturing; however, this issue is being adequately addressed through proper

( )
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monitoring and control. Compared to emissions from conventional fossil fuel
technologies, these impacts are generally inconsequential.

Kauai Outlook
The technical potential for solar PV on Kauai is very large. The various

microclimates across Kauai significantly impact potential. Based on the limited solar
research that has been completed on the island, the southern and southwestern coastal
regions of Kauai have the most favorable prospects for solar PV applications. Figure
3-14 is a solar insolation map of the island.

K~au'at

0 U. .3. .~ 6 io 7

Figure 3-14. Kauai Solar Insolation (Source: Hawaii Statewide GIS Program).

With energy storage, solar could easily supply the entire electricity needs of the
island. As an example, using historical solar radiation data from the federal government
and the Weather Bureau Army/Navy (WBAN), initial calculations show that a 730 acre
solid PV field operating at 1I percent efficiency located in the Barking Sands or Poipu
region could generate 500 GWh of electricity per year, which is in excess of the current
annual electricity demand. Such a plant would be 285 MW if operated at a 20 percent
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capacity factor. The land in this area is owned by state, federal, and private owners and is

zoned primarily as agricultural or urban land.

It is interesting to note that the land requirements for solar are very reasonable

compared to the requirements for other resources. For example, to supply the same

amount of energy, a power plant fueled with banagrass would require crop production on

over 20,000 acres. Further, oil palm would need to be grown on around 60,000 acres to

generate the same energy from biodiesel. Conversely, solar is still several times more

costly per kilowatt hour than these options.

Of the suggested regions on the island for solar, Barking Sands has the greatest

solar radiation resource coupled with favorable conditions for a large scale PV facility.

Further monitoring would be necessary before more accurate generating capacity and

design characteristics could be determined.

Given that the solar resource is so large, in the near term, developable solar

potential is more limited by the manufacturing capacity of PV'module suppliers and the

development of suitable energy storage technologies to handle'the intermittent output of

the resource. Considering these factors, the table below outlines the potential for solar

PV on Kauai.

Table 3-27. Developable Potential from Solar Photovoltaics. F-

Y Energy, Capacity, Notes
Year GWh MW ._ _ _ _ _ _

3 8.8 5 Constrained by technology supplier ability to provide

5 35 20 product

10 53 30 Constrained by intermittencysissues

20 > 500 > 285 Sufficient potential to supply all of Kauai's electricity

3.7.2 Solar Thermal
Solar thermal technologies convert the sun's energy to productive use by

capturing heat. Early developments in solar thermal technology focused on heating water

for domestic use. Advances have expanded the applications of solar thermal to high

magnitude energy collection and power conversion on a utility scale. Numerous solar

thermal technologies have also been developed over the past three decades as potential

sources of renewable power generation. The leading technologies currently include

parabolic trough, parabolic dish, power tower (central receiver), and solar chimney.
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Figure 3-15. Parabolic Trough Field (Source: Union of Concerned Scientists)

With adequate resources, solar thermal technologies are appropriate for a wide

range of intermediate and peak load applications including central station power plants

and modular power stations in both remote and grid-connected areas. Commercial solar

thermal parabolic trough plants in California currently generate more than 350 MW.

Figure 3-16. Solar Two Central Receiver Installation

Solar thermal systems transfer the heat in solar insolation to a heat transfer fluid,

typically a molten salt or heat transfer oil. A steam generator converts the energy in the
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heat transfer fluid to steam, which is subsequently used to power a turbine. A thermal

storage tank can be used to store hot heat transfer fluid, providing thermal energy storage.

By using thermal storage or by combining the solar system with a fossil-fired system (a

hybrid solar/fossil system), a Solar thermal plant can provide dispatchable electric power.

Solar thermal technologies may becombined with co-utilization of fossil fuels or energy

storage to provide a dependable dispatchable resource.

Solar chimneys do not generate power using a thermal heat cycle as the other

three technologies do. -Instead, they generate and collect hotvair in a large greenhouse.

Located in the center of the greenhouse is a tall- chimney. As theair in the greenhouse is

heated by the sun, it rises and enters the chimney. The natural draft produces a wind

current, which rotates a collection of air turbines in the current. The first commercial

solar chimney is currently under development in Australia.

Applications
The larger solar thermal technologies (parabolic trough, central receiver and solar

chimney) are currently not economically competitive with other central station generation

options (such as natural gas combined cycle). Parabolic dish engine systems are small

and modular and can be placed at load sites, thereby directly offsetting retail electricity

purchases. However, these systems are still under development and have not been used

in commercial applications.

Figure 3-17. Parabolic Dish Receiver (Source: Stirling Energy Systems).
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Of the four technologies, parabolic trough represents the vast majority of installed
capacity, primarily in the US desert southwest. There are nine SEGS (Solar Electric
Generating Station) parabolic trough plants in the Mojave Desert that have a combined
capacity of 354 MW. These plants were installed from 1985 to 1990 and have been in
continual operation since that time. Other parabolic trough plants are being developed,
including a 50 MW plant in Nevada. Small parabolic dish engine systems have been
developed and are now being actively marketed. These dishes are typically about 25 kW
in size. The US government has funded two utility-scale central receiver power plants:
Solar One and its successor/replacement, Solar Two. Solar Two was a 10 MW
installation near Barstow, California, which is no longer operating due to reduced federal
support and high operating costs. A project is proposed in Australia to build a 200 MW
solar chimney. The estimated cost is $700 million and would include a chimney one
kilometer (0.62 mi) tall with an accompanying greenhouse 5 km (3.1 mi) in diameter.

Resource Availability
Concentrating solar thermal systems (troughs, dishes, and central receivers) use

direct normal insolation. Lower latitudes with minimum cloud cover offer the greatest
solar concentrator potential. An advantage of solar thermal systems, and all solar
technologies generally, is that peak output typically occurs on summer days when
electrical demand is high. Solar thermal systems with storage allow dispatch which can

improve matching to peaking requirements.

Cost and Performance Characteristics
Representative characteristics for the four solar thermal power plant technologies

are presented in Table 3-28.
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Table 3-28. Solar Thermal Technology Characteristics.

Parabolic Parabolic Central Solar
Trough Dish Receiver Chimney

Performance
Typical Duty Cycle Peaking - As available, Peaking'- Intermediate

Intermediate Peaking Intermediate - Baseload

Net plant Capacity, MW 100 1.2 50 200

Integrated Storage? 12 hours No 16 Hours Yes

Capacity Factor, percent 40-55 20-25 60-80 60-80

Economics
Capital Cost, $/kW 5,200-6,500 3,900-5,200 6,500-9,100 4,600-5,900

Variable O&M, $/MWh 33-39 13-26 13-26 13-26

Levelized Cost, $/MWh 133-164 76-91 115-133 87-99

Technology Status
Commercial Status Early Demonstra- R&D R&D

Commercial tion

Installed US Capacity, MW -350 < 1 10" < 1

Kauai Potential Moderate Moderate Moderate Moderate

No longer operating

Kauai Outlook
As with solar PV resources on the island, the southern and southwestern regions

of Kauai provide the most promising locations for solar thermal applications. Using

historical data and geographical information, predictive calculations indicate that a 1350

acre parabolic trough facility operating at 14 percent efficiency could generate 500 GWh

of electricity per year, which is in excess of the current annual electricity demand.° Such

a plant would be 228 MW if operated at a 25 percent capacity factor (no storage), and

114 MW at a 50 percent capacity factor (with storage). Parabolic trough is the preferred

technology in the near term, although other technologies offer the promise of greater

efficiency once they are proven.
It is unlikely that such a plant could be built in the next three years, but it may be

possible in a five to ten year timeframe. The table below indicates the potential of solar

thermal on Kauai.

40 Efficiency data statistic of National Renewable Energy Laboratory

)
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Table 3-29. Developable Potential from Solar Thermal (Parabolic Trough).

Year Energy, Capacity, Notes
GWh MW

3 0 0 Timeframe too short for development
5 > 500 > 114 Sufficient potential to supply all of Kauai's electricity
10 > 500 > 114 Sufficient potential to supply all of Kauai's electricity
20 > 500 > 114 Sufficient potential to supply all of Kauai's electricity

3.8 Wind
-Wind power systems convert the movement of the air to power by imeans of a

rotating turbine and a generator. Wind power has been the fastest growing energy source
of the last decade in percentage terms and has realizedaround 30 percent annual growth
in worldwide capacity for the last 5 years., Cumulative worldwide wind capacity is now
estimated to be more than 39,000 MW., Europe now, leads in wind energy,. with more
than 28,000 MW installed; Germany, Denmark, and Spain are the leading European wind
markets. Installations of wind turbines have outpaced allother energy technologies in
Europe for the past 2 years.

In the US.- thie American Wind Energy Association (AWEA) has noted that wind
turbine capacity exceeded 6,000 MW at the stiat of 2004. The booming US wind market
has been driven by a combination of growin"g state mandaes, suchas that 'in place for

Hawaii, and the production tax credit (PTC), which provides a 10-year 1.8 cent/kWh
incentive for electricity produced from wind. The PTC expired at the end of 2003, but
was recently extended through 2005. The PTC will apply to new wind projects placed in
service by December 31, 2005, unless it is renewed again (for further discussion see
Section 6).

Applications
Typical utility-scale wind energy systems consist of multiple wind turbines that

range in size from 0.60 MW to 2 MW. Wind energy system installations may total 5 to
300 MW, although single and small groupings of turbines are common in Denmark and
Germany. Use of single smaller turbines is also increasingly common in the United
States for powering schools, factories, water treatment plants, and other distributed loads.
Furthermore, off-shore wind energy projects are now being planned, which is
encouraging the development of both larger turbines (up to 5 MW) and larger wind farm
sizes.
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Wind is an intermittent resource with average capacity factors usually ranging

from 25 to 40 percent The capacity factor of an installation depends on the wind regime

in the area and energy capture characteristics of the wind, turbine. Capacity factor

directly impacts economic performance, thus reasonably strong wind sites are a must for

cost effective installations.

C)

r

Figure 3-18. 9 MW Kahuku Wind Farm on Oahu, Now Decommissioned (Source:
DBEDT).

Because wind is intermittent it cannot be relied upon as firm capacity for peak

power demands. To provide a dependable resource, wind energy systems may be

coupled with some type of energy storage to provide power when required, but this adds

considerable expense and is not common. For larger wind farms numerous studies have

shown that relatively low levels of Wind grid penetration will not necessitate additional

backup generation. Efforts are currently underway by research agencies to forecast wind

speeds more accurately, thereby increasing confidence in wind power as a generation

resource and dependability in utility dispatching.

Resource Availability
Wind speed increases significantly with height above ground. Wind turbine power

output is proportional to the cube of wind speed, which makes small differences in wind

speed very significant. Wind strength is rated on a scale from Class I to Class 7, see
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Table 3-30. Wind speeds and power densities (W/m 2) at a Class 1 site and at a 50 m
height can go as high as 5.5 m/s and 200 W/m2. In comparison, wind speeds and power

densities at a Class 7 site and at the same hub height may be above 8.80 m/s and 800
W/m2. Class 4 sites and higher are usually considered the lowest economically viable for
wind project development, although Class 3 sites also may be viable in Hawaii. At Class
3 sites, annual average wind speeds may reach 7.0 m/s with a power density of 400 W/m2

at a 50 m height. Regardless of the existence of high resolution resource maps for some
regions, a minimum of one-year of site data collection is typically required to determine
if utility-scale wind energy is viable at a specific location.

Table 3-30. US DOE Classes of Wind Power.

Wind Power Class Height Above Ground: 50 m (164 ft)*
Wind Power Density, WV/m 2  Speed** m/s

1 0-200 0-5.60
2 200-300 5.60-6.40
3 300 -400 6.40-7.00
4 400 - 500 7.00 - 7.50
5 500-600 7.50-8.00
6 600-800 8.00-8.80
7 800 -2000 8.80+.

Notes:
Vertical extrapolation of wind speed based on the 1/7 power law.
Mean wind speed is based on Rayleigh speed distribution of equivalent mean wind
power density. Wind speed is for standard sea-level conditions. To maintain the
same power density, wind speed must increase 3%/1000 m (5%/5000 ft) elevation.

Cost and Performance Characteristics
Table 3-31 provides typical characteristics for a 10 MW wind farm and a single

600 kW turbine for distributed applications. Substantially higher costs are necessary for
wind projects that require upgrades to transmission and distribution lines.
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Table 3-31. Wind Technology Characteristics.

Wind Farm Distributed

Performance

Typical Duty Cycle As Available As Available

Net Plant Capacity, MW 10 0.6

Capacity Factor, percent 34-36 20-30

Economics

Capital Cost, $/kW 1,200-1,600 1,800-2,600

Fixed O&M, $/kW-yr 30-35 35

Variable O&M, $/kW-yr 2-3

Levelized Cost, $/MWh 44-57 64-88

Technology Status

Commercial Status Commercial

Installed US Capacity, MW 6,352

Kauai Potential Good

Capital costs for new onshore wind projects have remained relatively stable for

the past few years. The greatest gains have been made by identifying and developing

sites with better wind resources and improving turbine reliability. These both lead to

improved capacity factors. The average capacity factor for all installed wind projects in

the US has dramatically increased, from just 20 percent in 1998 to more than 30 percent

in 2002.4'

Environmental Impacts

Wind is a clean generation technology from the perspective of emissions.

However, there are still environmental considerations associated with wind turbines.

First, opponents of wind energy frequently cite visual impacts as a drawback. Turbines

are approaching and exceeding 300 feet tall and for maximum production tend to be

located on ridgelines and other elevated topography. Combining turbines of different

type, manufacturer, color and rotation can increase the visual impact of turbine

developments. Second, turbines can cause avian fatalities if they are located in areas

populated by native birds or on migratory flyways. To some degree, these issues can be

partially mitigated through proper siting, environmental review, and the involvement of

the public during the planning process.

41 Based on annual wind generation and capacity data from the Energy Information Administration's

Renewable Energy Annual 2002.
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Kauai Outlook

Wind energy is a mature renewable energy technology providing competitively

priced power. Wind resources on Kauai are moderate with some areas with very good

wind regimes. Recently, detailed wind energy maps have been produced for the island

showing wind class at a 200 meter resolution. Figure 3-19 is an adaptation of this data

showing Class 3 and higher. Long term data has also been collected for several sites on

the island.

Generally, the best wind regimes, up to Class 7, are located on exposed ridgelines,

particularly north of Hanapepe and Kalaheo in the south and around the Kalalau valley in

the northwest. There is a large region of moderate Class 3-5 winds stretching in a band

across the southern portion of the island from Port Allen to Poipu. Because site access is

easier and visual impacts will be lower, these resources may be more readily developable

than the ridgeline resources. There are also substantial off-shore wind resources in the

oceans around Kauai. However, off-shore wind technology deployment is still in its

early phases and focused on regions where ocean depth is shallower than the waters off

Kauai.

Based on an analysis of the wind class data shown in Figure 3-19, Black &

Veatch has estimated the total wind potential available for Kauai. The estimate is made

by analyzing the total land area for each of the wind classes, and assigning an assumed

MW density per land area, see Table 3-32. The theoretical technical potential of wind on

Kauai is generation of 2,450 GWh/yr, which would be produced from over 960 MW of

nameplate capacity. This theoretical estimate assumes that all resources on the island

could be developed without regard to existing land use, site access, visual impacts, etc. A

more realistic long-term upper bound of developable potential is perhaps 20 percent of

this number, or 490 GWh/yr. However, in the near term, due to its intermittency and

potential grid impacts during low load periods, wind development is likely to be limited

to less than 10 MW, which will provide about 30 GWh/yr of energy. More significant

development will likely require future integration of additional flexible generation

resources, energy storage, and advanced load management.
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Table 3-32. Theoretical Kauai Wind Potential.

()

Land Area of Wind Potential Nameplate Potential Annual
Class, Square Miles Capacity, MW Generation, GWh/yr

3 55.3 553 1260

4 24.5 245 666

5 7.8 78 234

6 5.4 54 175

7 3.4 34 119

Total 96.5 965 2,450

Table 3-33. Developable Potential from Wind Resources.

Year Energy, Capacity, Notes
GWh MW

3 30 10 Limited due to intermittency concerns during low load

5 30 10 periods

10 90 30 Expanded capability due to greater integration with
flexible generation and curtailable load, forecasting, and
some limited energy storage.

20 490 193 Development on 20 percent of potential land, assuming
I integration with substantial energy storage resources

2
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Figure 3-19. Kauai Wind Energy Resources, Class 3 and Above'2.

42 Adapted from DBEDT, "Wind Energy Resource Data", available at httR://www.hawaii gov/dbedt/ert/winddata/winddata.html accessed November 18, 2004.
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3.9 Geothermal
Geothermal resources can provide energy for power production or a wide variety

of direct use applications. Geothermal power plants use heat from the earth to generate

steam and drive turbine generators for the production of electricity. There are three basic

types of geothermal technology: dry steam, flash steam, and binary cycle steam. Dry

steam power plants are suitable where the geothermal steam is not mixed with water, and

operate at high temperatures of between 3560 to 662°F (1800 to 350°C). Flash steam

power plants tap into reservoirs of water with temperatures greater than 360OF (182 0C).

Binary cycle power plants operate on water at lower temperatures of 2250 to 360'F (1070

to 182°C).

Figure 3720. Geothermal District Heating Equipment.

As of 2002 the global installed capacity for geothermal power plants was,

8,227 MW0 (megawatt electrical). An additional 15,580 MWt (megawatt thermal) was -

used in direct heat applications. It is estimated that geothermal resources using today's

technology could support between ,35,500 and 72,000 MW0 of electrical generating

capacity. Using enhanced technology that is currently under development (permeability

enhancement, drilling improvements) geothermal resources have the potential to support

between 65,500 and 138,000 MW.43"

43 Renewable Energy World, 2002 -
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Applications
In addition to generation of electricity and direct space heating applications, hot

water and saturated steam from a geothermal resource can be used for a wide variety of
process heat applications such as fish hatching, mushroom growing, refrigeration,
washing and drying of wool, drying and curing of light aggregate cement slabs,
evaporation in sugar refining, canning of food, drying of timber, and digestion of paper
pulp.44

Resource Availability
Geothermal power is limited to locations where geothermal pressure reserves are

found. Well temperature profiles determine the potential for geothermal development
and the type of geothermal power plant installed. High energy sites are suitable for
electricity production, while low energy sites are suitable for direct heating.

Cost and Performance Characteristics
For representative purposes, a binary cycle power plant is characterized in Table

3-34. Capital costs of geothermal facilities can vary widely as the drilling of individual
wells can cost as much as four million dollars, and the number of wells drilled depends
on the success of finding the resource.

Table 3-34. Geothermal Technology Characteristics.

Performance

Typical Duty Cycle

Net Plant Capacity, MW

Capacity Factor, percent

Economics

Capital Cost, $/kW

Fixed O&M, $/kW-yr

Levelized Cost, $/MWh

Technology Status

Commercial Status

Installed US Capacity, MW

Kauai Potential

Baseload
30

70-90

3,300-5,200
260-390
84-128

Commercial
2,216

Very Poor - No Resource

44 Geothermal Resources Council, 2003.
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Environmental Impacts
Dissolved minerals and hazardous non-condensable gases in geothermal fluids

can be an environmental concern if not handled correctly (fluid reinjection addresses

many concerns). Geothermal power plants with modem emission control technologies

have minimal environmental impact. They emit less than 0.2 percent of the carbon

dioxide, less than 1 percent of the sulfur dioxide and less than 0.1 percent of the

particulates of the cleanest fossil fiiel plant.

There is the potential for geothermal production to cause ground subsidence. This

is rare in dry steam resources, but possible in liquid-dominated fields. However, carefully

applied reinjection techniques can effectively mitigate this risk.

Kauai Outlook
The prospects for geothermal electricity production on Kauai are poor. In 1995

and 1996 the US Geological Survey (USGS) drilled six groundwater monitoring wells

near Lihue that ranged from 800 to 1,150 feet in depth. The results from these

monitoring stations yielded water temperatures ranging from 24-27"C (75-80°F),

practically identical to those in non-geothermal regions of Hawaii.45 To fully assess the

island's geothermal potential, further drilling and investigation would be required.

Geothermal resources that might be discovered would likely be more suitable for

geothermal heat pumps for building space conditioning and direct heating applications

than electricity production.
While several of the other Hawaiian Islands have very promising geothermal

potential, as the oldest geological island of the archipelago, Kauai has relatively little to

no geothermal activity. While all of the Hawaiian Islands were formed by volcanic

activity that took place deep in the Pacific Ocean along tectonic boundaries, the islands

formed in a southeastward direction; making Ni'ihau and Kauai the oldest of the islands.

This being the case, any significant geothermal activity on the island ceased millions of

years ago. As such, there are no promising conventional geothermal resources suitable

for power production in Kauai.

3.10 Multi-Fuel Generation Technologies
There are a number of energy conversion technologies that could be used to

generate power from conventional and renewable fuels. This section provides a

description of each of these technologies, and the outlook for their future implementation.

41 GeothermEx, Inc., "Update of the Statewide Geothermal Resource Assessment of Hawaii", available at
http://www.hawaii,gov/dbedt/ert/geothermal/geothermex2000.pdf June 2000.
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3.10.1 Reciprocating Engine
Reciprocating engines are well proven prime movers for electric generation,

industrial processes, and many other applications. Reciprocating engines operate
according to either an Otto or Diesel thermodynamic cycle, very much like a personal

automobile. These cycles use similar mechanics to produce work, but differ in the way
that they combust fuel.

Operating Principles
Reciprocating engines contain multiple pistons that are individually attached by

connecting rods to a single crankshaft. The other end of the pistons seal combustion

chambers where fuel is burned. A mixture of fuel and air is injected into the combustion

chamber and an explosion is caused. The explosion provides energy to force the pistons
down and this linear motion is translated into angular rotation of the crankshaft by the

connecting rods. The combustion chambers are vented and the piston pushes the exhaust
gases out completing the full rotation of the crankshaft. The process is repeated and work
is performed.

. . ....... .....

Figure 3-21. Engine Generator (Source: Caterpillar Corporation).

Applications
Reciprocating engine generator sets are commonly used for self-generation of

power either for emergency backup or peak shaving. However, there is also a well
established market for installation of generator sets as the primary power source for small

power systems and isolated facilities that are located away from the transmission grid.
When used for power generation, medium speed engines (less than 1,000 rpm),

are typically used since they are more efficient and have lower O&M costs than smaller

higher speed machines. Efficiency rates for reciprocating engines are relatively constant

from 100 to 50 percent load, they have excellent load following characteristics, and they
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can maintain guaranteed emission rates down to approximately 25 percent load, thus

providing superior part-load performance. Typical startup times for larger reciprocating

engines are on the order of 15 minutes. However, some engines can be configured to

start up and be completely operational within 10 seconds for use as emergency backup

power.

Fuel Flexibility

Spark ignition and compression ignition engine generator sets can bum a wide

variety of fuels. This list includes diesel, natural gas, biogas, landfill gas, ethanol,

propane, naphtha, and biodiesel. Because they have such flexibility, engine generators

are well-suited for use as conventional or renewable power generation.

Performance and Cost Characteristics

Table 3-35 provides estimates of performance and costs for a reciprocating engine

power station. For reference, the price of fuel is assumed to be $12/MBtu, which is

equivalent to diesel at $1.66/gallon.

Table 3-35. Reciprocating Engine Technology Characteristics

Engine Type Spark ignition Compression

_Ignition (Diesel)

Commercial Status Commercial Commercial

Performance

Net Plant Capacity, kW 1-5,000 1-10,000

Net Plant Heat Rate, Btu/kWh 9,700 7,800

Capacity Factor, percent 30-70 30-70

Economics

Capital Cost, $/kW 500-1,300 400-1,000

Variable O&M, $/MWh 20-33 20-33

Levelized Cost, $12/MBtu Fuel, $/MWh 193-223 160-188

Kauai Outlook

The reciprocating engine is a proven technology that has been successfully

demonstrated in renewable fuels applications. Reciprocating engines are used in nearly

all landfill gas and digester gas power generation applications because of the low capital

cost, efficiency, and ease of operations and maintenance. There are many potential

applications for reciprocating engines with renewable fuels in Kauai.

7
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3.10.2 Combustion Turbine
The first successful combustion turbine was completed in 1903. Over the next

forty years, rapid advances were made to improve the technology to make it a viable
means of aircraft propulsion. As the technology matured, combustion turbines were
adapted to land-based energy generation uses. With the deregulation of the power
industry in the 1990s, combustion turbines became the generator of choice for a vast
majority of new power projects. Combustion turbines currently have lower capital costs,
shorter construction durations and lower operation and maintenance costs than any other
large central plant available on the market. The primary constraint to their continued
prominence is the current high price of natural gas and diesel fuel.

V fXHAnS

AIR

Figure 3-22. Combustion Turbine Section (Source: Langston).

Operating Principles
Power is generated when the combustion turbine compresses ambient air to

approximately 12 to 16 atmospheres, heats the pressurized air to 2,000°F or more by
burning oil, natural gas or renewable fuels, and then expands the hot gas through a
turbine. The turbine then drives both the air compressor and an electric generator. A
typical combustion turbine would convert 30 to 35 percent of the fuel energy to electric
power, with a substantial portion of the fuel energy exhausted in the form of hot (>900'F)
gases exiting the turbine. When the combustion turbine is used to generate power and no
energy is captured from the hot exhaust gasses, the power cycle is referred to as a "simple
cycle" power plant.
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Applications

Simple cycle combustion turbines are the power generation technology of choice

for peaking service in the current domestic power industry. Simple cycle technology

provides many of the same positive attributes as reciprocating engines, including rapid

startup and modularity for ease of maintenance. In addition, combustion turbines have

several advantages over reciprocating engines, including lower emissions and lower

capital cost.

Fuel Flexibility

Like the reciprocating engine, simple cycle turbines are a conventional

technology that can be adapted to bum renewable fuels. Simple cycle turbines can bum

natural gas, diesel, propane, biogas and some bioderivative fuels such as biodiesel,

ethanol and bio-oil. It should be noted, however, that manufacturers of combustion

turbines do not necessarily encourage such fuel flexibility, and burning- of alternative

fuels may void warranty coverage.

Performance and Cost Characteristics

Generic performance and cost estimates for small simple cycle combustion

turbines are listed in Table 3-36. For reference, the price of fuel is assumed to be

$12/MBtu, which is equivalent io diesel at $1.66/gallon.

Table 3-36. Simple'Cycle Combustion Turbine Technology Characteristics.

Commercial Status Commercial

Performance
Net Plant Capacity, kW 300-10,000

Net Plant Heat Rate, Btu/kWh, 11,000

Capacity Factor, percent 30-70

Economics
Capital Cost, $/kW 700-2,000

Variable O&M, $/MWh 20-33

Levelized Cost, $12/MBtu Fuel, $/MWh 217-256

Kauai Outlook
There is significant potential to utilize combustion turbines with renewable fuels

in Kauai. Like engine generators, the simple cycle turbine is a versatile power

conversion machine that is well suited for use with a variety of renewable fuels.
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Combustion turbines have been successfully used in a number of landfill gas, digester
gas, and alternative fuel applications around the world.

The decision between engine generators and combustion turbines usually comes

down to size. Combustion turbines are often preferred for applications greater than 5
MW, and engine generators for smaller sizes.

3.10.3 Microturbine
The microturbine is essentially a small version Of the combustion turbine. It is

typically offered in the size range of 30 to 60 kW. These turbines were initially
developed in the 1960's by Allison Engine Co. for ground trasportation. The first major
field trial of this technology was in 1971 with the installation of turbines in six
Greyhound buses. By 1978, the busses had traveled more than a million miles and the
turbine engine was viewed by Greyhound management as a technical breakthrough.
Since this initial application, microturbines have been used in many applications
including small scale electric and heat generation in industry, waste recovery, and
continued use in electric vehicles.

Operating Principles
Microturbines operate on a similar principle to that of larger combustion turbines.

Atmospheric air is compressed and heated with the combustion of fuel, then expanded
across turbine blades which in turn operate a generator to produce power. The turbine
blades operate at very high speed in these units, up to 100,000 rpm, versus the slower
speeds observed in large combustion turbines. Another key difference between the large
combustion turbines and the microturbines is that the compressor, turbine, generator, and
electric conditioning equipment are all contained in a single unit about the size of a
refrigerator, versus a unit about the size of a rail car. The thermal efficiency of these
smaller units is currently in the range of 20 to 30 percent, depending on manufacturer,
ambient conditions, and the need for fuel compression; however, efforts are underway to
increase the thermal efficiency of these units to around 40 percent.
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Figure 3-23. Microturbine Cutaway View (Source: Capstone Turbine Corporation.)

Applications

Potential applications for microturbines are very broad, given the fuel flexibility,

size, and reliability of the technology. The units have been used in electric vehicles,

distributed generation, and resource recovery applications. These systems have been

used in many remote power applications around the world to bring reliable generation

outside of the central grid system. In addition, these units are currently being used in

several landfill sites to generate electricity with landfill gas fuel to power the facilities on

the site. For example, the Los Angeles Department of Water and Power recently installed

an array of 50 microturbine generators at the Lopez Canyon landfill. The project has a

net output of 1,300 kW.

Fuel Flexibility
Microturbines offer a wide range of fuel flexibility, with fuels suitable for

combustion including: natural gas, ethanol, propane, biogas, and other renewable fuels.

The minimum requirement for fuel heat content is around 350 Btu/scf, depending upon

microturbine manufacturer.

1~~
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Performance and Cost Characteristics
Microturbine costs are often discussed as being about $1,000 per kilowatt.

However, this is typically just the bare engine cost. Auxiliary equipment, engineering,
and construction costs can be significant. Table 3-37 provides performance and cost
characteristics for typical microturbine installations. For reference, the price of fuel is
assumed to be $12/MBtu, which is equivalent to diesel at $1.66/gallon.

Table 3-37. Microturbine Technology Characteristics.

Commercial Status Early Commercial
Performance,

Net Capacity per Unit, kW 15-60
Net Plant Heat Rate, Btu/kWh 12,200
Capacity Factor, percent 30-70

Economics,
Capital Cost, $/kW 1,100-2,000
Variable O&M, $/MWh 13-26
Levelized Cost, $12/MBtu Fuel, $/MWh 234-266

Kauai Outlook
Microturbine technology is in early commercialization. Successful demonstration

of the technology has taken place, and there are currently a number of commercial
facilities in operation using this technology. Microturbines are often not selected as the
power generation technology for landfill, gas, digester gas, and renewable fuel
applications because of the high capital cost, lower efficiency relative to other conversion
technologies, and specialized O&M requirements. There is potential to use this
technology on Kauai in the near-term, although other technologies would likely be more
economic. In the long-term (10-20 years), if R&D efforts yield efficiency gains and
reductions in capital cost, this technology could become a competitive power generation
technology.

3.10.4 Fuel Cell
Fuel cell technology has been developed by government agencies and private

corporations. Fuel cells are an important part of space exploration and are receiving
considerable attention as an alternative power source for automobiles. In addition to
these two applications, fuel cells continue to be considered for power generation for
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permanent power and intermittent power demands. Figure 3-24 shows an example of a

fuel cell in operation.

r )

Figure 3-24. 200 kW Fuel Cell (Source: UTC Fuel Cells).

ii)Operating Principles

Fuel cells convert hydrogen-rich fuel sources directly to electricity through an

electrochemical reaction. Fuel cell power systems have the promise of high efficiencies
because they are not limited by the Carnot efficiency that limits thermal power systems.

Fuel cells can sustain high efficiency operation even under part load. The construction of

fuel cells is inherently modular, making it easy to size plants according to power

requirements.

There are four major fuel cell types under development: phosphoric acid, molten

carbonate, solid oxide, and proton exchange membrane. The most developed fuel cell

technology for stationary power is the phosphoric acid fuel cell (PAFC). PAFC plants

range from around 200 kW to 11 MW in size and have efficiencies on the order of 40

percent. PAFC cogeneration facilities can attain efficiencies approaching 88 percent

when the thermal energy from the fuel cell is utilized for low grade energy recovery. The

potential development of solid oxide fuel cell/gas turbine combined cycles could reach

electrical conversion efficiencies of 60 to 70 percent.

(

21 March 2005 3-84 Black & Veatch
21 March 2005 3-84 Black & Veatch



Kaua'i Island Utility Cooperative
Renewable Energy Technology Assessments 3.0 Renewable Energy Technology Options

Applications

Most fuel cell installations are less than 1 MW. Commercial stationary fuel cell

plants are typically fueled by natural gas, which is converted to hydrogen gas in a

reformer. However, if available, hydrogen gas can be used directly. Other sources of

fuel for the reformer under investigation include methanol, biogas, ethanol, and other

hydrocarbons.

In addition to the potential for high efficiency, the environmental benefits of fuel

cells remain one of the primary reasons for their development. High capital cost, fuel cell

stack life, and reliability are the primary disadvantages of fuel cell systems and are the

focus of intense research and development. The cost is expected to drop significantly in

the future as development efforts continue, partially spurred by interest by the

transportation sector.

Performance and Cost Characteristics

The performance and costs of a typical fuel cell plant are shown in Table 3-38. A

significant cost is the need to replace the fuel cell stack every 3 to 5 years due to

degradation. The stack alone can represent up to 40 percent of the initial capital cost.

Most fuel cell technologies are still developmental and power produced by commercial

models is not competitive with other resources. For reference, the price of fuel is

assumed to be $12/MBtu, which is equivalent to diesel at $1.66/gallon. A price of

$O/MBtu is also modeled, should a source of waste hydrogen be available.

Table 3-38. Fuel Cell Technology Characteristics

Commercial Status Development / Early Commercial
Performance

Net Capacity per Unit, kW 100-250

Net Plant Heat Rate, Btu/kWh 7,000-9,500

Capacity Factor, percent 30-70

Economics

Capital Cost, $/kW 6,000-8,400

Fixed O&M, $/kW-yr* 650-910

Variable O&M, $/MWh 7-13

Levelized Cost, $12/MBtu Fuel, $/MWh 421-589

Levelized Cost, $0/MBtu Fuel, $/MWh 308-435

'Notes: Includes costs for cell stack replacement every four years.

2f March 2005 3-85 Black & Veatch
21'M.aich 2005 3-85 Black & Veatch -



Kaua'i Island Utility Cooperative
Renewable Energy Technology Assessments 3.0 Renewable Energy Technology Options

Kauai Outlook

Fuel cells are a promising technology that shows potential for clean, renewable,

distributed power generation in the future. Continued research and development is

required to reduce the capital and O&M cost and increase the fuel cell stack life. In the

near-term, fuel cells would be only be competitive with conventional power generation

technologies with considerable subsidies, and a low cost (or free) hydrogen fuel source.

In the long-term (10-20 years), fuel cells could be a competitive power generation

technology, pending advancements in R&D.

There is one potential near-term opportunity to make use of a low cost hydrogen

resource on Kauai with fuel cells. TREX makes electronic components at the Pacific

Missile Range Facility (PMRF) and produces hydrogen as a waste gas. They are

currently producing 16 cfm of hydrogen but will be expanding production soon to

produce 40 cfm. The hydrogen is currently flared as waste. The energy value of this

hydrogen gas is 0.78 MBtu/hr. At a fuel cell efficiency of 40 percent, this quantity of gas

could produce about 90 kW of electricity on a continuous basis. Although this project is

small, the economics of it are substantially improved by the zero cost for the fuel. It

would also have good demonstration value and could possibly receive grant funding.
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( -M) My name Is Kerry Bowers and I am a Technology Manager for
Southern Company responsible for the assessment of emerging
technologies in generation, transmission, distribution and end-

Features: use of electric energy. I am a Chemical Engineer by training and
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Southern Company supports the use of cost-effective renewable
energy. Southern Company operates over 39,000 MW of electric
generating capacity - including more than 8,000 MW of
nonemitting hydro and nuclear capacity-to provide low-cost
electric energy to over 10 million people In the Southeast. We
continue to assess renewable generation technologies available
to augment our generation portfolio. I will address the major
options for utility-scale renewable power generation --
hydroelectric, solar, wind, and blomass - and provides
comments on the ability to use these resources In the Southeast.

Hydroelectric Generation

Southern Company has operated hydroelectric plants for over 70
years. We have 2,400 MW of hydro which supplies about 4% of
our annual energy output. Hydro continues to serve an Important
role In our generating mix, providing a low-cost means of energy
storage that helps us meet peak demands on our system. We
have identified up to 125 MW of incremental renewable
hydroelectric generation that could be obtained from enhancing
existing hydro facilities with advanced technologies.

Solar Generation

The amount of solar energy reaching the earth's surface In the
Southeast Is approximately one-half that observed In the
southwestern U.S. due to variable cloud cover and humidity
levels in the South that diffuse solar energy and reduce Its
Intensity. Figure 1 below Indicates where solar Insolation levels
are highest In the United States.

This reduced insolation level - compared to more favorable
Southwest locations, clearly reduces the amount of usable
electricity that can be generated from solar technologies In the
Southeast.
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Moreover, there Is obviously no solar generation possible at night
which accounts for over one-half of the year. In addition, early
morning and late evening solar Intensities are reduced, although
tracking systems attempt to compensate. Southern Company
has evaluated numerous solar options over the past 20 years,
including operation of thermal solar collectors, Solar Dish/Stirling
technology, and photovoltaic arrays of the types shown In

These technology evaluations were performed at the Georgia
Power operated Shenandoah Solar Center. In addition, Georgia
Power, Georgia Institute of Technology and the U.S. Department
of Energy installed a 340 kW photovoltaic roof-top generating
system on the roof of the Georgia Tech Natatorium used as the
Swimming Venue for the 1996 Summer Olympic Games in
Atlanta.

Southern Company has monitored the energy production from
this facility - which at the time it was completed was the largest
roof-top solar PV array in the world. The data derived from these
technology evalutions, coupled with the moderate amounts of
solar insolation in the Southeast along with concerns over
intermittency have lead us to conclude that solar energy will be
expensive in our region and not practical as a utility-scale power
generation option.

Wind Generation

Wind generation technology continues to evolve and Southern
Company Is evaluating installations by other utilities closely.
Wind resource evaluations performed by the NREL and others
conclude that the Southeastern U.S. lacks sufficient wind speeds
to support commercially viable wind generation except for
isolated mountain ridge tops, as shown in Figure 3.

Mountain ridge-top locations are remote, requiring incremental
costs for developing access roads and power transmission
infrastructure. Moreover, the hilly terrain increases the
complexity of Installation and the overall costs of wind energy
due to variations in wind flows observed In mountainous regions
compared to flatter landscapes. This variation is depicted in
Figure 6, below which illustrates the variable directional wind
flow that can exist in mountainous areas. This variation tends to
decrease the amount of usable energy that can be extracted
from the wind, resulting In lower capacity factors. Reduced
capacity factors increase overall cost per kilo-watthour of energy
generated.

Use of mountain ridge tops is of additional concern In the
Southeast due to concerns over land use for aesthetic reasons.
Southeastern mountain locations are enjoyed for recreation by a
large percentage of the public. Scenic vistas are Important and
Southern Company considers that there would be a considerable
public resistance to the use of mountainous areas for the location
of wind farms In the Southeast.

In addition, the intermittency and uncertainty of wind adds to
the cost of wind installations. Southern Company Is a summer
peaking utility, but wind energy is at a minimum in the
Southeast In the summer months. Consequently, wind
generation requires redundant power generation resources to
meet seasonal peak loads.

These factors taken together lead us to conclude that wind
resources in the Southeast, unlike other areas of the country,
are limited, costly and not of sufficient quality to support large
amounts of utility-scale wind generation 35 - 40% Capacity
Factor -23 to 25% Capacity Factor Southeast location, e.g., TVA
Buffalo Mountain West location. e.g., Colorado
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Need Class 4 or Higher for Economical Generation Biomass
Generation Commercially available biomass-based options
Include landfill gas and co-firing biomass In existing power
plants. We have surveyed landfill sites in the Southeast and have
concluded that, at a maximum, there may be a total of 200 MW
of available capacity scattered throughout our region.

Landfills lack the necessary power transmission capability to
export electricity and must secure environmental permits to use
reciprocating engines for power generation. These factors
constrain landfills as cost-effective generation resources.

The Southeast does have abundant biomass resources In the
form of wood and other agricultural crops. For over 10 years, we
have been evaluating these resources by co-firing biomass fuels
In our existing coal-fired generating plants. While we have
proven that biomass can be successfully co-fired with coal, It is
not without technical challenges. Biomass is much less dense
than coal, requiring a large volume of fuel to be handled. Figures
9 and 10, below, indicate the Impact of cofiring on power plant
operations. Large areas of biomass storage and handling are
required to accommodate the low mass density materials. We
believe co-firing will be limited to no more than 5% of the energy
input to a coal-fired power plant.

New Technology Approaches

An alternative technical approach to co-firing Is the gasification
of biomass to form a synthetic fuel gas. Southern Company has
extensive experience with coal-gasification having worked with
the U.S. Department of Energy for over 10 years to bring
Transport Reactor gasification technology to commercialization
based on research conducted at the Power Systems
Development Facility, managed and operated by Southern
Company. This research culminated In 2004 with an
announcement to construct the first commercial plant using
Transport Reactor technology. We have recently Initiated R&D
efforts in our company to use this knowledge for the pressurized
gasification of biomass. This R&D program Is just starting In a
partnership with TVA and EPRI and will require several years of
technology development to prove its commercial viability.
However, we believe, of all the renewable energy technology
choices available to us, pressurized biomass gasification has the
best chance to be a cost-effective, utility-scale renewable option
in the Southeast and we are pursuing it.

Implication of Renewable Portfolio Standards

Against this backdrop of the renewable resources available to us,
we are concerned about mandates that would require us to
utilize fixed amounts of renewable resources. We prefer to seek
cost-effective additions to our generation portfolio based on
technology maturity, technical performance, and economic
viability. As natural gas prices continue to rise, renewables can
be an important hedge against fuel cost Increases and provide
additional stimulus to pursue advanced biomass gasification.

Conclusion

Southern Company has a long history of utilization of renewable
energy. We continually assess our generation options - Including
renewable options -- to provide low-cost, reliable energy to meet
the growing demands for electric power in our region. Not every
technology will be well-suited to every region of the country. We
will continue to work to facilitate generation technology options -
including renewable options - that ensures a reliable, affordable
and environmentally sound supply of energy to meet the growing
demands for electric power in our region.
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Alternatives Report Executive Summary

1.0 EXECUTIVE SUMMARY

Associated Electric Cooperative Inc., (AECI) a generation and transmission cooperative

headquartered in Springfield, Missouri, proposes to develop a new 660 megawatt (MW)

baseload coal-based generation unit to be located in northwestern Missouri with an in-service

date of 2011. AECI's load forecast studies indicate additional baseload capacity will be

needed in this timeframe to meet its members growing energy demand.

AECI provides electric service to six regional generation and transmission (G&T)

cooperatives. The G&T's serve 39 distribution cooperatives in Missouri, 3 in southeast

Iowa, and 9 in northeast Oklahoma. These distribution cooperatives provide electrical

service directly to more than 830,000 consumer members, including businesses, farms, and

households.

The existing generation facilities AECI owns and operates include three coal-fired steam

units totaling 1,153 megawatts (MW) at Thomas Hill and two coal-fired units totaling 1,200

MW at New Madrid. AECI's gas-fired generation includes two combined-cycle units

totaling 522 MW at Chouteau, two combined-cycle units totaling 501 MW at St. Francis, two

simple-cycle units totaling 182 MW at Nodaway and one simple-cycle unit totaling 107 MW

at Essex. Additionally AECI has three simple-cycle units totaling 321 MW at Holden that

are gas-fired with oil backup, and one oil-fired unit totaling 45 MW at Unionville.

In addition, AECI has established power purchase agreements with several neighboring

utility power generation facilities including the City of New Madrid (New Madrid Unit 1 -

570 MW), Missouri; Central Electric Power Coop (Chamois Power Plant -68 MW); KAMO

Power (Grand River Dam Authority's Unit 2 - 198 MW); Southwestern Power

Administration (478 MW - hydro capacity); the City of West Plains, Missouri (36 MW -

peaking capacity); and Duke Trading and Energy Marketing (St. Francis).

A review of alternative ways to meet the needs of AECI was conducted. Options evaluated

included load management, renewable energy resources, distributed energy, fossil fuel

generation, repowering or uprating existing units, participation in another company's

Associated Electric Cooperative, Inc. 1-1
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generation project, purchase power, and adding new transmission capacity. It was concluded

that a new coal-fired unit would be the most economical, particularly at larger unit sizes.

A site selection study was then done to determine the best location for the new unit. AECI

conducted several siting activities between 1977 through 200L This work was.updated as

part of a 2004 siting process. The 2004 study further defined sites in those areas identified in

the previous studies as suitable for fossil fuel plants. The study resulted in eight candidate

siting areas in Northwest and West Central Missouri. Much of the current siting effort

centers on a re-examination and update of the findings of the previous studies. As discussed

in the siting study, several sites in northwest Missouri were evaluated resulting in the

Norborne and Forbes Sites being selected as the proposed and alternate sites. The siting

section of this report thoroughly reviewed and confirmed the work done by AECI through

2004.

For power generated by the new power plant to reach the wholesale customers of AECI, new

345-kilovolt (kV) and 161 kV transmission facilities will be needed. In section 7.0,

Transmission Macro Corridor Analysis, AECI evaluated the connections needed for the

Norborne Site, and the Forbes site. In summary, 125-135 miles of new transmission would

be required for either location (see Section 7.0 for further information).

The results of the analysis to date indicates that the best solution to meeting AECI's load

growth is to construct a 660 MW unit at the Norbome site and build approximately 135 miles

of new 345 kV transmission line. Interconnections will likely occur via two new lines from

the Norborne plant to the Thomas Hill Power Plant, the Sedalia Substation, and/or the Mt.

Hulda substations in Missouri. The transmission studies being conducted by AECI over the

next few months will confirm the best locations for the new interconnections. This

constitutes AECI's proposed action.

Construction of a coal-based generating plant at the Forbes site with about 125 miles of 345

and 161 kV transmission line is AECI's proposed alternative. We believe this to be an

environmentally acceptable alternative, but not superior to the proposed action at Norbome.

. Associated Electric Cooperative, Inc. 1-2
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Because AECI intends to finance the project through a guaranteed Federal Financing Bank

loan, the project represents a major federal action that must be reviewed under the National

Environmental Policy Act (NEPA). The agency with responsibility to carry out the NEPA

review is the Rural Utilities Service (RUS), formerly known as the Rural Electrification'

Administration (REA).

RUS is required by its NEPA regulations to evaluate the environmental impacts of the project

and prepare an environmental impact statement (EIS) and Record of Decision (ROD). This

document is the first step in the NEPA process. It is intended to provide agencies and other

interested parties enough background information on the project so that they can provide

feedback to RUS and the applicants regarding issues that should be addressed in the EIS.

This document presents the purpose and need for the project and identifies the various

options the utility considered to meet that need including load management, renewable

energy sources, distributed generation, re-powering existing units, participation in other

company's projects, purchased power, and new fossil-fueled generation alternatives (gas, oil,

coal). In addition, it presents the results of a site selection study that reviews previous siting

studies and evaluates two proposed sites. Finally, it includes a macro-corridor study which

examines the constraints and opportunities for new transmission lines that will allow the new

unit to be connected to the utility's distribution system.

Associated Electric Cooperative, Inc. 1-3
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2.0 INTRODUCTION

AECI proposes to develop a new baseload coal-fired generation unit. The new unit would be

a 660 MW net generating unit to be in-service by 2011. The projected cost of the plant and

associated transmission, rail interconnections, and water supply line is approximately $1

billion (including owner's costs and interest during construction).

This document is actually a combination of three separate studies; an alternatives analysis, a

siting study, and a macro-corridor study. The alternatives analysis is presented in Chapters 3,

4, and 5 and presents a profile of the applicant, an explanation of the purpose and need for

the project, and a discussion of the capacity alternatives that were considered. These

alternatives included power purchases, load management, energy conservation, and various

alternative electric generation technologies. The alternatives review includes descriptions of

each technology, and its general advantages and disadvantages.

The siting study is presented in Chapter 6. This chapter includes a review of previous siting

studies completed by the utility, updated to include current information where appropriate.

Chapter 7 is the macro-corridor study, which consists of a macro-level review of the

alternative transmission corridors proposed for the project. Chapter 8 provides conclusions

from the three studies (alternatives analysis, siting study and macro-corridor study), and

Chapter 9 is a summary of the references used in compiling the report.

()
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3.0 PROFILE OF AECI

Associated Electric Cooperative Inc. (AECI) is owned by, and is the major source of electric

power supply for an extended system of six regional G&Ts. These G&Ts serve areas of

Missouri', southern Iowa and northeast Oklahoma (See Figure 3-1). Through these electric

utility systems, the G&Ts supply wholesale power to 51 distribution cooperatives. The

G&T's serve 39 distribution cOoperatives in Missouri, 3 in southeast Iowa, and 9 in northeast

Oklahoma. These distribution cooperatives provide electrical service directly to more than

830,000 consumer members, including businesses, farms, and households. Table 3-1 lists the

six regional G&Ts and their distribution cooperatives.

Figure 3-1 Generation & Transmission Cooperatives Service Area

Source: AECI, April 2005

The member G&Ts work on a regional level, and own and maintain all electrical systems

from 69 kV up to 161 kV. The G&T's build and maintain the higher voltage lines, but they

are planned and owned by AECI. The distribution cooperatives take on many different

Ass6ciated Electric Cooperative, Inc. 3-1
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responsibilities including installation and maintenance of power lines (below 69 kV) from

substations to consumer/members, planning for the future needs of their service area,

working with communities to encourage economic development and helping their members

learn to conserve energy.

AECI was founded in 1961 and given the responsibility for generation and power

procurement. The transmission of the power remained the primary responsibility of the

G&Ts. To help meet the objective of providing the lowest cost reliable energy, AECI is able

to conduct power transactions with other utilities in and outside Missouri through its 96

interconnections, 19 interconnection agreements, and 79 interchange agreements.

The electrification of rural America enabled the rural economy to grow in many ways. In

1961, the year AECI was formed, a large majority of its electric consumers were involved in

farming. Today, only 11 percent claim to receive their income from agriculture.

As the sole provider of power to its members, AECI serves a vital role in the regional rural

economy. AECI is an active member of the Association of Missouri Electric Cooperatives, (• )

which assists rural electric cooperatives and promotes growth and development of Missouri's

rural electric system. AECI's success in keeping rates as low and as stable as possible, is an

important attribute to communities seeking to attract and develop industry.

To provide for the system's ever-growing demand for wholesale electricity, AECI has

acquired a flexible mix of resources, including thermal generation facilities, hydropower

access, and power purchase agreements with neighboring utilities.

C-)

Associated Electric Cooperative, Inc. 3-2
p



Xternatives Report Profile of AECI
Alternatives Report Profile ofAECI

Table 3-1 List of Generation & Transmission Cooperatives

Northeast nNW. Electric Cenarr o-Ee BlacRCentral~tive E tO o Electric ElectricElectric Power Power - Power KAMO Power ~ c
Cooperatives Cooperatives Cooperatives tv lroo ertie Powerai

- __________Cooiperatives -Cooperatives

Access Energy Atchison-Holt Boone Electric Barry Northeast Crawford Black River
Cooperative Electric Cooperative Electric Oklahoma Electric Electric

LeisCuny Cooperative, CICooperative Electric Cooperative, CooperativeLewis County. Inc Callaway Coprtv.n
Rural Electric nc. Electric Barton Cooperative c Ozark Border
Cooperative Farmers' Cooperative County Osage Gascosage Electric

Electric Electric Ce Mio Electric Valley Electric Cooperative
Macon Cooperative, Electric Cooperative

Cooperative Inc. Electric Inc. Cooperative Pemiscot-Mncr Cooperative, Association Howell- Dunklin
Missouri Rural Grundy Electric Inc. Central Oregon Electric

Cooperative, Rural Ozark Electric Cooperative
Cooperative Inc. Co-Mo Electric Electric Electric Cooperative SEOCoeaieCooperative, Cooperative Cooperative Itrony Eeti

Rails County North Central Inc. Intercounty Electric
Electric Missouri Cookson Ozarks Electric Cooperative
Cooperative Electric Consolidate Hills Electric Electric Cooperative

Tn-County • Cooperative, Electric Cooperative Cooperative LacledeElectric Inc. Cooperative Corped
Copetrtie I c a East Central Corp. Electric
Cooperative Platte-Clay Cuivre River Oklahoma Sac Osage Cooperative
Electricve Electric CoElectric Electric Electric Se-Ma-No
Cooperative Cooperative, Cooperative, Cooperative Cooperative Se-Ma-No
Southern Iowa Inc.Electric

Indian Southwest', Cooperative
Electric United Electric Howard Electric Electric Electric
Cooperative Cooperative Cooperative Cooperative Cooperative Southwest

on VThree Rivers Electric
Charit Valley West Central Kiarnichi Verdigris Cooperative
Electric Electric Electric Electric Valley
Cooperative Cooprtive Cooperative Cooperative Electric Webster

Inc. Lake Region Cooperative Electric
Lake egionCooperative

Electric White River White River
Cooperative Valley ValleyElectric Vle
New-Mac Cooperative Electric
Electric Cooperative
Cooperative

Source: AEC!, April 2005.
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4.0 PURPOSE AND NEED FOR THE PROJECT

AECI needs to add approximately 600 megawatts (MW) of reliable baseload generation to

the current mix of generation resources by approximately 201.1 to serve the growing loads

within the service territories'of the member cooperatives. The need is determined based on

the projection of load growth (both peak loads and annual energy requirements), an

evaluation of potential power supply options including purchase agreements and the potential

to participate in other power development opportunities.

Separate from the proposed addition of baseload capacity, AECI has plans to add peaking

capacity during this time period. AECI is purchasing the Dell Project from TECO Power

Services (TPS), a subsidiary of TECO Energy (AECI, 2005). The partially constructed Dell

Power Station is situated within the city limits of Dell, Arkansas, on approximately 100

acres. This project is a nominal 540 MW (599 MW, with duct firing) combined-cycle,

natural gas-fired power plant. Construction of this facility was temporarily suspended in

2002 (TECO, 2005). AECI's plans call for completing construction and starting the Dell

plant by May 2007. This plant, with strategic power purchases, will provide AECI's peaking

and intermediate power needs through 2011.

4.1 DEMAND FORECAST

The most recent electrical energy demand analysis indicates that the peak capacity demand

for AECI exceeded 3,650 MW during 2004. This peak capacity demand is projected to

exceed 4,450 MW by 2011. The peak capacity is the amount of electrical generation

capacity necessary to satisfy the peak system requirements (the point in time when the

maximum energy requirement exists on the system). The capacity requirement varies during

the day and by the seasons. Another tool to view the need for additional generation is the

annual energy requirement which is a product of the capacity and the number of hours of

operation at that capacity. The annual energy required to meet the load demands of the

members in 2004, measured in megawatt hours (MWh), was 17,226,858 MWh. This annual

energy usage is projected to exceed 21,244,000 MWh by 2011 and just over 30,000,000

MWh by 2025. Figure 4-1 depicts the peak capacity demand from 1980 to 2004, and

Associated Electric Cooperative, Inc. 4-1 BEI
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projects the future demand to 2015. Figure 4-2 depicts the forecasted energy requirements

from 1980 to 2025.

Figure 4-1 AECI Peak Demand, 1980 - 2014
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Figure 4-2 AECI Forecasted Energy Requirements, 1980 - 2025
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Table 4-1 presents the total peak demand for electrical energy on the AECI System. Historic

information is presented for the period from 1980 to 2004 (AECI, 2005). The forecast

information is shown from 2005 through 201.4, and was obtained from the latest Power

Requirements Study (AECI, 2001).

Table 4-1 Peak Energy Demand

Smer Peak Mite P'ak ;Surmr.eak Winter Peak

Year (Jql-Ag , (De-e)p Ya Jl-u)pQc-Feb)e
1980 1,598 1,486 1998. 3,214 2,943

1981- 1,505 1,719 1999 3,421 2,720

9i82,-,ý 1,571 1,396 • 2000 3,499 3,333

1983- 1,604 1,803 -2001z•• 3,453 3,273
1984 1,535 1,653 20029:,, 3,507 3,546

1985 1,480 1,573 2003 : 3,708 3,494
1986 1,670 1,475 .'2004 3,678 3,584

1987 1,771 1,697 2005 4,108 3,802
1998 1,879 1,723 1'2006 4)239 3,923
1989 1,759 2,108 '2007-' 4,374 4,048

1990- 1,960 1,893 1-2008<ý,A 4,510 4,175

19912 1,987 1,803 ';2009 - 4,649 4,303
1992-. 1,813 1,928 2010'. 4,790 4,434
1993 2,120 2,099 ý2011>I- 4,937 4,569

>1994 2,066 2,096 ' 201 2, 5,086 4,708
j995s" 2,326 2,445 ,. 210)1 5,241 4,851

-1996. 2,408 2,504 E-_:20149 5,397 4,996

.:1997 2,556 2,136 _____

Source: AECI, 2001

Table 4-2 presents the historical and forecasted system energy requirements for AECI.

Historic information is presented from 1980 through 2004, and projected requirements are

presented from 2005 through 2025. As noted in Table 4-3, the average growth rates over 5

year periods have varied from 3.0 to 7.2 percent over the last 15 years. The forecasted

growth rates demonstrate a conservative expected average growth rate ranging from 2.9 to

2.5 percent per year for the future 5-year periods.

(~)

6')

C)
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Table 4-2 Historic and Forecast Energy Requirements

T6tal S~ystemn Energy Total "Sjste m .Energ'y
Year 11equirement~s,(MWhs) Year Requirements (MWhs)
1980 7,357,657 2003 17,083,912
1981 7,141,742 2004 17,226,858
1982. 7,459,015 2005 17,935,166
1983 7,824,591 2006. 18,479,105
1984: 7,636,288 2007 19,039,862
-1985$ 8,038,413 . 2008. . 19,607,604
1986 7,992,479 2009 20,168,743
1987 8,266,284 2010 20,695,684
1988 8,939,124 2011 21,244,220
1989, 9,092,002 2012 21,846,128
1990 9,120,387 2013 22,394,722
f99 . ' 9,633,354 4. 201 22,957,199
1992, 9,533,823 2015 23,533,913
1993 10,441,175 2016 24,125,226
19942 10,567,434 24,731,396
1995- 11,451,925 2018 25,352,797
1996 12,160,988 2019 25,989,811
1997 12,384,522 2020 26,642,831
1998' 14,203,937 2021 27,312,258
1999 14,875,250 2022 27,998,505
2000 -15,861,891 '2023, 28,701,995
2001 16,153,567 2024 29,423,161
2002. 16,898,527 2025 30,162,447

Source: AECI, 2001, Includes non-Act beneficiary sales, and system losses

Table 4-3 Historic and Projected Energy Demand Growth Rates

Av4erage Growth Rate in Energy:
Years Requirements

1989-1994 3.1%
1994-1999, 7.2%
1999-2004 3.0%
2005-2010 2.9%
2010-2015 2.6%
2015-2020 2.5%

Source: AECI, 2001
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The chart below compares the actual and projected member sales to Act beneficiaries, and

indicates the energy that could be generated-using existing baseload capacity to meet this

demand. It illustrates that the baseload capability would not meet members demand by 2

million MWh in 2012.

Figure 4-3 Comparison of Member Sales to Energy Available Through

Existing Resources.

24

22

S20
18

16
14-

12

10

1.1mActual 1 Projected -Baseload Capability

Source: AECL Member Sales does not include non-Act beneficiary sales or system losses. Baseload Capacity
represents coal fired capacity on the AECI system.

4.2 PLANNING HISTORY

The 2000 Power Requirements Study (PRS) for AECI contains the most recent 15-year

forecast. This study provides a class-specific energy sales forecast, as well as system energy

requirements and a forecast of peak demand. This PRS'includes historical data through 1999

with projections through 2014. Prior to the completion of the 2000 PRS, AECI's previous

PRS was published in 1999, and included historical data through 1997. AECI is currently in

the process of developing a new PRS. This study will be available as soon as it is completed

(expected in late 2005).

Associated Electric Cooperative, Inc. 4-5
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4.3 EXISTING RESOURCES

AECI operates a wide variety of owned and leased electrical generation resources to serve

the energy requirements of its members. In addition, AECI has established power purchase

agreements with several neighboring utility power generation facilities to purchase available

economical resources.

4.3.1 Existing Generation Resources

Currently, AECI operates two coal-based power plants: New Madrid Power Plant (1,200

megawatts) and Thomas Hill Energy Center Power Division (1,153 MW). AECI also

dispatches KAMO Power's portion of Grand River Dam Authority's Unit 2 (198 MW) and

Central Electric PoWer Cooperative's Chamois Power Plant (68 MW), both of which are

coal-based. The Chamois plant also bums a percentage of biomass fuels, such as, used

railroad ties, shelled corn, sawdust, and walnut shells. The walnut shells have proven to

produce the greatest amount of heat value and are routinely burned at the facility. In the

summer of 2005, there is a plan to bum fescue seed hulls made available from a seed plant

near Kansas City.

AECI's natural gas-based generating plants include St. Francis Power Plant (501 MW),

Essex Power Plant (107 MW), Nodaway Power Plant (182 MW), Chouteau Power Plant (522

MW) and Holden Power Plant (321 MW) which also has oil backing capability.

The cooperative also owns and operates the oil-based generators at Unionville (45 MW) and

has a long-term contract with the Southwestern Power Administration for 478 MW of

hydroelectric peaking power. Table 4-4 provides a list of AECI's resources and their

respective capacity, fuel type, and type and percentage of ownership.

4.3.2 Existing Purchase Contracts

AECI has entered into power purchase agreements with its member generation and

transmission cooperatives (Member G&T's) and with the City of New Madrid, Missouri,

which provide that AECI will receive the electrical output of generation facilities owned by

those entities, exclusive of power reserved for certain third parties and for station service.

Associated Electric Cooperative, Inc. 4-6
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Table 4-4 Summary of Facilities Operated by AECI

Net> 1~
Summer, Net Winter

Cpacity 'Ca pacity, Type of
Resource' (MW) (MWV) Z Fqel-Wpe: -Owhorhip. Ownrship

Chouteau 11 -165 165 Natural Gas Own 100%

Chouteau 12 165 165 Natural Gas Own 100%
Combined Cycle -

Chouteau 10 165 170 Steam Own 100%
Essex 1 107.4.- 112.5 Natural Gas Own 100%

Holden 11 77.6. 89.5 Natural Gas/Fuel Oil Own 100%

Holden 12 77.6- 89.5 Natural Gas/Fuel Oil Own 100%/
Holden 13 77.6 89.5 Natural Gas/Fuel Oil Own 100%
New Madrid 1 580 580 Coal Lease 0%

New Madrid 2 '580 580 Coal Own 100%

Nodaway 1 91.4. 113.7 Natural Gas Own 100%
Nodaway 2 91.4 113.7 Natural Gas Own 100%/
St Francis 1 225 242 Natural Gas Own 100%
St Francis 2 - 248 272 Natural Gas Own 100%
Thomas Hill 1 175 175 Coal Own 100%
Thomas Hill 2 275 275 Coal Own 100% (
Thomas Hill 3 670. 670 Coal Own 100%

Unionville 1 22.5 22.5 Fuel Oil Own 100%
Unionville 2 22.5 22.5 Fuel Oil Own 100%
Soure AECI, 2005

Under the terms of the agreement with the City of New Madrid, Missouri, AECI operates the

City's New Madrid Unit 1. AECI also receives all capacity and energy from New Madrid

Unit 1 in excess of the demand and energy reservations for the City of New Madrid,

Missouri. New Madrid Unit 1 has a net generating capacity of 570 megawatts and an annual

energy production of approximately 4,000,000 megawatt-hours (MWh). The agreement is in

effect until bonds issued to cover the construction of the power plant by the City of New

Madrid are paid, or other arrangements are made for their retirement, or 50 years has passed

since the date of initial commercial operation (October 1, 1972), whichever is later.

Under the terms of the agreement with Central Electric Power Coop, AECI receives the

electrical output of Central's Chamois Power Plant The combined capacity of Chamois

Associated Electric Cooperative, Inc. 4-7
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Units 1 and 2 is 68 MW, and annual energy production is approximately 450,000 MWh. The

agreement with Central Electric Power Coop terminates on May 31, 2040.

Under the terms of the agreement with KAMO Power, AECI receives power and energy

from the 38 percent KAMO Power portion of the second unit of the Grand-River Dam

Authority (GRDA) power plant. TThe net capacity received from this unit is 197.6 MW. The

energy delivered from this plant is limited to the load factor of KAMO Power's Oklahoma

load. When not needed by GRDA, AECI has the ability to purchase additional energy from

the power plant. The agreement with KAMO Power terminates on May 31, 2040.

AECI has additional agreements for purchase of power and energy with Southwestern Power

Administration; the City of West Plains, Missouri; and Duke Trading and Energy Marketing

(Duke).

Under the terms of the agreement with Southwestern Power Administration, AECI receives a

firm 478 MW hydro capacity and a commitment for this much capacity to be available for an

equivalent of 1,200 hours per year (573,600 MWh of energy). In addition, AECI has the

right to purchase additional supplemental energy which may be available each year. Annual

supplemental energy purchases typically average 573,600 MWh. The agreement with

Southwestern Power Administration terminates on February 28, 2016.

Under the terms of the agreement with the City of West Plains, Missouri AECI receives

peaking capacity in excess of the load and reserve requirements of the City. The excess

capacity available is approximately 36 MW. This agreement terminates on October 1, 2009.

Under the terms of the agreement with Duke, AECI has ownership in the St. Francis Power

Plant Units I and 2. Duke has rights and obligations to half the output resulting from Units 1

and 2. AECI also has the right to purchase the capacity and energy rights from the Duke

portion of both units, making a total 440-MW capacity available to AECI from the St.

Francis Power Plant. The term of the agreement allows Duke the option to terminate its

rights and obligations in 2009 for Unit 1, and 2011 for Unit 2; however, the figure below

depicts this capacity as continuing to be available to AECI through 2016. Figure 4-4 depicts

the total capacity available from the exiting resources on the AECI system.

Associated Electric Cooperative, Inc. 4-8
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Figure 4-4 AECI System Capacity

4.3.3 Existing Demand Side Management Resources

It is first important to note that AECI has only six G&T customers. They in turn have 51

distribution customers who supply the ultimate consumer. AECI and the six G&T's are

contractually obligated to supply the power and energy demands of those consumers.

Demand side management (DSM) initiatives are determined solely by the distribution

cooperatives. AECI's ability to influence DSM is limited to sending appropriate price

signals to the members.

In the year 2000, AECI modified its rate structure to have both a peak and base demand

billing component. With the recent revisions, the demand charges are now generally

determined using averages of the member's maximum monthly system demands (referred to

as self-coincident peak demand) over multiple historical monthly or seasonal periods. This

kind of demand billing structure encourages distribution cooperatives, through their G&T

Associated Electric Cooperative, Inc. 4-9
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supplier, to implement cost-effective actions to lower their peak demand especially during

the period coincident with AECI's summer andwinter peak.

The most common types of DSM activity among AECI members are direct load control

programs. Most direct load control programs are conducted at the distribution cooperative

level. Some of AECI's members are active in installing electric water heaters and ground-

source heat pumps. Additionally, most of AECI's members make literature available to their

consumers regarding conservation and energy efficiency. Details of the particular DSM

activities of each distribution cooperative member of AECI are documented in the respective

2000 PRS report for each cooperative.

4.3.4 Incremental Upgrades

Incremental upgrades include projects to increase the output from existing facilities. There

were no incremental capacity upgrades considered that would meet the need of additional

baseload capacity. Under the Environmental Protection Agency's (EPA's) current regulatory

interpretations, incremental upgrades can be subject to New Source Review. This reduces

the potential advantages associated with improving existing facilities.

4.3.5 Power Pool Member Resources

Because lack of reliability has a huge potential cost, AECI belongs to a regional organization

of utilities dedicated to preserving reliability -- the Southeastern Reliability Council (SERC),

headquartered in Birmingham, AL. SERC is one of the ten (10) regional reliability councils

constituting the North American Electric Reliability Council (NERC). SERC is responsible

for promoting, coordinating and ensuring the reliability and adequacy of the bulk power

supply systems in the area served by the Member Systems. SERC membership is comprised

of investor-owned, municipal, cooperative, state and federal systems, independent power

producers, and power marketers.

Because of the geographic size of the region and the diversity among its parts, the region is

divided into sub-regions for data reporting purposes. These are the Virginia - Carolinas

Reliability sub-region (VACAR), the Tennessee Valley Authority (TVA) sub-region

(Tennessee and adjacent portions of Alabama, Georgia, Kentucky and Mississippi) the

-Associated Electric Cooperative, Inc. 4-10
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Southern sub-region (Georgia, Alabama, part of Mississippi, and panhandle of Florida), and,

effective January 1, 1998, the Operating Companies of Entergy, Associated Electric

Cooperative and CAJUN Electric Power Cooperative became official members of SERC,

adding a fourth sub-region to SERC.

4.3.6 Transmission System Constraints

AECI and its member G&Ts currently has over 9,000 miles of high voltage transmission

lines with 96 interconnection points and 79 interchange agreements with Missouri and

regional power suppliers. Although there are some transmission constraints, AECI is a very

strong system that provides adequate interconnection to neighboring systems. The lack of

available low cost energy reserves serves as a larger constraint to the purchase of power.

4.3.7 Characteristics of Energy Needs

AECI's needs are for firm, baseload generati6n to meet their demand and energy

requirements. As shown by the curve below in Figure 4-5, the energy requirements on

AECI's system in 2004 were always greater than approximately 1,150 MW. This, plus the 1')

required reserve capacity, represents baseload capacity requirements. As discussed above,

the energy demand is projected to increase in the future. The relationship between the

baseload and peak load (i.e. the shape of the load duration curve) is expected to remain fairly

constant. The total load exceeded 1,150 MW for essentially all of the year and for more than

50 percent of the time the demand requirements were greater than 1,850 MW. This

represents intermediate load. The power requirements above this amount (i.e. needed less

than 50 percent of the year represent peak loads. The total loads exceed 2,700 MW

approximately 10 percent of the year. This load duration curve reflects the diversified loads

on the system, and the efforts to manage peak loads.

The total number of consumers on AECI's system is projected to increase from 731,418 in

2000 to 982,741 by 2014. This equates to an expected average annual increase of 2.1

percent. Excluding the impact of the Oklahoma cooperatives' consumers, the average

historical growth of the total consumers was 2.4 percent annually from 1985 to 1999.

C)
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Figure 4-5 AECI Energy Requirements, Load Duration Curve
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Source: AECI, 2005

4.3.7.1 Residential

The residential class is, by far, the largest consumer class on AECI's system, accounting for

approximately 92 percent of the total number of consumers in 1999. The aggregate forecast

of the number of residential consumers served by AECI's members is expected to increase

from 669,997 in 2000 to 897,454 by 2014. This equates to an average annual increase of 2.1

percent, slightly lower than the historical average annual rate of growth of 2.2 percent

experienced from 1985 to 1999. This excludes the impact of the addition of the Oklahoma

members of KAMO Power to the AECI system in 1998.

Sales to the residential class made up approximately 69 percent of AECI's total sales in 1999.

Energy sales to the residential sector grew at an average annual rate of 3.7 percent during the

period 1994 to 1999, excluding the impact of the addition of the Oklahoma members of

KAMO Power to the AECI system. This compares to the national average residential sales

growth of 2.5 percent per year over the same period. The total energy sales to the residential

class is projected to grow at an average annual rate of 3.2 percent from 2000 to 2014,

increasing from 8,945,388 MWh in 2000 to 13,918,587 MWh in 2014. This projected rate of

growth is slightly less than the historical rate of growth in total residential energy sales from

AsoitdEeti ooeaie n.41
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1985 to 1999 of 3.7 percent, excluding the impact of sales to the Oklahoma cooperatives'

consumers.

4.3.7.2 Small Commercial

The small commercial class (defined as commercial accounts with less than 1,000 kVA

transformer capacity), accounts for slightly more than 7 percent of the total number of

consumers. Typical consumers in this class include office buildings, service stations,

restaurants, and other retail establishments. The number of small commercial consumers is

expected to increase from 52,175 in 2000 to 73,317 by the end of the forecast period. This

commercial class of consumers is forecast to increase at an average annual rate of 2.5

percent. The average annual growth rate from 1985 to 1999 was 4.5 percent without

considerinig the impact of the addition of the Oklahoma cooperatives' consumers.

Small commercial.energy sales by AECI's members, which accounted for 15 percent of the

total sales in 1999, have historically grown at a faster rate than residential sales. The average

annual growth rate was 5.0 percent from 1985 to 1999, excluding the impact of the

Oklahoma cooperatives sales (compared to 3.7 percent for the residential class). Total small

commercial sales are projected to increase from the 2000 level of 1,917,460 MWh to

2,964,478 MWh by 2014. This represents an average annual growth rate of 3.2 percent.

4.3.7.3 Large Commercial

The large commercial class includes commercial accounts with greater than 1,000 kVA

transformer capacity. In 1999, the large commercial class accounted for about 9 percent of

the total sales to consumers by AECrs member cooperatives. The sum of the G&Ts'

forecasts indicates large commercial sales are projected to increase from 1,154,368 MWh to

1,766,992 MWh, or 3.1 percent, from 2000 through 2014. This average annual growth is

considerably lower than the 9.8 percent average annual growth experienced from 1985 to

1999 and the 12.6 percent average annual growth that occurred from 1994 through 1999,

excluding the addition of the Oklahoma portion of the KAMO Power system.

4.3.7.4 Other

Other classifications of consumers served by the distribution cooperatives of AECI's member

G&Ts include irrigation, public street and highway lighting, other sales to public authorities, r)
Associated Electric Cooperative, Inc. 4-13
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and sales for resale. The combined total energy sales to these other classes represented less

than 7 percent of the total retail sales on AECI's system. The largest portion of these other

sales (approximately 78 percent in 1999) represent direct sales by Sho-Me Power Electric

Cooperative (Sho-Me Power) to municipal consumers. Total energy sales to these other

classes of consumers is projected to grow at an average annual growth rate of 2.6 percent

from 2000 to 2014, increasing from 833,261 MWh in 2000 to 1,188,268 MWh in 2014. This

compares to historical average annual growth of 1.8 percent from 1985 through 1999,

excluding the impact of the addition of the Oklahoma cooperatives.

-Table 4-5 shows the total capacity requirements of AECI's member cooperatives, which

represents the sum of the consumer class forecasts described above. Total capacity

requirements are projected to increase at an average annual growth rate of 3.2 percent. This

compares to average annual growth of 4.1 percent for the period 1985 to 1999 and 4.4

percent from 1994 through 1999, excluding the impact of the addition of the consumers of

the Oklahoma cooperatives to the-AECI system.

Table 4-5 Total Capacity Requirements

Contract Coop Load Othler Loads Req4uirhed Re6servei Total Catpa'city,
Year iJVL. (MW) (MW.) Requirements (MW)
2004 3,797 2 608 4,407
2005 3,896 3 608 4,507
2006 3,996 2 608 4,606
2007 4,095 3 608 4,706
2008 4,195 3 608 4,806
2009 4,295 3 608 4,906
2010 4,394 3 608 5,005
2011 4,494 3 608 5,105
2012 4,594 3 608 5,205
2013 4,693 4 608 5,305
2014 4,793 3 608 5,404
2015 4,893 3 608 5,504
2016 4,992 4 608 5,604

Source: AECI, 2005

Associated Electric Cooperative, Inc. 4-14
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Alternatives Report Purpose and Need for Project

4.4 NEED SUMMARY

The results of the PRS, indicates a need to add approximately 660 to 700 MW of baseload

generation in the 2010 - 2013 timeframe. A baseload addition in this time frame will help to

provide protection against rising and volatile fuel prices. Table 4-6 indicates the system

surpluses (i.e. when system resources exceed the capacity requirements), and the periods of

deficits (i.e. when system resources do not satisfy the projected capacity requirements).

Figure 4-6 illustrates this information in graphic form. Figure 4-7 illustrates how the

addition of the Dell project reduces or eliminates the deficit for several years and Figure 4-8

illustrates how the addition of the planned coal fired generation will eliminate the deficit until

approximately 2017.

Table 4-6 System Capacity and the Forecast Deficit Capacity

2004 299
2005 75
2006 -25
2007 -133
2008 -238
2009 -341
2010 -449
2011 -584
2012 -684
2013 -784
2014 -893
2015 -992
2016 -1,091

Source: AECI, 2005

(~)
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Alternatives Report Purpose and Needfor Project

Figure 4-6 AECI Projected Surplus and Deficit Capacity Without Additional

Generation
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Figure 4-7 AECI Projected Surplus and Deficit Capacity With Dell Addition
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Alternatives Report Purpose and Needfor Project

Figure 4-8 AECI Projected Surplus and Deficit Capacity With Coal Plant

Addition
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Errata to Generation Cost Model
Spreadsheets
In response to public comments to Comparative Cost of California Central Station
Electricity Generation Technologies, Final Staff Report number 100-03-001F, Energy
Commission staff has prepared this errata to the report's cost spreadsheets. For most
technologies, levelized cost did not change. Of the seven technologies for which staff
modified its levelized cost estimates, only two displayed movements of over one mill per
kilowatt hour. The following paragraphs describe the modifications staff made in its analysis,
and the resultant changes in levelized costs.

Gas-fired Combined Cycle and Combustion
Turbines

Labor wage rates were adjusted from (1) $17/hour to $30/hour for plant operators, (2)
$18/hour to $30/hour for mechanics, (3) $12/hour to $20/hour for laborers, and (4) $13/hour
to $20/hour for support staff to be consistent with those used for renewable and alternative
generation technologies. Due to the range of wages across the state and the lack of a specific
survey for the industry, proxy costs were derived from State of California data for petroleum
refining and electric utility workers, and a survey of petroleum production workers' wages.'
The overhead multiplier remains the same based on calculations using data from the U.S.
Bureau of Labor Statistics. 2 Note that the managers' salary is a weighted average for all
managers.

Renewable Generation Tax Credits and Incentives

The treatment of tax incentives and production credits were corrected for solar, geothermal
and wind generation. The following items were changed:

" The investment tax credit under Internal Revenue Code Section 48 for geothermal and
solar is only available to merchant owned power plants, and excludes utility-owned
properties. 3

" A missing link for the renewable energy production incentive under Internal Revenue'-
Code Section 45 for investor-owned plants, both merchant and utility, was corrected, and
the inflation calculation for the production credit was corrected to match the base year of
the model (2001).
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The references for each provision of the renewable energy subsidies are provided below:

Investment Tax Credit solar, geothermal: 1992 EPAct, Sec 1916; IRC Sec 48
Production Incentive-Investor wind, closed loop biomass: 1992 EPAct, Sec 1916;

IRC Sec 45
Geothermal Depletion Allowance IRC Sec 613
RE Production Incentive Tier I solar, wind, geothermal, closed-loop biomass; only

state subdivisions or cooperatives: 1992 EPAct, Sec
1212; DOE 10 CFR Part 451

RE Production Incentive Tier II landfill methane, open loop biomass, prorated among
pool: 1992 EPAct, Sec 1212; DOE 10 CFR Part 451

REPI Tier II Proportion Paid DOE, Office of Power Technologies, REPI, January
115, 2003

The municipal-owned renewable energy production incentive inflation calculation
available under Section 1212 of the 1992 Energy Policy Act for solar, geothermal and
wind generation also was corrected.

Geothermal

Transmission scheduling costs were inadvertently included only for this technology, and this

cost item was deleted.

Levelized Costs

The changes described in this errata changed the levelized cost estimates for seven of the

seventeen technologies that staff studied. As indicated previously, the resultant changes were

minute in the vast majority of cases. The levelized cost estimate for wind decreased the most,
from $49.33/MWh to $46.25/MWh, while the estimate for a combustion turbine rose from

$157.11 to 159.58/MWh. All other changes were less than one mill per kWh. Modifications

to levelized cost estimates are shown in the table below.

Technology Original Cost Revised Cost Change
($/MWh) ($IMWh) ($/MWh)

Combined Cycle-Baseload 51.84 51.99 +0.15
Combustion Turbine 157.11 159.58 +2.47
Fuel Cell - Molten Carbonate 101.47 100.88 -0.59
Geothermal Binary 35 MW 73.65 72.88 -0.77
Geothermal Flash 50 MW 45.21 45.31 +0.10
Wind Farm 49.33 46.25 -3.08
Combined Cycle w/Duct Firing 52.04 52.19 +0.15

j
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' California 2002 Statistical Abstract, Average Hours And Earnings Of Production Workers,
By Industry, California 2001, Table C-9; and California Independent Producers' Association,
2003 Wage Survey.
2 U.S. Census Bureau, 2002 U.S. Statistical Abstract, "Employer Costs for Employee
Compensation per Hour Worked: 2002," Table No. 618.
3 Federal Register Vol.60 No. 138 at 36960.
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Introduction
This Energy Commission staff draft report presents the levelized cost estimates for several
generic central-station electricity generation technologies. This is one of a number of reports
that the Energy Commission staff is preparing, under the direction of the Ad Hoc Integrated
Energy Policy Report Committee, to support the development of the 2003 Integrated Energy
Policy Report

The Energy Commission staff would like to acknowledge the work of several consultants in
putting together the information for this project Dr. Richard McCann, along with Ron Ishii,
Ed Miller, Peter Asmus, Larry Slomiski, John Kessler, and L. Knox provided the data the
Energy Commission staff used in this report. In addition to providing data, Dr. McCann
provided the financial models used in this analysis.

Overview
California has traditionally adopted energy policies that balance the goals of supporting
economic development, improving environmental quality and promoting resource diversity.
In order to be effective, such policies must be based on comprehensive and timely gathering
of information. With this goal in mind, the purpose of the report is to provide levelized cost
estimates for a set of renewable (e.g., solar) and nonrenewable (e.g., natural gas- fired)
central-station electricity generation resources, based on each technology's operation and
capital cost. Decision-makers and others can use this information in assessing the generic
costs to build a specific technology. This report also identifies the type of fuel used by each
technology and a description of the manner in which the technology operates in the
generation system.

This report is intended to provide a basic understanding some of the- fundamental attributes
that are generally considered when evaluating the cost of building and operating different
electricity generation technology resources. But these costs do not reflect the total costs to
consumers of adding these technologies to a resource portfolio. The technology costs in this
report are not site specific. If a developer builds a specific power plant at a specific location,
the cost of siting that plant at that specific location must be considered. Some projects may
require radial transmission additions, fuel delivery, system upgrades or environmental
mitigation expenses..

This levelized cost analysis does not capture all of the system, environmental or other
relevant attributes that would typically be examined by a portfolio manager when conducting
a comprehensive "comparative value analysis" of a variety of competing resource options. A
portfolio analysis will vary depending on the particular criteria and measurement goals of
each study. For example, some forms of firm capacity are typically needed in conjunction
with wind generation to support system reliability requirements. Some projects may also
require radial transmission additions, fuel delivery, system upgrades or environmental
mitigation expenses.
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Based on comments received on the February, 11, 2003 draft, staff has made numerous
changes to its preliminary report. The original study focused on capital, rather than
developmental costs. The current study includes development, land acquisition, and
permitting costs Jir all technologies. Certain parties also expressed concern that staff had
systematically understated several costs associated with fossil-fired plants. In response to this
latter set of comments, staff has

" Changed the heat rate assumed for Combined Cycle units from 6,900 to 7,100
MMBtu/kWh

* Included cost for cooling water for fossil-fired units

" Added air-district-specific emissions costs as Table 4

" Made more precise estimates of costs associated with Significant Catalytic Reduction
(SCR) operations, solid waste disposal, costs of overhauls, and capacity degradation
rates.

Purpose

As part of the Integrated Energy Resource Plan, the California Energy Commission staff has
developed cost estimates for central-station electricity generation technologies. These cost
estimations are intended to provide general guides about expected costs of different
technologies for policy makers and the public, and to assist resource planners in screening
generation options.

Technology Costs

Table 1 shows the results of cost analyses for various technologies. Expected levelized costs,
constant annual payments made over the life of the plants, are shown to provide a common
basis of measurement. By constructiork levelized costs are given in constant, or real, dollars.
This report uses a base year of 2002. To the extent possible, this evaluation relies on general
economic and electricity system assumptions. Details about assumptions specific to each
technology are included in the individual technology characterizations in the attached
appendices. These costs are for generalized project descriptions, and costs for actual projects
will vary from those shown below, depending on a number of possible site specific
considerations. These estimates should be used only as general estimates of ownership costs
for different technologies. They are not intended to be the sole criterion used in an
investment decision, which necessarily involves an evaluation of many other factors.

Estimates of levelized costs are provided for power plants that use natural gas as an energy
source and for plants that use renewable energy sources. The costs for these technologies are
listed below in Table 1. Gas- fired plant costs are derived from Energy Commission staff
analyses. The expected levelized cost for a generic new baseload combined cycle plant is
5.18 cents per kWh. As shown in Table 4, however, this estimate jumps to 5.34 cents per
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kWh for a unit located in the South Coast Air Quality Management District. When one adds
duct firing at the above-mentioned unit, this cost rises further to 5.37 cents per kWh. Energy
Commission staff estimates show that a combustion turbine, with an in- service year of 2004
and used for peaking service with a 10 percent capacity factor, can be expected to deliver this
peak capacity and energy at a cost of 15.71 cents per kWh. Geothermal flash technology has
the lowest levelized costs at 4.52 cents per kWh, with winid next at 4.93 cents per kWh.
Hydropower is-projected to provide load-following power at 6.04 cents per kWh. Geothermal
binary plants have an expected cost of 7.37 cents per kWh. Solar thermal parabolic trough
units have expected levelized costs ranging from 13.52 to 21.53 € per kWh.

Table i
Levelized Costs by Technology

E I Economic I Gross Direct Cost
Technology Energ Source Operating Mode Lifetime Capacity I Levelized(years) (MW) (centslkWh)

Combined Cycle Natural Gas Baseload 20 500 5.18
Simple Cycle Natural Gas Peaking 20 100 15.71
Wind Wind; Resource 30 100 4.93

Limited Intermittent
Hydropower Water; Resource Load-Following, 30 100 6.04

Limited Peaking
Solar Thermal

Parabolic Trough Sun; Resource Load-Following 30 110 21.53
Limited

Parabolic Trough- Sun; Resource Load-Following 30 110 17.36
TES Limited
Parabolic Trough- Sun/Natural Gas; Load-Following; 30 110 13.52
Gas Partially resource Peaking

limited
Geothermal

Flash Water IBaseload 1 30 50 4.52
Binary Water Baseload 30 35 7.37

In considering these figures, it is important to note the relationship between the expected
economic (or "book") life of a project and levelized cost. In this report, the standard loan
period is 12 years. For project finance, this means that the entire dollar outlay associated with
completing the project (or the "instant cost") is allocated during years one through twelve of
the project. A levelized cost calculation acts as it these costs are incurred across all years of a
project's operation. The levelized cost of a highly capital intensive project, such as
hydroelectric, will depend greatly on the project life assumed. If an economic lifetime of say,
50 years were assumed, staff's estimate of the levelized cost for hydroelectric generation
would fall precipitously. This greater economic lifetime would allow the relatively large
capital cost to spread over a greater number of years, decreasing its contribution to levelized
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cost. The study's figures would then overestimate, perhaps substantially, the levelized cost of )
a hydroelectric project with an economic lifetime of more than 30 years.
Technological advance plays an important role in determining the actual life of project. For a
mature technology (such as hydro) generation efficiency has not significantly changed over
time. As a result, a project built in 2003 may not be much more efficient than one built in
1983. The same cannot be said for an emerging technology, such as solar thermal generation
In this case, technology can change rapidly and at an unpredictable pace. State of the art
products may quickly become obsolete. In these cases, technological advances might induce
developers to abandon the projects far short of the hypothesized 20-or 30-year economic
lives. Of course, re-computing book lives over shorter time horizons will cause a project's
instant costs to be allocated over a smaller number of years, increasing its levelized cost.
Again, likewise for projects that exceed their expected economic lifetimes.

Applicability of Levelized Costs

Different generation operational modes will range from baseload, to intermediate, to a
peaking type of facility. A baseload facility generally delivers power at a constant rate
whenever the plant is available. A facility may also be used to provide spinning reserve to
deliver power during intermittent emergencies on extremely short notice. In between these
modes of operation are intermediate/load- following facilities, where a plant follows the daily
cycles in load. A peaking facility is called upon only during the highest daily loads during the

seasonal peaks. Some facilities may provide ancillary services, where a plant provides system
support, such as voltage regulation. An intermittent/variable facility may deliver power C
whenever the driving resource, such as wind, is available.

Comparing technologies on levelized cost alone is not appropriate, considering that different
technologies provide different services. For example, wind is very competitive on the basis
of cost per kWh, but it can only provide variable output. Other renewable resources, such as
geothermal have much more predictable output that may be more valuable, although
improvements have been made in wind resource predictability as reflected in recent changes
in ISO tariffs.

While particular generation technologies may have higher or lower costs than others,
ratepayers may not see them unless the power purchase contracts specify that prices are
based directly on costs. Power may be sold under a range of contractual and market
transaction terms that may have no relationship to the actual cost of producing power from a
specific plant. In fact, power contracts terms can be set entirely independently of the type of
technology producing the power.

The combination of contract.terms and technology type establishes the sharing of risks
between ratepayers and generation investors. For a gas- fired plant, when fuel costs rise, it is
likely that power market prices will also rise. Some contracts will pass these increases to
ratepayers. In other contracts, gas- fired plants may be paid at fixed contract rates over a

period of years. In these contracts, generators are exposed to fuecost risk, unless they also

have signed a fixed-price contract for natural gas delivery. Generally, in exchange for fixed-
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price contracts, generators will charge a premium above the expected average market price
for power to compensate for the shift in risk from ratepayers to generators.

For some renewables, the story is substantially different. If they hold a fixed price contract,
ratepayers are not exposed to fuel price risk. If a renewable generator is paid based on the
short-term market price, its revenues will vary with gas prices, even though its own costs
remain relatively constant. In terms of a single project, ratepayers face virtually the same risk
as they would with a gas-fired generator. However, ratepayers may face a smaller price risk
when considering renewable projects as a whole. The more renewable projects that are
present to improve fuel diversity, the less the price of electricity will likely move with
changes in natural gas costs. Although renewable generator returns may fluctuate with the
price of natural gas, a fixed-price contract tends to align the annual revenues with its minimal
variation in costs, a more favorable outcome. In general, these types of contracts have similar
terms to those signed with gas-fired generators. Considering that renewable technologies also
provide other system and environmental benefits that are not generally reflected in market
prices, public interest programs can improve the economic incentives for new development.

Risk-management strategies generally use some type of financial or contractual methods to
reduce the variability of future costs. Without any risk management efforts, all parties are
subjected to cost variations inherent in the marketplace. Risk management strategies used in
energy markets include participating in forward markets; vertical and horizontal integration
through market segments, long-term contracting, commodities hedging on the natural gas and
electricity markets and, of course, diversification of fuel supplies, suppliers and technologies.
In this sense, adoption of a renewable energy project may be viewed as part of a greater fuel
diversification strategy, and the State may deem higher cost renewable projects to be an
acceptable investment to pay for natural- gas price risk mitigation.

Methodology

Costs associated with electric power facilities fall into three main categories. The first
category is the initial investment costs necessary to plan, permit, construct, and start up a
plant. These costs are typically financed through a combination of loans ("debt financing")
and investment ownership ("equity financing"). The costs are then repaid to lenders and
investors over the life of the project.

Debt financing usually has fairly rigid conditions related to the term of the loan, the required
periodic payments and the security of repayment, much like a home mortgage. Equity
financing is usually repaid from the residual revenues remaining after paying all other costs
and, as a result, has a higher risk of not being fully repaid compared to debt financing. For
purposes of cost comparisons, the assumption is made that these investments are recovered
on a relatively constant annual basis without regard to the amount of generation output. This
annual expenditure is then divided over the annual generation to derive the average cost per
kWh for the investment or "capital" component
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For capital costs, common assumptions are used for debt financing such as interest rates,
term and other requirements, and for expected investment return rates for equity financing.
These assumptions are shown in Table 2. The debt interest rate assumptions are based on
November, 2001 values when the market was stable. These assumptions cover three types of
potential owners-merchant developers, investor-owned utilities, and municipal utilities and
non-profit cooperatives. Capital costs specific to each technology are included in
Appendices C through S.

Table 2
Assumptions for Equity Return and Debt Interest Rates

Type of Return on
Owner Equity Debt by Term (November, 2001)4

1 5 10 12 20 30
Merchant 16.0% 7.4% 7.4% 7.4% 7.4% 7.8% 8.0%
IOU 10.6% 6.3% 6.3% 6.3% 6.3% 7.1% 7.4%
Muni/Coop NA 3.9% 3.9% 3.9% 3.9% 4.7% 4.8%

The second category is the annual operations and maintenance (O&M) costs that are
relatively invariant with the amount of output, but would cease if plant operations ended.
Operational costs include labor and management, insurance and other services, and certain
types of consumables. Maintenance costs include scheduled overhauls and periodic upkeep.
Unscheduled or "forced" outages that are a function of usage fall into the final category of
costs described below. As with capital costs, these costs are summed and divided over the
annual generation output to arrive at the average cost per kWh. However, unlike capital costs
that are relatively insensitive to operational mode, the mode of operation can greatly affect
these types of costs. For example, intervals between overhauls may be extended if a plant
shifts from intermediate to peaking operations. Less labor may be required for a plant that
operates only during the seasonal peak period rather than in baseload. In addition, these costs
typically escalate over time, compared to capital costs which are considered constant and
fixed once the initial investment is made. Nevertheless, once the mode of operation is
detemined, the annual O&M costs will vary little and are highly predictable over time.

The third category is the variable costs that are derived from fuel consumption, maintenance
expenditures for forced outages, and other input costs driven directly by hourly plant
operations. For a natural gas-fired plant, the largest component of these costs is the
consumption of natural gas. Fuel costs can represent two-thirds or more of total awrage
costs. Fuel usage, by techfiology, is shown in Table 5 of Appendices C through S.
Renewable resources typically have quite low variable costs because their fuel, other than
biomass, or other energy sources have low or zero costs.

Variable input costs, particularly fuel costs, change over time. The fuel costs are often
relatively unpredictable compared to other cost components. The staff's December 2002
projection of the price of natural gas for the years 2003-2013 is found in Table 1,
Appendix A. After 2013, an average escalation factor of 5.60 percent is used to project
natural gas price. This is the value of the predicted increase in fuel cost from 2012 to 2013.
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Variable costs also change directly with plant output and thus can vary substantially from
year to year. However, they vary little, if at all, on an average cost basis. On the other hand,
capital and O&M costs per kWh are inversely related to plant output-higher output means
lower average costs for these components, and vice versa. Assumptions concerning annual
plant operation are provided in Table 6 of Appendices C through S.

Effects from federal and state tax policies are specified for each type of technology, as shown
in Table 3. This table summarizes the various federal and state tax programs by technology
and type of owner.

Table 3
Federal and State Tax Programs

Merchant IOU Muni/Coop

Combustion Turbine
Federal Depreciation MACRS" 20 years MACRS 20 years N/A
CA Depreciation Plant Life Plant Life -
Investment Tax Credit No No No
Renewable Prod. Credit No No No

Wind_
Federal Depreciation MACRS 5 year MACRS 5 year N/A
CA Deprecation Plant Life Plant Life N/A
Investment Tax Credit No No N/A
Renewable Prod. Credit Yes No Tier I

Solar

Federal Depreciation MACRS 5 year MACRS 5 year N/A
CA Depreciation Plant Life Plant Life N/A
Investment Tax Credit Yes Yes N/A
Renewable Prod. Credit No No Tier I

Geothermal

Federal Deprecation MACRS 5 year MACRS 5 year N/A
CA Depreciation Plant Life Plant Life N/A
Investment Tax Credit Yes Yes N/A
Renewable Production No No Tier I
Credit

The federal corporate income tax rate is assumed to be 34 percent, and 8.84 percent is
assumed for the California tax rate. The average property tax rate is 1.069 percent, and the
average sales tax is 7.67 percent. 6 In addition, Table 7 of Appendices C through S lists the
renewable tax benefits applicable to each of the technologies.
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To estimate operating and maintenance costs, common assumptions for salaries and
associated benefits were developed but most other costs are technology specific.
Assumptions for each technology are shown in Tables 8 and 9 of Appendices C through S.
Based on the technological and financial data contained in this report, staff obtained cost
summaries for each of the technologies studied, These summaries are provided in Table 10
of Appendices C through S. Staff analyzed the impact of the emission mitigation and the
cost of adding the duct firing to gas- fired facilities in different air quality management
districts and summarized the results in Table 4. The emission cost used in the staff analysis
was extracted from "Regional Cost Differences Siting New Power Generation in California
Report" dated December, 2002.

Table 4
Gas-Fired Power Plants Cost Comparisons

Operative Direct
Mode Cost

Technology Air District Gas Utility Fuel Levelized
$/kWh

Combined Cycle Bay Area PG&E Natural Gas Baseload $0.0524
Combined Cycle Sacramento PG&E Natural Gas Baseload $0.0523
Combined Cycle Kern County SoCal Natural Gas Baseload $0.0518
Combined Cycle Mojave SoCal Natural Gas Baseload $0.0519

Desert
Combined Cycle South Coast SoCal Natural Gas Baseload $0.0534
Combined Cycle San Diego SDG&E Natural Gas Baseload $0.0527

Combined Cycle w/Duct Bay Area PG&E Natural Gas Baseload $0.0526
Firing
Combined Cycle w/Duct Sacramento PG&E Natural Gas Baseload $0.0525
Firing
Combined Cycle w/Duct Kern County SoCal Natural Gas Baseload $0.0520
Firing
Combined Cycle w/Duct Mojave SoCal Natural Gas Baseload $0.0522
Firing Desert
Combined Cycle w/Duct South Coast SoCal Natural Gas Baseload $0.0537
Firing
Combined Cycle w/Duct San Diego SDG&E Natural Gas Baseload $0.0529
Firing

Simple Cycle CT Bay Area PG&E Natural Gas Peaking $0.1574
Simple Cycle CT Sacramento PG&E Natural Gas Peaking $0.1575
Simple Cycle CT Kem County SoCal Natural Gas Peaking $0.1571
Simple Cycle CT Mojave SoCal Natural Gas Peaking $0.1571

Desert
Simple Cycle CT South Coast SoCal Natural Gas Peaking $0.1576
Simple Cycle CT San Diego SDG&E Natural Gas Peaking $0.1579
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Caveats
The analysis presents the costs in terms of levelized costs. Levelized costs can be interpreted
as a constant level of revenue necessary each year to recover all expenses over the expected
economic life of the project, assuming all costs are known. Levelized costs for any power
plant are a function of all the fixed and varying annual costs (e.g., financing, operations and
maintenance, and fuel).

Capital costs for construction are a function of debt and equity financing terms. Debt
financing is typically structured with a fixed term and interest rate, and periodic repayments.
Equity financing is usually a residual return from revenues after all other costs, including
debt repayment, have been covered. In this analysis, debt financing costs were based on the
expected terms for a merchant-financed projectwith a 12-year loan and a BBB debt rating in
November 2001. These terms may have changed significantly, and the industry certainly
faces a much wider range of terms than it did at that time. Expected equity returns are
typically between 12 and 16 percent. In this analysis, the equity target was set at twice the
debt rate. In addition, other significant costs are incirred for arranging project financing.
These costs range from 1.5 to 12 percent of total project investment, depending on the size of
the project and the deemed creditworthiness of the project developer. This factor was set at
zero percent for this analysis because no appropriate level could be chosen without project-
specific details.

A second set of costs which vary by project are regional and site specific permitting and
infrastructure costs. These cost differences have been documented in a report prepared by
Aspen Environmental Group for the Commission in December 2002 "Regional Cost
Differences Siting New Power Generation in California Report". The cost of acquiring air
quality permits and offsets, and water supply sources vary substantially depending on what
region the plant is located. For example, emission offset costs for a 500 MW combined cycle
plant can vary from less than $5 million to over $20 million. Water supply costs can vary
from less than $200 per acre-foot to over $600. The costs for gas-fired power plants are
presented for specific regions to reflect these differences. However, even these cost estimates
may not accurately reflect the specific circumstances for any one project. Installation of
pipelines, substations and transmission lines are a function of proximity to utility
interconnections, and cannot be easily generalized. In addition, general permitting process
costs vary substantially depending on project specifics and jurisdiction. For this reason, these
costs are not included in this analysis.

The levelized costs shown in this report are for "greenfleld" projects, so they do not include
any demolition costs, nor do they reflect any benefits from previously existing infrastructure.
The use of levelized costs over a 20 to 40 year time horizon largely mitigates the effects from
any short-run price deviations. While prices may achieve short-run spikes for various
reasons, including war or tragedy, those prices may also plunge due to a supply glut. The
forecast is intended to reflect an awerage of the expected range of conditions over time rather
than to trace patterns.
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On the other hand, projects may provide benefits to the generation portfolio by hedging risks
associated with fuel-price or energy-availability volatility. Such benefits can be provided by
projects that can deliver power at a consistent rate on demand from energy sources where
costs are not correlated with fossil fuel prices.- The magnitude of the benefits is a function of:

1. the volatility of natural gas prices and energy availability from intermittent
renewables such as hydro and wind power

2. the consistency and control of the power output of the resource.

Some of these benefits can be gained through financial contracts that fix fuel prices, but
"physical hedges" where the resource energy supply is separate from fossil fuel provide
additional societat insurance. This cost model does not include the risk-hedging benefit
because that analysis is complex and dependent on the system mix of resources and contracts
for those resources.

Natural gas variability is an important factor that can affect the cost of the gas-fired
technologies. Hedging natural gas prices and hedging cost could be an important element in
determining the actual cost. However, in this analysis, staff did not consider the hedging
impact. 7 One must also note that the intermittent nature of wind and run-of-river hydro
projects decreases their value relative to dispatchable units.

The costs presented in this report taken alone are not sufficient to choose among
technologies. The choice will depend on the resource system portfolio, and how the specific
resource performs within that portfolio. Other factors such as reliability, operational
flexibility, environmental considerations, and appropriate scale are important as well.
Developing the appropriate resource portfolio involves balancing least cost and best fit
objective

Emerging Technologies

In addition to the technologies mentioned previously in this report, staff also obtained
levelized cost estimates for emerging technologies. Such technologies require further
breakthroughs in research and development before they will be considered commercially
viable on a central-station scale. These technologies include various fuel cell units (costs
given in Appendices E - 1); Solar Photovoltaics, Appendix M; and Solar Thermal - Stirling
Dish, Appendix P. Of these technologies, Solar PV has shown its usefulness as a distributed
generation technology. Its levelized cost, 42.72 .per kWh for a 50 MW plant, makes it
uncompetitive at a central-station scale, however.
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Table 5
Levelized Costs for Emerging Technologies

E Economic Gross Direct Cost
Technology Energy Source Operating Mode Lifetime Capacity Levelized

l (years) (MW) (cents/kWh)

Solar Thermal- Stirling Sun; Resource Load-Following 30 31.5 15.37
Dish Limited
Photovoltaic Sun; Resource Load-Following 30 50 42.72

Limited
Phosphoric Acid Natural Gas Baseload 20 25 21.27
Molten Carbonate Natural Gas Baseload 20 25 10.15
Solid Oxide Natural Gas Baseload 20 25 13.04
Hybrid Natural Gas Baseload 20 25 9.41

4 Staff has not updated these values from when they were derived because doing so would not be cost effective.
Additionally, and more current values will not likely be representative of future market conditions
5 Modified Accelerated Cost Recovery System.

6 Elizabeth G. Hill, California's Tax System: A Primer (Sacramento, California: Legislative Analysts Office,

State of California, January 2001).
7 For an estimate of the hedging cost associated with natural-gas-fired plants, see Bolinger, Wiser and Golove,
Quantifying the Value that Wind Power Provides as a Hedge Against Volatile Natural Gas Prices, (Berkeley,
Lawrence Berkeley National Laboratory, June 2002).
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Appendix A
Natural Gas Price ForeCast

Table A-I
Energy Commission December 2002

Natural Gas Price Forecast, 2003-2013

~J

Year Price
2003 $4.55
2004 $4.10
2005 $3.94
2006 $4.11
2007 $4.29
2008 $4.50
2009 $4.72
2010 $4.97
2011 $5.25
2012 $5.54
2013 $5.83
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Appendix B
Financial Information

Table B-I
Financial Parameters

Category Capital Structure Capital Cost

Equity 39.1% 16.0%
Preferred Equity 0.0% 0.0%
Debt 60.9% 7.4%
Discount Rate/Net Capital Cost 10.8%
Debt Limit 100.0%
Inflation Rate 2.0%
Debt Coverage Ratio - Minimum 1.5
Debt Coverage Ratio - Average 1.8
Loan/Debt Term (years) 12.0
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Appendix C
Combined Cycle-Baseload

Table C-I
Plant Information

Technology-Type Natural Gas
Fuel Natural Gas
Owner/investor Merchanj
Base Year 2002
In-service Year 200
Utility Service Area SoCa
Air Quality Management District Kern Coun

)

Table C-2
Plant Size

Gross Capacity (MW) 500.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 500
Derate Factor (%) 100.0
Firm Capacity (MW) 500
Transmission Losses (%) 5.0
Required AS/reserves (%) 7.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 442.0
Annual Capacity Degradation Rate (%) 0.15

Table C-3
Capital Costs

Escalation in Capital Costs (%) 0
AFUDC Rate (%) 10.3
Cash Ccst %) 100.0

Table C-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (0/o/Year) 75% 20% 5% 0% 0%
Carry Over $550.0 $137.0 $27.0 $0.0 $0.0

U)
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Table C-5
.Fuel Use

Heat Rate (MMBtu/kWh) 7,100
Fuel Consumption (MMBtu/hour) 3,550
Start-up Fuel Use (MMBtu/start) 1,850
Number of Annual Starts 50
Annual Fuel Use (MMBtu) 28,577,700

Table C-6
Operational Information

Availability/Year (%) 100
Availability/Year (hours) 8,760
Equipment Life (hours) 148,394
Equipment Life (years) 18
Overhaul Interval (hours) 14,839
Maintenance Outage (days) 28
Maintenance Outage Rate (%) 3.8
Forced Outage (hours) 400
Forced Outage Rate (%) 4.6
Hours per Year Operation
Capacity Factor (%) 91.6
Annual Net Energy (GWh) 4,012

Table C-7
Renewable Tax Benefits

Invest Tax Credit (%) 0
RETC Calculation ($) 0
Production Incentive-Investor (C/kWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table C-8"
Operations & Maintenance Costs (Employees)

Employee Category Full Time Hours/ear Compensation per
Employees Employee

Managers 4 1,800, ,$77,031 per year
Plant Operators 12 1,800 $30 per hour
Mechanics 4 1,800 $30 per hour
Laborers 2 1,800 $20 per hour
Support Staff 3 1,800 $20 per hour
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Table C-9
Operations & Maintenance Costs (Other)

Fixed O&M ($1kW-year) 4.33
Fixed O&M/lnstant Cost (%) 0.80
O&M Escalation (%) 0.5
Insurance (%). 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF) 197
Consumption (AF/YR) 2,600
Water Supply Costs ($/MWh) 0.13

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 1.21
Environmental Control Costs ($/MWh) 0.68
Variable O&M ($/MWh) 2.02

Table C-10
Cost Summary

Financing Costs ($/kW-year) 75
Fixed Operational Costs ($/kW-year) 16
Tax (w/Credits) ($/kW-year) 1
Fixed Costs ($/kW-year) 91

Fuel Costs ($/kW-year) 307
Variable O&M ($/kW-year) 19.16
Variable Costs ($/kW-year) 326
Total Levelized Costs ($IkW-year) 417

Capital ($/MW h) 11.39
Variable ($/MWh) 40.60
Total Levelized Costs ($IMVih) 51.99

Capital Costs
Instant Cost ($/kW) 542
Installed Cost ($/MWh) 592
Inservice Cost in 2004 ($MkW) 616

j)
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Table C-1I
Capital Cost Detail

Total ($) 270,896,567
Component Cost ($) 239,289,126
Turbine/Engine [Not itemized] ($) 234,597,182
Generator/Gearhead
Boiler/HRSG
Fuel Pipeline/Tank
Slab & Engine Mount
Miscellaneous fitting & hoses, spare parts ($) 4,691,944
Office space
Control Room
Financial Transaction Costs (%) 0.0

Land Costs (1,477,941
Acreage/Plant , 15
Cost per Acre $100,000
Acquisition Cost (•1,470,588
Land Prep Costs per Acre ($) 500
Total Land Prep Costs ($) 7,353

Permitting Costs ($) 5,129,500
Local Building Permits ($)
Environmental Permits ($)
Air Emission Permits ($) 5,129,500

Interconnection Costs ($) 0
Transmission Lines ($)
Substation ($)
Induction Equipment ($) .

Environmental Controls ($) 25,000,000
Installation Costs ($) 25,000,000
Replacement Costs ($) _
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Table C-12
Maintenance Cost Detail

Routine Maintenance Costs Annual Costs

Replacement Interval (hours) 8,024
Replacement Parts ($/unit) 400,000 400,000

Maintenance Interval (hours) 8,024
Materials/Supplies ($/unit) 400,000 400,000
Interval (hours) 1,000
Item Price ($/unit) 0.00 0.00

Labor (hours/day) 0.00
Labor price ($/hour) 48.00 0.00

Total Annual Routine Maintenance 800,000

Major Overhauls
Time to Major Overhaul (hours) 20,000
Major Overhaul Labor (man-hours) 18,000
Labor Cost ($/hour) 96.00

Major Overhaul Labor Cost ($) 1,728,000
Major Overhaul Replacement ($) 3,272,000
NPV Cost ($) 2,250,104

Minor Overhauls.
Annual Cost Item I 1 200,000

Hours to Item 1 Job 8,024
Annual Cost Item 2 0
Hours to Item 2 Job 0
Annualized PV Overhauls _ 1,401,939

Unscheduled Maintenance
Forced Outage (hours/year) 400
Labor Rate ($/hour) 48
Labor time per event (hours) 400
Parts Costs ($) 374,400
Total ($) 393,600

Total Annual Maintenance 4,845,644
Maintenance ($/kW-year) 9.69

Maintenance ($/MWh) 1.21

j)
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Table C-13
Environmental Control Costs

Total Annual Costs ($) 2,743,205

Air Emissions
Control Technology (e.g., SCR) (5) 15,000,000
Installation Cost ($/kW) 30
Annual Labor(hours/year) 100
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 4,800
Annual Consumables-Catalyst ($) 333,333
Replacement Cost ($/kW) 20
Component Life (hours) 141,760
Annualized Replacement Cost ($) 1,028,436

Water Cooling
Control Technology (e.g., wastewater) ($) 10,000,000
Installation Cost ($/kW) 20
Annual Labor (hours/year) 1000
Loaded Labor Rate ($) 48
Labor Cost ($) .48,000
Annual Consumables ($) 300,000
Replacement Cost ($/kW) 20
Component Life (hours) 141,760
Annualized Cost ($) 1,028,436

Solid Waste Disposal
Non hazardous material
Tons per Year I
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($Ston) 30
Total Costs ($) 40

Hazardous materials
Tons per Year 1
Collection and Hauling ($/ton) 60
Landfill Tipping Fees ($/ton) 100
Total Disposal Costs ($) - 160
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Appendix D
Combustion Turbine

Table D-1
Plant Information

Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
Inservice Year 2004.
Utility Service Area SoCal
Air Quality Management District Kern County

Table D-2
Plant Size

Gross Capacity (MW) 100.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 100
Derate Factor (%) 100.0
Firm Capacity (MW) 100
Transmission Losses (%) 5.0
Required AS/reserves (%) 7.0
Average Houry Output Rate % 100
Effective Load Carry Capacity (MW) 88
Annual Capacity Degradation Rate (%) 0.15

Table D-3
Capital Costs

Escalation in Capital Costs (%) 0.0
AFUDC Rate (%)10.3
Cash Cost (%) 100.0

Table D-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (%/Year) 75% 20% 5% 0% 0%
Carry Over $424 $105 $21 $0 $0
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Table D-5
Fuel Use

Heat Rate (MMBtu/kWh) 9,300
Fuel Consumption (MMBtu/hour) 930
Start-up Fuel Use (MMBtu/start) 180
Number of Annual Starts 120
Annual Fuel Use (MMBtu) 785,682

Table D-6
Operational Information

Availability/Year (%) 10
Availability/Year (hours) 876
Equipment Life (hours). 148,394
Equipment Life (years) 30
Overhaul Interval (hours) 876
Maintenance Outage (days) 4
Maintenance Outage Rate (%) 1.2
Forced Outage (hours/year) 44
Forced Outage Rate (%) 0.5
Hours per Year Operation 822
Capacity Factor (%) 9.4
Annual Net Energy (GWh) 82

Table.D-7
Renewable Tax Benefits

Invest Tax Credit (%) 0
RETC Calculation ($) 0
Production Incentive-Investor (0/kWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier 1 I 0
RE Production IncentiveTier II 0
REPI Tier II Proportion Paid (%) 10

..Table D-8
Operations & Maintenance Costs (Employees)

Full Time - Compensation
Employees Employees HoursfYear Per Employee

Managers 4 1,800 $90,000 per year
Plant Operators 4. 1,800 $30 per hour
Mechanics 2 1,800 $30 per hour
Laborers 0 1,800 $20 per hour
Support Staff 1 1,800 $20 per hour
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Table D-9
Operations & Maintenance Costs (Other)

9
Fixed O&M ($/kW-year) 11.52
Fixed O&M/Instant Cost (%) 2.76
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1,6
Other Operating Costs

Water Supply ($IAF) 197
Consumption (AF/YR) 520
Water Supply Costs ($/MWh) 1.25

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 9.15
Environmental Control Costs ($/MWh) 5.43

Variable O&M ($/MWh) 15.83

Table D-10
Cost Summary

Financing Costs ($/kW-year) 57
Fixed Operational Costs ($/kW-year) 22
Tax (w/Credits) ($/kW-year) 1
Fixed Costs ($IkW-year) 80

Fuel Costs ($/kW-year) 42
Variable O&M ($/kW-year) 9
Variable Costs ($/kW-year) 51
Total Levelized Costs ($/kW-year) 131

Capital ($/MWh) 97.46
Variable ($/MWh) 62.12
Total Levelized Costs ($IMWh) 159.58

Capital Costs
Instant Cost ($/kW) 417
Installed Cost ($/MWh) 456
Inservice Cost in 2004 ($/kW) 475

9
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Table D-1 I
Capital Cost Detail

Total ($) 41,715,152
Component Cost ($) 31,620,000
Turbine/Engine [Not segregated] ($) 31,000,000
Generator/Gearhead
Boiler/HRSG
Fuel Pipeline/Tank
Slab & Engine Mount _ __

Miscellaneous fitting & hoses, spare parts ($) 620,000
Office space ________."

Control Room
Financial Transaction Costs % 0.0

Land Costs ($) 5,007,353
Acreage/Plant 50
Cost per Acre ($) 100,000
Acquisition Cost ($) 5,000,000
Land Prep Costs/Acre ($) 500
Total Land Prep Costs ($) r7,353

Permitting Costs ($) 87,799
Local Building Permits
Environmental Permits
Air Emission Permits ($) 87,799

Interconnection Costs 0
Transmission Lines
Substation
Induction Equipment _

Environmental Controls ($) 5,000,000
Installation Costs ($) 5,000,000
Replacement Costs
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Table D-12
Maintenance Cost Detail

UJ
Routine Maintenance Costs Annual Costs

Replacement Interval (hours) 822
Replacement Parts ($/unit) 40,000 40,000
Maintenance Interval (hours) .822

Materials/Supplies ($/unit) 40,000 40,000
Interval (hours) 1,000
Item Price ($/unit) 0.00 0.00

Labor (hours/day) 0.00

Labor price ($/hour) 48.00 0.00
Total Annual Routine Maintenance 80,000

Major Overhauls-

Time to Major Overhaul (hours) 8,360

Major Overhaul Labor (man-hours) 3,600

Labor Cost ($/hour) 96.00
Major Overhaul Labor Cost ($) 345,600
Major Overhaul Replacement ($) 3,654,400
NPV Cost ($) 193,253

Minor Overhauls
Annual Cost Item 1 100,000
Hours to Item 1 Job 822
Annual Cost Item 2 0
Hours to Item 2Job 0
Annualized PV Overhauls 102,212

Unscheduled Maintenance
Forced Outage (hours/year) 44

Labor Rate ($/hour) 48
Labor time per event (hours) 44
Parts Costs ($) 374,400
Total 376,502

Total Annual Maintenance 751,967

Maintenance ($/kW-year) 7.52
Maintenance ($IMWh) 9.15

U
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Table D-13
Environmental Control Costs

Total Annual Costs Cs) 446,506

Air Emissions
Control Technology (e.g., .SCR) ($) 3,000,000
Installation Cost ($/kW) 30
Annual Labor (hours/year) 100
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 4,800
Annual Consumables-Catalyst ($) 33,333
Replacement Cost ($/kW) 20
Component Life (hours) 141,760
Annualized Replacement Cost ($) 169,286

Water Cooling
Control Technology (e.g., wastewater) ($) 2,000,000
Installation Cost ($/kW) 20
Annual Labor (hours/year) 200
Loaded Labor Rate ($/hour) ($) 48
Labor Cost ($) 9,600
Annual Consumables ($) 60,000
Replacement Cost ($1kW) 20
Component Life (hours) 141,760
Annualized Cost ($) 169,286

Solid Waste Disposal
Non hazardous material
Tons per Year I
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Costs ($) 40

Hazardous materials
Tons per Year 1
Collection and Hauling ($/ton) 60
Landfill Tipping Fees ($/ton) 100
Total Disposal Costs ($) 160
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Appendix E )
Fuel Cell - CT Hybrid

Table E-1
- Plant Information

Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
In-service Year 2004

Table E-2
Plant Size

Gross Capacity (MW) 25.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 25.0
Derate Factor (%) 100.0
Firm Capacity (MW) 25.0
Transmission Losses (%) 0.0
Required AS/reserves % 0.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 25.0
Annual Capacity Degradation Rate (%) 0.0

Table E-3
Capital Costs

Escalation in Capital Costs (%) 0.0
AFUDC Rate (%) 10.3
Cash Cost % 100.0

Table E-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

ICost (%/Year) 100% 0% 0% 0% 0%
Carry Over $1,164 $0 $0 $0 $0
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Table E-5
Fuel Use

Heat Rate (MMBtu/kWh) 5,700.0
Fuel Consumption (MMBtu1Hr). 142.5
Start-up Fuel Use (MMBtu/start) 0.0
Number of Annual Starts 0.0
Annual Fuel Use (MMBtu) 1,123,470.0

Table E-6
Operational Information.

AvailabilityNear (%) 100
Availability/Year (hours) 8,760
Equipment Life (hours) 222,592
Equipment Life (years) 28
Overhaul Interval (hours) 7,884
Maintenance Outage (days) 18
Maintenance Outage Rate (%) 5
Forced Outage (hours/year) 438
Forced Outage Rate (%) 5
Hours per Year Operation 7,884
Capacity Factor (%) 90
Annual Net Energy (GWh) 197

Table E-7
Renewable Tax Benefits

Investment Tax Credit (%) 0
RETC Calculation ($/kWh) 0
Production Incentive-Investor (¢lkWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid % 10

Table E-8
Maintenance & Operations Costs (Employees)

Employee Full Time Hours/Year Compensation per Employee
Category Employees os r m anpy

Managers 1 1,800 $120,000 per year
Plant Operators 4 1,800 $30 per hour
Mechanics 0 1,800 $30 per hour
Laborers 2.5 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour



Table E-9
Maintenance & Operations Costs (Other)

Fixed O&M ($/kW-year) 191.0
Fixed O&M/Instant Cost (%) 16.40
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($IAF)
Consumption (AF/YR)
Water Supply Costs ($/MWh)

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Vadable Operating Costs ($IMWh) 5.07
Environmental Control Costs ($/MWh).
Variable O&M ($IKW-year) 40

Table E-10
Cost Summary

Financing Costs ($/kW-year) 150
Fixed Operational Costs ($/kW-year) 260
Tax (w/Credits) ($/kW-year) 7
Fixed Costs ($/kW-year) 417

Fuel Costs ($1kW-year) 275
Variable O&M ($/kW-year) 50
Variable Costs ($/kW-year) 325
Total Levelized Costs ($1kW-year) 742

Capital ($/MWh) 52.93
Vadable ($/MWh) 41.16
Total Levelized Costs ($/MWh) 94.10

Capital Costs
Instant Cost ($/kW) 1,164
Installed Cost ($/MWh) 1,253
In-service Cost In 2004 ($/kW) 1,304
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Table E-11
Capital Cost Detail

Total (s) 29,096,786

Component Cost ($). 28,850,000

SOFC Generator Equipment ($) 8,350,000
SOFC Power Conditioning Equipment ($) 3,675,000
Gas Turbine Generator Equipment ($) 5,000,000
Balance of Plant Equipment ($) 4,450,000
Site Preparation ($) 425,000
Project Management and Engineering ($) 925,000
Overhead and Profit Allowance ($) 6,025,000

Financial Transaction Costs (%) 0
Land Costs ($) 246,786
Sq Ft/MW 4,300
Acreage/Plant 2.47
Cost per Acre ($) 100,000
Acquisition Cost ($) 246,786
Land Prep Costs per Acre ($) .0
Total Land Prep Costs ($) 0

Permitting Costs ($) 0
Local Building Permits ($)
Environmental Permits ($)

Interconnection Costs ($) 0
Transmission Lines ($)
Substation ($) _ _ _

Induction Equipment ($)
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I Table E-12
Maintenance Cost Detail

)
Routine Maintenance Costs Annual Costs
Replacement Interval (hours) I
Filter Price ($) 0 0
Maintenance Interval (hours) 1
Prie ($) 0 0
Oil Price ($/gallon) 3.40
Oil Capacity (gallons) 0 0
Oil Added per Day (gallons) 0 0
Interval (hours) 1,000
Item Price($) 0. 0
Labor (hours/day) 0
Labor Price ($/hour) 48 0
Annual Routine Maintenance 0

Major Overhauls
Hours to Major Overhaul 0
Major Overhaul Labor (man-hours) 0
Labor Cost ($/hour) .48 _.

Major Overhaul Labor Cost ($) 0 ._.
Major Overhaul Repiacement ($) 0
NPV Cost ($)

Minor Overhauls
Annual Cost Item i ($) 22,925,101
Hours to Item I Job 40,000
Annual Cost Item 2 ($) 4,585,020
Hours to Item 2 Job 55,188
Annualized Overhauls 4,069,350

Unscheduled Maintenance
Forced Outage (hours/year) 438
Labor Rate (S/hour) 48
Hours of Labor 438
Parts Costs ($) 0
Total ($) 21,024

Total Annual Maintenance ($) 4,090,374
Maintenance ($/kW-year) 163.61,
Maintenance ($/MWh) 20.751

~19
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Table E-13
Environmental Control Costs

Total Annual Costs 0

Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost (0)
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal-
Non hazardous material
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton).. 30
Total Costs ($) 0

Hazardous materials.
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($) 0
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Appendix F
Fuel Cell - Molten Carbonate

Table F-4
Plant Info

Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
In-service Year 2004

Table F-2
Plant Size

Gross Capacity (MW) . 25.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 25.0
Derate Factor (%) 100.0
Firm Capacity (MW) 25.0
Transmission Losses (%) 0.0
Required AS/reserves (%) 0.0
Average Houdy Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 25.0
Annual Capacity Degradation Rate (%) 0.0

2

Table F-3
Capital Costs

Escalation in Capital Costs % 0.0
AFUDC Rate (%) 10.3
Cash Cost (%) 100.0

Table F-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (%/Year) 100% 0% 0% 0% 0%
Carry Over $1,509 $0 $0 $0 $0

J)
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Table F-5
Fuel Use

Heat Rate (MMBtu/kWh) 7,511.0
Fuel Consumption (MMBtu/Hr) 187.8
Start-up Fuel Use (MMBtu/start) 0.0
Number of Annual Starts 0.0
Annual Fuel Use (MMBtu) 1,480,418.0

Table F-6
Operational Information

Availability/Year (%) 100
Availability/Year (hours) 8,760
Equipment Life (hours) 222,592
Equipment Life (years) 28
Overhaul Interval (hours). 7,884
Maintenance Outage (days) -18
Maintenance Outage Rate (%) 5
Forced Outage (hours/year) 438
Forced Outage Rate (%) 5
Hours per Year Operation 7,884
Capacity Factor (%) 90
Annual Net Energy (GWh) 197

Table F-7
Renewable Tax Benefits

Invest Tax Credit (%) 0
RETC Calculation ($) 0
Production Incentive-Investor (0/kWh). 0
Geothermal Depletion Allowance , '.UN/
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table F-8
Operation & Maintenance Costs

Full Time Compensation perEmployee Category Employees Hours/Year Employee

Managers 0 1,800 $80,000 per year
Plant Operators 0 1,800 $30 per hour
;Mechanics 0 1,800 $30 per hour
Laborers 0 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour
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Table F-9
Operation & Maintenance Costs (Other)

Fixed O&M ($/kW-year) 120.0
Fixed O&MlInstant Cost (%) 7.99
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)
Consumption (AF/YR)
Water Supply Costs ($/MWh)

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 5.07
Environmental Control Costs ($/MWh)
Variable O&M ($/MWh) 40

Table F-10
Cost Summary

Financing Costs ($/kW-ear) 194
Fixed Operational Costs ($/kW-year) 180
Tax (w/Credits) ($/kW-year) 9
Fixed Costs ($/kW-year) 383

Fuel Costs ($/kW-year) 362
Variable O&M ($,kW-year) 50
Variable Costs ($/kW-year) 412
Total Levelized Costs ($/kW-year) 795

Capital ($/MWh) 48.64
Variable ($/MWh) 52.24
Total Levelized Costs ($1MWh) 100.88

Capital Costs
Instant Cost ($/kW) 1,509
Installed Cost ($/MWh) 1,624
In-service Cost in 2004 ($/kW) 1,690

2
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Table F-Il
Capital Cost Detail

Total ($) 37b718,090
Component Cost ($) 37,500,000
[Not itemized-"AII In" cost] ($) 37,500,000

Office space ($)
Control Room ($)
Other infrastructure ($)
Financial Transaction Costs (%) 0

Land Costs ($) 218,090
Sq Ft/MW 3,800
Acreage/Plant 2.1
Cost per Acre ($) 100,000
Acquisition Cost ($) 218,090
Land Prep Costs per Acre ($) .
Total Land Prep Costs ($) 0

Permitting Costs (0) 0
Local Building Permits ($)
Environmental Permits ($)

Interconnection Costs ($)0
Transmission Lines ($)
Substation ($)
Induction Equipment ($)
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Table F-12
Maintenance Cost Detail

Routine Maintenance Costs Annual Costs
Replacement Interval (hours) I- 1
Filter Price ($) 0 C
Maintenance Interval (hours) 1
Price ($) 0 _

Oil Price ($/gallon) 3.40
Oil Capacity 0
Oil Added per Day 0 C
Interval (hours) 1,000
Item Price ($) 0 _

Labor (hours/day). 0
Labor Price ($/hour) 48 C
Annual Routine Maintenance _ _

Major Overhauls
Hours to Major Overhaul 0
Major Overhaul Labor (man-hours) 0
Labor Cost ($/hour) 48
Major Overhaul Labor Cost ($) 0(
Major Overhaul Replacement ($) 0(
NPV Cost ($)

Minor Overhauls
Annual Cost Item 1 ($) 10,000,000
Hours to Item I Job 23,652
Annual Cost Item 2 ($) 0
Hours to Item 2 Job 55,188
,nnualized Overhauls 2,991,199

Unscheduled Maintenance

Forced Outage (hours/year) 438
Labor Rate ($Shour) 48
Hours of Labor 438
Parts Costs ($) 0
Total ($) 21,024

Total Annual Maintenance 3,012,222

Maintenance ($/kW-year) 120.491
Maintenance ($/MWh) 15.281
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Table F-13
Environmental Control Costs

Total Annual Costs ($) 0

Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost (

Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) .. 141,760
Annualized Cost ($)

Solid Waste Disposal,
Non hazardous material
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Costs ($) 0

Hazardous materials
Tons per Year 0
Collection and Hauling (S/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($). 0
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APPENDIX G U
Fuel Cell - Phosphoric Acid

Table G-1
Plant Information

Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
In-service Year 2003

Table G-2
Plant Size

Gross Capacity (MW) ... 25.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 25&0
Derate Factor (%) 100.0
Firm Capacity (MW) 25.0
Transmission Losses.(%) 0.0
Required AS/reserves (%) 0.0

Average Hourly Output Rate (%). 100.0
Effective Load CarryCapacity (MW) 25.0
Annual Capacity Degradation Rate (%) 0.0

Table G-3
Capital Costs

Escalation in Capital Costs (%) 0.0
AFUDC Rate (%) .10.3
Cash Cost (%) 100.0

Table G-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (0/%/Year) 100% 0% 0% 0% 0%

Carry Over $4,520 $0 $0 $0 $0

U
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Table G-5
Fuel Use

Heat Rate (MMBtu/kWh) .9,389.0]
Fuel Consumption (MMBtu/hour) 234.7
Start-up Fuel Use (MMBtu/start) 0.0]
Number of Annual Starts 0.01
Annual Fuel Use (MMBtu) 1,850,572.C

Table G-6
Operational Information

Availability/Year (%) 100
Availability/Year (hours) 8,760
Equipment Life (hours) 222,592
Equipment Life (years) 28
Overhaul Interval (hours) 7,884
Maintenance Outage (days) 18
Maintenance Outage Rate (%) 5
Forced Outage (hours/year) 438
Forced Outage Rate (%) 5
Hours per Year Operation 7,884
Capacity Factor (%) 90
Annual Net Energy (GWh) 197

Table G-7
Renewable Tax Benefits

Invest Tax Credit (%) 0
RETC Calculation ($) 0
Production Incentive- Investor (C/kWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table G-8

Operations & Maintenance Costs (Employee)

Employees Full Time: H-uds/Year Compensation per
Employees Employee

Managers 0 1,800 $80,000 per year
Plant Operators 0 1,800 $30 per hour
Mechanics 0 1,800 $30 per hour
Laborers 0 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour
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Table G-9
Operation & Maintenance Costs (Other) )

Fixed O&M ($/kW-year) 271.0
Fixed O&MlInstant Cost (%) 5.99
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)
Consumption (AFIYR)
Water Supply Costs ($/MWh)

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 22.20
Environmental Control Costs ($/MWh)
Variable O&M ($/kW-year) 175

Table G-10
Cost Summary

Financing Costs ($/kW-year) 571
Fixed Operational Costs ($/kW-year) 424
Tax (w/Credits) ($/kW-year) 28
Fixed Costs $/kW-year_ 1,023

Fuel Costs ($/kW-year) 437
Variable O&M ($AkW-year) 217
Variable Costs ($/kW-year) 654
Total Levelized Costs ($1kW-year 1,677

Capital ($/MWh) 129.76
Vadable ($/MWh) 82.96
Total Levelized Costs ($IMWh) 212.72

Capital Costs
Instant Cost ($/kW) 4,520
Installed Cost ($/MWh) 4,867
in-service Cost In 2004 ($/kW) 4,964

~j)
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Table G-11
Capital Cost Detail

Total ($) 113,005,051

Component Cost ($) 112,500,000
[Not itemized="AII In" cost] ($) 112,500,000

Office space $
Control Room ($)
Other infrastructure ($)
Financial Transaction Costs (%)

Land Costs ($) 505,051
Sq Ft/MW 8,800
Acreage/Plant 5.05
Cost per Acre ($) 100,000
Acquisition Cost ($) 505,051
Land Prep Costs per Acre (0) 0
Total Land Prep Costs (0) 0

Permitting Costs (0)
Local Building Permits ($)
Environmental Permits ($)

Interconnection Costs (0)
Transmission Lines $
Substation ($).
Induction Equipment ($)
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Table G-12
Maintenance Cost Detail

Routine Maintenance Costs Annual Costs
Replacement Interval (hours) 1
Filter Price ($) 0
Maintenance Interval (hours) I
Price ($) 0
Oil Price (s/gallon) 3.40(
Oil Capacity 0 _

Oil Added per Day .___... . ____

Interval (hours), l_000
Item Price ($)
Labor (hours/day) 0.00
Labor Price ($/hour) 48
Annual Routine Maintenance _

Major Overhauls
Hours to Major Overhaul - 0 _ _

Major Overhaul Labor (man-hours) 0
Labor Cost ($/hour) __ 48
Major Overhaul Labor Cost ($) (;
Major Overhaul Replacement ($) 0
NPV Cost ($)

Minor Overhauls
Annual Cost Item I ($) 37,500,000_
Hours to Item 1 Job _ 39,42(0
Annual Cost Item 2 ($) 7,500,000
Hours to Item 2 Job 55,188
Annualized Overhauls 6,746,247

Unscheduled Maintenance.
Forced Outage (hours/year) 438
Labor Rate ($/hour) 48
Hours of Labor 438
Parts Costs ($) 0
Total ($) 21,024

Total Annual Maintenance 6,767,271

Maintenance ($/kW-year) 270.69
Maintenance ($/MWh) 34.331

j
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Table G-13
Environmental Control Costs

Total Annual Costs ($)0

Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost.($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Costs ($) 0

Hazardous materials ____.____

Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($) 01

G-6



APPENDIX H
Fuel Cell - Proton Exchange Membrane

Table H-I.
Plant Information

Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
hI-service Year 2005

Table H-2
Plant Size

Gross Capacity (MW) 25.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 25.0
Derate Factor (%) 100.0
Firm Capacity (MW) 25.0
Transmission Losses (%) 0.0
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 25.0
Annual Capacity Degradation Rate (%) 0.0

Table H-3.
Capital Costs

Escalation in Capital Costs % 0.0
AFUDC Rate (%) 10.3
Cash Cost (%) 100.0

Table H-4
Construction Costs by Year

Years Out from On-Une Date
0 -1 -2 -3 -4

Cost (%/Year) 100% 0% 0% 0% 0%
Carry Over $1,511 $0 $0 $0 $0
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Table H-5
Fuel Use

Heat Rate (MMBtu/kWh) 9,389.0
Fuel Consumption (MMBtu/hour) 234.7
Start-up Fuel Use (MMBtu/start) 0.0
Number of Annual Starts 0.0
Annual Fuel Use (MMBtu) 1,850,572.0

Table H-6
Operational Information

Availability/Year (%) 100
Availability/Year (hours) 8,760
Equipment Life (hours) 222,592
Equipment Life (years) 28
Overhaul Interval (hours) 7,884
Maintenance Outage (days) .18
Maintenance Outage Rate (%) 5
Forced Outage (hours/year) 438
Forced Outage Rate (%) 5
Hours per Year Operation 7,884
Capacity Factor (%) 90
Annual Net Energy (GWh) 197

Table H-7
Renewable Tax Benefits

Invest Tax Credit (,) 0
RETC Calculation (;) 0
Production Incentive-Investor (C/kWh) 0
Geothermal Depletion Allowance N/IA
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table H-8
Operation & Maintenance Costs (Employee)

Employees Full Time Hours.Year Compensation per
Employees ._____ Employee

Managers 0 1,800 $80,000 per year
Plant Operators 0 1,800 $30 per hour
Mechanics 0 1,800 $30 per hour
Laborers 0 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour
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Table H-9
Operation & Maintenance Costs (Other)

j

Fixed O&M ($/kW-year) 271.0
Fixed O&M/Instant Cost (%) 17.91
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($1AF)
Consumption (AF/YR)
Water Supply Costs ($/MWh)

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 22.20
Environmental Control Costs ($/MWh)
Variable O&M ($/kW-year) 175

Table H-10
Cost Summary

Financing Costs ($/kW-year) 199
Fixed Operational Costs ($/kW-year) 367
Tax (w/Credits) ($/kW-year) 10
Fixed Costs ($1kW-year 575

Fuel Costs ($/kW-year) 474
Variable O&M ($AW-year) 217
Variable Costs ($IkW-year)6
Total Levelized Costs ($IkW-year) 1,266

Capital ($/MWh) 72.92
Variable ($/MWh) 87.68
Total Levelized Costs ($IMWh) 160.60

Capital Costs
Instant Cost ($/kW) 1,511
Installed Cost ($/MWh) 1,627
In-service Cost in 2004 ($IkW) 1,727

N
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Table H-11
Capital Cost Detail

Total ($) 37,781,221

Component Cost ($) 37,500,000
[Not Itemized - "All In" cost] 37,500,000

Office space ($)
Control Room ($)
Other Infrastructure ($)
Financial Transaction Costs (%) 0

Land Costs ($) 281,221
Sq Ft/MW 4,900
Acreage/Plant 2.81
Cost per Acre ($) 100,000
Acquisition Cost ($) 281,221
Land Prep Costs per Acre ($) 0
Total Land Prep Costs ($). 0

Permitting Costs ($) 0
Local Building Permits ($)
Environmental Permits ($)

Interconnection Costs ($) 0
Transmission Lines ($)
Substation ($)
Induction Equipment ($)
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Table H-12
Maintenance Cost Detail

Routine Maintenance Costs Annual Costs
Replacement Interval (hours) .1
Filter Price ($), 0 C
Maintenance Interval (hours) I
Price ($) 0
Oil Price (s/gallon) 3.40_
Oil Capacity 0
Oil Added per Day 0 _

Interval (hours) 1000
Item Price ($) 0 _

Labor (hours/day) 0.00
Labor Price ($/hour) 48 _

Annual Routine Maintenance _

Major Overhauls
Hours to Major Overhaul 0
Major Overhaul Labor (man-hours) 0
Labor Cost ($/hour) 48
Major Overhaul Labor Cost ($) 0
Major Overhaul Replacement ($) 0
NPV Cost ($)

Minor Overhauls
Annual Cost Item I ($) 37,500,000
Hours to Item I Job 39A20
Annual Cost Item 2($) 7,500,000
Hours to Item 2 Job 55,188
Annualized Overhauls 6,746,24"/

Unscheduled Maintenance
Forced Outage (hours/year) 438
Labor Rate (S/hour) 48
Hours of Labor 438
Parts Costs ($) 0
Total ($) 21,024

Total Annual Maintenance 6,767,271
Maintenance ($/kW-year) 270.691
Maintenance ($/MWh) 34.331
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Table H-13
Environmental Control Costs

Total Annual Costs 0$) 0

Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($),

gSolid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and Hauling ($Ston) 10
Landfill Tipping Fees ($Ston) 30
Total Costs ($) 0

Hazardous materials
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($) 0
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APPENDIX I
Fuel Cell - Solid Oxide

Table I-1
Plant Information

Technology Type Natural Gas
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
In-service Year 12004

Table 1-2
Plant Size

Gross Capacity (MW) 25.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 25.0
Derate Factor (%) 100.0
Firm Capacity (MW) 25.0
Transmission Losses % 0.0
Required AS/reserves (%) 0.0
Average Houdy Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 25.0
Annual Capacity Degradation Rate (%) 0.0

Table 1-3
Capital Costs

Escalation in Capital Costs (%) 0.0
AFUDC Rate ()10.3
Cash Cost % 100.0

Table 1-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (%/Year) 100% 0% 0% 0% 0%
Carry Over $1,577 $0 $0 $0 $0

NJ
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Table 1-5
Fuel Use

Heat Rate (MMBtu/kWh) 8,345.0
Fuel Consumption (MMBtu/hour) 208.6
Start-up Fuel Use.(MMBtu/start) 0.0
Number of Annual Starts 0.0
Annual Fuel Use (MMBtu) 1,644,800.0

Table 1-6
Operational Information

Availability/Year (%) 100
Availability/Year (hours) 8,760
Equipment Life (hours) 222,592
Equipment Life (years) 28
Overhaul Interval (hours) 7,884
Maintenance Outage (days) 18
Maintenance Outage Rate (%) 5
Forced Outage (hours/year) 438
Forced Outage Rate (%) 5
Hours per Year Operation 7,884
Capacity Factor (%) 90
Annual Net Energy (GWh) 197

Table 1-7
Renewable Tax Benefits

Invest Tax Credit (%) 0
RETC Calculation ($) 0
Production Incentive-Investor (0/kWh) 0
Geothermal Depletion Allowance NIA
RE, Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier 11 Proportion Paid (%) 10

Table 1-8
Operation &.Maintenance Costs

Employees Full Time Hours/Year Compensation per
Employees Employees - Employee

Managers I 1,800 $120,000 per year
Plant Operators 4 1,800 $30 per hour
Mechanics 0 1,800 $30 per hour
Laborers 2.5 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour
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Table 1-9
Operation & Maintenance Costs (Other)

Fixed O&M ($/kW-year) 294.0
Fixed O&M/lnstant Cost (%) 18.67
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)
Consumption (AF/YR)
Water Supply Costs ($/MWh)

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 1.60
Environmental Control Costs ($/MWh)
Variable O&M ($/IVWh) 13

Table 1-10
Cost Summary

Financing Costs ($/kW-year) 203
Fixed Operational Costs ($/kW-year) 397
Tax (w/Credits) ($/kW-year) 10
Fixed Costs ($IkW-year) 610_

Fuel Costs ($/kW-year) 403
Vanable O&M ($ikW-year) 16
Variable Costs ($/kW-year) 418
Total Levelized Costs ($1kW-year) 1,028

Capital ($/MWh) 77.34
Variable ($/MWh) 53.04
Total Levelized Costs ($/MWh) 130.38

Capital Costs
Instant Cost ($/kW) 1,577
Installed Cost ($/MWh) 1,698
In-service Cost in 2004 ($/kW) 1,766

v-I)

1-3



Table I-11
Capital Cost Detail

Total ($) 39,423,440
Component Cost ($)
Turbine/Engine [Not itemized] ($) 39,142,219
Generator/Gearhead ($)
Boiler/HRSG ($) 13,658,609
Fuel Pipeline/Tank ($) 13,658,609
Slab & Engine Mount ($)
Miscellaneous fitting &-hoses ($) 4,450,000
Office space ($) 425,000
Control Room($) 925,000
Duct Burners ($) 6,025,000
Financial Transaction Costs (%)

Land Costs ($) 0
Acreage/Plant 281,221
Cost per Acre ($) 4,900
Acquisition Cost ($) 2.81
Land Prep Costs per Acre ($) 100,000
Total Land Prep Costs ($) 281,221

Permitting Costs ($) 0
Local Building Permits ($) 0
Environmental Permits ($) 0
Air Emission Permits ($) 0

Interconnection Costs ($) 0
Transmission Lines ($) 0
Substation ($) _ __

InduCtion Equipment ($)
Environmental Controls ($) •0
Installation Costs ($) 0
Replacement Costs ($) 0
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Table 1-12
Maintenance Cost Detail

Routine Maintenance Costs Annual Costs
Replacement Interval (hours) I
Filter Price ($) 0 _ _ 0
Maintenance Interval (hours) I
Price($) 0 _0

Oil Price ($/gallon) 3.40
Oil Capacity 0_ _

Oil Added per Day 0

Interval (hours) 1M000
Item Price ($) 0
Labor (hourslday) 0!
Labor Price ($/hour) 480
Annual Routine Maintenance0

Major Overhauls
Hours to Major Overhaul 0
Major Overhaul Labor (man-hours) 0
Labor Cost (S/hour) 48
Major Overhaul Labor Cost ($) 0
Major Overhaul Replacement ($) 0
NPV Cost ($)

Minor Overhauls
Annual Cost Item 1 ($) 37,500,000
Hours to Item I Job 40,000
Annual Cost Item 2 ($) 7,500,000
Hours to Item 2 Job 55,188
Annualized Overhauls 6,656,48

Unscheduled Maintenance _

Forced Outage (hours/year) 438
Labor Rate ($/hour) 48
Hours of Labor 438
Parts Costs iS) 0
Total ($) 21,024

Total Annual Maintenance 6,677,510
Maintenance ($/kW-year) 267.10
Maintenance ($/MWh) 33.88 77771
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Table 1-13
Environmental Control Costs

Total Annual Costs ($)0

Air Emissions
Control Technology(e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141 760
Annualized Cost ($)

Water Cooling
Control Technology (e.g. wastewater)($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Costs ($) 0

Hazardous materials
Tons per Year 0
Collection and Hauling ($Ston) 10
Landfill Tipping Fees ($Ston) 30
Total Disposal Costs ($) 01
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Appendix J
Geothermal Binary 35 MW

Table J.1
Plant Information

Technology Type Geothermal
Fuel Geothermal
Owner/Investor Merchant
Base Year 2001
Inservice Year 2005

Table J-2
Plant Size

Gross Capacity (MW) 35.0
Parasitic Load (MW) 10.0
Net Capacity (MW) 25
Derate Factor (%) 100.0
Firm Capacity (MW) 25
Transmission Losses (%) 2.0
Required AS/reserves (%) 0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 25
Annual Capacity Degradation Rate (%) 0

Table J-3
Capital Costs

Escalation in Capital Costs (%) 0
AFUDC Rate (%) 10.3
Cash Cost (%) 100

Table J-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (%/olYear) 20% 70% 10% 0% 0%
Carry Over $3,360 $2,585 $321 $0 $0
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Table J-5
.Fuel Use

Heat Rate NIA
Fuel Consumption/Hour (MMBtu/Hour) 0.0
Start-up Fuel Use (MMBtu/Start) 0.0
Number of Annual Starts - _1

Annual Fuel Use (MMBtu) 01

Table J-6
Operational Information

Availability/Year (%) 99
Availability/Year (hours) 8,672
Equipment Life (hours) 260,000
Equipment Life (years) 30
Overhaul Interval (hours) 45,000
Maintenance Outage (days) 5
Maintenance Outage Rate (%) -0.3
Forced Outage (hours/year) 24
Forced Outage Rate (%) 0.3
Hours per Year Operation 8,624
Capacity Factor (%) 98.5
Annual Net Energy (GWh) 216

Table J-7
Renewable Tax Benefits

Invest Tax Credit (%) 10
RETC Calculation ($) 392
Production Incentive-Investor (C/kWh) 0
Geothermal Depletion Allowance
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table J-8
Operations & Maintenance Costs (Employees)

Full Time Compensation perEmployee Category Employees Hours/Year Employee

Managers 1 1,800, $80,000 per year
Plant Operators 8 1,800 $30 per hour
Mechanics 1 1,800 $30 per hour
Laborers 2 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour
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Table J-9
Operations & Maintenance Costs (Other)

Fixed O&M ($/kW-year) 152

Fixed O&M/Instant Cost (%)4.73
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 2.0
Other Operating Costs

Water Supply ($/AF) 250,000
Consumption (AF/YR) 25,000
Water Supply Costs ($/MWh)

Plant Scheduling Costs 0
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 0.00
Environmental Control Costs ($1MWh)
Variable O&M ($/kW-year) 0

Table J-10
Cost Summary

Financing Costs ($/kW-year) 442

Fixed Operational Costs ($/kW-year) 257
Tax (w/Credits) ($/kW-year) (78)
Fixed Costs ($/kW-year) 621

Fuel Costs ($/kW-year) 8
Variable O&M ($/kW-year) 0
Variable Costs ($/kW-year) 8
Total Levelized Costs ($/kW-year) 629

Capital ($/MWh) 71.96
Variable ($IMWh) 0.92
Total Levelized Costs ($/MWh) 72.88

Capital Costs
Instant Cost ($/kW) 3,210
Installed Cost ($/MWh) 3,618
In-service Cost in 2004 ($/kW) 3,839
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Table J-1 i
Capital Cost Detail

Total ($) 80,255,463
Component Cost ($) 79,700,000
Exploration costs ($) 3,000,000
Wellfield Development ($) 34,700,000
Plant Equipment ($) 42,000,000
Financial Transaction Costs ($) 0.0

Land Costs ($) 555,463
Occupied Acreage 40
Total Project Area (Acres) 12000
BLM Pre-dev Lease Fee ($) 44
Total Land "Cost Burden" ($) 531,463
Land Prep Costs per Acre 600
Total Land Prep Costs ($) 24,000

Permitting Costs ($) 0
Building Permits ($)
Environmental Permits ($)

Environmental Permits ($) 300,000
Transmission Lines ($)
Substation ($)

Environmental Controls ($) 0
Installation Costs ($) 0
Replacement Costs ($) _
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Table J-12
Maintenance Cost Detail 3

Routine Maintenance Costs Annual Costs
Plant costs
OECs- 250,000
Elec. & Control System 50,000

Cooling systems 76,000
Auxiliary Systems 26,000
Cooling water Chemicals 212,000
Isopentane system 75,000
Miscellaneous Consumables 50,000
Wellfield Costs
Welifield Costs
Well clean out 185,000
Well pumps maintenance 50,000

Brine chemicals 100,000
Miscellaneous 35,000
Annual Routine Maintenance 1,109,000

Major Overhauls
Hours to Major Overhaul: 45,000

Major Overhaul Labor (man-hours) 200
Labor Cost ($/hour) 60
Major Overhaul Labor Cost ($) 12,000

Major Overhaul Replacement ($) 1,000,000
NPV Cost ($)
Minor Overhauls
Well Work Over ($) 50,000
Hours to Item 1 Job 6,000
Well Replacement ($) 2,300,000
Hours to Item 2 Job 42,500
Pump Replacement ($) 350,000
Hours to Item 3Job 3,500
Annualized Overhauls ($) 1,062,686

Unscheduled Maintenance
Forced Outage (hours/year) 24
Labor Rate ($/hour) 60
Hours of Labor 12
Parts Costs ($) 25,000
Total ($) 25,720

Total Annual Maintenance ($) 2,197,406

Maintenance ($/kW-year) 87.90
Maintenance ($/MWh) 10.19

)

I)
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Table J-13
Environmental Control Costs

Total Annual Costs 50,000

Media & Technology
Air Emissions
Control Technology (eg SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 60
Labor Cost 0
Annual Consumables 0
Replacement Cost ($/kW) 0
Component Life (hours) 0
Annualized Cost

Water Discharge
Control Technology (e.g., wastewater)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 60
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 0
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and Hauling ($/ton) 30
Landfill Tipping Fees ($/ton) 0
Total Costs 0

Hazardous materials
Tons per Year 10,000
Collection and Hauling ($/ton) 0
Landfill Tipping Fees ($/ton) -5

ITotal Disposal Costs ($) 50,000
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Appendix K
Geothermal Flash 50 MW

Table K-4
Plant Information

j

Technology Type Geothermal
Fuel Geothermal
Owner/Investor Merchant
Base Year 2002
Inservice Year 2005

Table K-2
Plant Size

Gross Capacity (MW) 49.9
Parasitic Load (MW) -5.0
Net Capacity (MW) 45.0
•Derate Factor N% 100.0
Firm Capacity (MW) 45.0
Transmission Losses %)2.0
Required AS/reserves %)0.0

Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 44.0
Annual Capacity Degradation Rate (%) 0.0

Table K-3
Capital Costs

Escalation in Capital Costs (%) 0
AFUDC Rate (%) 10.3
Cash Cost (%) 100

Table K-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (%/Year) 20% 60% 20% 0% 0%
Carry Over $2,239 $1,724 $426 $0 $0
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Table K-5
Fuel Use

Heat Rate N/A
Fuel Consumption/Hour (MMBtu/Hr)- 0.0
Start-up Fuel Use (MMBtu/Start) 0.0
Number of Annual Starts 1
Annual Fuel Use (MMBtu) 0

Table K-6
Operational Information

Availability/Year (%) 97.2
Availability/Year (hours) 8,515
Equipment Life (hours) 260,000
Equipment Life (years) 30
Overhaul Interval (hours) 25,000
Maintenance Outage (days) 7
Maintenance Outage Rate % 0.6
Forced Outage (hours/year) 50
Forced Outage Rate (%) 0.6
Hours per Year Operation 8,409
Capacity Factor (%) 96
Annual Net Energy (GWh) 378

Table K-7
Renewable Tax Benefits

Invest Tax Credit (%) 10
RETC Calculation ($) 261
Production Incentive-Investor (C/kWh) 0
Geothermal Depletion Allowance
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table K-8
Operations & Maintenance Costs (Employees)

Full Time Hours-Year Compensation per
Empoyees - Employees ,. Employee

Managers 1 1,800 $80,000 per year
Plant Operators 8 -1,800 $30 per hour
Mechanics 1 1,800 $30 per hour
Laborers 2 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour
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Table K-9
Operations & Maintenance Costs (Other)

Fixed O&M 60
Fixed O&M/Instant Cost % 2.81
O&M Escalation ($) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs
Make-up water ($) 12,000
Reservoir management ($) 25,000
Water Supply Costs ($/MWh)
Plant Scheduling Costs _

Transmission Service ($/MW) 0
Wheeling Charges ($/kWh)
Scheduler Costs
Variable Operating Costs ($/MWh) 0.10
Environmental Control Costs ($/MWh)
Variable O&M ($/kW-year) 1

)

Table K-10
Cost Summary

Financing Costs ($/kW-year) 294
Fixed Operational Costs ($/kW-year) 120
Tax (w/Credits) ($1kW-year) (45)

Fixed Costs ($/kW-year) 369

Fuel Costs ($/kW-year) 11
Variable O&M ($IM W-year) 1
Variable Costs ($/kW-year) 12
Total Levelized Costs ($/kW-year) 381

Capital ($/MWh) 43.91
Variable ($/MWh) 1.40

Total Levelized Costs ($/MWh) 45.31

Capital Costs
Instant Cost ($/kW) 2,128
Installed Cost ($/MWh) 2,410
In-service Cost In 2004 ($/kW) 2,558
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Table K-1I
Capital Cost Detail

Total ($) 95,539,694

Component Cost ($) 95,200,000
Exploration costs ($) 3,000,000
Welifield Development ($) 32,200,000
Plant Equipment ($) 60,000,000
Financial Transaction Costs (%) 0.0

Land Costs ($) 339,694
Occupied Acreage 40
Total Project Area (Acres) 6000
Lease Fee per Acre ($) 53
Total Land "Cost Burden" 315,694
Land Prep Costs per Acre ($) 600
Total Land Prep Costs ($) 24,000

Permitting Costs ($) 0
Building permit ($)
Environmental Permits ($)

Environmental Permits ($) 300,000
Transmission Lines ($)
Substation ($)

Environmental Controls ($) 0
Installation Costs ($) 0
Replacement Costs ($)
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Table K-12
Maintenance Cost Detail

Routine Maintenance Costs Annual Costs
Plant costs •
Turbine/Generator ($) 55,000
Electrical & Control System ($) 86,000
Cooling systems ($) .12,000
Auxiliary Systems ($) 26,000
Cooling water Chemicals ($) 93,000
Miscellaneous Consumables $ .50,000

Welifield Costs
Well clean out ($) 185,000
Brine chemicals ($) 100,000
Miscellaneous ($) 35,000

Annual Routine Maintenance ($) 642,000

Major Overhauls
Hours to Major Overhaul 25,000
Major Overhaul Labor (man-hours) 400
Labor Cost (S/hour) 48
Major Overhaul Labor Cost ($) . 19,200
Major Overhaul Replacement ($) 1,300,000
NPV Cost ($)
Minor Overhauls
Well Work Over ($) 50,000
Hours to Item 1 Job 6,000
Well Replacement ($) 2,300,000
Hours to Item 2 Job 25,000

Annualized Overhauls ($) 762,755

Unscheduled Maintenance
Forced Outage (hours/year) 50
Labor Rate ($/hour) 48
Hours of Labor 25
Parts Costs ($) 50,000

51,200

Total Annual Maintenance ($) 1,455,955
Maintenance/kW-year 32.43
Maintenance/MWh 3.86
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Table K-13
Environmental Control Costs

Total Annual Costs ($) 174,000

Air Emissions
Control Technology (e.g., SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year). 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 0
Annualized Cost ($)

Water Discharge
Control Technology (e.g., wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 0
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material
Tons per Year 5,800
Collection and Hauling ($/ton) 30
Landfill Tipping Fees ($Aon) 0
Total Costs ($) 174,000

Hazardous Materials
Tons per Year 0
Collection and Hauling ($/ton) 0
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($) 0
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APPENDIX L
HYDROPOWER

Table L-1
Plant Info

Technology Type Hydro
Fuel None
Owner/Investor Merchant
Base Year 12002
In-service Year 2007

Table L-2
Plant Size

Gross Capacity (MW) 100.0
Parasitic Load (MW) 0.1
Net Capacity (MW) 100.0
Derate Factor (%) 100.0
Firm Capacity (MW) 100.0
Transmission Losses (%) 2.5
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 97.0
Annual Capacity Degradation Rate (%) 0.0

Table L-3
Capital Costs

Escalation in Capital Costs % 0.0
AFUDC Rate (%) 10.3
Cash Cost (%) 100.0

Table L-4
Construction Costs by Year

. Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (/o/Year) 45% 45% 4% 3% 3%

Carry Over $1,198 $646 $121 $71 $35
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Table L-5
Fuel Use

Heat Rate (MMBtu/kWh) N/A
Fuel Consumption (MMBtu/hour) 0.0
Start-up Fuel Use (MMBtu/start) 0.0
Number of Annual Starts 0.0
Annual Fuel Use (MMBtu) 0.0

Table L-6
Operational Information

Availability/Year (%) 42.5
Availability/Year (hours) 3,723
Equipment Life (hours) .262,800
Equipment Life (years) 30
Overhaul Interval (hours) 8,400
Maintenance Outage (days) 10
Maintenance Outage Rate (%) 1.4
Forced Outage (hours/year) 120
Forced Outage Rate (%) 1.4
Hours per Year Operation 3,483
Capacity Factor (%) 39.8
Annual Net Energy (GWh) 348

Table L-7
Renewable Tax Benefits

Invest Tax Credit (%) 0
RETC Calculation ($) 0
Production Incentive-Investor (0/kWh) 0
Geothermal Depletion Allowance NIA
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table L,8
Operation & Maintenance Costs (Employees)

Employees " Full Time Hours/Year Compensation per
Employees _ _ Employee

Managers 3. 1,800 $80,000 per year
Plant Operators , 3 1,800 $30 per hour
Mechanics 2 1,800 $30 per hour
Laborers 1 1,800 $20 per hour
Support Staff 1 1,800 $20 per hour
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Table L-9
Operation & Maintenance Costs (Other)

Fixed O&M ($/kW-year) 10.0
Fixed O&M/Instant Cost (%) 0.90
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5.
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)
Consumption (AF/YR)
Water Supply Costs ($/MWh)

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($IkWh)
Scheduler Costs

Variable Operating Costs ($1MWh)
Environmental Control Costs ($/MWh)_
Variable O&M ($/kW-year)

Table L-10
Cost Summary

Financing Costs ($/kW-year) 161
Fixed Operational Costs ($/kW-year) 39
Tax (w/Credits) ($1kW-year) 10
Fixed Costs ($/kW-year) 210

Fuel Costs ($/kW-year) 0
Variable O&M ($/kW-year) 0
Variable Costs ($IkW-year) 0
Total Levelized Costs ($/kW-year) 210

Capital ($/MWh) 60.37
Variable ($1MWh) 0.00
Total Levelized Costs ($IMWh) 60.37

Capital Costs
Instant Cost ($/kW) 1,153
Installed Cost ($/MWh) 1,290
In-service Cost In 2004 ($/kW) 1,424
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Table L-1 I
.Capital Cost Detail

Total 115,188,000

Component Cost ($) 109,000,000
Turbine/Engine ($) 5,000,000
Generator/Gearhead ($) 6,000,000
Penstock & Surge Tank ($) 30,000,000
Building & Foundation ($) 3,000,000
Miscellaneous fitting & hoses ($) 3,500,000
Office space ($) 4
Control Room($) 1,500,000
Dam & Reservoir ($) 60,000,000
Financial Transaction Costs (%) 0

Land Costs ($) 6,188,000
Acreage/Plant 1,400
Cost per Acre ($) 1,420
,Acquisition Cost ($) 1,988,000

Land Prep Costs per Acre ($) 3,000
Total Land Prep Costs ($) 4,200,000

Permitting Costs ($) 0
Local Building Permits ($)
Environmental Permits ($)

Interconnection Costs ($)0
Transmission Lines ($) 0
Substation ($) 0
Induction Equipment ($)

Environmental Controls ($) 0
Installation Costs ($) 0
Replacement Costs ($) _
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Table L-12
Maintenance Detail

Routine Maintenance Costs Annual Costs
Replacement Interval (hours) 1
Filter Price ($) .0 0 0
Maintenance Interval (hours) I
Price ($) 0
Oil Price (S/qallon) 3.40
Oil Capacity 0
Oil Added per Day 0 0
Interval (hours) 1,000
Item Price ($) 0 0
Labor Hours/Day 0
Labor Price ($/hour) 48 0
Annual Routine Maintenance 0

Major Overhauls
Hours to Major Overhaul 43,800
Major Overhaul Labor (man-hours) 600
Labor Cost. ($ihour) - 48
Major Overhaul Labor Cost (S) 28,800
Major Overhaul Replacement ($) 21300,000
NPV Cost ($) 101,626.1

Minor Overhauls
Annual Cost Item I ($) 0
Hours to Item I Job 8,760 3
Annual Cost Item 2 ($) 0
Hours to Item 2 Job 0
Annualized Overhauls 0

Unscheduled Maintenance
Forced Outage (hours/year) 120
Labor Rate ($/hour) 48
Hours of Labor 120
Parts Costs ($) 0
Total ($) 5,760

Total Annual Maintenance 107,386
Maintenance ($/kW-year) 1.07
Maintenance ($/MWh) 0.31
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Table L-13
Environmental Control Costs

Total Annual Costs (0

Air Emissions
Control Technology (e.g. SCR) $)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Cooling
Control Technology (e.g. wastewater)($
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0

Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material
Tons'per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($Ston) 30
Total Costs ($) 0

Hazardous materials
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($) 0
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Appendix M
Solar Photovoltaics

Table M-1
Plant Information

Plant Info
Technology Type Solar
Fuel None
Owner/Investor Merchant
Base Year 2002
Inservice Year 2003

Table M-2
Plant Size

Gross Capacity (MW) 50.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 50.0
Derate Factor (%) 100.0
Firm Capacity (MW) 50.0
Transmission Losses (%) 5.0
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 48.0
Annual Capacity Degradation Rate (%) 1.0

Table M-3
Capital Costs

Escalation in Capital Costs (%)0

AFUDC Rate (%)10.3
Cash Cost (%) 100

Table M-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost %/Year 100% 0% 0% 00%0- 0%
Carry Over $6,653 $0 $0 $0 $0
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Table M-5
Fuel Use

Heat Rate N/A
Fuel Consumption/Hour (MMBtu/Hr) 0.0
Start-up Fuel Use (MMBtu/Start) 0.0
Number of Annual Starts 0.0
Annual Fuel Use (MMBtu)" 0

Table M-6
Operational Information

Availability/Year (%) 25
Availability/Year (hours)* 2,190
Equipment Life (hours) 62,580
Equipment Life (years) 30
Overhaul Interval (hours) 2,190
Maintenance Outage (days) 4
Maintenance Outage Rate (%) 1.1
Forced Outage (hours/year) 8
Forced Outage Rate (%) 0.1
Hours per Year Operation 2,086
Capacity Factor (%) 23.8
Annual Net Energy (GWh) 104

Table M-7
Renewable Tax Benefits

Invest Tax Credit (%) 10
RETC Calculation ($) 731
Production Incentive-Investor (c/kWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) .10

-- Table M-8
Operations & Maintenance Costs (Employees)

Employee Category Full Time Hours/Year Compensation perEmployeeCategoryEmployee _________ Employee

Managers 1 1,800 $80,000 per year
Plant Operators 1 1,800 $30 per hour
Mechanics 2 1,800 $30 per hour
Laborers 2 1,800 $20 per hour
Support Staff 0 1,800 $20 per hour
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Table M-9
Operations & Maintenance Costs (Other)

,J)

Fixed O&M ($/kW-year) 10
Fixed O&M/lnstant Cost (%) 0.15
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)
Consumption (AF/YR)
Water Supply Costs ($/MWh).

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 0
Environmental Control Costs ($IMWh)
Variable O&M ($AkW-year) 0

Table M-10
Cost Summary

Financing Costs ($/kW-year) 841
Fixed Operational Costs ($/kW-year) 142
Tax (w/Credits) ($/kW-year) (92)
Fixed Costs ($/kW-year) 891

Fuel Costs ($/kW-year) 0
Variable O&M ($/kW-year) 0
Variable Costs ($1kW-year) 0
Total Levelized Costs ($/kW-year) 891

Capital ($/MWh) 427.16
Variable ($/MWh) 0.00
Total Levelized Costs ($IMWh) 427.16

Capital Costs
Instant Cost ($/kW) 6,653
Installed Cost ($IMWh) 7,163
In-service Cost in 2004 ($/kW) 7,306
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Table M-11
Capital Cost Detail

Total (s) 332,630,100

Component Cost $330,000,000
PV Modules $225,000,000
Structures 25,000,000
Inverter M$ 25,000,000
Installation ($) 37,500,000
Engineering, Construction, Project Management ($) 17,500,000
Financial Transaction Costs (%) .0.0

Land Cost ($) 2,630,100
Acreage/Plant 250
Cost per Acre ($) 3,100

Acquisition Cost ($) 775,000
Land Prep Costs/Acre ($) 7,420

Total Land Prep Costs ($) 1,855,100

Permitting Costs () 0
Local Building Permits ($)
Environmental Permits ($)

Interconnection Costs ($) 0
Transmission Lines ($)
Substation ($) _ _

Induction Equipment ($)

Environmental Controls ($) 0
Installation Costs ($) 0
Replacement Costs ($) ______. _
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Table M-12
Maintenance Cost Detail

Routine Maintenance Costs Annual
Costs

Replacement Interval (hours) I _

Filter Price ($) 0 -0

Maintenance Interval (hours) I
Price ($) 0 0
Oil Price ($/gallon) 3.40
Oil Capacity 0 0

Oil Added per Day 0 0
Interval (hours) 1,000
Item Price ($) 0 0
Labor (hours/day) 0
Labor Price ($/hour) 48 0

Annual Routine Maintenance 0

Major Overhauls
Hours to Major Overhaul 31,290
Major Overhaul Labor (man-hours) 1,250
Labor Cost ($i/hour) 48
Major Overhaul Labor Cost ($) 60,000
Major Overhaul Replacement (S) 0 1,499.73

NPV Cost ($)
Minor Overhauls
Annual Cost Item 1 ($) 0
Hours to Item I Job 2,086 1
Annual Cost Item 2 ($) 0
Hours to Item 2 Job 0 7
Annualized Overhauls 0

Unscheduled Maintenance
Forced Outage (hours/year) 8
Labor Rate (S/hour) 48
Hours of Labor 8
Parts Costs (S) 1,000
Total ($) 1,384

Total Annual Maintenance 2,884
Maintenance ($/kW-year) 0.06
Maintenance ($/MWh) 0.031

1j
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Table M-13
Environmental Control Costs

Total Annual Costs ($) 0

Air Emissions
Control Technology (e.g., SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Discharge
Control Technology (e.g., wastewater) ($)
Installation Cost ($/kW). 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material_.
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Costs 0

Hazardous Materials
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($) . 0
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Appendix N
Solar Parabolic w/o Thermally
Enhanced Storage or Gas

Table N-1
Plant Information

Technology Type Solar
Fuel None
Owner/Investor Merchant
Base Year 2002
Inservice Year 2003

Table N-2
Plant Size

Gross Capacity (MW) 110.0
Parasitic Load (MW) 10.0
Net Capacity (MW) 100.0
Derate Factor (%0) 100.0
Firm.Capacfty (MW) 100.0
Transmission Losses (%) 1.5
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 60.0
Effecfive Load Carry Capacity (MW) 59.0
Annual Capacity Degradation Rate (%) 0.0

Table N-3
Capital Costs

Escalation in Capital Costs (%) 0
AFUDC Rate (%) 10.3
Cash Cost (%) 100

Table N-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (%/Year) 100% 0% 0% 0% 0% I
Carry Over $2,600 $0 $0 $0 $0
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Table N-5
Fuel Use

Heat Rate - N/A N/A

Fuel Consumption/Hour (MMBtu/hour) 0.0
Start-up Fuel Use (MMBtu/Start) 0.0
Numbdr of Annual Starts 346.0
Annual Fuel Use (MMBtu) .- 0_

Table N-6
Operational Information

Availability/Year (%)
Availability/Year (hours)
Equipment Life (hours)
Equipment Life (years)
Overhaul Interval (hours)
Maintenance Outage (days)
Maintenance Outage Rate (%)
Forced Outage (hours/year)
Forced Outage Rate (%)
Hours per Year Operation
Capacity Factor (%)
Annual Net Energy (GWh)

41.7
3,650

70,000
22

3,210
10
2.7

200
2.3

3,210
22

193

Table N-7
Renewable Tax Benefits

Invest Tax Credit (%) 10
RETC Calculation ($) 286

Production Incentive-Investor (C/kWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table N-8
Operations & Maintenance Costs (Employees)

Employee Category Full Time Hours/Year Compensation per
__Employee Employee

Managers 1 1,800 $80,000 per year
Plant Operators 10 1,800 $30 per hour
Mechanics 6 1,800 $30 per hour
Laborers 3 1,800 $20 per hour
Support Staff 1 1,800 $20 per hour
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Table N-9
Operations & Maintenance Costs (Other)

Fixed O&M ($/kW-year) 26
Fixed O&M/Instant Cost (%) 1.01
O&M Escalation (%) 0.5
Insurance (%) 1.
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)
Consumption (AF/YR)
Water Supply Costs ($I/MWh)

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 7.41
Environmental Control Costs ($/MWh)
Vadable O&M ($ikW-year) 34

Table N-10
Cost Summary

Financing Costs ($/kW-year) 345
Fixed Operational Costs ($ikW-year) 80
Tax (w/Credits) ($/kW-year) 50
Fixed Costs ($/kW-year) 375

Fuel Costs ($/kW-year) 0
Variable O&M ($)kW-year) 40
Variable Costs ($!kW-year) 40
Total Levelized Costs ($/kW-year) 415

Capital ($/MWh) 194.73
Vadable ($IMWh) 20.58
Total Levelized Costs ($/MWh) 215.31

Capital Costs
Instant Cost ($/kW) 2,600
Installed Cost ($IMWh) 2,799
In-service Cost In 2004 ($IkW) 2,855
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Table N-11
Capital Cost Detail

Total ($) 259,998,383
Component Cost ($) 254,212,164
Structures & Improvements ($) 2,720,813
Collector System ($) 147,795,374
Thermal Storage System,.($) 0
Steam Gen or HX System ($) 10,764,670
Auxiliary Heater/Boiler ($) 0
Electric Power Generating System ($) 47,651,991
Master Control System ($) 0
Balance of Plant ($) 27,706,701
Engineering, Construction, Project Management ($) 17,572,616
Financing Arrangement Costs (%) 0.0

Land Cost ($) 5,786,219
Acreage/MW 5
Acreage/Plant 550
Cost per Acre ($) 3,100
Acquisition Cost ($) 1,705,000
Land Prep Costs per Acre ($) 7,420
Total Land Prep Costs ($) 4,081,219
Permitting Costs ($) 0
Local Building Permits ($)
Environmental Permits ($)
Interconnection Costs ($) 0
Transmission Lines ($) 0
Substation ($) 0
Induction Equipment ($
Environmental Controls ($) 0
Installation Costs ($) 0
Replacement Costs ($)
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Table N-12
Maintenance Cost Detail

Routine Maintenance Costs Annual
Costs

Replacement Interval (hours) 1
Filter Price ($) 0 0
Maintenance Interval (hours) I
Price ($) 0 0
Oil Price ($/gallon) 3.40
Oil Capacity 0 0
Oil Added per Day 0 0
Interval (hours) 1,000
Item Price ($) 0 0
Labor (hours/day) 0.00

Labor Price ($/hour) 48 0

Annual Routine Maintenance 0

Major Overhauls
Hours to Major Overhaul: 35,000
Major Overhaul Labor (man-hours) 125
Labor Cost ($/hour) 48,
Major Overhaul Labor Cost ($) 6,000
MIaor Overhaul Replacement ($) 0 240.00
NPV Cost ($)
Minor Overhauls
Annual Cost Item I ($) 925,019
Hours to Item I Job 3,210
Annual Cost Item 2 ($) 0
Hours to Item 2 Job 0

Annualized Overhauls 883,617

Unscheduled Maintenance
Forced Outage (hours/year) 200
Labor Rate ($/hour) 48
Hours of Labor 200
Parts Costs ($) 0
Total ($) 9,600

Total Annual Maintenance 893,457

Maintenance ($/kW-year) 8.93
Maintenance ($/MWh) 4.64

S-il



Table N-13
Environmental Control Costs

Total Annual Costs ($) 0

Air Emissions .
Control Technology (e.g., SCR) $)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($ 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Discharge
Control Technology (e.g., wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material ___.._

Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Costs ($) 0

Hazardous Materials 0
Tons per Year 10
Collection and Hauling ($/ton) 30
Landfill Tipping Fees ($/ton) 0
Total Disposal Costs ($)
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Appendix 0
Solar Parabolic wiGas Only

Table 0-1
Plant Information

U

Technology Type Solar
Fuel Natural Gas
Owner/Investor Merchant
Base Year 2002
Inservice Year 2003

Table 0-2
Plant Size

Gross Capacity (MW) 110.0
Parasitic Load (MW) 10.0
Net Capacity (MW) 100.0
Derate Factor (%) 100.0
Firm Capacity (MW) 100.0
Transmission Losses (%) 1.5
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 60.0
Effective Load Carry Capacity (MW) 59.0
Annual Capacity Degradation Rate (%) 0.0

j,

Table 0-3
Capital Costs

Escalation in Capital Costs (%)0
AFUDC Rate (%) 10.3
Cash Cost % 100

Table 0-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (%/Year) 100% 0% 0% 0% 0%
Cary Over $2,841 $0 $0 $0 $0
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Table 0-5
Fuel Use

Heat Rate (MMBtu/kWh) 2,480
Fuel Consumption (MMBtu/hour) 248
Start-up Fuel Use (MMBtu/start). 0
Number of Annual Starts 346
Annual Fuel Use (MMBtu) 1,520,240

Table 0-6
Operational Information

Availability/Year (%) 75
Availability/Year (hours) 6,570
Equipment Life (hours) 70,000
Equipment Life (years) 11
Overhaul Interval (hours) 6,130
Maintenance Outage (days) 10
Maintenance Outage Rate (%) 2.7
Forced Outage (hours/year) 200
Forced Outage Rate (%) 2.3
Hours per Year Operation 6,130
Capacity Factor (%) ' 42
Annual Net Energy (GWh) 368

Table 0-7
Renewable Tax Benefits

Invest Tax Credit (%) 10
RETC Calculation ($) 312
Production Incentive-Investor (C/kWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table 0-8
Operations & Maintenance Costs (Employees)

Employee Category Full Time Hours/Year Compensation per
EEmployee Hours/Yea Employee

Managers 1 1,800 $80,000 per year
Plant Operators 10 1,800 $30 per hour
Mechanics 6 1,800 $30 per hour
Laborers 3 1,800 $20 per hour
Support Staff 1 1,800 $20 per hour
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Table 0-9
Operations & Maintenance Costs (Other)

Fixed O&M ($/kW-year) 40
Fixed O&M/Instant Cost (%) 1.42
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($1AF) 462
Consumption (AF/YR) 200
Water Supply Costs ($) 92,214

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 6.00
Environmental Control Costs ($/MWh)
Variable O&M ($/kW-year) 23

Table 0-10
Cost Summary

Financing Costs ($/kW-year) 377
Fixed Operational Costs ($1kW-year) 101
Tax (wiCredits) ($/kW-year) (55)
Fixed Costs ($/kW-year) 423

Fuel Costs ($/kW-year) 48
Variable O&M ($AkW-year) 26
Variable Costs ($/kW-year) 74
Total Levelized Costs ($/kW-year) 497

Capital ($/MWh) 115.14
Variable ($/MWh) 20.08
Total Levelized Costs ($IMWh) 135.21

Capital Costs
Instant Cost ($/kW) 2841
Installed Cost ($/MWh) 3,059
In-service Cost In 2004 ($/kW) 3,120
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Table 0-11
Capital Cost Detail

Total ($) 284,065,853
Component Cost ($) 276,835,787
Structures & Improvements ($) 2,720,813
Collector System ($) 147,795,374
Thermal Storage System ($) 0
Steam Generator or HX System ($) 11,251,870
Auxiliary Heater/Boiler ($) 20,597,257
Electric Power Generation System ($) 47,651,991
Master Control System ($) 0
Balance of Plant ($) 27,706,701
Engeering, Construction, Project Management ($) 19,111,781
Financial Transaction Costs % 0.0

Land Cost ($) 5,786,219
Acreage/MW 5
Acreage/Plant 550
Cost per Acre ($) 3,100
Acquisition Cost ($) 1,705,000
Land Prep Costs per Acre ($) 7,420
Total Land Prep Costs ($) 4,081,219

Permitting Costs ($) 343,847
Environmental & Local Building Permits ($) 0
Air emission offset costs $ 343,847

Interconnection Costs ($) 0
Transmission Lines ($) 0
Substation ($) 0
Induction Equipment ($)

Environmental Controls ($) 1,100,000
Installation Costs ($) 1,100,000
Replacement Costs ($) _
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Table 0-12
Maintenance Cost Detail

Routine Maintenance Costs Annual
Costs

Replacement Interval (hours) 1

Filter Price ($) 0. 0
Maintenance Interval (hours) 1 -

Price($) 0 0
Oil Price ($/gallon) 3.40

Oil Capacity 0 0

Oil Added per Day 0 0
Interval (hours) 1,000

item Price ($) 0 0
Labor (hours/day) 0
Labor Price ($/hour) 48 0

Annual Routine Maintenance 0

Major Overhauls
Hours to Major Overhaul 35,000
Major Overhaul Labor (man-hours) 125

Labor Cost ($/hour) 48
Major Overhaul Labor Cost ($) 6,000

Major Overhaul Replacement ($) 0
NPV Cost ($) 1,015.72
Minor Overhauls
Annual Cost Item I ($) 925,019
Hours to Item I Job 6,130
Annual Cost Item 2 ($) 0
Hours to Item 2 Job 0

Annualized Overhauls 1,184,298

Unscheduled Maintenance
Forced Outage (hours/year) 200
Labor Rate ($/hour) 48
Hours of Labor 200
Parts Costs ($) 0
Total ($) 9,600

Total Annual Maintenance ($) 1,194,913

Maintenance ($/kW-year) 11.95
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Table 0-13
Environmental Control Costs

Total Annual Costs (,) 1,100,000

Air Emissions
Control Technology (eg SCR) ($) 1,100,000
Installation Cost ($/kW) 10
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Discharge
Control Technology (eg wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Costs (0) 0

Hazardous materials
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($)ý : 0
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Appendix P
Solar Thermal - Stirling Dish

Table P-1
Plant Information

Technology Type Solar
Fuel None
Owner/Investor Merchant
Base Year 2002
Inservice Year 2003

Table P-2
Plant Size

Gross Capacity (MW) 31.5
Parasitic Load (MW) 1.5
Net Capacity (MW) 30.0
Derate Factor (%) 100.0
Firm Capacity (MW) 30.0
Transmission Losses (%) 1.5
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 30.0
Annual Capacity Degradation Rate (%) 0.0

Table P-3
Capital Costs

Escalation in. Capital Costs (%)0
AFUDC Rate (%)
Cash Cost (%) 100

Table P-4
Construction Costs by Year

Years Out from On-Une Date
0 -1 -2 -3 -4

Cost (0/Year) 100% 0% 0% 0/ 0%
Carry Over $3,270 $0 $0 $0 $0
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Table P-5
Fuel Use

Heat Rate (MMBtu/kWh) 0
Fuel Consumption (MMBtu/hour) 0.0
Start-up Fuel Use (MMBtu/start) 0.0
Number of Annual Starts 0.0
Annual Fuel Use (MMBtu) 0

Table P-6
Operational Information-

Availability/Year (%) 40
Availability/Year (hours) 3,504
Equipment Life (hours) 10,000
Equipment Life (years) 3
Overhaul Interval (hours) 3,000
Maintenance Outage (days) 5
Maintenance Outage Rate (%) 1.4
Forced Outage (hours/year) 200
Forced Outage Rate (%) 2.3
Hours per Year Operation 3,184
Capacity Factor (%) 36.3
Annual Net Energy (GWh) 96

-Table P-7
Renewable Tax Benefits

Invest Tax Credit (%) 10
RETC Calculation ($) 359

Production Incentive-Investor (C/kWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table P-8
Operations & Maintenance Costs (Employees)

Employee Category Full Time Hours/Year Compensation per
________Employee Employee

Managers 1 1,800 $80,000 per year
Plant Operators 4 1,800 $30 per hour
Mechanics 3 1,800 $30 per hour
Laborers 3 1,800 $20 per hour
Support Staff 1 1,800 $20 per hour
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Table P-9
Operations & Maintenance Costs (Other)

Fixed O&M ($/kW - Yr) 48
Fixed O&M/Instant Cost (%) 1.48
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)
Consumption (AF/YR)
Water Supply Costs ($)

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)

Scheduler Costs
Vadable Operating Costs ($/MWh)
Environmental Control Costs ($/MWh)
Variable O&M ($/kW-year)

9

Table P-1O
CostSummary

Financing Costs ($1kW-year) 434
Fixed Operational Costs ($/kW-year) 119
Tax (w/Credits) ($/kW-year) (64)

-Fixed Costs $/kW-year) 489

Fuel Costs ($/kW-year) 0
Variable O&M ($PkW-year) 0
Variable Costs ($IkW-year) 0
Total Levelized Costs ($ikW-year) 489

Capital ($/MWh) 153.67
Variable ($/MWh) 0.00
Total Levelized Costs ($/MWh) 153.67

Capital Costs
Instant Cost ($/kW) 3,270
Installed Cost ($/MWh) 3,520
In-service Cost in 2004 (/kW) 3,591
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Table P-11
Capital Cost Detail

Total ($) 98,090,550
Component Cost ($) _ 92,607,300
Concentrator ($) 51,615,000
Receiver ($) 2,664,000
Engine ($) 8,658,000
Generator ($) 1,498,500
Cooling System ($) 1,332,000
Electrical ($) 1,165,500
Balance of Plant ($) 9,990,000
General Plant Facilities ($) 4,995,000
Engineering & Startup ($) 10,689,300
Financial Transaction Costs (%) 0.0

Land Cost ($) 5,483,250
Acres/MW 5
Acreage/Plant 157.5
Cost per Acre ($) 3,100
Acquisition Cost ($) 488,250
Land Prep Costs per Acre ($) 31,714
Total Land Prep Costs ($) 4,995,000

Permitting Costs ($) 0
Local Building Permits ($)
Environmental Permits ($)

Interconnection Costs ($) 0
Transmission Lines ($) 0
Substation ($) 0
Induction Equipment ($)

Environmental Controls ($) 0
Installation Costs ($) 0
Replacement Costs ($) I
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Table P-12
Maintenance Cost Detail

Routine Maintenance Costs Annual Costs
Replacement Interval (hours) I
Filter Price ($) 0 0
Maintenance Interval (hours) 1
Price ($) 0, 0
Oil Price ($/gallon) 3.40
Oil Capacity 0 0
Oil Added per Day 0 0
Interval (hours) 1,000
Item Price ($) 0 0
Labor (hours/day) 0
Labor Price ($/hour) 48 0

Annual Routine Maintenance 0

Major Overhauls
Hours to Major Overhaul: 3,000
Major Overhaul Labor (man-hours) 36
Labor Cost ($/hour) 48
Major Overhaul Labor Cost ($) 1,728
Major Overhaul Replacement ($) 0 5,573
NPV Cost ($) _

Minor Overhauls
Annual Cost Item 1 ($) 484,000
Hours to Item I Job 3,184
Annual Cost Item 2 ($) 0
Hours to Item 2 Job 0
Annualized Overhauls 475,829

Unscheduled Maintenance
Forced Outage (hours/year) 200
Labor Rate ($/hour) 48
Hours of Labor 200
Parts Costs ($) 0
Total (S) 9,600

Total Annual Maintenance 491,002
Maintenance ($/kW-year) 16.37
Maintenance ($IMWh) 5.14

S-23



Table P13
Environmental Control Costs

Total Annual Costs ($) 0

Air Emissions
Control Technology (eg SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Discharge
Control Technology (eq wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Costs ($) 0

Hazardous materials
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($) 0
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Appendix Q
Solar Parabolic wiThermally Enhanced
Storage Only

Table Q-1
Plant Information

Technology Type Solar
Fuel None
Owner/Investor Merchant
Base Year 2002
Inservice Year 2003

Table Q-2
Plant Size

Gross Capacity (MW) 110.0
Parasitic Load (MW) 10.0
Net Capacity (MW) 100.0
Derate Factor (%) 100.0
Firm Capacity (MW) 100.0
Transmission Losses (%) 1.5
Required AS/reserves (%) 0.0
Average Hourly Output Rate (%) 60.0
Effectve Load Carry Capacity (MW) 59.0
Annual Capacity Degradation Rate (%) 0.0

Table Q-3
Capital Costs

Escalation in Capital Costs (%)0
AFUDC Rate (%) 10.3
Cash Cost M% 100

Table Q-4
Construction Costs by Year

Years Out from On-Une Date

0 -1 -2 -3 -4
Cost (0/o/Year) 100% 0% 0% 0% 0%
Carry Over $3,993 $0 $0 $0 $0
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Table Q-5
Fuel Use

Heat Rate (MMBtu/kWh) 0
Fuel Consumption (MMBtu/hour) 0
Start-up Fuel Use (MMBtu/start) 0
Number of Annual Starts 346
Annual Fuel Use (MMBtu) 0

Table Q-6
Operational Information

Availability/Year (%) 75
Availability/Year (hours) 6,570
Equipment Life (hours) 70,000
Equipment Life (years) 11
Overhaul Interval (hours) 6,130
Maintenance Outage (days) 10
Maintenance Outage Rate (%) 2.7
Forced Outage (hours/year) 200
Forced Outage Rate (%) 2.3
Hours per Year Operation 6,130
Capacity Factor (%) . 42
Annual Net Energy (GWh) 368

Table Q-7
Renewable Tax Benefits

Invest Tax Credit (%) 10
RETC Calculation ($) 438

Production Incentive-Investor (C/kWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier I 0

RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

Table Q-8
Operations & Maintenance Costs (Employees)

Employee Category Full Time HourslYear Compensation per
Employee Employee

Managers -. 1 1,800 $80,000 per year
Plant Operators 10 1,800 $30 per hour
Mechanics 6 1,800 $30 per hour
Laborers 3 1,800 $20 per hour
Support Staff 1 1,800 $20 per hour
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Table Q-9
Operations & Maintenance Costs (Other)

Fixed O&M ($/kW - Yr) 29
Fixed O&MIInstant Cost (%) 0.74
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)
Consumption (AF/YR)
Water Supply Costs ($)

Plant Scheduling Costs
Transmission Service ($/MW)
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($IMWh) 17.41
Environmental Control Costs ($/MWh)
Variable O&M ($/kW-year) 64

Table Q-10
Cost Summary

Financing Costs ($/kW-year) 530
Fixed Operational Costs ($/kW-year) 110
Tax (w/Credits) ($/kW-year) (77)
Fixed Costs ($1kW-year) 563

Fuel Costs ($/kW-year) 0
Variable O&M ($ikW-year) 76
Variable Costs ($/kW-year) 76
Total Levelized Costs ($/kW-year) 639

Capital ($/MWh) 153.05
Vadable ($/MWh) 20.58
Total Levelized Costs ($IMWh) 173.64

Capital Costs
Instant Cost ($/kW) 3,993
Installed Cost ($/MWh) 4,299
In-service Cost In 2004 ($/kW) 4,385

U
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. Table Q-11
Capital Cost Detail

Total ($) 399,264,733
Component Cost 391,702,016
Structures & Improvements 3,450,478
Collector System ($) 207,425,745
Thermal Storage System 66,593,338
Steam Generator or HX System $ 11,872,762
Auxiliary Heater/Boiler ($) 0
EPGS ($) 47,651,991
Master Control System ($) 0
Balance of Plant ($) 27,706,701
Engineering, Construction, Project Management ($) 27,001,001
Financial Transaction Costs ($) 0.0

Land Cost ($) 7,562,716
Acreage/MW 7
Acreage/Plant 770
Cost per Acre ($) 3,100
Acquisition Cost ($) 2,387,000
Land Prep Costs per Acre $) 6,722

-Total Land Prep Costs ($) 5,175,716

Permitting Costs ($) 0
Local Building Permits ($)
Environmental Permits ($)

Interconnection Costs ($) 0
Transmission Lines $ 0
Substation ($) 0
Induction Equipment ($)

Environmental Controls ($) * 0
Installation Costs ($) 0
Replacement Costs ($) _ _ j
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Table Q-12
Maintenance Cost Detail

)
Routine Maintenance Costs Annual Costs
Replacement Interval (hours) I
Filter Price $)0 0
Maintenance Interval (hours) I

Price ($) 0 0
Oil Price (S/gallon) 3.40

Oil Capacity 0 0
Oil Added per Day 0 0
Interval (hours) 1,000
Item Price ($) 0 0
Labor (hours/day) 0
Labor Price ($/hour) 48 0

Annual Routine Maintenance 0

Major Overhauls
Hours to Major Overhaul: 35,000
Major Overhaul Labor (man-hours) 125
Labor Cost ($/hour) 48
Major Overhaul Labor Cost ($) 6,000
Major Overhaul Replacement ($) 0 1,015.72
NPV Cost ($).
Minor Overhauls
Annual Cost Item I ($) 925,019
Hours to Item I Job 6,130 1
Annual Cost Item 2($) 0
Hours to Item 2 Job 0 7

Annualized Overhauls 1,184,298

Unscheduled Maintenance

Forced Outage (hours/year) 200
Labor Rate ($/hour) 48
Hours of Labor 200
Parts Costs ($) 0
Total ($) 9,600

Total Annual Maintenance 1,194,913
Maintenance ($/kW-year) 11.95 1 _ _
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Table Q-13
Environmental Control Costs

Total Annual Costs ($) 0

Media & Technology Cost
Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material
Tons per Year 0
Collection and Hauling ($Ston) 10
Landfill Tipping Fees $(Ston) 30
Total Costs ($) 0

Hazardous materials
Tons per Year 0
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($) 0
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Appendix R
Wind Farm

Table R-1
Plant Information

Technology Type Wind
Fuel None
Owner/Investor Merchant
Base Year 2001
Inservice Year 2004

Table R-2
Plant Size

Gross Capacity (MW) 100.0
Parasitic Load (MW) 0.1
Net Capacity (MW) 100.0
Derate Factor (%) 40.0

Firm Capacity (MW) 40.0
Transmission Losses (%) 5.0
Required AS/reserves (%) 7.0
Average Hourly Output Rate % 66.0
Effective Load Carry Capacity (MW) 58.0
Annual Capacity Degradation Rate (%) 0.1

Table R-3
Capital Costs

Escalation in Capital Costs (%)0
AFUDC Rate (%)10.3
Cash Cost (%) 100

Table R-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (%/Year) 100% 0% 0% 0% 0%
Ca" Over $887 $0 $0 $0 $0
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Table R-5
Fuel Use

Heat Rate (MMBtu/kWh) 0
Fuel Consumption (MMBtu/hour) 0.0
Start-up Fuel Use (MMBtu/start) 0.0
Number of Annual Starts 0.0
Annual Fuel Use (MMBtu) 0

Table R-6
Operational Information

AvailabilityNear (%) 70
Availability/Year (hours) 6,132
Equipment Life (hours) 66,700
Equipment Life (years) 13
Overhaul Interval (hours) 40,000
Maintenance Outage (days) 28
Maintenance Outage Rate (%) 1.1
Forced Outage (hours/year) 700
Forced Outage Rate (%) 8
Hours per Year Operation 5,336
Capacity Factor (%). 40.2
Annual Net Energy (GWh) 352

Table R-7
Renewable Tax Benefits

Invest Tax Credit (%) 0
RETC Calculation ($) 0
Production Incentive-Investor (/kWh) 1.9
Geothermal Depletion Allowance N/A
.RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier I Proportion Paid (%) 10

Table R-8
Operations & Maintenance Costs (Employees)

Employee Category HourslYear Compensation per
Employee .... Employee

Managers 2 1,800 1$80,000 per year
Plant Operators- 2 1,800 $30 per hour
Mechanics 6 1,800 $30 per hour
Laborers 4 1,800 $20 per hour
Support Staff 2 1,800 $20 per hour
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Table R-9
Operations & Maintenance Costs (Other)

Fixed O&M ($/kW - Yr) 39
Fixed O&MInstant Cost (%) 4.35

O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs

Water Supply ($/AF)
Consumption (AF/YR)
Water Supply Costs ($)

Plant Scheduling Costs
Transmission Service ($/MW) 0
Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh)
Environmental Control Costs ($IMWh)
Variable O&M ($/kW-year) 0

Table R-10
Cost Summary

Financing Costs ($/kW-year) 120
Fixed Operational Costs ($/kW-year) 63
Tax (w/Credits) ($/kW-year) (20)
Fixed Costs ($IkW-year) 163

Fuel Costs ($/kW-year) 0
Variable O&M ($IkW-year) 0
Variable Costs ($/kW-year) 0
Total Levelized Costs ($IkW-year) 163

Capital ($/MWh) 46.25
Variable ($/MWh) 0.00
Total Levelized Costs ($IMWh) 46.25

Capital Costs
Instant Cost ($/kW) 887
Installed Cost ($1MWh) 955
In-service Cost in 2004 ($/kW) 994
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Table R-11
Capital Cost Detail

Total ($) 88,644,930
Development Costs ($) 4,136,930
Predevelopment Expenses ($) 3,621,775
Construction Insurance ($) 444,550
Commitment Fee $ 70,605

Component Cost ($) 82,902,000
68 ENRON 1.5MW Turbines ($) 69,700,000
Foundations ($) 5,202,000
Electrical Installation ($) 2,040,000
Tower Installation ($) 2,720,000
Engineering Consultancy ($) 1,360,000
Control Rooms (Grouped) ($) 700,000
Other Infrastructure & Service Center ($) .1,180,000
Financial Transaction Costs (%) 0.0

Land Costs ($) 1,60.6,000
Acreage/Plant 100
Cost/Acre ($) 1,060
Acquisition Cost ($) 106,000
Land Prep Costs per Acre ($) 15,000
Total Land Prep Costs ($) 1,500,000

Permitting Costs ($) 0
Local Building Permits ($)
Environmental Permits ($)
Bird Kill Mitigation ($)

Interconnection Costs ($) 0
Acreage/Plant
Cost per Acre ($).
Acquisition Cost ($)
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Table R-12
Maintenance Cost Detail

Routine Maintenance Costs Annual Costs
Maintenance ($) 1,260,430 1,260,430
Indepefident Engineer ($/unit) 81,065 81,065
Electricity Usage ($) 41,840 41,840
Transmission Serv ($/unit) 156,000 156,000.00
Annual Routine Maintenance ($) 1,539,335

Major Overhauls
Hrs to Major Overhaul (hours): 66,700
Major Overhaul Labor (man-hours) 1,250
Labor Cost ($/hour) 48.00
Major Overhaul Labor Cost ($) 60,000
Major Overhaul Replacement ($) 6,970,000
NPV Cost ($) 295,205.45

Minor Overhauls ]
Hours to Minor Overhaul 40,000
Labor Rate ($/hour) 48
Hours of Labor 1,250
Parts Cost ($) 0

Annualized Overhauls ($) 6,085

Unscheduled Maintenance
Forced Outage (hours/year) 700
Labor Rate ($/hour) 48
Hours of Labor 350
Parts Costs ($) 707,200
Total ($) 724,000

Total Annual Maintenance ($) 2,564,628
Maintenance ($/kW-year) 25.67
Maintenance ($IMWh) 7.29

j)
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Table R-13
Environmental Control Costs

Total Annual Costs ($) 60

Media & Technology
Air Emissions
Control Technology (e.g. SCR) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables-Catalyst ($) 0
Replacement Cost ($/kW) 0
Component Life (hours) 141,760
Annualized Cost ($)

Water Cooling
Control Technology (e.g. wastewater) ($)
Installation Cost ($/kW) 0
Annual Labor (hours/year) 0
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 0
Annual Consumables ($) 0
Replacement Cost ($/kW) 20
Component Life (hours) 141,760
Annualized Cost ($)

Solid Waste Disposal
Non hazardous material
Tons per Year 1
Collection and Hauling ($/ton) 0
Landfill Tipping Fees ($/ton) 30
Total Costs ($) 30

Hazardous materials
Tons per Year 1
Collection and Hauling ($/ton) 0
Landfill Tipping Fees ($/ton) 30
Total Disposal Costs ($) 30
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Appendix S
Combined Cycle - Duct Firing

Table S-1.
Plant Information

Technology Type Natural Gas
Fuel Natural Gas
Owner/investor Merchant
Base Year 2002
Inservice Year 2004
Utility Service Area SoCal
Air Quality Management
District Kern County

Table S-2
Plant Size

Gross Capacity (MW) 520.0
Parasitic Load (MW) 0.0
Net Capacity (MW) 520.0
Derate Factor (%) 100.0
Firm Capacity (MW) 520.0
Transmission Losses (%) 5.0
Required AS/reserves (%) 7.0
Average Hourly Output Rate (%) 100.0
Effective Load Carry Capacity (MW) 459.0
Annual Capacity Degradation Rate (%) 0.15

Table S-3
Capital Costs

Escalation in Capital Costs (%) 0
AFUDC Rate (%) 10.3
Cash Cost % 100

Table S-4
Construction Costs by Year

Years Out from On-Line Date
0 -1 -2 -3 -4

Cost (%/Year) 75% 20% 5% 0% 0%
Carry Over $539 $134 $27 $0 $0

9
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Table S-5
Fuel Use

Heat Rate (MMBtu/kWh) 7,100
Fuel Consumption/Hour (MMBtu/hour) 3,550.0
Start-up Fuel Use (MMBtu/Start) 1,850.0
Number of Annual Starts 50
Duct Firng Heat Rate Btu/kWh) 12,200
-Added Capacity (MW) 20
Fuel Consumption/Hour (MMBtu/hour) 244
Duct Firing Hours/Year (hours) 400
Annual Fuel Use (MMBtu) 28,675,300

Table S-6
Operational Information

Availability/Year (%) 100
Availability/Year (hours) 8,760
Equipment Life (hours) 148,394
Equipment Life (years) 18
Overhaul Interval (hours) 14,839
Maintenance Outage (days) 28
Maintenance Outage Rate (%) 3.8
Forced Outage (hours/year) 400
Forced Outage Rate (%) 4.6
Hours per Year Operation 8,024
Capacity Factor (%) 91.6
Annual Net Energy (GWh) 4,020

Table S-7
Renewable Tax Benefits

Invest Tax Credit (%) 0
RETC Calculation ($) 0
Production Incentive- Investor (C/kWh) 0
Geothermal Depletion Allowance N/A
RE Production Incentive Tier I 0
RE Production Incentive Tier II 0
REPI Tier II Proportion Paid (%) 10

"tr ý
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Table S-8
Operations & Maintenance Costs (Employees)

N>)

Full Time HCurs/Year compensation per
Employee Category Employee Employee

Managers (Weighted Avg.) 4 1,800 $77,031 per year
Plant Operators 12 1,800 $30 per hour
Mechanics 1,800 $30 per hour
Laborers 2 1,800 $20 per hour
Support Staff 3 1,800 $20 per hour

Table S-9
Operations & Maintenance Costs (Other)

Fixed O&M ($/kW-year) 4.16
Fixed O&M/Instant Cost (%) 0.78
O&M Escalation (%) 0.5
Insurance (%) 1.5
Labor Escalation Cost (%) 0.5
Overhead Multiplier 1.6
Other Operating Costs "

Water Supply ($IAF) 197
Consumption (AF/YR) 2,704
Water Supply Costs ($) 0.13

Plant Scheduling Costs
Transmission Service ($/MW)

Wheeling Charges ($/kWh)
Scheduler Costs

Variable Operating Costs ($/MWh) 1.21
Environmental Control Costs ($/MWh) 0.70
Variable O&M ($/kW-year) 2.04

J
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Table S-10
Cost Summary

Financing Costs ($/kW-year) 73
Fixed Operational Costs ($/kW-year) 15
Tax (w/Credits) ($/kWjyear) .1
Fixed Costs ($/kW-year) 89

Fuel Costs ($/kW-year) 295
Varable O&M ($/kW-year) 18.65
Variable Costs ($/kW-year) 314
Total Levelized Costs ($/kW-year) 403

Capital ($/MWh) 11.57
Variable ($/MWh) 40.63
Total Levelized Costs ($/MWh) 52.19

Capital Costs
Instant Cost ($/kW) 531
Installed Cost ($/MWh) 580
In-service Cost In 2004 ($/kW) 604

S-40



Table S-1I
Capital Cost Detail

Total ($) 275,896,567
Component Cost (s) 243,289;,126
Turbine/Engine [Not itemized] ($) 234,597,182
Generator/Gearhead ($)
Boiler/HRSG ($)
Fuel Pipeline/Tank ($)
Slab & Engine Mount ($)
Miscellaneous fitting & hoses (5) 4,691,944
Office space ($)
Control Room($)
Duct Burners ($) 4,000,000
Financial Transaction Costs (%) 0

Land Costs ($) 1,477,941
Acreage/Plant 15
Cost per Acre ($) 100,000
Acquisition Cost ($) 1,470,588
Land Prep Costs ($/Acre) 500
Total Land Prep Costs ($) 7,353

Permitting Costs ($) 5,129,500
Local Building Permits ($)
Environmental Permits ($)
Air Emission Permits ($) 5,129,500

Interconnection Costs ($) 0
Transmission Lines ($)
Substation ($)
Induction Equipment ($)

Environmental Controls (S) 26,000,000
Installation Costs ($) 26,000,000
Replacement Costs ($)
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Table S-12
Maintenance Cost Detail

Routine Maintenance Costs Annual Costs
Replacement Interval (hours) 8,024
Replacement Parts ($/unit) 400,000 400,000
Maintenance Interval (hours) 8,024
Materials/Supplies ($/unit) 400,000 400,000
Interval (hours) 1,000
Item Price ($/unit) 0.00 0.00
Labor hours/day 0.00
Labor price ($/hour) 48.00 0.00
Annual Routine Maintenance 800,000

Major Overhauls
Hours to Major Overhaul 20,000
Major Overhaul Labor (man-hours) 18,000
Labor Cost-($/hour) 96.00
Major Overhaul Labor Cost ($) 1,728,000
Major Overhaul Replacement ($) 3,272,000
NPV Cost ($) 2,250,104
Minor Overhauls
Annual Cost Item 1 1,200,000
Hours to Item I Job 8,024
Annual Cost Item 2 $0
Hours to Item 2 Job 0
Annualized PV Overhauls 1,401,939

Unscheduled Maintenance
Forced Outage (hours/year) 400
Labor Rate ($/hour) 48
Hours of Labor 400
Parts Costs ($) 374,400
Total ($) 393,600

Total Annual Maintenance 4,845,644
Maintenance ($/kW-year) 9.32
Maintenance ($/MWh) 1.211

S-42



Table S-13
Environmental Control Costs

Total Annual Costs ($) 2,825,480

Air Emissions
Control Technology (e.g., SCR) ($) 15,600,000
Installation Cost ($/kW) 30
Annual Labor (hours/year) 100
Loaded Labor Rate ($/hour) 48
Labor Cost ($) 4,800
Annual Consumables-Catalyst ($) 333,333
Replacement Cost ($/kW) 20
Component Life (hours) 141,760
Annualized Replacement Cost ($) 1,069,573

Water Cooling
Control Technology (e.g., wastewater) ($) 10,400,000
Installation Cost ($/kW) 20
Annual Labor (hours/year) 1000

Loaded Labor Rate ($/hour) 48
Labor Cost ($) 48,000
Annual Consumables ($) 300,000
Replacement Cost ($/kW) 20
Component Life (hours) 141,760
Annualized Cost ($) 1,069,573

Solid Waste Disposal
Non hazardous material
Tons per Year 1
Collection and Hauling ($/ton) 10
Landfill Tipping Fees ($Ston) 30
Total Costs ($) 40

Hazardous materials
Tons per Year 1
Collection and Hauling (Ston) 60
Landfill Tipping Fees ($/ton) 100
Total Disposal Costs ($) 160

)
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Introduction
The development during the past four decades
of larger capacity gas turbine designs (50 MW to
380 MW) with increased specific power has led
to the parallel development of highly-efficient
and economical combined-cycle systems. The
GE pre-engineered, combined cycle product
line is designated STAGTM, which is an acronym
for Sleam And Gas. Each STAG combined
cycle system is an Engineered Equipment
Package (EEP) consisting of GE gas turbines,
steam turbines, generators, Heat Recovery
Steam Generators (HRSGs) and controls. The
most efficient of these STAG systems is config-
ured with the GE "H" model gas turbine and is
scheduled for commercial operation by the year
2003. The "H" combined cycle will achieve 60
percent (LHV) thermal efficiency.

The STAG EEP is an optimized and matched
system of high technology power generation
equipment, software, and services configured
for convenient integration with the owner's aux-
iliaries and balance of plant equipment to form
an economical power plant. This single source
supply of the EEP enables GE to provide guar-
antees of plant thermal and emission perform-
ance as well as warrant system operation.

The product line spans a wide range of capabil-
ities for both 50 and 60 Hz applications. A wide
range of configurations is available with stan-
dard options that enable the systems to be
adapted to suit the economic requirements of
each application. The STAG combined-cycle
product line includes two major categories:

" Pre-engineered oil- or natural gas-fired
systems for electric power generation

* Pre-engineered building blocks for
combined-cycle cogeneration systems
and coal- or oil-fired integrated
gasification combined-cycle (IGCC)
power generation systems.

Economical performance of function is the out-
standing characteristic of STAG combined-cycle

systems. The features that contribute to eco-

nomical power generation by STAG combined-

cycle power generation systems are shown in
Table I and those for thermal and power systems

are presented in Table 2.

" High Thermal Efficiency
" Low Installed Cost
• Fuel Flexibility - Wide Range of Gas and

Liquid Fuels
" Low Operation and Maintenance Cost
• Operating Flexibility - Base, Mid-range,

Daily Start
* High Reliability
" High Availability
" Short Installation Time
" High Efficiency in Small Capacity

Increments

Table 1. STAG combined-cycle power generation
system features

High Thermal Efficiency
Low Installed Cost
Low Operation and Mainteance Costs
- Steam Generation at Process Conditions
- Extraction/Condensing Steam Turbine
- Non-Condensing Turbine Exhausting to Process
- Unfired/Fired HRSGs
- Gas Turbine DLN/Steam Injection
High Power to Thermal Energy Ratio
High Reliability/Availability
Short Installation Time

Table 2. STAG combined-cycle thermal energy
and power system features

STAG Product Line Designations
System designations that identify STAG com-
bined-cycle product line configurations are
defined in Table 3. This example defines the
designation for the single-shaft and multi-shaft
combined-cycle configurations.

GE Power Systems . GER-3574G - (10/00) I
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S207FA-MS

S 2 0 7FA - MS
STAGT" Two GT Model Multi-Shaft

GTs Series Configuration

S107FA-SS

HRSO

ST GGE

S 1 0 7FA - SS
STAGTM One GT Model Single-Shaft

GT Series Configuration

STAG IS A REGISTERED TRADEMARK OF GENERAL ELECTRIC(USA)

AND IS AN ACRONYM FOR Sleam And Gas

Table 3. STAG combined-cycle system designations

STAG Product Line Configurations
The product line includes single-shaft and
multi-shaft configurations. Simplified block
diagrams of these configurations are presented
in Figure 1. The single-shaft STAG system con-
sists of one gas turbine, one steam turbine, one
generator, and one HRSG with the gas turbine
and steam turbine coupled to the single gener-
ator in a tandem arrangement on a single shaft.
Multi-shaft STAG systems have one or more gas

turbine generators and HRSGs that supply
steam through a common header to a separate,
single steam turbine generator.

Single- and multiple-pressure non-reheat steam
cycles are applied to STAG systems equipped
with GE gas turbines that have rating point
exhaust gas temperatures of approximately
10007F / 538°C or less. Selection of a single- or
multiple-pressure steam cycle for a specific
application is determined by economic evalua-

EHEAT

sma"L

OT19939

Figure 1. STAG system configurations
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don, which considers plant-installed cost, fuel
cost and quality, plant-duty cycle, and operating
and maintenance cost.

Multiple-pressure reheat steam cycles are
applied to STAG systems with GE gas turbines
that have rating point exhaust gas temperatures
of approximately 1 00°F / 593°C or greater.

A generalized combined-cycle, electric power
generation and thermal energy capability map
is presented in Figure 2. This map is typical of a
system supplying process steam at 150 psig/1 1.4
bars and utilizing a gas turbine with 100 MW
rated output.

tomer specific applications in which the need
for increased power offsets the corresponding
reduction in thermal efficiency.

The most efficient cycles for cogeneration
applications are those with fully-fired HRSGs, as
indicated by Figure 2, at maximum thermal
energy output. The fully-fired HRSGs are high
in cost because of their water wall construction
and need for field erection. Also, fully-fired
HRSGs may add to emission considerations as
plant siting requirements are evaluated. The
primary regions of interest for cogeneration,
combined-cycle systems are those with unfired

0.2 0.4 CA 5 0.8 1.0 1.2 1A II IJA 2.0 P2. 2.4

10. Ir.flr

MUM2152

Figure 2. Generalized combined-cycle performance capability

The vertical axis of Figure 2 with zero thermal

energy shows the power and thermal efficiency
of combined cycles with unfired, supplemen-
tary-fired, and fully-fired steam cycles. The most

efficient power generation cycles are those with

unfired HRSGs having modular pre-engineered

components. These unfired steam cycles are

also the lowest in cost and are, therefore,

applied in the STAG combined-cycle power

generation product line. Supplementary-fired

combined-cycle systems are provided for cus-

and supplementary-fired steam cycles. These
systems provide a wide range of thermal energy
to electric power ratio, 0-12,000 Btu thermal
energy per kW (0-12,660 kJ per kW), and rep-
resent the range of thermal energy capability
and power generation covered by the product
line for cogeneration capability.

STAG Power Generation Product Line
The STAG power generation product line
includes an array of steam cycle options, which

GE Power Systems . GER-3574G a [10/00) 3
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satisfies a wide range of fuels, fuel cost, duty
cycle, and other economic considerations. This

enables selection of a steam cycle for each appli-
cation that suits specific economic and opera-

tional requirements. Steam cycles utilized in the
STAG product line include:

U Single-Pressure, Non-Reheat Heat

Recovery Feedwater Heating. This

steam cycle, shown in Figure 3, has an

unfired HRSG with finned tube

superheater, evaporator, and

economizer sections. Energy is
recovered from the exhaust gas by
convective heat transfer. The HRSG
schematic diagram is shown in Figure
4. This is the simplest steam cycle that
can be applied in a combined cycle
and it has been used extensively. It
results in a low installed cost.
Although it does not produce the
highest combined-cycle thermal
efficiency, it is a sound economic

----- WATO

AW. GAS
g

•ft COND. .... .
PUMP

Figure 3. Single-pressure non-reheat cycle diagram
GT16402M

STEAM

EKK$A1ST
, -GAS

FROM
OT

OT1640B

STEAM

- - - - - AIR. Gs

Figure 4. Single-pressure non-reheat HRSG diagram
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selection when fuel is inexpensive,
when applied in peaking type service,
or when burning ash-bearing fuel with
high sulfur content. This steam cycle
is utilized in the STAG product line
primarily with GE gas turbines having
a baseload exhaust gas temperature of
approximately 10007F / 538°C or less.
The HRSG stack gas temperature with
this steam cycle is approximately
340°F / 171°C.

N Multiple-Pressure, Non-Reheat Heat
Recovery / Feedwater Heating. Multi-
pressure steam generation is used to
maximize energy recovery from gas
turbine exhaust. HRSG gas-side and
steam-side temperature profiles for
single- and multiple-pressure steam
cycles are presented in Figures 5 and 6.
This illustrates that increasing the
number of steam pressure levels
reduces the exhaust gas and
steam/water energy difference. Two-
or three-pressure steam cycles achieve
better efficiency than the single-
pressure systems, but their installed

cost is higher. They are the economic
choice when fuel is expensive or if the
duty cycle requires a high load factor.
The three-pressure steam cycle is
shown in Figure 7 and the HRSG
schematic diagram is shown in Figure
8. This cycle is similar to the single-
pressure cycle with the addition of the
low-pressure and intermediate-
pressure sections. Improved plant
performance with multiple-pressure

* steam cycles results from additional
heat transfer surface installed in the
HRSG. The HRSG stack gas tem-
perature is in the range of
2007F / 93°C to 260°F / 127 0C.

* Three-Pressure, Reheat Heat Recovery
Feedwater Heating. The reheat steam
cycle matches the characteristics of the
"EC," "F," and "H" technology gas
turbines. The higher exhaust gas
temperature of 1100°F / 593°C or
greater provides sufficient high
temperature energy to the HRSG to
make the reheat steam cycle practical.
Fuel gas heating to approximately

Typical Exhaust Gas Temperature
Profile - One Pressure System

(D

E
02

Heat Transfer

Figure 5. Typical exhaust gas/steam cycle temperature profile for single-pressure system
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Figure 6. Typical exhaust gas/steam cycle temperature profile for three-pressure system

L.g"nd

- Ak. G- od

D-.U..~sg Cond.

- F..d P..np
G6164o3B

Figure 7. Three-pressure non-reheat cycle diagram

T r W

- 6. CRI6405C

Figure 8. Three-pressure non-reheat HRSG diagram
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3657F / 185°C, using water supplied
from the HRSG IP economizer
discharge, is also included with the
"EC" and "F" technology gas turbines.
This steam cycle is shown in Figure 9.
The HRSG schematic is presented in
Figure 10.

The "H" platform gas turbines, configured with
hot gas path components cooled with both a

system. This integration provides additional
incentive to select single-shaft STAG configura-
tion for these gas turbines. The steam cycle
used with the S107H and S109H is shown in
Figure 11. The HRSG schematic is shown in
Figure 12.

These STAG combined-cycle systems are the
most efficient power generation systems cur-
rently available. The base configuration for the

" Unfired, three-pressure steam cycle
- Non-reheat for rated exhaust gas

temperature less than 1000°F/538°C
- Reheat for rated exhaust gas temperature

higher than 1050'F/566*C and fuel heating
- Heat recovery feedwater heating
- Feedwater deaeration in condenser
- Natural circulation HRSG evaporators

" Gas turbine with Dry Low NO, combustors

" Once-through condenser cooling water system

" Multi-shaft systems

" Single-shaft systems
- Integrated equipment and control system

Figure 9. Three-pressure reheat cycle diagram

Figure 10. Three-pressure reheat HRSG diagram

closed-loop, steam-cooling system and an open-
loop, air-cooling system design, are designated
as MS7001H and Ms9001H. The reheat steam
cycle utilized with these gas turbines is closely
integrated with the gas turbine steam-cooling

Table 4. STAG power generation combined-cycle
base configuration

STAG power generation combined-cycle prod-
uct line is designed for high efficiency when fir-
ing natural gas or distillate fuel. A summary of
the equipment and system configuration is pre-
sented in Table 4.

The 60 Hz STAG power generation product
line ratings are presented in Table 5. Table 6
shows the major equipment in each standard
STAG system. The 50 Hz product line ratings
are presented in Table 7, and Table 8 shows the
major equipment in each of these standard
STAG systems. These ratings are presented for
gas turbine base load operation with natural gas
fuel. Nominal throttle and reheat steam condi-
tions for the non-reheat and reheat STAG prod-
uct lines are defined in Table 9.

GE Power Systems . GER-35746 a (10/00) 7



Figure I1. STAG 107H/SJ09H cycle diagram
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Figure 12. HRSG schematic for S107H/S109H

The STAG product line equipment and plant
natural gas fuel ratings defined in Tables 5 and 7
represent thermodynamic optimum perform-
ance that is expected to be the economic opti-
mum configuration for baseload and mid-range
dispatch using clean fuels costing about $2.50
per 106 Btu, HHV ($2.64 per 106 Kj, H-V). A
wide array of options is available for the STAG
power generation product line to suit specific
economic criteria as well as the operating and
installation preferences of the owner. Table 10
lists the most commonly-applied options in
addition to the base configuration.

Non-reheat steam cycles with one or two pres-

sures and reheat steam cycles with two pressures
are also available for the STAG product-line sys-
tems. Typical performance variation for these
optional steam cycles is presented in Table 11.
HRSGs with forced circulation evaporators are
available to suit specific installation situations
and owner preferences. Figure 13 shows a two-
pressure, non-reheat steam cycle with forced
circulation HRSG.

Systems can be provided with a deaerator inte-
gral to the HRSG that utilizes low-pressure evap-
orator energy to perform the feedwater deaera-
tion at positive pressure at a small reduction in
thermal efficiency. Those systems that include a

GE Power Systems m GER-3574G a (10/00) 8
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Combined cycle Net Plant Net Plant Heat Rate(LHV) Thermal

gn•aj Power Btu&V&r kJ/kWh Efficiency (%, LHV)
S1069 (4) 643 6960 7340 49.0
S206B (4) 130.7 6850 7230 49.8
S406B (4) 261.3 6850 7230 49.8
S106FA (5) 107.1 6440 6795 53.0
S206FA (5) 217.0 6355 6705 53.7
S107EA (4) 130.2 6800 7175 50.2
S207EA (4) 263.6 6700 7070 50.9
S107FA (5) 262.6 6090 6425 56.0
S207FA (5) 529.9 6040 6375 56.5
SI07FB (5) 280.3 5950 6280 57.3
S207FB (5) 562.5 5940 6260 57.5
S107H (6) 400.0 5690 6000 60.0

Notes: 1. Site conditions -59 F, 14.7 psia, 60% RH (15 C, 1.013 bar)
2. Steam turbine exhaust pressure - 1.2 inches HgA (30.48 mm HgA)
3. Performance is net plant with allowance for equipment and plant auxiliaries

including those associated with a once-through cooling water system
4. Three-pressure, non-reheat, heat-recovery feedwater heating steam cycle
5. Three-pressure, reheat, heat-recovery feedwater heating steam cycle with

Integrated fuel, gas-heating system
6. Three-pressure, reheat, heat-recovery feedwater heating steam cycle with

integrated turbine steam- and air-cooling and fuel-heating systems

Table 5. 60 Hz STAG product line performance

Gas Turbine
Designation No. Frame

* HeayDutyGT

HRSG
No_. Tvye

Steam Turbine
Exhaust LSB

No. Inches mm
Exhaust
Confle.

S106B
S206B
S406B
S106FA
S206FA
S107EA
S207EA
S107FA
S207FA
S107FB
S207FB
S107H

1
2
4
1
2
1
2
1
2
1
2
1

PG6581 B
PG6581 B
PG6581 B
PG6101 FA
PG6101 FA
PG7121 EA
PG7121 EA
PG7241 FA
PG7241 FA
PG7251 FB
PG7251 FB
PG7001 H

1
1
2
1
1
1
2
1
2
1
2
1

Non-Reheat, Unfired
Non-Reheat, Unfired
Non-Reheat, Unfired
Reheat, Unfired
Reheat, Unfired
Non-Reheat, Unfired
Non-Reheat, Unfired
Reheat, Unfired
Reheat, Unfired
Reheat, Unfired
Reheat, Unfired
Reheat, Unfired

2
1
2
1
2

2

4
2
4
2

23
33.5
335.
30
30
33.5
33.5
30
30
30
30
40

584
851
851
762
762
851
851
762
762
762
762

1016

Axial
Axial
Down
Axial
Down
Axial
Down
Do%%
Down
Down
Down
Down

Table 6. 60 Hz STAG product line equipment

low-pressure economizer for high thermal effi-
ciency will require material that resists corro-
sion because feedwater passing through this sec-

tion may have a high oxygen concentration,
and the external tube surface temperature may
be below the exhaust gas dew point tempera-
ture. Figure 14 shows a three-pressure non-
reheat HRSG with integral deaerator.

Fuel characteristics affect combined-cycle per-
formance in a variety of ways. High hydrogen
content in fuels such as natural gas results in

high water content in the combustion products.
Water has a higher heat content than air or other
combustion products, so fuels with high hydro-
gen content increase output and efficiency. Ash-
bearing fuels foul the gas turbine and HRSG;
therefore, equipment and system design consid-
erations that accept fouling reduce plant output
and efficiency. Sulfur content in the fuel may
require adjustment in the temperature of the
stack gas and the water entering the HRSG econ-
omizer to prevent condensation of corrosive sul-

GE Power Systems - GER-3574G a (10/00) 9



Combined cycle Net Plant Net Plant Heat ]Rate aL .V) Thermal
Desknatton EM W Br kfflnEmdencLY1)
S106B (4) 64.3 6950 7340 49.0
S206B (4) 130.7 6850 7230 49.8
9406B (5) 261.3 6850 7230 49.8
Sl06FA (5) 107.4 6420 6775 53.2
S206FA (4) 218.7 6305 6650 54.1
SI09E (4) 189.2 6570 6935 52.0
S209E (4) 383.7 6480 6840 52.7
S109EC (5) 259.3 6315 6660 54.0
S209EC (5) 522.6 6270 6615 54.4
SI09FA (5) 390.8 6020 6350 56.7
S209FA (5) 786- 5980 6305 57.1
SI09H (6) 480.0 5690 6000 60.0

Notes: 1. Site conditions 59 F, 14.7 pai, 60% RH (15 Q)6 1.013 ber)
2. Steam turbine exhaust pressure - 1.2 Inches HgA (30.48 mm HgA)
3. Performance I net plant with allowance for equipment and plant auxiliaries including those associated with a once-

through cooling water system
4. Three-pressnre, non-reheat, heat recovery feedwuter heating steam cycle
S. Three-pressure, reheat, heat-recovery feedwater healing steam cycle with integrated fuel gas beating system
6 Three-presnure, reheat, heat-recovery feedwater heating ate.m cycle with Integrated turbine steam and air cooling

and fuel heating systems.

Table 7. 50 Hz STAG product line performance

Steam Turbinm
Gas Turbine FMSQ Exhaust LSB Exhaust

Desirnation NL Fro~ me N-L o Inches mmn Confl..

* Heavy Duty GT

S106B 1 PG6581 B 1 Non-Reheat, Unfired 1 17 432 Axial
S206B 2 PG6581 B 1 Non-Reheat, Unfired 1 33.5 851 AxIal
S406B 4 PG6581 B 2 Non-Reheat, Unfired 2 33.5 851 Down
S106FA I PG6101 FA 1 Rebeat, Unfired 1 26 660 Axial
S206FA 2 PG6101 FA •2 Reheat, Unfired 1 42 1066 Axial
S109E 1 PG9171 E 1 Non-Reheat, Unfired 1 42 1066 Down
S209E 2 PG9171 E 2 Non-Reheat, Unfired 2 42 1066 Down
SI09EC 1 PG9231 EC 1 Reheat, Unfired 1 42 1066 Down
S209EC 2 PG9231 EC 2 Reheat, Unfired 2 42 1066 Down
SI09FA 1 PG9351 FA 1 Reheat, Unfired 2 33.5 851 Down
S209FA 2 PG9351 FA 2 Reheat, Unfired 4 33.5 851 Down
SI09H 1 • PG9001 H 1 Reheat, Unfired 2 42 1066 Down

Table 8. 50 Hz STAG product line equipment

furic acid. The increased stack gas temperature
required by higher sulfur content decreases out-
put and efficiency. Performance variation with
fuel type (hydrogen, ash and sulfur content typi-
cal of each) is presented in Table 12.

The STAG product line includes gas turbines
with Dry Low NO, (DLN) combustors that can
operate with stack gas NO, emission concentra-
tion as low as 9 ppmvd at 15% oxygen (15.5
g/GJ) without water or steam injection, when
operating on natural gas fuel. Water or steam
injection may be required to meet NO. emis-
sion requirements when operating on distillate
oil fuel. Also, gas turbines are available with

conventional, diffusion flame combustors oper-
ating with water or steam injection to meet NOx
emission limits. Table 13 presents stack gas NO.
emissions from gas turbines in typical STAG
combined cycle systems for operation with DLN
or diffusion flame combustors with natural gas
fuel. The effect of water- or steam-injection on
NOx abatement and thermal performance is
also presented.

Selective catalytic reduction (SCR) is a stack gas
NOX reduction system that uses ammonia to
react with NO. over a catalyst that reduces NOx
to nitrogen and water. These systems increase
the plant installation and operating cost, but

GE Power Systems n GER-3574G - (10/00) 10
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they can reduce NO. to less than 9 ppmvd at
15% oxygen (15.5 g/GJ) for all combined-cycle
systems in the product line. The SCR catalyst
typically operates in the 570°F/3000 C to
750°F/400°C temperature range, so the catalyst
is typically installed within the high-pressure
evaporator as shown in Figure 15. The ammonia
injection grid is installed upstream of the evap-
orator where the gas temperature is below the
temperature at which ammonia oxidizes to
form NOr. This provides intimate mixing of the
ammonia and NOX as the gas passes through
the pre-evaporator section.

Carbon monoxide (CO) emissions are low at
gas turbine loads above 50%, typically less than

Table 9. STAG product line steam turbine throttle
and admission steam conditions

STEAM CYCLE
" Single pressure
* Two pressure
* Three pressure*
* Reheat
* Non-reheat
DEAERATION
* Deaerating condenser*
* Deaerator/evaporator integral

with HRSG
HRSG DESIGN
* Natural circulation evaporators*
* Forced circulation evaporators
* Unfired*
. Supplementary fired

NOx CONTROL
* Water injection
* Steam injection

S SCR (NOx and/or CO)
* Dry Low NOx combustion*
CONDENSER
* Water cooled (once-through system)*
* Water cooled (evaporative cooling tower)
* Air-cooled condenser
FUEL
• Natural gas*
• Distillate oil
* Ash bearing oil
* Low BTU coal and oil-derived gas
. Multiple fuel systems

* Base configuration

Table 10. Power generation combined-cycle product line system options

STAG 207EA

NET PLANT NET PLANT THERMAL
STEAM CYCLE OUTPUT (% EFFICIENCY (%
THREE PRESSURE, REHEAT +0.7 +0.7
THREE PRESSURE, NON-REHEAT BASE BASE
TWO PRESSURE, NON-REHEAT -1.0 -1.0
SINGLE PRESSURE, NON-REHEAT -4.7 -4.7

STAG 107EA

STEAM RESR
THREE PRESSURE, REHEAT
TWO PRESSURE, REHEAT
THREE PRESSURE, NON-REHEAT
TWO PRESSURE, NON-REHEAT

NET PLANT
OUTPUT (0)

BASE
-. 1
-1.2
-2.0

NET PLANT THERMAL
EFFICIENCY (Y'i

BASE
-1.1
-1.2
-2.0

Table 11. Performance variation with steam cycle

GE Power Systems - GER-3574G * 110/00) 11
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5-25 ppmvd (9-43 g/GJ). Low CO emissions are

the result of highly-efficient combustion.

Catalytic CO emission abatement systems are

also available, if required, for lower emission

rates. The CO catalyst is installed in the exhaust
gas path, typically upstream of the HRSG super-

heater.

Options such as compressor inlet cooling,

steam or water injection for power augmenta-
tion, HRSG supplementary firing and gas tur-

bine peak load capabilities are available for
combined-cycle plant power enhancements.

They are generally applied primarily for peak
period capacity additions.

Figure 13. Two-pressure non-reheat steam cycle
with forced circulation HRSG

CONDONATE

I ___ __

ig re14. -E no - with

Figure 14. Three-pressure non-reheat HRSG with integral deaerator

STAG 209E

FUEL

NATURAL GAS

DISTILLATE OIL

RESIDUAL OIL

NET PLANT
OUTPUT (%/.)

BASE

-3.0

-9.3

NET PLANT THERMAI

EFFICIENCY (%)

BASE

-2.1

-7.6

NOTES 1. OPERATING POINT - BASE LOAD
2. TWO PRESSURE, NON-REHEAT

RECOVERY FEEDWATER
HEATING SYSTEM CYCLE

Table 12. STAG combined-cycle performance variation with fuel characteristics

GE Power Systems - GER-3574G a (10/00) 12
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Gas Turbine MS7001EA MS7001FA
Co bustion
Ss DLN Diffusion Flame DLN Diffusion Flame
NOx PMVD at 9 160 42 25 9 212 42
15% 02 (g/GJ) (15.5) (275) (72) (43) (15.5) (365) (72L

Diluent Injection
WatedFuel by 0 0 0.81 - 1.04 0 0 0.89 -
Wt
Steam/Fuel by 0 "0 - 1.22 - 1.58 0 0 - 1.62
Wt
STAG Plant
Performance
Net Power (A%) Base Base +3.5 +1.0 +5.0 +1.1 Base Base +5.4 +2.8
Net Heat Rate Base Base +3.6 +2.1 +5.2 +3.4 Base Base +3.9 +3.1

Steam Cycle Non-Reheat, Three Pressure - -Rehe, Three Pressure
Notes: 1. Site Conditions 59*F, 14.7 psia, 60% RH

(15°C, 1.013 bars)
2. Fuel - Natural Gas

Table 13. Effect of NOx control on combined-cycle performance

T -- i

I - EJ
b~d _

aTissisia

Figure 15. Three-pressure reheat HRSG with SCR

Compressor inlet cooling that uses evaporative
cooling is an effective means of adding plant
capacity for applications with high ambient air
temperature and low relative humidity. An 85%
effectiveness evaporative cooler is expected to
increase plant output by about 5% during oper-
ation at 90°F / 32°C and 30% relative humidity
site conditions.

Evaporative and mechanical chiller systems may
be used to cool gas turbine inlet air to as low as
457 / 7°C. These inlet cooling systems can

achieve up to 11% capacity increase during
operation at site conditions of 90°F / 32°C and
30% relative humidity. Evaporative cooling and
chilling systems do not improve combined-cycle
plant efficiency; however, they may provide eco-
nomic peak power addition during warm sum-
mer periods.

Supplementary firing of the HRSG can be uti-
lized to increase steam turbine capability by as
much as 100%. This will increase plant capacity
by about 25%. Cogeneration of power and

GE Power Systems - GER-3574G - [10/00) 13
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process energy is usually the incentive for
HRSG supplementary firing; however, peaking
capacity credits, or leveling fuel consumption
over the ambient temperature range to accom-
modate "take-or-pay" fuel contracts may also jus-
tify this option. The incremental efficiency for
power produced by supplemental firing is in
the 34-36% range based on the lower heating
value of the fuel.

While gas turbine water or steam injection can
be applied to enhance plant output as well as
reduce NOx emissions, plant efficiency is
degraded.

Gas turbine peak load capability is available
with many gas turbine configurations and can
add 3-10% combined-cycle plant capacity. This
may be the most economic approach to small
capacity additions for short periods of time
because peak load operation significantly
impacts gas turbine parts life and maintenance
cost. Table 14 summarizes the performance
impact of these combined-cycle power enhance-
ment options.

Combined-cycle systems can be integrated with
gasification systems to form efficient coal- or oil-

fired power plants with outstanding environ-
mental performance. The standard modules in
the STAG combined-cycle product line can be
readily adapted to integrated gasification com-
bined cycles (IGCCs).

Figure 16 shows a diagram of an advanced tech-
nology "H" platform combined-cycle IGCC sys-
tem with oxygen-blown gasifier and integration
of the air separation unit with the gas turbine.
This advanced technology IGCC system promis-
es to be an economical power generation sys-
tem that can fire coal, petroleum coke, heavy
residual oil and other solid or low-grade liquid
fuels. The range of ratings for the advanced
technology IGCC plants is as follows:

IGCC
Unit Frequency (Hz)

Capacity
Range (MW)

Net LHV
Thermal Eff.
Range (LHV)

4- +
STAG 107H

STAG 109H

60

50
400-460
480-550

49-51 %
49-51%

The capacities and efficiencies are shown as
ranges because they vary with the type of gasi-
fiers, gas clean-up systems, air and steam cycle
integration, coal or other fuel analysis, and fuel
moisture content.

Power Enhancement Option
Base Configuration
Evaporative Cooling GT Inlet Air (85%
Effective Cooler)
Chill GT Inlet Air to 45 OF
GT Peak Load
GT Steam Injection (5% of GT Air Flow)
GT Water Injection (2.9% of GT Air Flow)
HRSG Supplementary Firing
Notes: 1. Site Conditions = 90F, 30% RH

2. Fuel = Natural Gas
3. Three Pressure, Reheat Steam Cycle

Typical Performance Impact
A Output A Heat Rate

Base Base
+5.2%

+10.7%
+5.2%
+3.4%
+5.9%
+28%

+1.6%
-1.0%
+4.2%
+4.8%

+9%

Table 14. STAG system power enhancement options

GE Power Systems . GER-3574G w (10/00) 14
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STAG Combined-Cycle Major
Equipment
The major equipment for STAG combined-
cycle electric power generation systems includes
the line of packaged gas turbine power genera-
tion units, unfired HRSGs, steam turbine-gen-
erators, and controls. This is a line of proven,
reliable equipment with excellent performance
characteristics for combined-cycle systems. This
equipment includes gas turbine generators and
steam turbine generators manufactured by GE
as well as HRSGs and controls selected to form
a coordinated combined-cycle system for each
application. Features of the major equipment
that are significant for efficient, reliable com-
bined-cycle systems are presented in the follow-
ing discussion.

FA gas turbine is shown in Figure 18, which is
typical of the GE gas turbines with 2420°F /
1327°C firing temperature, including the
PG7241FA.

The next generation "FB" and "H" platform gas
turbines are expected to be in commercial serv-
ice in the first half of this decade. The cross-sec-
tion of the "H" gas turbine is shown in Figure 19.
This new machine features closed-loop steam
cooling for the first and second stages of its
four-stage turbine. In order to optimize per-
formance at the 2600'F / 1426°C firing tem-
perature, a higher-pressure ratio compressor
derived from the GE CF680C2 aircraft engine
is utilized.

These gas turbines have the following features
that uniquely suit them for combined-cycle
applications:

AWWLx Gm 1s6
Nitragen %&

cow Gas WI,
Steam Generaor

om -en--------

Twbk* Turbtne

Figure 16. Advanced technology IGCC system

ZPoWA

0T2509

Gas Turbines
The ratings of GE gas turbines applied in the
STAG combined-cycle product line are present-
ed in Table 15. Figure 17 shows a cross-section of
the PG7121EA gas turbine typical of GE gas tur-
bines with 20357F / 1113*C firing temperature.
The PG9171E gas turbine firing temperature is
2055°F / 1124°C. A cross-section of the PG9351

* The key performance characteristic of
the gas turbine that influences
combined-cycle performance is
specific power. Specific power is the
power produced by the gas turbine
per unit of airflow (kW output per
lb/sec of compressor airflow).
Combined-cycle thermal efficiency

GE Power Systems • GER-3574G • (70/DO) 15
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PG6581 B 42,100 50 and 60
PG6101 FA 70,140 50 and 60
PG7121 EA 85,400 60
PG7241 FA 171,700 60
PG9171 E 123,400 50
PG9231 EC 169,000 50
PG7251 FB 184,400 60
PG9351 FA 255,600 60
MS7001 H *60

MS9001 H *50

Notes: 1. Fuel - Natural Gas
2. Site Conditions - ISO Ambient
3. Operating Mode - Base Load, Simple Cycle
*Single..Shaft STAG Combined Cycle Configuration Only

Table 15. GE gas turbines applied to STAG product line

Figure 17. MS7001 EA heavy-duty gas turbine

increases as gas turbine specific power
increases, as shown in Figure 20. This
figure shows that gas turbine firing
temperature is the primary

GE Power Systems • GER-3574G a (10/00)

determinant of specific power.
Improvements in combined-cycle

thermal efficiency have developed
primarily through the increases in gas

16
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Features

* Closed Loop Steam Cooling

* 4-Stage Turbine

0 Compressor Scaled From Proven Design

0 Dry Low No, Combustor

Figure 19. "H" gas turbine cross-section

WT25129

turbine firing temperature, which have
resulted from the development of
high-temperature / high strength
materials, corrosion-resistant coatings,
and improved cooling technology.
Commercial development of
combined cycles and improvements in
combined-cycle efficiency have
proceeded in parallel with advances in
gas turbine technology.

[ STAG systems that utilize the "F"
technology gas turbines achieve net
thermal efficiencies of 53% (LHV) or
greater. STAG systems that utilize "H"
technology gas turbines achieve net
thermal efficiencies of 58-60% (LHV).
These gas turbines have a rated firing
temperature of 2420°F / 1327°C and
2600°F / 1426°C, respectively. The'
"FA" technology turbine has a 15.5
pressure ratio, whereas the "H"
technology turbine has a 23.0 pressure
ratio. These designs provide the
highest gas turbine specific power for
this firing temperature. High specific
power provides the lowest simple-cycle
installed cost in addition to high

GE Power Systems - GER-3574G (101M0)

combined-cycle efficiency.

* The exhaust gas temperature range of
1000-1100-F / 538-566°C is uniquely
suited to efficient combined cycles
because it enables the transfer of heat
from exhaust gas to the steam cycle to
take place over a minimal temperature
difference. This temperature range
results in the maximum in
thermodynamic availability while
operating with highest temperature
and highest efficiency steam cycles.

" Multiple can-annular type combustors
with film and impingement cooling
meet the environmental requirements
for applications throughout the world.
They provide reliable operation at
high firing temperatures while
burning fuels that range from natural
gas to residual oil.

* Turbine materials, coatings and
cooling systems enable reliable
operation at high firing temperatures.
This achieves high gas turbine specific
power and high efficiency for
combined-cycle systems.

17
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* Most GE current product line gas
turbines are configured with open-
loop cooling of the turbine hot gas
path. Hot gas path components are in
large part cooled by film cooling that
uses air supplied from the compressor.
This results in a significant exhaust gas
steam temperature drop across the
first stage nozzle, and requires
significant "chargeable air" to cool the
turbine stages. The temperature
drop across the first stage nozzle and
the chargeable cooling losses increase
as turbine inlet temperature increases.

* The advanced "H" platform gas
turbine is configured with an
integrated closed-loop steam-cooling
system. The change in strategy to the
closed-loop, steam-cooled system
without film cooling allows higher
turbine inlet temperatures to be
achieved without increasing
combustion temperature. This is
because the temperature drop across
the first stage nozzle is significantly
reduced, as shown in Figure 21. Gas
turbine NOx emissions can then be
maintained at low levels at increased
turbine inlet temperature. Another
important benefit of the integrated
closed-loop, steam-cooling system is
the elimination of "chargeable cooling
air" for the first- and second-stage
rotating and stationary airfoils. This
results in two percentage points
improvement in combined cycle
thermal efficiency.

* Factory packaging and containerized
shipment of small parts achieve low
installed cost and short installation
time.

GE Power Systems . GER-3574G - (81000)

* Reliable operation results from
evolutionary design development that
improves parts and components, a
high-quality manufacturing program
that includes operational factory
testing of the gas turbine and
accessory systems, follow-up service
support by experienced installation
and service personnel, and effective
spare parts support.

* Low maintenance costs are the result
of the combination of the above
features and a design to allow
convenient access. These include
borescope ports to permit inspection
of key parts and components without
dismantling the equipment.

" The heavy-duty gas turbine product
line has fuel flexibility provided by
accessory systems, combustion systems,
and turbine components, which
enable utilization of a wide range of
liquid and gaseous fuels. These include
150-400 Btu/scf (6520-16,850 kj/nm3 )
gaseous fuels, including those derived
from coal, coke, or heavy petroleum
products, and liquid fuels including
naphtha, light distillates, heavy
distillates, crude oil and residual oil.

HRSG
HRSGs in the GE STAG product line are
unfired and feature modular construction with
finned-tube heat transfer surface and natural or
forced-circulation evaporators. Figure 22 illus-
trates a natural circulation HRSG with modular
construction. An installation showing two of
these HRSGs operating with MS7001EA gas tur-
bines is shown in Figure 23. Figure 24 illustrates
the modular-construction, forced-circulation
HRSG, and Figure 25 shows an installation of

18
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this type HRSG in a STAG 107EA system.

Each gas turbine exhausts to an individual
HRSG. For STAG systems with a MS6001B gas
turbine, the standard gas ducting is designed so
that two gas turbines exhaust to a single HRSG.
These STAG systems are also available with one
HRSG per gas turbine. The HRSG and auxil-

fast startup and shutdown and
flexibility of operation for multi-shaft
STAG systems. Exhaust gas bypass
systems are not used with single-shaft
STAG units.

E Flexible tube support system to enable
fast startup and load following

Sinple cycle

I Higher Temperature Saves Fuel GT'M5

Figure 20. Gas turbine performance thermodynamics

Advanced Open Loop
Air-Cooled Ilozzle Closed Loop Cooled Mozzle

Alt tn Afin Coolant In Out in Coolant Out
Nozzle AT = 280 F1155 C Nozzle AT = 80 F144 C

eT25134

Figure 21. Impact of stage-one nozzle cooling method

iaries are designed for the specific operating
requirements of the STAG combined cycle sys-
tem. Design features include:

U Exhaust gas bypass system to provide

capability.

N Low gas side pressure drop for
optimum gas turbine performance.

* Large, factory-tested modules that can
be shipped to provide short

GE Power Systems • GER-3574G • (10/00) 19
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Figure 22. Natural-circulation HRSG modular construction

Figure 23. Two natural-circulation HRSGs operating with MS7001 EA gas turbines

installation time and low construction
cost.

* Fuel flexibility provided by the ability to
operate reliably and efficiently, using
exhaust gas from gas turbines that burn
fuels ranging from natural gas to
residual oil.

Steam Turbine

STAG product line offering. Steam turbines
with different exhaust annulus areas are avail-
able to permit optimization to meet specific
condenser cooling conditions. Steam turbines
with large exhaust annulus areas are more
expensive, but provide increased capability and
may be the most economic selection for appli-
cations with low steam turbine exhaust pres-
sure. For applications in which steam turbine
exhaust pressures are high, small exhaust annu-
lus-area steam turbines provide comparable or
higher capability and low cost, and therefore
are the economic choice. Figure 26 illustrates

GE offers a complete line of steam turbines for
combined-cycle applications. Two or more
steam turbine selections are available for each

GE Power Systems - GER-3574G a (10/00) 20
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Figure 24. Forced-circulation HRSG modular construction

Figure 25. Forced-circulation HRSG with PG711 1 EA gas turbines

the performance difference for four last-stage
buckets that are available for the STAG 107FA
combined cycle. Steam turbine last-stage buck-
et lengths for the STAG product line steam tur-
bines range from 14.3 inches / 363 mm to 42
inches / 1067 mm.

Because there are no extractions for feedwater
heating, and steam is generated and admitted
to the turbine at three pressures, the flow at the
exhaust is approximately 30% greater than the

throttle flow. The turbine's last stage generates

up to 15% of the steam turbine output, so the

efficiency of the turbine's last stage and the siz-

ing of the exhaust annulus area are particularly

important for combined-cycle applications.

As with all modem GE steam turbine last-stage

buckets, the continuously-coupled design is

used for high efficiency and reliability.

Continuously-coupled designs permit the use of

many relatively slender blades with narrow,

GE Power Systems - GER-3574G (O0/00)2 21
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Figure 26. STAG steam turbine last-stage bucket
selection

closely-controlled flow passages, particularly in
the critical high-velocity tip region. Covers
reduce tip leakage losses, provide damping, and
help to maintain control of the flow passage.

Steam turbine designs for high exhaust pres-
sure operation typical of those that are needed
for air-cooled condenser operation at high
ambient temperature are available. These steam
turbine designs are capable of reliable and effi-
cient operation at exhaust pressures up to 15
inches Hg,a/381mm Hg,a.

Advanced 3D aero packages incorporate
advanced vortex design, contoured inlet section
sidewalls, and additional radial tip spill strips for
steam turbines larger than 80 MW, which con-
tribute to maximum combined cycle thermody-
namic efficiency.

The STAG combined-cycle product line steam
turbines include axial exhaust and down
exhaust configurations. Axial exhaust is pre-
ferred for the single-flow steam turbines, typi-
cally applied in the small capacity STAG sys-
tems. Figure 27 shows a single-flow axial exhaust
steam turbine.

A line of reheat steam turbines designed specif-

ically for combined-cycle service is available for
STAG systems employing the "EC," "F," and "H"

technology gas turbines. The single-shaft STAG

107FA, STAG 109FA and STAG 109H are

designed as integrated machines with a solid

turbine/generator coupling and a single-thrust

bearing that includes common lubrication and
hydraulic and control systems for both gas tur-

bine and steam turbine. A two-flow reheat

steam turbine is shown in Figure 28.

Steam turbines specially designed for com-

bined-cycle service have features that include:

[ Assembled modules that can be

shipped and assembled with a low

profile installation that reduces
installation time and cost. (Building

cost, for indoor installation, also is
reduced with the low profile design.)

" Access for borescopic inspection of

buckets and nozzles without removal

of the turbine upper casing.

" Fast startup and load-following

capability provided by minimum shaft

diameter in the vicinity of the first

stage, large fillets between wheels and
rotor, long coupling spans, vertical

flexible plate support near the
centerline with keys for maintenance

of alignment, and off-shell valves with

full-arc steam admission.

* All main steam, cold reheat and hot

reheat steam pipes connect to the
lower half of the shell. This facilitates

removal of the upper half shell for

maintenance, and eliminates the need
for bolted connections in a high

temperature piping.

[] Sliding pressure operation with the

control valves wide open. A control

stage at the inlet is, therefore, not

GE Power Systems w GER-3574G a (10/002 22
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Figure 27. Non-reheat, single casing, axial exhaust steam turbine

Figure 28. Two-flow, reheat steam turbine

required.

* Applications at 1800 psig/124 barg
use a single wall construction at the
high-pressure stages as well as the
reheat inlet. With 2400 psig/165 barg
applications, a short inner shell
encloses the early high-pressure stages.
This reduces the load on the
horizontal joint bolting and reduces
the thickness of the shell flange.

Generators

Generators for the STAG combined-cycle prod-
uct line gas turbines and steam turbines are fac-
tory assembled and tested. Air-cooled genera-
tors are standard for the smaller STAG systems
using PG6581B, PG6101FA and PG7121EA gas
turbines. They may be open-ventilated or total-
ly enclosed water-to-air cooled. If open-ventilat-
ed, they are equipped with self-cleaning air fil-
ters for desert or other dusty or dirty environ-
ments, as shown in Figure 29. Hydrogen-cooled
generators are standard for the single-shaft and
larger multi-shaft STAG systems. The hydrogen-
cooled generators can be cooled by plant-cool-

GE Power Systems - GER-3574G * (10/00) 23
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ing water or by ambient air with water-to-air
heat exchangers. Figure 30 shows a typical pack-
aged hydrogen cooled generator for gas turbine
application.

Controls
The STAG combined-cycle plant has a distribut-
ed digital control system with a redundant data

.highway. The station operator consoles provide
interactive color graphic displays of the overall
STAG plant, with sufficient detail to enable the
operator to conveniently operate the plant.

The control systems for multi-shaft and single-
shaft STAG combined-cycle system fundamen-
tally follow the same principle objectives of sim-
plicity, easy starting, automated operation and
superior load following ability. All main com-
ponents of the combined-cycle plant have indi-
vidual control panels and interfaces that relay
information and instructions to and from the
plant operator through data highways to the
operator console. The operator console will
have a detailed graphic display with a high level
of detail that enables convenient and informa-
tive interaction with the plant as required.

The single-shaft power train is a simple tandem
arrangement that does not include an exhaust

Figure 29. Air-cooled generator with self-cleaning
air filter

bypass system and is solidly coupled to one gen-
erator with a common overspeed protection
device with less auxiliary equipment. Figures 31
and 32 show block diagrams for multi-shaft and
single-shaft arrangements.

The heat recovery combined cycle is a simple
system with a minimum of control loops, as
shown by the control diagram (Figure 33) for a
single-pressure, multi-shaft STAG system. The
simplicity of this system, coupled with well-
established, automated operation of system
components, enables effective automation of

Figure 30. Typical packaged hydrogen-cooled generator
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the complete power plant. This minimizes the
number of control room operators. Most STAG
systems operate with only one control room
operator and one roving operator.

The multi-shaft STAG control is configured to
enable automated startup and operation after
remote manual starting of plant auxiliaries,
remote manual operation of each major com-
ponent, or operation of the gas turbine-genera-
tor units from local-control compartments. The
control configuration enables maximum avail-
ability because the plant can be operated

remotely with no additional control room oper-

ators. The equipment protection system is pro-

vided within the unit controls, so normal pro-

tection is maintained during all modes of oper-

ation, including local or remote manual opera-

tion.

The single-shaft STAG unit control system is a

microprocessor-based controller that coordi-

nates the operation of the components in each

integrated combined-cycle unit and communi-

cates with the plant control. Because of the sim-
ple steam cycle, the tandem coupling of the gas

Figure 31. Distributed control system for plant with multi-shaft STAG combined cycle

Figure 32. Distributed control system for plant with single-shaft STAG combined cycle
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Figure 33. Multi-shaft STAG control diagram

and steam turbines to a single generator, and
the elimination of the HRSG exhaust-gas,
bypass system, the single-shaft STAG combined-
cycle control is very simple. Starting, operation,
and shutdown of individual units are automatic.
Single-shaft STAG units are controlled by a local
unit control system that is coupled to the cen-
tral control room operator's console by a data
highway. One control room operator can oper-
ate one or more single-shaft STAG combined-
cycle units with this type of control system and
the aid of one local operator.

Auxiliaries

Typical STAG plant performance variation with
ambient air temperature is illustrated by the
heat rate and power-output capability ambient-
temperature effect curves in Figure 34. Low heat
rate throughout the ambient-air-temperature
range is typical of these plants. The low heat
rate and increase in output as ambient temper-
ature decreases are achieved by the gas turbine
characteristics and optimum equipment match-
ing.

Gas turbine exhaust flow and temperature vary
with ambient temperature and barometric pres-
sure. Steam production and steam turbine out-
put vary with the exhaust gas flow and tempera-
ture supply to the HRSG. Steam turbines are
selected to suit specific application require-
ments. The steam turbines in the standard sys-
tems are sized so that their rated flow matches
the steam production.

Excellent part-load heat rate is achieved on
multi-shaft systems or multiple single-shaft
units by sequentially loading gas turbines to
meet system requirements (Figure 35). This
curve also shows that the plant can operate effi-
ciently following system load with all gas tur-
bines operating. The heat rate increases only
1% at approximately 80% of rating.

The STAG product line ratings are based on
plants with once-through systems (seawater or
river water) for steam turbine condenser cool-
ing. STAG combined-cycle configurations are
also available for operation with a wide range of
owner-specified auxiliaries, including evapora-
tive cooling towers and air-cooled condensers.
Plant capability and efficiency with these sys-
tems is expected to be lower because steam tur-
bine exhaust pressure and cooling system auxil-
iary power consumption are increased.

Plant Operation
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Figure 34. Combined-cycle, ambient air tempera-
ture effect curve

stant air flow, and firing temperature is reduced
as load is reduced.

Fast starting and loading is characteristic of
STAG combined-cycle generation systems. This
enables them to operate in mid-range, with
daily start peaking service as well as baseload.
Typically, STAG systems can achieve full load
within one hour during a hot start and within
approximately three hours for a cold start.
Multi-shaft STAG systems allow the gas turbines
to start independently of the steam cycle and
provide about 65% of the plant capability with-
in 15-25 minutes, depending on the size of the
gas turbine, for hot, warm, and cold starts, as
illustrated in Figure 36. Single-shaft STAG sys-
tems are started and loaded to full capacity in
about the same time period as the multi-shaft
STAG systems. The startup sequence and load
profile for the single-shaft systems differ
because the gas and steam turbines are started
as a single integrated unit and not as two sepa-
rate units. Single-shaft STAG startup is illustrat-
ed in Figure 3Z

Plant Arrangements
The STAG combined-cycle equipment can be
adapted to installation requirements demanded
by varying climactic conditions, system configu-

The modulated, inlet guide vanes (IGV) on the
gas turbine compressor contribute significantly
to the excellent part-load performance. The
inlet guide vanes are modulated to control air
flow in the power plant between the "hash
mark" and the point marked "B." Varying the
air flow maintains nearly constant gas turbine
firing temperature so that the thermodynamic
quality of the cycle remains essentially constant.
The stack and condenser losses vary almost pro-
portionally with output, so that the heat rate
remains almost constant. At loads below the
hash mark, the gas turbine operates with con-

Heat Rate-
% of Base

Rating

0 20 40 6o 80

Plant Output - % of Base Rating

Figure 35. STAG 200 part-load performance

100
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rations and owner/operator preferences. The
equipment is suitable for outdoor installations,
semi-outdoor installations, or fully-enclosed
installations. Plant arrangements have been
designed for each STAG system.

Plan views of STAG combined-cycle arrange-
ments are shown in Figure 38 (multi-shaft,
S406B), Figure 39 (multi-shaft, S207EA), Figure
40 (single-shaft S109E), Figure 41 (multi-shaft,
S207FA), and Figure 42 (single-shaft, S107FA).
An elevation of the single-shaft S107FA is shown
in Figure 43. Figure 44 shows the S107H and
S109H plan and elevation views. The S107H
provides about 58% increase in combined-cycle
power output with only about 10% increase in
footprint area.

A 220 MW STAG 207E installation is shown in
Figure 45. Figure 46 presents a STAG 109FA com-
bined cycle installation. Figure 47 shows a 4000
MW installation with eight STAG 107F and four
STAG 207FA systems at one site. These
arrangements have indoor turbine-generator

Installation
The short installation time and low installation

cost of STAG combined-cycle systems are key

features contributing to economical power gen-

eration. This is due to factory packaging of all

major components and containerized shipment

of small parts. In addition to low direct con-

struction cost, the short installation time

reduces interest payments during construction.

The standard factory modules and standardized

designs also reduce plant engineering time and

cost.

The time from order to commercial operation

for pre-engineered, standardized STAG designs
is typically 24 months, not including permitting

time. The multi-shaft STAG systems can be
installed in two phases to reduce the time

between order and initial power production.
The gas turbines contribute 65% of the plant

capacity. Typically, the gas turbine can be
installed in less than 18 months to provide

power generation while the steam system is
being installed. Figure 49 is a typical two-phase
multi-shaft STAG combined-cycle installation

schedule.

Utility Load Growth
Power generation economics can be enhanced

by the installation of generation capacity in

small increments as utility load grows. STAG

combined-cycle plants fit this economical pat-

tern because efficient, low-cost plants are avail-
able in small blocks of generating capacity.

Flexibility is also available with the pro-genera-

tion approach to capacity addition. Initial natu-

ral gas/distillate oil-fired, simple-cycle gas tur-

bine installations can be converted to combined

cycle later, when power demands require capac-

ity increases. Plot plan area for the steam cycle

equipment and transmission line capability are

the main considerations during the initial comr-

P ht
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Figure 36. Multi-shaft STAG starting times

equipment and outdoor HRSGs. Figure 48
shows a plant with two STAG multi-shaft com-
bined-cycle units in an indoor installation. For
outdoor installations, the standard gas turbine
enclosures are weatherproof, and weatherproof
lagging is available for the steam turbines.
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Figure 37. Single-shaft STAG starting times
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Figure 38. STAG 406B combined-cycle plan

Figure 39. STAG 207EA combined-cycle plan

GE Power Systems • GER-3574C • (O/VO) 29



ME, - ___ M= .
Heat Recovery Generator

F -'" • '• • L - =: U

Gas Turbine C e
condenser

Figure 40. STAG 109E combined-cycle plan

Figure 41. STAG 207FA multi-shaft combined-cycle plan
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Figure 42. Four-unit STAG 107FA combined-cycle plan
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Figure 44. Single-shaft S107H and S109H plan and elevation

Figure 45. STAG 207E installation
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igure 46. Indoor S109FA installation

power and thermal energy capacities to suit var-
ied application requirements. The most com-
monly supplied systems are:

N Steam generation at process
conditions with HRSG (no steam
turbine)

- Unfired HRSG

- Supplemental-fired HRSG

[ HRSG and non-condensing steam
turbine exhausting to process

- Unfired, one-pressure HRSG

- Unfired, two-pressure HRSG

-Supplemental-fired, one-pressure HRSG

[ HRSG with extraction/condensing
steam turbine

- Unfired, one-pressure HRSG

- Unfired, two-pressure HRSG

- Supplemental-fired, one-pressure HRSG

The capabilities of the thermal energy and
power systems are unique for each gas turbine
frame size, as well as each set of process steam
conditions for systems with both unfired
process HRSGs and unfired HRSGs that have
non-condensing steam turbines. The systems

mitment for simple-cycle gas turbines. Future
conversion to coal-derived fuels also is an
option for dealing with the long-range uncer-
tainties of conventional fuel availability and
price.

Thermal Energy and Power System
Product Line
The product line of thermal energy and power
combined-cycle systems (cogeneration and dis-
trict heating systems) are designed with struc-
tured flexibility to provide a wide range of

Figure 47. 4000 MW multi-shaft STAG installation
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Figure 48. Two 207FA multi-shaft combined-cycle installation
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Figure 49. Typical multi-shaft, combined-cycle
project schedule

with fired HRSGs and condensing steam tur-
bines provide extraordinary flexibility in both
thermal energy and power generation capacity
for each gas turbine frame size.

The performance characteristics include the
net plant power, LHV heat content in fuel con-
sumed, thermal energy in steam to process, and
thermal efficiency and fuel charged to power
(FCP). The thermal efficiency for these systems
is calculated by the following equation:

TlrT = 10o *x

IoQF
Symbols:

rTIT = Thermal efficiency - LHV (%)
QF = LHV heat content of fuel consumption

(Btu/hr, kJ/hr)
Qp = Net power output (Btu/hr, kJ/hr)

QrT = Thermal energy in process steam
(Btu/hr, kJ/hr)

The fuel charged to power (FCP) is a useful
parameter for comparing an integrated thermal

energy and power system with separate systems

generating the same power and thermal energy.
For this comparison, the LHV heat content of

fuel that would be consumed by a conventional
fired boiler in producing the same thermal ener-

gy is subtracted from the LHV heat consumption

of the integrated thermal energy and power sys-

tem. The resulting FCP can then be compared

with the heat rate of a separate power generation

facility. This will assess the relative performance

of the integrated thermal energy and power sys-
tem with separate thermal energy and power

generation systems. FCP is calculated by the fol-

lowing equation:

FCP = 100 x (Qp- Qzz/IBID

P
Symbols:
FCP = Fuel charged to power = LHV
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(Btu/kWH, kJ/hr)
QF = LHV heat content of fuel consumption

(Btu/hr, kJ/hr)
Qm = Thermal energy in process steam

(Btu/hr, kJ/hr)
11B = LHV efficiency of fired boiler producing

equivalent thermal energy (%)
P = Net electrical output (kW)

Cycle diagrams for thermal energy and power

combined cycle with steam generation at

process conditions is presented in Figure 50.

These systems include generation of steam at

process conditions. Figure 50 shows combined-

cycle cogeneration systems that produce
process steam with an unfired or supplemen-

tary-fired HRSG. HRSG design for supplemen-

tary firing provides the maximum process steam

energy supply. Figure 51 shows combined-cycle

cogeneration systems that are equipped with

non-condensing steam turbines.

Many variations of these systems can be fur-
nished to satisfy specific process plant energy

requirements, including:

N Single automatic-extraction steam
turbines to efficiently supply steam at

two or three pressures.

* Multi-pressure HRSGs to supply steam

at multiple-pressure and temperature
conditions. The most flexible thermal
energy and power systems are those
that include extraction condensing
steam turbines. Simplified cycle
diagrams for typical systems with single
automatic extraction are shown in
Figure 52. This system has the capa-
bility to operate at lower process steam
demands while using the excess steam
generation to produce power in the
condensing section of the steam
turbine. These systems can be
furnished with double automatic
extraction steam turbines and
multiple-pressure HRSGs to satisfy
specific process steam requirements.

Engineered Equipment Package
The GE Combined-Cycle Engineered Equip-
ment Package (EEP) is a unique combination
of equipment and services. It provides the
owner with a plant performance guarantee and
warranty of operation, and the ability to service
the complete power generation system, as well
as the capability to customize the plant design,
auxiliaries, and structures. This is achieved by
including in the GE scope the major combined-

CONDENSATE RETURN

t3OFUEL PROCESS STEAM

UNFIRED HRSG

CONDENSATE RETURN
PROCESS STEAM

SUPPLEMENTAL FIRED HRSG

Figure 50. Cycle diagrams -thermal energy and power combined cycle with steam generation at process
conditions
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Figure 52. Cycle diagrams -thermal energy and power combined cycle with extraction/condensing steam
turbines

cycle equipment that requires close coordina- ,or the owner's architect-engineer or engineer-
tion for assurance of meeting the performance constructor, to design the plant to meet project
and operating objectives. The equipment scope specific requirements.
split between GE and the owner is shown in
Table 16.

The services and software scope split is present-
ed in Table 1Z Key elements in the GE EEP
scope are the combined-cycle system design and
the interface definition that enable the owner
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Conclusion
The STAG combined-cycle product line, includ- General Electric

* Plant performance and environmental guarantee
ing power generation systems and thermal a Combined cycle system design and warranty
energy and power systems ranging from 60 MW Balance of plant equipment functional specifications

esEquipment interface drawings
to 750 MW, are efficient, low-cost systems that • Steady state and dynamic interface definition

m Equipment operation and maintenance
meet the environmental requirements of all 0 Operation and maintenance training
countries. The GE combined cycle EEP pro- a Construction and operation permit support

* Perfonnance and environmental test support

vides assurance of satisfying performance and

Owner
operating objectives while allowing a cus- * Construction and operation permits

tomized plant that incorporates the owner's • Plant design
0 Plant construction

practices and preferences. The attractive eco- • Plant start-up, commissioning and operation
* Performance and environmental testing
0 Site preparation

GENERAL ELECTtRLC Project administration

GAS TIU•BE(S) Table 17. Services and software split with engi-
S G MEERAITE(S) neered equipment package•GENERATOR(S)

• HEAT RECOVERY STEAM GENERATOR(S) nomics, reliability, and operating flexibility of
• PLANT CONTROLS

these systems recommend their consideration

OWNER for all power generation applications.
" MECHANICAL AUXILIARIES

" ELECTRICAL AUXILIARIES

" MAIN ELECTRICAL CONNECTIONS

" BALANCE OF PLANT

- FOUNDATIONS AND STRUCTURES

- SWITCHYARD

- FUEL HANDLING AND STORAGE

- PLANT COOLING SYSTEM

- CONSTRUCTION MATERIALS

- SITE PREPARATION MATERIALS

Table 16. Equipment scope split with engineered

equipment package
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TO: Bill Maxwell, U.S. Environmental Protection Agency, OAQPS (C439-01)

FROM: Jeffrey Cole, RTI International

DATE: December 2003

SUBJECT: Beyond-the-floor analysis for existing and new coal- and oil-fired electric utility
steam generating units national emission standards for hazardous air pollutants

This memorandum describes the development of the beyond-the-floor analysis for existing

and new coal- and oil-fired electric utility steam-generating units National Emission Standard for

Hazardous Air Pollutants (NESHAP). In this memorandum, we considered available regulatory

options (i.e., technologies or work practices) that were more stringent than the MACT floor level

of control for each of the different subcategories that make up the Electric Utility source

category.
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2.0 Beyond-the-floor Options for Existing Coal- and Oil-fired Electric Utility Steam

Generating Units
2.1 Coal-fired Units
2.2 Integrated-coal Gasification Combined Cycle Units
2.3 Coal Refuse-fired Units
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3.0 Beyond-the-floor Options for New Coal- and Oil-fired Electric Utility Steam
Generating Units
3.1 Coal-fired Units
3.2 Integrated-coal Gasification Combined Cycle Units
3.3 Coal Refuse-fired Units
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turning knowledge into practice
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1.0 INTRODUCTION

As discussed in the memorandum entitled "MACT Floor Analysis for Coal- and Oil-Fired

Electric Utility Steam-Generating Units National Emission Standards for Hazardous Air

Pollutants," the EPA chose to set MACT for mercury (Hg) from existing and new coal-fired

electric utility steam-generating units and nickel (Ni) from existing and new oil-fired electric utility

steam-generating units. Therefore, this discussion addresses beyond-the-floor control options for

existing or new units.

2.0 BEYOND-THE-FLOOR OPTIONS FOR EXISTING COAL- AND OIL-FIRED

ELECTRIC UTILITY STEAM GENERATING UNITS

In order to determine possible beyond-the-floor control options for existing units, we

analyzed all available emissions data on air pollution control devices (APCD) that are currently

utilized or experimental (both full-size and pilot-scale). The following are the possible

beyond-the-floor control options for existing units.

2.1 Coal-fired Units

Conventional PM controls (electrostatic precipitators [ESP] and fabric filters) generally do

not remove the vapor-phase HAP (i.e., elemental Hg, hydrochloric acid [HCI], and hydrogen

fluoride [HF]) from coal-fired unit emissions. This is because these controls do not effectively

capture gaseous pollutants. Two technologies that possibly could be used to further reduce the

amount of vapor-phase HAP emitted from utilities are sorbent injection and selective catalytic

reduction (SCR).'

2.1.1 Sorbent injection. Due to their multiple internal pores and high specific surface

area, sorbents have the potential to improve the removal of Hg (mostly through thecapture of

elemental mercury (Hge; sorbents will also remove Hgr) as well as other gaseous pollutants that

are carried with combustion fine particulates in all coal-fired subcategories (except for integrated

gasification combined cycle [IGCC] units because of their lack of external PM control device).

2



The extent of the potential Hg removal is dependent on: (1) efficient distribution of the sorbent

(e.g., activated carbon) in the flue gas; (2) the amount of sorbent needed to achieve a specific

level of Hg removal, which will vary depending on the fuel being burned; (3) the amount of

chlorine (CI) present in the fuel; and (4) the type of PM control device (e.g., at a given sorbent

feed rate, a fabric filter provides more Hg control than an ESP because of the additional

adsorption that occurs on the bags of the fabric filter because of the increased gas contact time).

Sorbents can be introduced by two basic methods: by channeling flue gas through a bed

of sorbent or by direct sorbent injection. Sorbent bed designs consist of fixed-sorbent filter beds,

moving beds, or fluidized sorbent filter beds. With direct sorbent injection, after sorbent is

introduced into the flue gas, it adsorbs Hg and other contaminants and is captured downstream in

an existing or sorbent-specific PM control device. The types of sorbent that may be viable in

sorbent injection include two basic types of activated carbon (AC; regular and impregnated) as

well as other carbon (mixed with other sorbents) and noncarbon sorbents.

Activated carbon is a specialized form of carbon produced by pyrolyzing coal or various

hard, vegetative materials (e.g., wood) to remove volatile material. The resulting carbon-based

material (char) then undergoes a steam or chemical activation process to produce an AC that

contains multiple internal pores and has a very high specific surface area. With this internal pore

structure, the AC can adsorb a broad range of contaminants. Various studies, shown in Table 1,

have shown good to excellent Hg removal with the injection of AC (particularly on

bituminous-fired units); however, other studies (also shown in Table 1) have not shown good Hg

removal (particularly on subbituminous- and lignite-fired units). The Hg removal performance of

AC injection seems to be highly dependent on coal rank and composition (i.e., Hg and CI content

of the coal) and specific utility plant configuration (e.g., sequencing of APCD equipment).

Further, little long-term data are available.

Chemically impregnated AC is AC that has been supplemented with chemicals to improve

its Hg removal. The Hg in the flue gas reacts with the chemical that is bound to the AC, and the

resulting compound is removed by the PM control device. Typical impregnants for AC:are

chlorine, sulfur, and iodide. Chemically impregnated AC has shown enhanced Hg removal over

regular AC. Chemically impregnated AC requires smaller rates of carbon injection than does

regular AC for equivalent Hg removals. The required carbon-to-mercury mass ratio may be
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reduced by a factor of from 3 to 10 with the chemically impregnated AC. The cost per mass unit

of impregnated AC may, however, be significantly greater than that of unmodified AC.

Other commercially available sorbent materials are SorbalitTM (a mixture of lime with

additives and 3 to 5 percent AC) and Darco FGD (an AC derived from lignite).2 Zeolites

constitute another category of sorbent. There are naturally occurring mineral zeolites, in addition

to commercially available synthetic zeolites. Both types contain large surface areas and have a

good potential for Hg removal.

The AC test data available to EPA, representing full-scale electric utility units, consists of

tests taken at four sites. The sites had initial baseline tests conducted without AC injection in

2001, and parametric tests and long-term test programs conducted in 2002 and 2003 after

installation of AC injection. The test sites' sampling description, coal type, control device

configuration, and total Hg removal (both the maximum Hg removal during each test and average

Hg removal during the entire test period) are listed in Table 1. Even though these tests were

taken over an extended period of time, the summary data available show that there appears to be

variability in Hg removal results between the maximum Hg removal during each test and the (--

average Hg removal during the entire test period at a given site.

Although AC, chemically impregnated AC, and other sorbents show potential for

improving Hg removal over what is achieved with conventional PM and S02 controls, this

technology is not currently available on a commercial basis and has not been installed, except on a

demonstration basis, on any electric utility unit in the United States to date. Further, limited

long-term data (e.g., longer than a few days) are available to indicate the performance of this

technology on all representative coal ranks or on a significant number of different power plant

configurations. Therefore, these technologies do not provide a viable basis for either establishing

or going beyond the floor.

2.1.2 Selective catalytic reduction (SCR). The SCR test data available to EPA,

representing full-scale electric utility units, consists of tests taken at four sites in 2001, two of the

original four sites were then retested in 2002, and finally two additional sites were tested in 2002,

for a total of eight sets of data. The test sites' coal type, control device configuration, and total

Hg removal (with SCR turned off and SCR operating) are listed in Table 2. The data suggests
4 )



that, although designed as a nitrogen oxides (NO,) control technology, the SCR has ability to

transform certain species of Hg into other speciated forms that are easier for conventional PM and

SO 2 controls to capture. The transformation of Hg species can be seen most prominently when an

SCR is operating at a site with a PM control device and a wet FGD control device or a site with

only a single particulate (venturi) scrubber. The Hg emitted during combustion, which would (in

the absence of the SCR) tend to remain as Hge, is oxidized to Hgr. The highly soluble oxidized

Hg is then removed by the wet FGD or particulate (venturi) scrubber. However, this Hg

reduction effect has been observed in limited stack testing on bituminous coal-fired sites (52 and

S4), and results on a subbituminous coal-fired site have not been uniformly successful.' Sites SI

and S3 showed only minimal Hg oxidation across the SCR_ To EPA's knowledge, no

commercial-scale, lignite-fired, SCR-equipped unit has been tested to date, though it is entirely

possible that greater Hg removal would result when applied to a lignite-fired unit. Similarly, SCR

has not yet been tested on all types of coal sources as well as on blends of coal. It should be

noted that these tests were of short-term nature and the maximum Hg removal seen may not

represent the long-term average observed even at a given site. Also, the data show that SCR does

not lead to increased Hg oxidation and removal in all cases on all coal ranks.

In summary, sorbent injection has not been sufficiently demonstrated in practice, nor have

long-term economic considerations (e.g., carbon availability, waste disposal issues, and required

permitting for new waste landfill and sludge ponds) been evaluated to allow sorbent injection to

be considered viable as a beyond-the-floor option. With regard to the use of SCR, there is

inadequate effectiveness information on which to base a beyond-the-floor standard.
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Table 1. Full-scale Activated Carbon Injection Emission Tests at Coal-fired Electric Utility Sites

Test sit, Location Description of test plan Coal type Control dMaximum Hg removal during Average Hg removal during the

each test entire test period

S-CEM:
• 78%

S-CEM:
Alabama Power, Long-term tests over 10 days, Bituminous HotdeESPCOHPACFF Ontario-Hydro:

Gaston' conditions, are scheduled for 2002-2003. * 90% total

* 86% oxidized
* >98% elemental

Long-term tests over 10 days, constant

conditions. Note: The S-CEM removal S-CEM:

efficiencies shown here averages and * 47%, 57%. and 66%
Powder Piver

WE Energies, maximums taken over (1) three days with an S-CEM: Ontado-Hydro:
Basin Cold-side ESP, SCA

Pleasant Prairies average injection rate of 1.6 lWs/MMacf, (2) • 49%,61%,and70% * 72.9% total
Subbituminous

four days with an average injection rate of 3.7 • 74.5% oxidized

lbs1MMacf and (31 five days with an average * 70.7% elemental

injection rate of 113 lbsIMMacf.

280-290F: 68%, 70% 280-290F: 69%

PG&E NEG Salem Parametric tests and long-term tests in Spring 298-306F: 67%, 75%, 78% 298-306F: 73%
Bituminous Cold-side ESP; SNCR

Harbor Station 3  2002. 322-327F: 65%, 85%, 85% 322-327F: 78%

343-347F: 25%, 45% 343-347F: 35%

Parametric tests and long-term tests in Fall 2 Cold-side ESP, in series Hg caure varied based onSCEM:

Brayton Point Bituminous sorbent and operating
2002. with combined SCA * 62%

Station' conditions.

COHPAC -combination of an upstream electrostatic precipitator followed by a high air-to cloth ratio fabric filter

SCA - Specific Collection Area

S-CEM - Semi-Continuous Emissions Monitor

Ontario Hydro - Ontario Hydro speciated metrury analysis method

SNCR - Selective Non-Catalytic Reduction
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Table 2. Full-scale SCR Emission Tests at Coal-fired Electric Utility Sites7

Year S02 Total Hg removal, % (w/SCR
sampled Control off: w/SCR on)

S1 Powder River Basin 2001 ESP None 60/78Subbitumninous

S2 Ohio Bituminous 2001 ESP Wet FGD 51/88

S2* Ohio Bituminous 2002 ESP Wet FGD NA / 84

S3 Pennsylvania Bituminous 2001 ESP None 16/13

Particulate
S4 Kentucky Bituminous 2001 (Venturi) None 46/90

Scrubber

Particulate
$4* Kentucky Bituminous 2002 (Venturi) None 44/91

Scrubber

S5 West Virginia Bituminous 2002 ESP Wet FGD 51/91

S6 Kentucky & West Virginia 2002 ESP None No data currently available
Bituminous

* Retest

NA - Not analyzed with SCR off.

2.2 IGCC Units

Integrated gasification combined cycle units are specialized units in which coal is first

converted into synthetic coal gas. In this conversion process, the carbon in the coal reacts with

water to produce hydrogen gas and carbon monoxide (CO). The synthetic coal gas (syngas) is

then combusted in a combustion turbine, which drives an electric generator. Hot gases from the

combustion turbine then pass through a waste heat boiler to produce steam. This steam is fed to a

steam turbine connected to a second electric generator. Because of their design, IGCC units have

no external APCD. Therefore, we believe the best potential way of reducing Hg emissions from

existing IGCC units is to remove Hg from the syngas before combustion. An existing industrial

IGCC unit has demonstrated a process, using sulfur-impregnated AC carbon beds, that has proven

to yield 90 to 95 percent Hg removal from the coal syngas.8 This technology could potentially be

adapted to the electric utility IGCC units.
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To our knowledge, neither of the two existing IGCC units have run tests of this type of

carbon bed, fuel cleaning, device. Because of concerns about the costs involved and because

existing IGCC units utilize older technology, it is not clear if using sulfur-impregnated AC carbon

beds would be effective on the particular syngas burned in these units.

2.3 Coal Refuse-fired Units

Coal refuse units (i.e., 99 percent of their heat input supplied by burning coal refuse) are

located adjacent to old coal mine refuse piles. The units are specially designed to burn this high-

ash silt. All of the 13 coal refuse-fired units existing in 1999 are equipped with fluidized bed

combustors (FBC); 10 of these 13 units inject limestone as a sorbent for SO2 control, and 4 of

these 13 units are equipped with SCR for NO. control. The only two coal refuse-fired units on

which performance tests were conducted in response to the ICR are the MACT floor facilities for

the coal-refuse fired subcategory.

To our knowledge, there are no currently available technologies that could be used as

beyond-the-floor options for coal refuse units. (N

2.4 Oil-fired Units

The only emission control technology that we are aware of to consider as a

beyond-the-floor option for existing oil-fired units is fabric filtration. Fabric filters have been

shown in pilot-scale testing to be more effective at reducing Ni emissions than an ESP. However,

the use of fabric filters on oil-fired units is also known to be problematic due to the prevalence of

the "sticky" PM emitted from such units, which sticks to the fabric and creates a fire safety

hazard. No existing oil-fired units are known to employ fabric filters as their PM control.

Because of this, fabric filters are not considered to be a viable beyond-the-floor option for oil-

fired units.

3.0 BEYOND-THE-FLOOR OPTIONS FOR NEW COAL- AND OIL-FIRED ELECTRIC

UTILITY STEAM GENERATING UNITS

8



Once the MACT floor determinations were done for new units in each subcategory (by

fuel type), EPA considered various regulatory options more stringent than the MACT floor level

of control (i.e., additional technologies or other work practices that could result in lower

emissions) for the different subcategories. Due to the technical complexities of controlling Hg

and Ni emissions from the sources affected by this rule, we have not been able to determine

whether (identified) potential beyond-the-floor options are available. The following describes the

possible beyond-the-floor options of which we are aware for new units.

3.1 Coal-fired Units

As discussed in Section 2 of this memorandum, two technologies that possibly could be

used to further reduce the amount of vapor phase Hg emitted from utilities are sorbent injection

and SCR. However, as explained in Section 2, sorbent injection is not available on a commercial

basis and has not been demonstrated on a utility unit operating at full capacity over an extended

period of time. Similarly, SCR has not shown the same change-in-speciation effect on Hg

emissions on all types of coal sources (and among different seams within a coal rank).

3.2 IGCC Units

Because of their design, IGCC units have no external APCD controls. Therefore, as is

explained in Section 2 of this memorandum, the best potential way of improving Hg removal from

IGCC units is to remove the Hg from the syngas before combustion. Based on published

information regarding the industrial IGCC unit noted in Section 2, EPA believes that a 90 percent

reduction in Hg emissions is possible from new IGCC units based on the use of carbon bed

technology. Therefore, we believe that proposing a 90 percent Hg reduction based on the use of

carbon bed technology as a beyond-the-floor level for new IGCC units is reasonable.

3.3 Coal Refuse-fired Units

Existing coal refuse-fired units utilizing 100 percent coal refuse, all of which utilize FBC

technology, have demonstrated the best Hg control of any emissions-tested electric utility unit in

the industry based on the electric utilities information collection request (ICR).

9
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3.4 Oil-fired Units

*There has not been anew oil-fired unit constructed in the United States since 1981. As

discussed in Section 2 of this memorandum, if a new oil-fired unit is.constructed, the only

technology that would offer emissions control better than the proposed new MACT limits for

emission control is the use of fabric filtration; however, fabric filtration is not presently considered

to be aviable control option for oil-fired units because of the prevalence of the "sticky" PM

emitted from these units, which sticks to the fabric and creates a fire safety hazard.
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ABSTRACT

The U.S. Department of Energy is developing an estimate of the undevel-
oped hydropower potential in the United States. For this purpose, the Idaho
National Engineering and Environmental Laboratory developed a computer
model called Hydropower Evaluation Software (HES). HES measures the
undeveloped hydropower resources available in the United States, using uniform
criteria for measurement. The software was developed and tested using hydro-
power information and data provided by the Southwestern Power Administra-
tion. It is a menu-driven program that allows the personal computer user to
assign environmental attributes to potential hydropower sites, calculate devel-
opment suitability factors for each site based on the environmental attributes
present, and generate reports based on these suitability factors. This report
describes the resource assessment results for the State of Georgia.
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U.S. Hydropower Resource Assessment
for

Georgia
INTRODUCTION

In June 1989, the U.S. Department of En-
ergy initiated the development of a National
Energy Strategy to identify the energy resources
available to support the expanding demand for
energy in the United States. Public hearings
conducted as part of the strategy development
process indicated that undeveloped hydropower
resources were not well defined. As a result, the
Department of Energy established an inter-
agency Hydropower Resource Assessment
Team to ascertain the undeveloped hydropower
potential. In connection with these efforts by the
Department of Energy, the Idaho National
Engineering and Environmental Laboratory
designed the Hydropower Evaluation Software
(HES), which has been used to perform a
resource assessment of the undeveloped con-
ventional hydropower potential in over 40
states. This report presents the results of the
hydropower resource assessment for the State of
Georgia. Undeveloped pumped storage hydro-
power potential is not included.

The HES was developed as a tool to meas-
ure undeveloped hydropower potential region-
ally or by state. The software is not intended to
provide precise development factors for individ-
ual sites, but to provide regional or state totals.
Because the software was developed as a
generic measurement tool encompassing
national issues, regional and state totals must be
considered judiciously; various local issues may
skew undeveloped hydropower potential totals.
The information for the resource assessment
was compiled from the Federal Energy Regula-
tory Commission's Hydroelectric Power Re-
sources Assessment database and several other
sources. Refer to DOE/ID-10338, the User's
Manual (Francfort, Matthews, Rinehart 1991)
for the specifics of the software and to
DOEIID-10430.1, the Status Report (Conner,
Francfort, Rinehart 1996) for an overview of all
resource assessment activities to date.

Model Development
Hydropower Evaluation Software, both a

probability-factor computer model and a data-
base, is a menu-driven program that is intended
to be user-friendly. Computer screens and
report-generation capabilities were developed to
meet the needs of users nationwide. The
software uses environmental attribute data to
generate an overall project environmental
suitability factor (PESF) between 0.1 and 0.9,
where 0.9 indicates the highest likelihood of
development and 0.1 indicates the lowest
likelihood of development. The suitability
factors depend on the unique environmental
attributes of each potential site. They reflect the
considerations that (a) environmental concerns
can make a potential site unacceptable, prohib-
iting its development (for a suitability factor of
0.1), or (b) if there are no environmental
concerns, there is no negative effect on the
likelihood of site development (for a suitability
factor of 0.9). A combination of attributes can
result in a lower suitability factor because
multiple environmental considerations would
reduce the likelihood that a site may be devel-
oped to its physical potential.

Model Goal
The goal of the HIES is to assemble an

accurate resource database of all sites with
undeveloped hydropower potential in the United
States for use as a planning tool to determine the
viable national hydropower potential. Unde-
veloped hydropower potential is not limited to
the development of new sites; it also includes
the development of additional hydropower-
generating capacity at sites that currently have
hydropower, but are not developed to their full
potential. This undeveloped hydropower poten-
tial is a source of nonpolluting, renewable ener-
gy available to meet the growing power needs of
the United States. The HES should help make
this goal obtainable and ensure a set of uniform
criteria for national assessment.
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Dam Status
The effects of environmental attributes

vary by dam status. The dam status classifica-
tions used are as follows:

W = Developed hydropower site
with current power generation,
but the total hydropower po-
tential has not been fully de-
veloped. Only the undeveloped
hydropower potential is dis-
cussed in this report.

W/O = Developed site without current
power generation. The site has
some type of developed im-
poundment or diversion struc-
ture, but no developed hydro-
power generating capability.

U = Undeveloped site. The site
does not have power genera-
tion capability nor a developed
impoundment or diversion
structure.

ASSESSMENT RESULTS
Summary Results

A total of 62 sites (Table 1) have been
identified and assessed for their undeveloped
hydropower potential. The HES results for

individual site capacities range from 0.9
kilowatt (kW) to 90 megawatts (MW). Seventy-
one percent of the HES-modeled sites in
Georgia are small hydropower sites, less than 5
MW (Figure 1).

The nonmodeled undeveloped hydropower
potential total for Georgia was identified as
1,137 MW. The HES results lowers this
estimate about 46% to 613 MW. The greatest
reduction in undeveloped hydropower potential,
by MW, occurs at sites that have neither power
generation capability nor a developed im-
poundment or diversion structure (U category).
These sites have a HES-modeled undeveloped
hydropower potential of about 37 MW, a 238-
MW, or 87% reduction in the estimated unde-
veloped hydropower potential (Figure 2). Figure
3 correlates the number of sites that have
undeveloped hydropower potential with the total
megawatts of HES-modeled undeveloped
hydropower potential.

The 62 identified sites are located within
four major river basins. The number of sites per
major river basin ranges from 8 in the Alabama
Coosa River basin to 23 in the Altamaha River
basin (Figure 4). Sixty-three percent of the
undeveloped hydropower potential in the State
of Georgia is contained within the Apalachicola
River basin (Figure 5).

Table 1. Undeveloped hydropower potential summary for Georgia. The table contains the nonmodeled
undeveloped nameplate potential and the HES-modeled undeveloped potential totals.

Number of projects Nameplate potential HES-modeled potential

(MW) (MW)

With Power 7 144.7 89.2

W/O Power 31 716.9 486.4

Undeveloped 24 275.3 37.2

State Total 62 1,136.9 612.8
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Figure 5. Megawatts of HES-modeled undeveloped hydropower potential in the Georgia River basins.

Detailed Results
The appendices contain, in the form of

HES-generated reports, detailed information
about the undeveloped hydropower potential in
Georgia. The appendices contain the following
information:

Appendix A summarizes the undeveloped
hydropower potential by dam status groups. The
number of sites, nonmodeled undeveloped
hydropower potential, and HES-modeled unde-
veloped hydropower potential is provided based
on the dam status.

Appendix B provides the hydropower resource
assessment by river basin, which includes the
project number, project name, stream name,
dam status, nonmodeled undeveloped hydro-
power potential, and the HES-modeled undevel-
oped hydropower potential for each site. Subto-
tals are provided for each river basin.

Appendix C lists the project numbers, plant
name, stream name, if a site is Federally owned,
nonmodeled undeveloped hydropower potential,

and HES-modeled undeveloped hydropower
potential. The sites are grouped by dam status.

Appendix D contains a resource database list
for the 62 sites in Georgia. Information includes
plant name, stream, state, county, river basin
and owner names, project number, nameplate
and HES-modeled undeveloped hydropower
potential, the unit and plant types, dam status,
latitude, longitude, and the environmental
factors that the HES uses to determine the
PESF.

OBTAINING INDIVIDUAL STATE
INFORMATION

Additional copies of the hydropower re-
source assessment results for individual states
are available and can be obtained by writing or
calling the authors or the National Technical
Information Service (NTIS).

Telephone OrdersO(703) 487-4650. NTIS sales
desk and customer services are available be-
tween 8:30 a.m. and 5:00 p.m., Eastern Standard
Time.
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Fax0(703) 321-8547. Customers may fax their
orders to NTIS. These orders may be charged to
a NTIS deposit account, American Express,
VISA, or MasterCard.

Mail OrdersiMail orders should be sent to
National Technical Information Service, Docu-
ment Sales, 5285 Port Royal Road, Springfield,
VA 22161. Call the sales desk for prices before
placing an order.

E-mail-Customers may e-mail their requests
to info@ntis.fedworld.gov.

Method of PaymentlCustomers may pay for
reports (and other NTIS products and services)
by (a) credit card (American Express, Visa or
MasterCard); (b) check or money order on a
United States bank payable to NTIS; (c) NTIS
deposit account; or, (d) by asking to be billed
(add $7.50 per order), United States, Canada,
and Mexico, only.

Handling Fee[A $4.00 handling fee per total
order applies to orders from the United States,
Canada, and Mexico. Handling charges do not
apply to rush order service or pick-up orders.

Postage and Shipping[]Orders are shipped first
class mail, or equivalent, to addresses in the
United States, Canada, and Mexico.

Order Turnaround Time0Orders for technical
reports generally are shipped within 3 to 5 days
of receipt. For faster service, NTIS offers rush
order service.

Rush Order ServicelOCall 1-800-533-NTIS. In
Virginia, Canada, and Mexico call (703) 487-
4700. For NTIS rush order service add $15 per
item. This guarantees that an order will be
processed through NTIS within 24 hours of its
receipt. These orders receive immediate,
individual attention. The items ordered are
delivered by first call mail. Call NTIS for

information on rush order service for computer
products.

For Help in Tracing an Order0Call (703)
487-4650 and request the customer service
option.

ADDITIONAL HYDROPOWER
EVALUATION SOFTWARE
INFORMATION

Additional information concerning the
HES can be obtained by contacting Ben Rine-
hart or Jim Francfort at the addresses provided
below. Copies of the software and the User's
Manual may also be obtained from these
individuals.

Ben Rinehart, Project Manager
Idaho National Engineering and Environmental
Laboratory
P.O. Box 1625, MS 3830
Idaho Falls, ID 83415-3830
(208) 526-1002

Jim Francfort
Idaho National Engineering and Environmental
Laboratory
P.O. Box 1625, MS 3830
Idaho Falls, ID 83415-3830
(208) 526-6787

Information concerning the State of
Georgia's involvement with the resource
assessment or about the identified sites may be
obtained by contacting:

Dallon Thomas Woosley, P. E.
Georgia Department of Natural Resources
205 Butler Street, S.E.
East Floyd Tower
Atlanta, GA 30334
(404) 362-2678
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Executive Summary

This survey summarizes the input received from manufacturers of stationary fuel cells
for power generation regarding:

" Their recent activity (2001 - 2002) and future ability to manufacture, sell and
install fuel cells in California over the next three years

* Product characteristics and costs (including warranty and service contract
options)

* Customer / market targets
* Barriers to commercialization in California
* Impact of the California Stationary Fuel Cell Collaborative

The 2002 Survey of stationary fuel cell manufacturers reveals that, with adequate
government incentives and structures in place, a potential exists to install 50 - 250 MW
of fuel cells in California over the next three years. This range in potential installations
represents 5 - 25 percent of the manufacturers's expected global sales volume.

2001 vs. 2002 Industry Survey

This White Paper Summary represents the 2 nd annual survey of manufacturers. It differs
from the 2001 survey in that the current survey does NOT assume a bulk purchase
order and consequently the numbers reflect today's actual market prices and volumes in
the absence of such an instrument.

The current survey also acknowledges the following:

" The California Power Authority purchase funding is today directed solely to a low-
interest loan program.

" Market barriers (e.g., restrictive incentive conditions, exit and standby fees, and
challenging interconnect rules), while being addressed by the Collaborative, are
not fully resolved and continue to inhibit the market.

In addition, the 2002 Survey reviews the performance of the Collaborative over the past
year and solicits suggestions for the upcoming year in order to create a favorable
environment for the rapid installation of stationary fuel cells in California.

I Overview

Major stationary fuel cell manufacturers (including Proton Exchange Membrane,
Phosphoric Acid, Solid Oxide and Molten Carbonate Fuel Cell manufacturers) were
interviewed on August 14 th - 1 9 th, 2002 to determine the current and projected
manufacturing capabilities, sales volumes, and costing for the installation of
stationary fuel cell power plants in the state of California over the past year and the
next three years.
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The purpose of the interviews was to compile information relative to the commercial
availability of fuel cells for power generation over the next few years and identify the
issues the state could take in order to create a more receptive environment for their
installation.

Prior to conducting the survey, a standardized list of questions was established (see
Attachment 1 and sent to each of the companies the day prior to the interviews.
Representatives from Ballard Generation Systems, FuelCell Energy, H Power
Corporation, Plug Power, Inc., Siemens-Westinghouse Power Corporation, and UTC
Fuel Cells were interviewed by two representatives each from the California Air
Resources Board and the National Fuel Cell Research Center. The same
representatives conducted the 2001 Survey.

The information obtained from the interviews is presented in summary in this
document. Detailed information for each manufacturer is, by agreement, held in
confidence. The detailed data are compiled to produce an aggregate, generic
perspective of the industry as a whole. It is this perspective that is summarized
herein for public dissimulation.

2 Results
Each of the manufacturers presented their expectations of: (1) sales for the year
ending June 2002; (2) their manufacturing capability and sales projections for the
next three years; (3) their projected product portfolio, price expectations and
warranty/service contract offering; and (4) the applications targeted for their products
based on their business plans. The information compiled and presented herein
reflects a range of fuel cell product sizes, fuel cell product types, expected
efficiencies, expected life of the fuel cell stack and associated equipment,
manufacturing strategies, and cost expectations.

The manufacturers also identified barriers to market entry and market facilitation,
incentive strategies, as well as opinions on the performance of the Collaborative
over the past year and suggestions for the role of the Collaborative in the coming
year. These results are also summarized in this document.

2.1 2002 Volumes

As stated above, the prospect of a bulk purchase order provided a foundation last
year (2001) on which industry was asked to make estimates in terms of volumes and
pricing. Due to changes in market conditions and available financial instruments,
that assumption was not used in the current (2002) survey.
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2.2 Production Capabilities and Sales Potential of the Stationary Fuel Cell
Industry

In the 2001 survey, the stationary fuel cell community was generally understood to
have one commercial product (a 200 kW PAFC unit) manufactured by UTC Fuel
Cells. In the past year, the market dynamic has substantially changed. Today, a
number of companies are offering products for sale and, with them, warranties and
service contracts.

While some manufacturers are cautious to increase manufacturing capacity without
firm orders for products, others have added and continue to add capacity in an
aggressive production strategy with confidence that orders will follow.

Depending on the manufacturer, the anticipated manufacturing capability ranges
from 0.5 MW/yr to 50 MW/yr in 2002, to 1 MW/yr to 400 MW/yr by 2005 (see
Figure 1). The manufacturers, particularly in their projections for years 2004 and
2005 have closely matched production volumes to sales volumes.

Sales projections (MW) for years 2003 - 2005 are weighted heavily by the larger
systems (>100 kW), with a substantial increase in volume during the 2004 time
frame (see Figure 1).

2002 Industry Survey: Manufacturing Capacity vs. Sales
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2.3 Capital Costs

The capital cost of fuel cell systems differs quite dramatically from the survey last
year, as the "bulk purchase order" was not a premise for consideration.
Consequently, the capital costs ($/ kW) presented in this survey more closely reflect
manufacturer's actual costs and the market environment / tolerance in the absence
of a bulk purchase agreement.

In 2002, prices range from $4,000 - $30,000 / kW, however, the weighted average
cost is $4,722 / kW. Stated another way, the bulk of the sales volume is in the
$4,500 range with a small volume at higher and lower levels.

Generally, the higher capital cost ($30,000/kW) are attributable to product in the very
early stages of commercialization, and the lower capital cost ($4,000kW) is
associated with product that is proactively engaged in commercial deployment.

By 2004 - 2005, the majority of the manufacturers predict a significant reduction in
capital costs, typically associated with an expectation of increased sales (see
Figure 2).

2002 Industry Survey: Sales Volume vs. Capital Costs
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2.4 Warranties I Service Contracts

It is common (although there are exceptions) that companies offer today a full one-
year warranty on the system as part of their base purchase price. In one case this
includes the potential replacement of the stack based on a performance guarantee.

The option for a customer to purchase a service contract is also typical, generally
extending to 5 years. Stack replacement is sometimes included, as part of the
service contract but is not typical. Of those companies who offer a service contract,
the average cost per year is approximately $200/kW.

Generally speaking, the warranty and service contract strategy is today less
ambiguous on larger (>100 kW) systems.

2.5 Key Customers

All participants in the survey have a notable focus and clearer characterization of
target customers compared to last year. One commonality among the customer
segmentation is an enhanced focus on high reliability and / or Combined Heat and
Power (CHP) applications. While there are a couple of exceptions, base-load
operation is a typical operating characteristic.

As to be expected, early market targets are comprised of early adopter customers
such as government agencies and the state, local and federal levels as well as
utilities and energy service companies (ESCos) who are investing in order to
understand, prepare for and utilize the technology.

Specific base-load markets that were identified include hospitals, universities,
prisons, hotels, food and beverage industries and wastewater treatment plants using
anaerobic digester gas. In these markets, manufacturers are targeting high heat
recovery opportunities, high reliability distributed generation systems, as well as
applications where a need for energy security exists.

Specific markets for smaller applications included premium power applications, rural
and remote applications, residential power applications, backup power for
telecommunication systems and cell towers and other premium power applications
where the current cost of the systems is not a primary issue when compared, for
example, to the loss of critical equipment and data.

2.6 California Plans

Regarding sales volume, industry reaffirmed the importance that California could
represent to this market. They estimated that California could capture less than 1
and up to 5 percent of sales between 2001 - 2003 with potential volume growing
significantly after that - representing 20 - 50 percent.
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No company expressed near-term plans for establishing manufacturing capability in
California. However, several manufacturers have a presence in California through
sales offices as well as through agreements and alliances with installers, service
contractors and system integrators. There was interest in California-based
assembly provided that a sufficient customer base evolves. For example,
manufacturers indicated a desire to stage systems and provide balance of
equipment at the project sites.

2.7 Barriers to Commercialization in California

2.7.1 Incentives and Demonstration Funds
Clearly, the number one barrier companies identified are the current high capital cost
of fuel cell systems in the face of a lack of available of funds to mitigate that situation
(e.g. incentives, demonstration funds).

Various government agencies have incentive programs to mitigate the early high
cost environment. However, particularly in California, it is still difficult to access
those incentives, although that is recently changing. Consequently, one of the most
significant actions recommended to the Collaborative was to facilitate the
accessibility and applicability of incentive programs for fuel cell installations.

In regards to commercial funds, there was disappointment expressed at the status of
fuel cell funds from the California Power Authority, although some felt low rate loans
could be helpful to some of their customers. Several respondents stressed the
importance of state-sponsored demonstrations and of state government agency
commercial purchases to support the evolution of the California fuel cell market.

Several concerns were expressed with current incentive programs in California. For
example, one manufacturer cited limitations of the current California Public Utilities
Commission Self Generation Incentive Program. This manufacturer felt that the
program tends to disadvantage cleaner power generation technologies by making
less clean technologies even more affordable as they experience fewer barriers
when seeking incentives.

Strong encouragement was voiced for the strengthening and focusing of
demonstration programs with encouragement to the Collaborative to achieve
success in this area including coordination amongst agencies. Demonstrations that
focused on reliability, CHP, and Base Load performance were cited as particularly
important examples.

Manufacturers cited several incentive programs in other states that appear to create
a favorable atmosphere as well as have advantages for manufacturers. These
programs include the New Jersey incentive program. Other progressive state
programs cited were Michigan, New York, Connecticut, Massachusetts and Texas.
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2.7.2 Standby fees I Exit Fees

Respondents also pointed out the significant repercussions of excessive standby
fees and exit fees, particularly in these early years. In particular, manufacturers
cited the uncertainty in rates due to utility charges, such as standby fees and exit
fees that have the potential to discourage and even eliminate distributed power
generation in general. These fees are significant in terms of making the economics
unfavorable for all distributed generation projects. Encouraging utilities to adopt
standardized interconnection standards and reduce standby and exit fees was
stressed.

Respondents also noted the conflicting message the California Public Utilities
Commission (and the utilities serving as its agents) is sending to the marketplace.
On one hand, the CPUC has been very supportive through their Self Generation
Incentive Program (providing fuel cell incentive funds of $2,500 - $4,500 / kW) and
on the other hand, was considering Exit Fees, or Cost Responsibility Surcharge as it
is now known, that would dis-incentive such purchases.

2.7.3 Bureaucracy
Concern was expressed that where funds were available for demonstration
programs, buy downs or incentives, the administrative hurdles for securing the funds
in a timely manner can be prohibitive.

In regards to the ease of commercializing stationary fuel cells in California, most
respondents compared current programs and policies to those in New York,
Connecticut, and New Jersey as well as Michigan and Texas.

2.8 Collaborative Report Card: 2001 - 2002

While there were many suggestions for how to enhance the commercial environment
in California, the Collaborative and its agency supporters were acknowledged for a
number of efforts including raising the level of awareness of stationary fuel cells,
particularly in California. Disappointment was particularly directed to the outcome of
the RFB process. However, it was noted that the RFB from the California Power
Authority acted to force industry to take a look at some critical issues such as
warranties and service contracts, as well as distribution and servicing plans, that
have been beneficial beyond their activities in California. The Collaborative was
commended for its role in encouraging and drafting the RRB, and working to assure
that the process was as effective as possible.

The point was also made that the Collaborative and the California Power Authority
have become credible authorities to the industry and that organizations outside of
industry are looking to them as such. This includes financial institutions and the
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stock market. While this can be beneficial to the development of the industry, it also
can have negative repercussions such as raising expectations that were not
realized.

All in all, while concern was expressed as to the pace of development of the
Collaborative, there is an appreciation of the complicated nature of the situation, the
formidable progress made by the Collaborative, and high expectations for the
coming year. The Collaborative was credited for substantially increasing awareness
throughout the nation for fuel cell technology and the fragility of the early market,
facilitating DGS initiatives, supporting the CPA process, and addressing proactively
incentive restrictions. The Strategic Plan for the Collarborative, developed in recent
months and currently undergoing review in final draft form, was supported as an
effective and necessary instrument to achieve the mission established for the
organization.

2.9 Conclusions

Manufacturers have a positive outlook for the commercialization of fuel cells over the
next three to five years. This outlook is based on anticipated improvements to their
systems, projected reductions in system costs as well as the presence of adequate
government programs including incentives. Overall, the manufacturers surveyed
identified the potential to install 50 - 250 MW of fuel cells in California over the next
three years. This figure represents 5 - 25 percent of their expected global sales
volume. Specifically, the following conclusions can be reached:

1. California is an important market to manufacturers and there is a commitment to
continuing to work with the Collaborative to further the commercialization of
stationary fuel cells in California;

2. Of the manufacturers surveyed, the projected world-wide sales volume of
stationary fuel cells will substantially increase over the next three years with
anticipated sales exceeding 600 MW by the year 2005;

3. If projected sales volumes are achieved, the projected capital costs of these
systems are expected to substantially decrease to as low as $1,500 per kilowatt
by the year 2005. Larger capital costs continue for manufacturers of smaller
systems, particularly in premium power applications;

4. All participants in the survey had a notable focus and clearer characterization of
target customers compared to last year with an enhanced emphasis on high
reliability and/or Combined Heat and Power (CHP) applications;

5. While several market barriers have been removed, specific barriers to market
entry and market facilitation continue to exist in California;

6. Incentive programs will assist in the commercialization of stationary fuel cells in
California, but some programs are difficult to access and excessive standby fees
and exit fees discourage the installation of clean distributed generation;
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7. Manufacturers cited several incentive programs in other states that appear to
create a favorable atmosphere as well as have advantages for manufacturers;

8. Based on market projections there is a potential for future California-based
assembly such as staging systems and the purchase and installation of balance
of plant equipment; and

9. The Collaborative and its agency supporters were acknowledged for a number of
efforts including raising the level of awareness of stationary fuel cells, particularly
in California.
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THE FEASIBILITY OF GENERATING ELECTRICITY FROM BIOMASS FUEL
SOURCES IN GEORGIA

Wayne Curtis, Chris Ferland, John McKissick, and Warren Barnes

I. INTRODUCTION

Premise of the Study

According to the Energy Information Administration, Georgia's electrical energy
supply relies primarily on fossil fuel and nuclear power. In 1999, 64% of electrical
power was generated by coal, 27% by nuclear, and 4% by natural gas and petroleum
fuels. Hydroelectric sources generated 2.3% of Georgia's electrical supply. Other fuels,
such as municipal solid waste and agricultural biomass, generated the remaining 2.6% of
electricity.

Research suggests the generating potential from non-hydro renewables,
particularly biomass, may be much greater than current use trends. In addition, the
potential environmental and economic benefits may exceed traditional generation
methods. Accordingly, the possibility of using Georgia's biomass resources as a
potential fuel source has caught the interest of Georgia's farmers, the electric power
industry, environmentalists, as well as the legislative community.

The main concern relies on whether biomass-fueled power generation can be
economically feasible, given current generation technology. As a result, the Center for
Agribusiness and Economic Development, at the University of Georgia College of
Agriculture and Environmental Sciences, set out to determine the feasibility of electrical
power generation from Georgia's farm produced biomass resources. This study was
partially funded by an appropriation of the Georgia legislature. This study analyzes four
generation technologies in use today: direct-fire, co-fire, gasification, and pyrolysis. To
determine the economy of scale impact, each technology was evaluated for three facilities
that increased in size, input, and output magnitude.

Objectives and Procedures

This research evaluates the economic implications for generating electrical power from
Georgia's current available farm produced biomass resources. The objectives and the
corresponding organization of this research are described in the following sections:

1. Evaluate Georgia's current available biomass supply by county,
2. Study the feasibility of four biomass generation technologies (direct-fire, co-

fire, gasification, and pyrolysis),
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3. Relate Georgia's available biomass supply with the feasibility analysis to
determine which biomass sources are most feasible, in what regions, and with
what type of generation technology, and

4. Evaluate any other options that may influence the feasibility of Georgia's

biomass industry.

Biomass Feedstocks

The quantity, location, price, transportation cost, and heat content of Georgia's
current available supply of biomass was determined through secondary production data
sources, such as the 2000 Georgia Farm Gate Report, which lists the total amount of
agricultural and forest products produced each year. To determine the amount of
residuals left after harvest, various experts in the field were consulted. The field experts
provided estimates for the residual quantity to production. Market prices were used for
any marketable biomass feedstock. Cost of producing selected biomass feedstocks were
calculated where market prices did not exist.

By starting with the annual yields produced, the total amount of agricultural by-
products were evaluated by multiplying the total yield mass with the percent of residues
left over after harvest. Quantities for closed-loop sources, which are those grown
specifically for power generation, were determined by multiplying the annual yield per
acre by the total acres in production. The following section describes Georgia's biomass
feedstocks in greater detail.

Alternative Crops - Kenaf and Switchgrass were identified as alternative
possibilities for increasing farm income and biomass. Neither crop has been planted
in large acreage tracks in Georgia. Research indicates both crops produce around 6-
10 tons per acre. The total cost per ton for ranges from $50-70. The switchgrass cost
came from budget prepared by the Center for Agribusiness and Economic
Development and the Crop and Soil Sciences Department at the University of
Georgia. Inputs and yields for the production and harvesting of the Switchgrass came
from university test plots. Switchgrass yields between 6 and 10 ten per acre
depending on rainfall, soil type and maturity of the crop. Harvesting costs are very
similar to most forage crops in the Southeast. The productive life of switchgrass
starts in the third year and goes through the tenth year. Research suggests after the
tenth year it is optimal to replant for yield sake. The Kenaf production costs were
assembled by Ankal Inc and the Center for Agribusiness and Economic Development.
Private firms and University personnel estimate a possible 13,000 acres of Kenaf may
be planted in the near future for uses such as particle board, dash boards and various
building materials. Currently, there are very few acres of kenaf available in Georgia.
The Switchgrass acreage (1000 acres) estimate also came from University of
Georgia's Crop and Soil Science Department and the Center for Agribusiness and
Economic Development.

Bark - Foresters estimate that 322 cubic feet of bark is produced per acre. An
estimated weight per cubic foot is 20 pounds. Foresters at the Wamell School of

4



Forestry and timber companies indicated that 85% of the bark produced in state is
retained for fuel by the timber companies. Using the total number of harvested acres
multiplied by the total bark per acre and 15% for the retained (85%) bark held by the
timber companies, results in 229,908 tons of available bark. Researchers in the
Wamell School of Forestry at the University of Georgia identified two main bark
outlets, power and landscaping. Many lumber and pulp mills use the bark to heat and
fuel the machinery, with higher quality bark sold to the landscaping industry. Bark
ranges in price between $16 -19 depending on the quality and size of the final
material. This is a market price where landscapers and large firms can purchase the
bark from the timber companies. A survey of 6 large timber companies in Georgia
provided the cost per ton of the bark and explained why the bark price varies.

Corn Stalks - Upon completion of harvesting the grain, corn stalks remain in the
field, a little bent and broken but still a good source for biomass. A hay rake and
baler will be used to harvest stalks. The UGA Crop and Soil Science Department
estimates 1200 pounds of stalks per acre remain after grain is harvested. The
Farmgate Report (2000) places corn acreage at 347,358, yielding an estimated
208,415 tons of corn stalks produced annually. The harvested cost ranges between
$40-60 per ton as calculated by utilizing the machine cost calculator and various
budgets created by the Extension Agriculture and Applied Economics Department.

Cotton Stalks - Many cotton producers cut and till cotton stalks back into the field.
These stalks make a good biomass product. To estimate cotton stalk production, the
total 2000 Farmgate acreage was multiplied by estimated pounds of stalks available
per acre. In order to estimate cotton stalks per acre, researchers randomly cut cotton
stalks of both irrigated and dry-land fields, weighed the stalks and converted it into an
acreage figure. Irrigated cotton stalks yield 4,900 lbs per acre and dry-land yield
4,200 lbs per acre. The cost to harvest the cotton stalks using a forage harvester and
nutrient replacement ranges from $27-49 depending on the machinery used and
irrigated versus dry land. Georgia produced 3,363,000 tons of cotton stalks in 2000.

Excess Hay - In certain years hay production in Georgia is in excess of consumption.
This may not be a consistent form of biomass but years with timely rainfalls will
produce excess quantities of forage. Often farmers are willing to dispose of excess
hay. The assumed cost per ton for excess hay is $30-40. The hay baled in large
round bales weighs approximately 1,000 pounds. Excess hay was based off the top
production years during the last 5 years and assumed 25% of the hay produced was in
excess of the demand for the time period. This yielded approximately 78,000 tons of
hay when using the Farmgate hay yield for 2000. This figure will change more
frequently due to the excess idea, some years there may be a shortage and others
overproduction.

Gin Trash - According to researchers at the University of Georgia, every bale of
cotton ginned produces 200 pounds of gin trash. The Center for Agribusiness and
Economic Development's Farmgate Report was used to calculate the number of tons
produced by taking the total ginned bales produced in 2000 by 200 pounds of gin
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trash per bale. It is estimated that approximately 182,005 tons of gin trash is available
in Georgia. The economic costs were more difficult to formulate. Gin trash is a light
material, which would need to be placed into a module builder to be handled. An
estimate of .5¢ per pound was given by various sources for a cost of packing the gin
trash into a module. The cost per ton therefore ranges between $10-12. The only
competition is cattle farmers who currently utilize gin trash as a supplemental feed
source.

Peanut Hay - Each acre of peanuts produces 3-4 bales of peanut hay at 1,200 pounds
per bale. Using the 2000 total Farmgate acres of peanuts, Georgia produces 948,587
tons of peanut hay. Baling the hay is a relatively inexpensive venture; however, there
is a market for peanut hay, of around $15-20 a bale or $30-40 per ton. The market
cost covers the harvest and baling cost of the hay plus a small return to the producer.
Selling hay between farms is frown upon due to alpha toxins but still occurs. The hay
prices were giving by the Peanut Economist in the Extension Agriculture and Applied
Economics department and through a quick survey of county agents in major peanut
production areas.

Peanut Hulls - The totals tons of peanut hulls available was estimated by taking 25%
of the total production. Hulls comprise approximately 25% of the weight of the
peanuts. Using the 2000 Farmgate production data, Georgia produced 702,785 tons
of peanut hulls. Large peanut shellers in Georgia, Birdsong and Golden Nut, offered
the hulls for free if picked up and transported off their facilities during peak times.
Due to its light density, pelletizing was suggested as a means to create an efficient
transportation system. Pelletized peanut hulls were assumed cost $20-30 per ton.
This cost covers loading labor with a front end loader, pelletzing and unloading.
These costs came from extension enterprise budgets, the Extension Peanut Specialist,
and faculty in the Agricultural Engineering Department at The University of Georgia.

Pecan Hulls - To estimate the tons of pecan hulls available, the total production was
multiplied by 33% (typical shelling rate) then multiplied by 51%, the average
percentage between meat and hulls. The total estimated tons available in 2000 were
12,927. Shellers contacted stated they usually allow hulls to be loaded from their
operation free of charge. The best way to load pecan hulls would be mechanically.
The rental price of a front-end loader is $130 per day. It is estimated that 4-5 tons per
hour can be handled by one person. $8 per hour for an employee, and the front-end
loader on an hourly rate of $16.25, creates a total hourly figure of $26.25. The cost
per ton of hulls ($6.60) was derived by dividing $26.25 by the tons handled per hour.

Pine Straw - Using the total acreage of all pines in the state as provided by the
United States Department of Agriculture, Forestry Service, multiplied by 25 bales per
acre and 20 pounds per bales produced 11,531,625 tons of pine straw. Pine straw
prices range between $250 to $270 per ton, however most trading of pine straw
occurs as bales with prices at $2.00 to $2.25. These are average wholesale sales
prices in the landscaping industry.
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Poultry Litter - To arrive at the total tons of poultry litter produced in the state, the
number of head for both broilers and layers was used in respect to their annual
pounds of litter per head, 10.8 and 15.4 pounds, respectively. Using the 2000
Farmgate production data the total tons of poultry litter available was estimated at
6,640,380 broilers and 160,283 for layers. Poultry production is concentrated in
Northeast Georgia. Farmers use poultry litter as fertilizer but are experiencing
criticism in urban areas and with compliance with the Environmental Protection
Agency regulations. Overuse of poultry litter raises the phosphorus level in soil to
unacceptable amounts. Spreading of poultry litter will continue to be popular in areas
of high farm production because the crops reduce the phosphorus levels, although in
Northeast Georgia limited acreage of crops exist and alternatives to spreading the
litter are continuously being researched. The average cost per ton of litter was
estimated at $5-15 based on current market conditions for litter as fertilizer. Litter
prices vary by location, in south Georgia were row crop land is readily available the
litter carries a slightly higher price than the north Georgia area which is having
difficulty finding free land to spread the litter.

Sawdust - The sawdust residue on southern pines sawed in Georgia amounts to 1 to
1.2 tons per million board feet (MBF) (Ltilization of Southern Pines by Koch A.H.).
3,994.8 million board feet were harvested in 1997 yielding an estimated 4,794 tons of
sawdust at 1.2 tons per MBF. Almost all of this sawdust is directed by the industry to
produce power to run the lumber and pulp facilities. Dr. Larry Morris of the Warnell
School of Forestry at the University of Georgia explained that 85% or more is kept
for a direct power source to the paper industry. Looking at 15% of the original
amount of sawdust leaves 719 tons remaining. The largest user of this component of
sawdust is the poultry industry. Georgia is the number one grower of broilers in the
country, so the researchers imagine sawdust is not likely a highly feasible option for
biomass. A quoted price from a lumber facility ranged from $16-20 per ton
depending on the mesh screen desired.

Soybean Hulls - According to the Report on the Feasibility of an Oilseed Processing
Facility in Georgia, completed by the Center for Agribusiness and Economic
Development at the University of Georgia, there are approximately 6,500 tons of
soybeans hulls priced at $45 per ton available in Georgia.

Wheat and Rye Straw - Each of these commodities produce between 110-120
square bales per acre. Straw has a relatively strong market in the landscape sector.
Straw price per 30-pound bale is $2. Using the 2000 Farmgate production data, if
every acre of wheat and rye were baled, Georgia would produce 377,231 tons of
wheat straw and 137,933 tons of rye straw. The cost per ton of straw based on the
landscaping price is $120 or $2 per bale.

Wood chips - Koch (1976) wrote that 1.5 tons of wood chip residuals are produced
per million board feet. Georgia's average harvest is 3994.8 million board feet per
476,000 acres. The total wood chips available would be 5,992 tons. The average
acres harvested came from the Georgia Forestry Commission. Wood chips are priced
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at $16 to $19 per ton with uses ranging from a base in poultry houses to industrial
applications for particle board. Timber companies were contacted and surveyed to
see what they typically sell wood chips for per ton. This survey occurred prior to the
large decline in timber prices.

Wood Residue - Wood residues are the remains (branches, bark, and needles) from
harvested acreage. It is estimated that 15% of the tree remains after harvest. The
average yield per acre is 2,254 cubic feet. Meaning approximately 338 cubic feet
exist per acre. A cubic foot of residues is estimated to weigh 49.9 pounds. The state
average for harvested acreage is 476,000 according to the Georgia Forestry
Commission. Thus, approximately 4.5 million tons of wood residues are created
annually. One problem related to using wood residue is transportation. Stacking
branches on the bed of a trailer and/or truck is not efficient. These branches will have
to be processed through a wood chipper for the most efficient means of transporting
the waste material. This adds cost to an almost free product. Another cost is the
nutrient replacement back into the acreage. Foresters estimate that 85% of the
nitrogen in the soil comes from the remains left after harvest. To replace this amount
of nitrogen, researchers at the Wamell School of Forestry estimate the cost to be
between $75-$85 per acre. Adding all the costs per ton of wood residue results in
approximately $15-25 per ton estimated residue cost (chipping and fertilizer
opportunity cost).

Biomass Properties

The properties and characteristics of each potential biofuel have important
implications to the feasibility of individual biomass sources. In order to optimize
feasibility, feedstocks must provide generators with an abundant supply at the lowest cost
of delivery possible. In addition, the heat content (BTU) of feedstocks varies depending
upon the type of biomass, so a high energy fuel is critical. Biomass sources also differ in
ash and moisture content. This affects the energy value of biofuels, since the chemical
make-up of ash generally has no energy value and the amount of water in biofuel affects,
in a decisive manner, the available energy within every biofuel.

Biomass sources also vary in weight and size. The altering weight, size, structure,
and dimensions of varying biomass sources results in different processing and equipment
use, which ultimately influences the transportation costs. Types of biomass that are most
dense, or can be processed to use less space per ton, will have the lowest costs of
transport and storage. A summary of Georgia's farm produced biomass resources is
displayed in table 1, which shows the total tons of biomass produced, price per ton,
average price per ton, delivered cost per ton, and the season of harvest.
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Table 1: Biomass Supply and Delivered Prices

Cost Per Ton
Tons Average Delivered

BioMass Available Price/Ton Price/Ton @ ($1.70)/Mile Season
Pecan Hulls 12,927 $7-10 $ 8.5 14.00 fall
Poultry Litter 6,800,663 $5-15 $ 10.0 14.50 year round
Gin Trash 182,005 $10-12 $ 11.0 17.00 late sum -eady fall
Wood Chips 5,992 $16-19 $ 17.5 23.00 year round
Bark 229,908 $16-19 $ 17.5 22.50 year round
Wood Residue 4,015,343 $15-25 $ 20.0 24.50 year round
Peanut Hulls 702,785 $20-30 $ 25.0 28.50 late sum -eady fall
Cotton Stalks(Irrigated) 1,524,307 $27-42 $ 34.5 39.00 late sum -eady fall
Hay 1,026,653 $30-40 $ 35.0 43.50 late sum -early fall
Cotton Stalks(Dry Land) 1,839,306 $31-49 $ 40.0 44.50 late sum -eady fall
Corn Stalks 208,415 $40-60 $ 50.0 58.50 mid sum -ealry fall
Kenaf(13,000 acres) 90,750 $50 $ 50.0 58.50 fall
Switchgrass(1000 acres) 6,000 $60-70 $ 65.0 58.50 fall
Wheat Straw 377,231 $120-130 $ 125.0 136.00 late spr -early sum
Rye Straw 137,933 $120-130 $ 125.0 136.00 late spr -early sum

In Table 2, the Energy Information Administration provides data on Georgia's
delivered fuel costs for coal, petroleum, and natural gas. Table 3 shows the biomass
feedstock quality and delivered cost for some common agricultural biomass sources in
Georgia. This research suggests the fuels with the least delivered cost per million BTU
(MMBTU) will be the most likely fuel sources for a biomass power generation facility.

Table 2: Utility Delivered Fuel Costs and Quality for Coal, Petroleum, and Gas
Average Annual

Fuel 1990 1994 1999 Rate of Change
(Percent)

Coal (cents per million Btu) (1999 dollars) 216.5 184.6 154. -3.7%
Average heat value (Btu per pound) 11,893.0 11,774.0 11,740.0 -0.1%
Petroleum (cents per million Btu) (1999 dollars) 588.5 432.6 389.6 -4.50
Average heat value (Btu per cubic foot) 139,814.0 138,484.0 138,495.01 -0.1I
Gas (cents per million Btu) (1999 dollars) 359.1 350.2 248.4 -4.00
Average heat value (Btu per cubic foot) 1,024.0 1,025.0 1,032.0 0.10/

Source: Energy Information Administration, State Electricity Profiles, Georgia 2001.
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Table 3: Biomass Feedstock Q ality & Delivered Cost _

Ash mmBTU Price I Price I Average Calculated Freight 50 Mile 50 Mile Delivered
Biomass Content Ton Ton Price I Average Cost per FIVTon Frtlmm FIS

Dry Basis ton (low) (high) Ton $/mm BTU Ton mile BTU $/mmBTU

-$7 - -1 - I17.50 $-,t $1t • _7770 -7.7- $0.8653

Peanut 5.u0% 16.03 $ . 30 200 $1.56 $017 §3.50 $0.22 $ 1.78
ea Ga 1999 UIS£'1 N ..AIN NA I NA&.. NA NA~& NA .-ŽA&. KA,& t.49JAL

Wood Residue 3,0 8.86 $1.00jg £25.00 £20.00 S22 JQ0.0 S4.50 SJQ1 S2.76
Haty 5.0% 14.00 S10.00 130.O $125.00 $2.50 $0.22 $815. 0 $0.61 $9.11

C1tnSt7s.20% 12-37 S31.00 $4.0 £40.00 £3.23 0.09Q S4~.60 0.36 S3.60
,,LIun 1999 US$1ý Ak" NA -1A:. NA NA -2&. 2~~IVA L

Rye Straw 3.00% 12.70 $120.00 $130.00 $125.00 $9.84 $0.22 $11.00 $0.87 $10.71

Notes: (1) Biomass sources shaded dark green are cheaper than coal, followed by sources
that are cheaper than natural gas, and the light green sources indicate those that are
cheaper than petroleum on a delivered cost per mm BTU basis.

Based on the estimates, pecan hulls are the least expensive agricultural feedstock
to purchase and transport, costing only 86¢ per million (MM) BTU. Rye straw is the
most expensive, costing $10.71 per MM BTU. Comparing the delivered costs per MM
BTU on these two charts, there are two biomass feedstocks that can be delivered cheaper
than coal ($1.56/MMBTU), five that are cheaper than natural gas ($2.49/MvLMBTU), and
nine that are cheaper than petroleum ($3.90/MMBTU). The total energy content for all
applicable agricultural by-products is shown in Figure 1. Counties that are shaded in
dark green possess the greatest amount of available energy for electricity production.
This results from either a large quantity of biomass resources, biomass resources of high
energy content, or a combination of the two within the given county.
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Figure 1: Total Biomass BTU Content (MMBTU) per County
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Assuming 25% of the total energy content of the input feedstock can be converted
into usable electricity at the power plant, this research determines there is enough energy
potential from Georgia's agricultural feedstocks to power nearly 12% of the State's total
electrical demand, or over 31% of the State's residential consumers. Due to low
electricity demand, large feedstock supply, or a combination of the two, some counties
could generate over 100% of their electrical demand by utilizing agriculturally-based
biomass fuels. Figure 2 displays the percent of electrical demand that could be supplied
by the biomass resources produced in each county. Counties shaded dark green could
produce enough power from their agricultural biomass sources to supply over 100% of
their electrical demand. Many counties could supply over 50% of their electrical
demand, if all agriculturally-based biomass resources were utilized within the county.
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Figure 2: Agricultural Biomass Potential (Potential Electrical Supply per County)
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Utilizing all biomass resources, Georgia's agriculturally based biomass resources
could generate over a billion dollars per year in revenue. With the current average
electricity rate of 6.24C/kWh, revenue from the sale of electricity could amount to over
$826 million per year for Georgia's electric utility industry. By multiplying the average
price per ton by the total quantity produced each year, Georgia's biomass industry could
generate over $422 million per year for the sale of agricultural by-products and forest
residues.

II. BIOMASS GENERATION TECHNOLOGY

Introduction

Data used in this section was acquired from two primary sources. Georgia's
agricultural production data was obtained from the 2000 Georgia Farm Gate Report. The
University of Georgia (UGA) retained the consulting services of Frazier, Barnes &
Associates (FBA) for the engineering information on the four, biomass generation
technologies; direct fire, co-fire, gasification, and pyrolysis. This study uses the
engineering assessment performed by FBA to evaluate the economic feasibility of the
generation technologies for generating electrical power from Georgia's agriculturally-
based biomass resources. This research analyzes data on biomass feedstocks and
electrical generation technologies in order to determine the following objectives:
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1. Capital, operating costs, and overall feasibility of four currently
commercialized or emerging technologies for biomass generation (Direct
Fire, Co-fire, Gasification, and Pyrolysis)

2. Economy of scale impact by evaluating three different size facilities for each

technology

3. Feedstock price sensitivity analysis

4. Capital cost sensitivity analysis

The following sections will specifically describe the procedures and results of the
aforementioned study. In addition, this research will conclude with an economic analysis
of external factors, which may impact the feasibility of these four biomass technologies.

Feedstock Assumptions

The biomass generation facilities considered in this research has the capability to
utilize a variety of feedstocks. The practicality of any particular feedstock is limited by
season, quantity, price, and various costs associated with the transportation, handling, and
storage of the feedstock. Determining the effects of individual biomass sources in each
technology would create hundreds of outcomes with similar results. Though specific
types of biomass are an important variable when considering energy output per ton of
fuel, some assumptions are made in order to reduce the complexity and focus more on the
specific feasibility of biomass technologies. The assumptions taken in this study are
listed below:

1. The biomass will be a combination of various types, therefore calculations
will assume an average ash content of 8%, an average moisture content of
25%, and an average heat content of 13 million BTU/ton (6500 BTU/lb).
After consulting with numerous biomass generation facilities, FBA found
each generation facility utilizes some blend of biomass. These figures are
consistent with typical biomass feedstocks.

2. Since the receiving system must be capable of handling the biomass mix and
processing/blending them to a uniform heat content, a five-day supply of
feedstock is assumed to be sufficient to sustain the reliability of supply and
the blending process to a uniform heat content.

3. The generation plant is assumed to shut-down for maintenance approximately
5.5% of the operation time, therefore the plant will operate 345 days/year
24hours/day. In order to provide a consistent flow of power to clients, the sale
of electricity is assumed to stay on a 365 day/year cycle. As a result, power
must be purchased from the grid 20 days/year. The purchased power is
assumed to cost the typical industrial rate of 50/kWh.
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4. Feedstock quantity will vary by technology. The feedstock blend assumes
25% moisture content. The moisture content is consistent with typical
feesdstock blends after harvest, transport, and storage. Since the original
biomass input is not dried, the daily input feedstock quantity is designated in
wet tons per day (WTPD). Georgia produces over 22 million tons of biomass
each year, therefore, a particular feedstock or feedstock blend is assumed to be
available for the entire operational period, 345 days/year.

5. Each facility requires electrical power in order to operate; therefore, some of
the power generated from the facility must be used internally. This power is
deducted from the total amount generated to yield the net electrical output,
measured in kilo-Watts per hour (kWh). The net electrical output is the total
amount of saleable power produced and is subsequently used in all economic
calculations at the end of this section.

Conversion Technologies

The relative efficiency of some technologies may be influenced by the size of the
facility itself, referred to as the economy of scale impact. To determine how size would
influence overall feasibility, this study evaluates three scenarios for each technology.
Each scenario, designated as case 1, case 2, and case 3, require a similar amount of wet
biomass input (WTPD) with respect to each generation technology. Case 1 represents the
smallest facility studied and requires the least amount of biomass input. Case 3
represents the largest facility studied, therefore requires the greatest input of biomass.
Case 2 is the middle scenario.

The preliminary assessment of the four generation technologies, along with their
respective cases, was performed by FBA. Based on the original FBA engineering
assessments, all economic calculations were reevaluated for the purposes of this study.
The original basis for assessment, paraphrased from the FBA Biomass Cogeneration
Final Report, is described below in greater detail.

Direct Fire- Direct fire combustion involves the burning of biomass with excess air,
producing hot flue gases, which then produce steam in the heat exchange section of a
boiler. The steam is then passed through a steam turbine generator to produce electric
power. The direct fire technology was evaluated for 120, 200, and 400 WTPD of
biomass input for Case 1, 2, and 3, respectively. Appendix I, page 48 shows the specific
plant generational process.

Co-fire- Co-firing refers to the practice of introducing biomass as a supplementary
energy source in high efficiency boilers. The flue gases are then used to produce steam
and/or electric power as in a direct fire technology. Co-fire is used when either the
moisture content of the biomass is high or when the supply of biomass is intermittent. In
each of the co-fire cases the biomass fuel supply deficit was supplemented with enough
natural gas, measured in thousand cubic feet (MCF), to generate the same amount of
power as in the direct fire cases. The corresponding levels of fuel are 60, 100, and 200

14



WTPD of biomass and 523, 872, and 1744 MCF of natural gas for Case 1, 2, and 3,
respectively. Appendix I, page 49 shows the specific plant generational process

Gasification- Gasification for power production involves the chemical conversion of
biomass in an atmosphere of steam or air to produce a medium or low calorific gas. This
"biogas" is then used as a fuel in a power generation plant that includes a gas turbine
generator for power production and a waste heat boiler for steam production. The steam
can then be used to generate power. For this study the only heat available for power
generation is assumed to be the heat content of the bio-gas. All other heat generated by
the gasification process is used to dry the feedstock. The gasification technology was
evaluated for 160, 267, and 533 WTPD of biomass input for Case 1, 2, and 3,
respectively. Appendix I, page 51 shows the specific plant generational process

Pyrolysis- Pyrolysis is a process by which biomass is heated in the absence of oxygen.
For this study the feedstock is assumed to be dried via heat generated by the pyrolysis
process. As a result the biomass decomposes to generate mostly vapors, aerosols, and
some charcoal. After cooling and condensation, a transportable dark brown liquid oil is
formed which has approximately one half the heat content of conventional fuel oil. Bio-
oil, is approximately 20% heavier than water and is both transportable and storable. The
bio-oil can be fed directly to a turbine and combusted. Both power and steam can be
generated from this process.

Energy from all bio-oil produced is saleable. Commercialization of the pyrolysis
process is in its initial stages, although technology suppliers typically have small scale
pilot plants and are working to build full size facilities. The pyrolysis process assumes
biomass inputs at 160, 320, and 480 WTPD for case 1, 2, and 3, respectively. The
pyrolysis technology used in this study is being commercialized by Renewable Oil
International, LLC. This model envisions smaller plants located close to the source of the
biomass. For this reason, pyrolysis assumes some geographic dependency, which is
reflected in the biomass transportation costs. Case 1 scenario assumes the pyrolysis
facility and the generation plant are co-located at the feedstock source and therefore bare
no transportation fees. Case 2 assumes the same basis as the case 1 scenario plus an
additional pyrolysis facility located 50-miles away from the generation plant. The bio-oil
from the first facility still bears zero costs of transportation, while the bio-oil produced at
the second, off-site feedstock location is charged 50-mile truck-load transportation fees.
Case 3 assumes the same basis as the case 2 scenario plus an additional pyrolysis facility
located 50-miles away from the generation plant. The two off-site facilities are charged
50-mile freight fees, while the on-site facility bears no charge. Appendix I, page 52
shows the specific plant generational process.

Base Model

The base case model is generally non-site specific and utilizes a blend of biomass
feedstocks with a conversion technology that produces electrical power. Figure 3
demonstrates a general depiction of this process.
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Figure 3: Base Case Model
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Appendix 1 contains case and technology specific figures adapted from the FBA
Biomass Cogeneration Final Report. These figures show the process of biomass inputs,
generation technology and requirements, and the resulting output for each size and type
of technology. The output power displayed in Appendix 1 represents the total amount of
electricity produced. Table 4 displays the net electrical output, or the total quantity of
saleable power for each scenario. Table 5 displays the daily quantity of feedstock
required. Table 6 calculates the total kilo-Watts produced per hour for each ton of
biomass input.

Table 4: Electrical Output (kWh)

Technology Direct Fire Co-Fire Gasification Pyrolysis

Capacity (kWh) tal et Total Net Total Net Total Net

Case #1 1666 1386 16665 1526 6666 6294 5073 4752
Case #2 2777 2309 27771 2543 10699 10061 10147 9570
Case #3 5555 4623 55551 5095 21396 20227 15220 14370

Table 5: Quantity of Feedstock Required (Wet Tons per Day)

Plant Size Direct Fire Co-Fire Gasification Pyrolysis

Case #1 120 60 160 160
Case #2 200 100 267 320
Case #3 4001 200 5331 480

Table 6: Electricity Produced (kWh) per Feedstock Ton

Plant Size Direct Fire Co-Fire Gasification Pyrolysis

Case #1 277 610 944 713
Case #2 277 610 904 718
*Case #3 1 2771 611 9111 719
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The Costs of Capital

Both operating and capital costs of production increase with each technology case
due to additional requirements on infrastructure, administration, and operational
procedures necessary for additional biomass inputs. The capital costs for each
technology are divided into three main categories, feedstock receiving and processing,
land and infrastructure, and operational equipment. Tables 7 through 10 lists the capital
costs for each technology. A more detailed description for each section of the capital
costs follows Table 10.

Table 7: Capital Costs for Direct Fire Technology

Direct-Fire Capital Costs

Case #1 Case #2 Case #3
Plant Component 120 WTPD 200 WTPD 400 WTPD

1666 kWh 2777 kWh 5555 kWh
Feedstock Recelvina & Processina g I 1

I Feedstock Truck Dumo $ 100,000 S 100.000 $ 100.000
2 Front End Loader $ 120,000 $ 120,000 $ 120,000
3 Fuel Processing Building $ 700.000 I 1.155.000 $ 1.990.000
4 Metal Removal Equipment $ 15,000 S 15,000 $ 15.000
5 Grindinq/Sizing Equipment $ 165,000 $ 185,000 $ 225,000
j Blendin Equipment $ 75,000 S 100,000 $ 125,000
7 lFuel Storaqe Bins $ 100,000 $ 200.000 S 400.000
9 lConveyors 120015,0$

Oie• tinal Eouioment

I Power Generation Equipment $ 1,640,000 $ 2.120.000 $ 3.700.000
2 Demineralizer System $ 115,000 $ 170,000 $ 260.0
3 Boiler 3 290.000 $ 388,000 $ 900.000
4 Instrumentation & Controls $ 000 225000S 300000

Land and Infrastructure
I LandlSitePreparation $ 100,000 S 150.000 S 200,000

2 Buildings $ 388,000 $ 512,000 $ 600000
Eng Periitin; 247.000 425,000 585.000

Sub-Total S 4,330.000 $ 5,990.000 S 9.645.000
Contlnaenc 20%) $ 866.000 $ 1.198.000 S 1.929.000
Total CapItal I$ 5,196,000 $ 7,188,000 S 11$574.000
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Table 8: Capital Costs for Co-Fire Technology

Co-Fire Canital Costs
Case #1 Case #2 Case #3

Plant Component 60 WTPD 100 WTPD 200 WTPD
523 MCFIDay 872 MCF/Day 1744 MCF/Day

1666 kWh 2777 kWh 5555 kWh
Feed!stock Recelvlna & Processing ... .... 1ý1 ,, ý qI

'I Feedstock Truck Dump S 100.000 $ 100,000 $ 100,000
2 Front End Loader $ 120.000 $ 120,000 $ 120,000
3 Fuel Processing Building $ 350.000 $ 577,500 $ 995,000
4 Metal Removal Equipment $ 15,000 $ 15,000 $ 15,000
5 Grindinq/Sizino Euipment $ 145.000 $ 160,000 $ 185,000
6* Blendinq Eauipmnt $ 60,000 $ 70.000 .000
7 LFuel Storaqe Bins S 60.000 $ 100.000 S 200,000
8 Convevors $ 125.000 $ 125.000 S 125.000

Oer, Ftlona! Eouloment
1 Power Generation Equipment $ 1,640,000 $ 2.120.000 S 3.730.000
2 jDernineralizer System 1 115.000 $ 170,000 $ 260,000
3L Boiler $ 264,500 $ 364,500 $ 743,000
4 lInstrumentation & Controls S 150.000 $ 300,000
Land anfrastructure C•.;: jý ý - : w - 4

t Land/Site Preparation $ 100.000 S 150.000 $ 200.000
2 Bu.ldinnqs S 331,000; $ 406,000 $ 468,000
3Eng/Permittin $ 247,0W $ 425.000$

S;ub-Total I 3,822.500 1 $ 5,128,000 S 8.126.000

Contlnencv 1(20%) Is 764,500 1$ 1.025.600 S 1.625.200
Total Caital it 4A587,000 $• 6,153,600 $ 9,751,200

Table 9: Capital Costs for Gasification Technology

Gasification Capital Costs

Case #1 Case #2 Case #3
Plant Component 160 WTPD 267 WTPD 533 WTPD

6294 kWh 10061 kWh 20227 kWh

Feedstock RecelAna & Processino NNW.
Ij Feedstock Truck Dump S 100.000 S 100,000 $ 100,000

2 Front End Loader $ 120,000 $ 120,000. $ 120.000
3 Fuel Processing Building $ 700,000 $ 1,155,000 $ 1,990,000
4 Metal Removal Eguloment $ 15.000 $ 15.000. $ 15,000
5 GrInding/Sizin Equlpment $ 165.000 $ 185.000 S 225.000
6 Blending Equipment $ 75.000 $ 100,000 $ 125,000

7 -Fuel Storage Bins $ 100.000 S 200,000 $ 400,000

s l~onveyors 1500$ 150025.0
Oer- ional Eaulment

I Power Generation Equloment S 5.243.000 $ 7.388.000. $ 13.090.000

2 Gasification Process $ 4.900.000 S 7.500.000 $ 11.300.000
3j Interconnections $ 900.000 S 1.300,000 S 2.000.000

4 Waste Heat Boiler S 2.125.000 $ 2.780.000 $ 5.500.000

L5nd Heat Recoverye

1 Land/ Site Preparation $ 110.000 ,S 50,000 $ 200.000

B Buildings $ 510,000 612,000 $ 810,000
Enq/Permttnq 247000 425000 585.000

Sub-Total $ 15.935.000 $ 23.855,000 $ 37.885,000
Contlngencv (20%1 S 3.187.000 $ 4.771.000 S 7,577.000
Total Capital S 19,122,000 . $ 28,626,000 $ 45,462.000
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Table 10: Capital Costs for Pyrolysis Technology

Pyrolysis Capital Costs
Case #1 Case #2 Case #3

Plant Component 160 WTPD 320 WTPD 480 WTPD
4752 kWh 9570 kWh 14370 kWh

Feedstock Recevivna & Processing lllat.
1 Feedstock Truck Dumpo 100.000 $ 200,000 tS$ 300,000

2L Front End Loader 120.000 3 2400000
3 Fuel Processing Building $ 700,000 $ 1,155,000 $ 1,990,000

4 Metal Removal Equipment $ 15,000 $ 30,000 $ 45,000

5 Grdndina/Sizina Equioment $ 165.000 $ 330.000 $ 495.000

I Rlending Equipment $ 75.000 $ 150.000 S 225.000
7 LFuel Storaae Bins $ 100.000 s 200.000 S 300,000
8 (-onveyors $ 125,000 $ 250,000 $ 375,000

Dnera ional Eauloment 4

1 Power Generation Equipment $ 5.890,000 $ 8,900,000 $ 11,390,000

2 Pyrolysis Process $ 1,300U000 $ 2,600,000 $ 3,900-000
3 Waste Heat Boiler $ 2,000,000 $ 3,130.000 $ 4,080.000

4 .Demineralizer System $ 125,000 250,000 $ 375,000

Land nid Infrastructure I Wf•:JN • - ....
! Land/Se Preparation $ 1001000 $ 200.000 S 300,000
.2.. fuidins 510.000 $ 1,020,000 $ 1,530,00

Fnal/Pernfittlng A 30,.001 52,00 80,00

Sub-Total $ 11,625,000 S 19,184,000 S 26A465.000
Contlnaencv (20%) $ 2.325.000 $ 3.836.800 $ 5,293.000
rotal Capital $ 13,950,000 $ 23,020,800 S 31,758,000

The feedstock receiving and processing costs were determined by six criteria:
feedstock truck dump, front-end loader, metal removal equipment, grinding/sizing
equipment, blending equipment, and conveyors. These criteria were assessed by FBA
and vary proportionally to the set quantity of feedstock inputs.

The land and infrastructure cost section consists of the land value and site
preparation, engineering and permitting, and the construction costs for all buildings.
With the exception of pyrolysis, land requirements were assumed to increase 2.5 acres for
every increase in case scenario. The acreage requirements are: 5, 7.5, and 10 acres for
scenarios 1, 2, and 3, and each are assessed at $20,000/acre. Pyrolysis is assumed to
require an additional 2.5 acres of land for each off-site pyrolysis facility, resulting in 5,
10, and 15 acres for scenarios 1, 2, and 3, each assessed at $20,000/acre.

The engineering and permitting cost section was assessed by FBA and is the same
for each technology, with the exception of pyrolysis. Since pyrolysis is a more complex
and emerging technology, the engineering costs exceed direct-fire, co-fire, and
gasification by approximately 20%.

The building line item includes the costs of buildings to house boiler, turbines,
maintenance area, offices, and other required facilities. This item was assessed by FBA
and is directly correlated to the technology level of each generation method. For this
reason, direct-fire and co-fire technologies are significantly less expensive than
gasification and pyrolysis technologies.
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The operational equipment assessment is based upon technology specific criteria.
These costs become significantly higher as the level of technology increases. The power
generation equipment is consistently the largest capital cost for each technology, ranging
from nearly $4 million in case 3 of the direct-fire and co-fire technologies to over $11
million in case 3 of the gasification and pyrolysis technologies. The boilers used in
direct-fire and co-fire cost under $1 million, while the waste heat boilers for pyrolysis
and gasification cost over $4 million. The instrumentation and demineralizer systems
used in case 3 direct and co-fire technologies cost approximately $1 million, while the
system for the pyrolysis process costs nearly $4 million and over $11 million for the
gasification system.

In conclusion, the capital costs ranged from approximately $4 million to $38
million. The lowest total capital cost technology is co-fire, followed by direct-fire, then
pyrolysis, and lastly gasification. A contingency factor, calculated at 20% of total
capital, was added to the final costs of each technology in order to account for any
unforeseen expenses. Table 11 summarizes the final capital costs for each technology.

Table 11: Capital Cost Summary

Summary f Capital Costs
Technology Case #1 Case #2 Case #3

Sub-Total $ 4,330,000 $ 5,990,000 $ 9,645,000
Contingency (20%) $ 866,000 $ 1,198,000 $ 1,929,000

Direct - Fire Total Cavital $ 5.196.000 $ 7A188.000 $ 11,574,000
Capital Per WT Biomass 43300 $ 35.940 $ 28.935ca666M&W Aiiiiiiiii3.749 A M3 r1

Sub-Total $ 3,822,500 $ 5,128.000 $ 8,126,000
Continaency (20%) $ 764,500 $ 1,025,600 $ 1,625,200

Co - Fire Total Canital $ 4.587.000 S 6,153.600 $ 9.751,200
Capital Per WT Biomass 76450 $ 61.536 $ 48.756
caal per kwh capacy .2.4201

Sub-Total S 15.935.000 $ 23.855.000 $ 37.885.000
Continaencv(20%) $ 3.187.000 $ 4.771,000 7577000

Gasification Total Capital S 19.122.000 $ 28.626.000 $ 45.462.000
Capital per WT Biomass 119512.5 $ 107,213 S 85.295

Caoital per kWh Capacity 3.038 S 2.845 S 2 248

Sub-Total $ 11,625,000 $ 19.184.000 $ 26A465,000
Continaencv (20%) $ 2.325.000 $ 3,836.800 $ 5,293,000

Pyrolysis Total Caoital S 13.950.000 S 23,020.800 $ 31,758.000
Caoltal Per WT Biomass 87187.5 $ 71,9401 66,163

L Capital per kWh Capacity $ 2,936 2,40 $ 2,210

Total Operating Cost

The operating costs increase from case 1 to case 3 for each technology due to the
additional requirements necessary for operation of the larger facilities. These costs were
calculated based upon three primary criteria: overhead and administration fees, variable
costs of operation, and the yearly expenditures on capital. Tables 12 through 15
summarize the operating costs for each technology. A more detailed description of the
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operating costs and revenue analysis follows Table 13. Appendix II displays the
accounting spreadsheets used in all calculations for the capital, operating, and marginal
costs of production (refer to the Appendix II spreadsheets to view all calculations in
greater detail). The percent share for each operating cost is displayed in the Appendix III
graphs. Since case 3 is consistently the most efficient scenario, the Appendix III graphs
display each technology for case 3 for low, medium, and high fuel cost.

Table 12: Direct Fire Annual Operating Costs

, ~Direct FireI
Case #1 12I Case,2 1 Case N 3

Biomass Input (Wet Tons per Day) 120 2001 400
Net Generation kilo-Watts per hour) 1,386 1 2,3091 4,623

vercad and Administration
1 General Manoer $ 108,8001S 128.0001S 140,800
2 Accounting Support $ 64,000 S 89.600 1 115,200
3 1Clerical Support $ 25,600 $ 56,3201 $ 96,000

Total 198400 273920 I 352,000
Var a e Cost of Operation _____________

I Purchasing Cost for Downtime Electricity per Year $ 33,264 S 55.416 $ 110,952
2.1 Fuel Costs per Year (Low at $10/lon) $ 414,000 $ 690.000 $ 1,380,000
2.2 Fuel Costs per Year (Medium at $20/ton) $ 828,000 $ 1,380,000 $ 2.760,000
2.3 Fuel Costs per Year (High at $35/ton) $ 1,449,000 $ 2,415,000 S 4,830,000
3 Ash Disposal Cost per Year $ 66,240 $ 110,400 $ 220,800
4 Water and Water Treatment $ 22,000 $ 57,000 S 159.000

_5 Labor $ 240,000 $ 240.000 $ 240.000
6 Workers'Compensation $ 16.800 $ 16.800 $ 16.800
7 MIscellaneous $ 39.000 $ 39.000 $ 39,000
10.1 Interest on Working Capital ($10/ton feedstock) $ 16,886 $ 24,337 $ 42,861
10.2 Interest on Worklng Capital ($20/ton feedstock) $ 23.786 $ 35.837 S 65.861
10.3 'nterest on Working Caoital ($35/ton feedstock) $ 34,136 $ 53.087 1 100.361

Total (Low Fuel Cost - $10/ton' $ 848.190 S 1.232.953 S 2.209.413
Total (Medium Fuel Cost - $20ton A 1.269.090 S 1.934.453 S 3.612.413

Total (Hlah Fuel Cost - $35/ton) $ 1,900,440 $ 2,986,7031$ 5.716.913
Yearly Exoenditures on Caoital _,_,__.... ,, ________

8 YearvyTaxes and Insurance Costs $ 77,940 S 107.820 $ 173.610
9 Yearly Maintenance Costs $ 103,920 $ 143,760 $ 231,480
1 Depriclation - Buildings $ 59,400 $ 93,350 $ 149,500
2 Deoreciation - Eouloment $ 250,500 $ 31%6000 $ 497,000
3 Interest on Investment - Buildings $ 29,700 $ 46.675 $ 74.750
4 Interest on Investment - Equipment $ 69,875 88,700 . 146,750

Total$ 591, $ 799.3051S 1.273.090
Total Operational Costs

Operational Costs/yr (Low at $10/ton) $ 1,637,925 $ 2,303,178 $ 3,834,503
overational Costs/vr (Medium at $20/ton) $ ,058.825 $ 3,004,678 $ 5.237.503

Oeeratlonal Cotss/r (High at $35/ton) $ 2,690,175 $ 4,056,928 $ S 7,342,003
Generation-Analysis
Total kilo-Watts Sold Per Year 12,141•360 20.226.840 . 40.497.480
Averaoe Cost/yr (Low at $10ton) 0.13490 S; 0 .11387. S 0.09468
Averaoe Costfvr (Medium at $20/ton) S 0.16957 S 0.14855 S $ 0.12933
Average Cost/yr (High at $35/ton) $ 022157 $ 0.20057 $ 0.18130
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Table 13: Co-Fire Annual Operating Costs

Co-Fire
Case#1 N Case # 2 Case # 3

Biomass Input (Wet Tons per Day) 601 100 200
Net Generation (kilo-Watts per hour) 1,526 1 2,543 5,095

Dverh ead and Administration _ _ _ ______________

1 General Manaer $ 108.800 $ 128,000 S 140,800
2 Accounting Support $ 64,000 $ 89,600 00
3 Clerical Support $ 25,600 $ 56,320 $ 96,000

Total S 198,400 S 273,920 ; 352,000
ariablie Cost of Operation _____________ _______________ _______________

I Purchasing Cost for Downtime Electrcity er .Year $ 36,624 $ 61,032 $ 122,280
A.1 Biomass Costs Per Year (Low at $10/ton) $ 207,000 $ 345,000 $ 690,000

2.2 Biomass Costs per Year Medium at $20/ton) $ 414.000 $ 690,000 $ 1,380,000
2.3 Biomass Costs perYear (High at $35/ton) $ 724,500 $ 1,207,500 $ 2,415,000
3 Naturia Gas Costs per Year $ 249,000 $ 415.159 $ 830,318
__ Ash Disposal Cost per Year $ 33,120 $ 55,200 S 110.400
5 Water and Water Treatment $ 22,000 $ 57,000 $ 159,000
3 Labor $ 240,000 $ 240,000 $ 240,000
F Workers' Compensation $ 16,800 $ 16,800 $ 16,800
3 Miscellaneous $ 39,000 $ 39,000 $ 39,000
11.1 Interest on Working Capital ($10/ton feedstock) $ 16,735 $ 24,076 $ 42,485
11.2 Interest on Working Copital ($201ton feedstock) $ 20,185 $ 29,826 $ 53,985
11.3 Interest on Working Capital ($35/ton feedstock) $ 25,360 $ 38,451 71,235

Total (Low Fuel Cost - $10ttoni S 860.279 S 1.253.267 S 2.250,283
Total (Medium Fuel Cost - S20fton) S 1,070,729 S 1,604,017 S 2,951.783

Total MHih Fuel Cost - $35/ton) S 1.386.404 S 2.130.142 S 4,004.033
feaO, Exoendftures on Caoital
) Yearly Taxes and Insurance Costs $ 68,805 $ 92.304 $ 146,268
10 Yearty Maintenance Costs $ 91,740 $ 123,072 $ 195,024
1 Depdciation - Buildings $ 37,050 $ 54,175 $ 83,150
2 Depreciation - Equipment $ 247.000 $ 310,500 $ 493,500
3 Interest on Investment - Buildings $ 18,525 $ 27,088 $ 41,575
4 Interest on Investment - Equipment $ 68,363 $ 86,7381$ 141,950

Total S 531.483 $ 693.876 1; 1,101,467
total OoemrtflonaI Costs ............. .... ......... ._____

Dperational Costs/yr (Low at $10/ton) $ 1.590.162 S 2.221.0631 $ 3,703,750
Dperational Costs/yr (Medium at $20/ton) $ 1,800,612 ,$ 2,571,8131 $ 4,405,250
Dperational Costs/yr (Hiah at $35/ton) $ 2,116,287 $ 5 3.097.938 1 $ 5.457,500
3eneratlon Analys ____________ _ _ _ _______________

rotal kilo-Watts Sold per Year 133,367,760 22.276,680 44.632,200
,veraoe Cost/yr (Low at $10/ton) S 0.11895 S 0.09970 0,08298
,verage Cost/yr (Medium at $20/ton) $ 0.13470 $ 0.11545 $ 0.09870
,verage Cost/yr (High at $35/ton) 0.15831 $ 0.13907 & n.122-28
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Table 14: Gasification Annual Operating Costs

rZaSifinsifinn

Case X I Case N 2 Case # 3
Biomass Input (Wet Tons per Dayv 1601 267 533

Net Generation (kilo-Watts per hour) 6,2941 10,061 1 20,227
)verhead and Administration ___:___,_': ,

I General Manger $ 108,800 S 128.000 $ 140,800
2 Accountinc Support 64,000 $ 89,600 $ 115,200
3 Clerical Supped $ 25,600 $ 56,320 $ 96,000

Total $ 198.400 S 273,920 S 352,?00
Varjable Cost of Operatlon _ __ _

1 Purchasina Cost for Downtime Electricity per Year $ 151,056 $ 241,464 $ 485,448
2.1 Fuel Costs per Year (Low at $10/ton) $ 552,000 $ 921,150 $ 1,838,850
2.2 Fuel Costs per Year (Medium at $20/ton) $ 1,104,000 $ 1.842.300 $ 3,677,700
2.3 Fuel Costs per Year (High at $35/ton) $ 1,932,000 $ 3,224,025 $ 6,435,975
3 Ash Disposal Cost per Year $ 13,000 $ 27,000 $ 54,000
4 Water and Water Treatment $ 22,000 $ 57.000 $ 159,000
5 Labor $ 540,000 $ 540.000 $ 600.000
5 Workers' Compensation $ 37,800 $ 37,800 $ 42,000
T Miscellaneous $ 39,000 $ 39,000 $ 39,000
B Inert Gas $ 10,000 $ 10,000 $ 10,000

11.1 Interest on Workinq Capital ($10/ton feedstock) $ 33,902 $ 46,732 $ 79,414
11.2 Interest on Working Capital ($20/ton feedstock) $ 43,102 $ 62.085 '110,062
11.3 Interest on Workinq Capital ($35/ton feedstock) $ 56,902 $ 85.113 $ 156,033

Total (Low Fuel Cost - $1 01ton $ 1,398.758 $ 1.920.14 $ 3,307,712
Total (Medium Fuel Cost - $201ton) S 1.959.958 $ 2.856.649 $ 5,177.210

Total (High Fuel Cost - $35/ton) $ 2,801.758 $ 4.261,402 $ 7,981,456
Yearh, Exmenditures on Capital _ _ __ _____ : ____________

9 Yearly Taxes and Insurance Costs $ 286.830 $ 398.790 $ 658.530
10 Yearly Maintenance Costs $ 382,440 $ 531,720 $ 878,040
1 Depriciation - Buildingqs $ 65,500 $ 98,350 $ 160,000
2 Depreciation - Equlment $ 1,286,800I $ 1,831,300 $ 3,060,000
3 Interest on Investment - Buildings $ 32,750 $ 49,175 $ 80,000
4 Interest on Investment - Equipment $ 356,700 is 490.325 $ 815.000

Total $ 2,411,020 1 $ 3,399,660 1 $ ,651,570
Total Operational Costs _______ ______________

Operational Costs/yr (Low at $10/ton) $ 4.008.178 Ij$ 5.593.726 $ 9.311.282
Operational Costs/yr (Medium at $20/ton) $ 4,569,378 IS$ 6.530.229 $ 11.180,780
Operational Costs/yr (High at $35/ton) $ 5.411,178 1$ 7,934,982 j$ 13,985,026
G3eneration Analysis________________
Total kilo-Watts Sold per Year 55,135,4401 88,134,360 177.188.520
Average Cost/yr (Low at $10/ton) S 0.07270 $ 0.06347, S 0.05255
Average Cost/yr (Medium at $20/ton) $ 0.082881 $ 0.07409 $ 0.06310
Average Cost/yr (High at $35/ton) $ 0.09814 i$ 0.09003$ 0.07893
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Table 15: Pyrolysis Annual Operating Costs

Pyrol sis
Case # 1 1 Case # 2 1 Case # 3

Biomass Input (Wet Tons per Day) 1201 2001 400
Net Generation (kilo-Watts per hour 4,7521 9,5701 14,370

Overhead and Administration _______________ _____________ _______________

I IGeneral Manger $ 108.800 $ 128,000 $ 140,800
2 !Accountin Suppod $ 64,000 $ 89,600 $ 115,200
3 lClerical Support $ 25.600 $ 56,320 $ 96,000

Total S 19 0470 2 352,000
Vdable Cost of Ooeratlon ______________ ______________

I Purchasinq Cost for Downtime Electricity per Year $ 114,048 $ 229,680 $ 344,880
2.1 Fuel Costs per Year (Low at $10Oton) $ 552.000 $ 1,104,000 $ 1,656,000
2.2 Fuel Costs per Year (Medium at $20/ton) $ 1,104,000 $ 2.208,000 $ 3,312,000
2.3 Fuel Costs per Year (High at $35/ton) $ 1,932,000 $ 3,864,000 $ 5,796,000
3 Ash Disposal Cost per Year $ 17,5600 $ 35,000 $ 52,000
4 Water and Water Treatment $ 22,000 $ 57.000 $ 159,000
5 Labor $ 510,000 $ 1,020,000 $ 1,530,000
6 Workers' Compensation $ 35,700 $ 71,400 $ 107,100
7 Miscellaneous $ 39,000 $ 39,000 $ 39,000
10.1 Interest on Working Capital ($10/ton feedstock) $ 29,215 $ 55,226 $ 82,114
10.2 Interest on Working Capital ($20/ton feedstock) $ 38,415 $ 73,626 $ 109,714
10.3 InterestonWorkin Capftal (35/ton feedstock) $ 52,215 $ 101.226 $ 151,114

Total Low Fuel Cost -10ton) S 1.319.463 S 2.611.306 S 3.970,094
Total (Medium Fuel Cost - $20/ton) $ 1.880.663 $ 3.733.706 $ 5.653.694

Total (HIoh Fuel Cost - $35fon) 2,722,463 1 S 5,417.306 It R 179,094
Yearly xoendltures on Caoltal _____. ___.___"___.__

8 Yearly Taxes and Insurance Costs $ 198.270 $ 324,630 $ 445,230
9 Yearly Maintenance Costs $ 264,360 $ 432,840 $ 593,640
1 Depriciation - Buildings $ 45,000 $ 77,750 $ 129,500
2 Depreciation - Eauloment $ 991,500 $ 1,608,000 $ 2.154.500
3 Interest on Investment - Buildings $ 22,500 $ 38,875 • 64,750
4 Interest on Investment - Equipment $ 247,875 $ 402,000 S 538,625

Total $ 1,769,505 1$ 2.884.095 1$ 3,926.245
T
otal Operational Costs ______.____-_

Operational Costslyr (Low at $1 0/ton) $ 3,287,368 S 5.769.321 S 8.248,339
Operational Costs/yr (Medium at $20/ton) $ 3,848,568 $ 6,891,721 $ 9,931.939
Operational Costslyr (High at $35/ton) $ 4,690,368 $ S 8,575,321 1 12,457,339
Generation Analysis i••I !/: : •. :- . : :' •

Total kilo-Watts Sold per Year 41,627,520 83,833.200 125.881,200
Average Costtyr (Low at $10/ton) $ 0.07897 $ 0.06882 $ 0.06552
Averaae Cost/yr (Medium at $20/ton) $ 0.09245 $ 0.08221 $ 0.07890
Average Cost/yr (High at $35/ton) 1 0.11267 $ 0.10229 $ 0.09896

Overhead and Administration

The overhead and administration section deals primarily with the annual salary of
the general manager, accounting support, and clerical services. Each technology was
assumed to require an equal amount of services from a general manager, accounting
department, and clerical support; therefore, these services for direct-fire case 1 will incur
the same amount as all other case 1 technologies. Case 2 and case 3 are respectively
equal for each technology.

Company benefits are assessed within the salary for the general manager,
accounting, and clerical support services. These benefits are intended to include typical
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employee benefits, such as health insurance, dental, vacation time, and 401K. Benefits
are assessed at a flat rate of 28% of the yearly employee salary.

Variable Costs of Operation

The variable costs of operation are dependent upon the costs of fuel, operating
labor, purchased power for plant downtime, worker's compensation benefits, water and
water treatment, ash disposal, interest on working capital, and miscellaneous variable
costs. The following sections describe the variable costs of operation in greater detail.

Fuel Cost - Areas that are most dense in biomass potential may be able to purchase a
variety of biomass at low costs. Areas that are less dense may not be able to purchase
low-cost biomass fuels. The field price of Georgia's five cheapest biomass sources is
$14/ton on average. Georgia's ten cheapest biomass sources cost $23.5/ton. For these
reason's the costs of biomass fuels were assessed in low ($10/ton), medium ($20/ton),
and high cost scenarios ($35/ton). For co-fire technology, the natural gas fuel charge is
assessed at $1.38 per thousand cubic feet, which is consistent with long-term regional
averages. Fuel costs, even at the lowest price of $10/ton, is generally the single largest
operational cost for any given technology.

Operating Labor - The operating laborer's section relates to the manpower necessary for
the operation of each facility. Some technologies will require more manpower than
others. In order to operate the direct-fire and co-fire technologies, eight laborers will be
required for case 1 and 2, and ten for case 3. Gasification technology requires 18, 18, and
20 for case 1, 2, and 3, respectively. Pyrolysis requires 17, 34, and 51 laborers for case 1,
2, and 3, respectively. Laborers for each technology are assumed to earn an average of
$30,000 per year. Generally, the operating labor cost is the second largest variable cost
of operation, next to the fuel costs.

Worker's Compensation - To account for any injury that may occur during operation,
worker's compensation benefits are assessed for all laborers. These benefits are intended
to cover plant workers, such as loader operators, plant technicians, and mechanics.
Worker's compensation is assessed at the typical rate of 7% of the laborer's total yearly
salary.

Interest on Working Capital - Working capital was assessed to cover two months of
the variable costs of operation. Since there are three fuel cost scenarios, the interest on
working capital was assessed for each. The total variable costs of operation for two
months time period was assessed for the short-term rate of 10%. This cost is intended to
cover any lag-time between the start of operation and the incoming revenue stream.

Ash Disposal - This study assumes an 8% ash content per biomass input for direct-fire
and co-fire technologies. Natural Gas fuel assumes a 0% ash content. Since gasification
and pyrolysis convert the biomass feedstock into a more condensed biofuel, less ash is
generated per original biomass input. As a result, gasification and pyrolysis generate ash
at approximately 1.4 and 1.6% of the original biomass input, respectively. Multiplying
the yearly tons of biomass input, by the percent ash content for each respective

25



technology, and then by the ash disposal rate of $20/ton determines the yearly ash
disposal fees.

Water Fees - The amount of boiler feed water used is dependent upon the generating
capacity. Increased generation will require more steam to turn the turbine and also
require more water for cooling. Direct-fire and co-fire models use the same multi-stage
turbine generator with equal water requirements. The gasification model utilizes the
waste heat from the turbine generator to produce steam in a boiler for an additional multi-
stage turbine generator. The water requirement for gasification is not significantly
different from the direct-fire and co-fire models. Therefore, the water costs for the direct
fire, co-fire, and gasification models are equal. The pyrolysis technology also utilizes the
waste heat from the turbine generator to produce steam in a boiler for an additional multi-
stage turbine generator. Since the pyrolysis model requires less energy input, there is less
waste heat generated from the gas turbine. This reduces the amount of steam that can be
produced within the boiler. As a result, the pyrolysis model requires the least amount of
water requirements.

In order to feed the boiler, direct-fire, co-fire, and gasification take in the same
4.5, 7.4, and 14.8 million gallons of water per year for case 1, 2, and 3, respectively.
Pyrolysis generation requires inputs of 3.6, 7.2, and 10.8 million gallons per year for case
1, 2, and 3, respectively. Sewer water loads are determined as a function of the boiler
feed water. About 1/3 rd of the boiler feed water evaporates through the cooling towers.
Therefore, 2 /3,& of the boiler feed water load equals the total sewer load. Water and
water treatment rates increase as the water requirements increase for each case study.
Cumulatively, water and water treatment amount to approximately .490, .770, and 1.1 0
per gallon of water input for case 1, 2, and 3, respectively.

Taxes and Insurance - Taxes and insurance are assessed a flat rate of 1.5% of capital
for each technology.

Maintenance - Maintenance is assessed at 2% of capital for direct-fire and co-fire
technologies and 3% of capital for the more technical gasification and pyrolysis systems.

Inert Gas - In the gasification process, combustible gases are created by heating dried
biomass within a reactor vessel. In this model, the heat is introduced by a heat exchange
medium that uses sand, char, steam, and inert gas. The inert gas needed for the
gasification process is assessed at $10,000 per year for each case scenario.

Miscellaneous - Various expenditures for items, parts, and services will be required to
keep the facility in regular operation. The miscellaneous section is intended to capture
these expenditures, which may include: contractual administrative support, office
supplies, maintenance supplies, safety gear, or any other required expense.

Yearly Capital Expenditures

The third primary category that influences the yearly operational costs is the
yearly expenditures on capital. These costs include both depreciation and interest for
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buildings and equipment. This research assumes the plant will remain in operation as
long as it is economically and mechanically practical; therefore, zero salvage value was
assessed for the plant buildings and equipment. Depreciation on buildings is assessed at
a 20-year lifetime, while depreciation on equipment is assessed at a 10-year lifetime. The
interest on investment is calculated at an interest rate of 5% for the total capital costs of
land, buildings, and equipment for each respective technology.

Maintenance Downtimes and Average Cost

The average cost analysis ($/kWh) for each technology is located on the lower
half of tables 12, 13, 14, and 15. The plant is assumed to operate 345 days per year and
shut-down for maintenance during the remaining time. In order to provide a constant
flow of power to the generator's contractors, the generator must purchase the power it
usually produces from the electrical power grid. This power is used to supply power
consumers during the maintenance shut-down periods. The total yearly quantity of
power produced is derived from the net generating capacity multiplied by 345 days/year.
The total amount of power sold is derived from multiplying the net generating capacity
by 365 days/year. The average cost of electricity, or the cost per kWh, is derived from
the total amount of power sold divided by the annual operating costs.

The total amount of power sold is used to determine the price per kWh, because in
order to supply contracted customers, the generator must sell power continuously for the
entire year. During maintenance periods, the plant is shut down, and the generator is
assumed to act as a sub-contractor, by purchasing power at the typical industrial rate of
5O/kWh. The generator then sells the purchased power back to the consumer at the
generator's usual fee. The generator does not alter the set contract price when the facility
undergoes maintenance. In addition, the generator must account for the purchased power
as an annual cost, while accounting for the revenue it receives from the resold power. If
the fmal cost per kWh is calculated using the total amount of power produced during a
345-day period, this would defer the revenue gained from the resold power the additional
20 days per year.

Biomass Production Cost and Electricity Rate Comparison

In Georgia, the retail sale of electricity is separated into three primary markets,
commercial, industrial, and residential. Although these sectors use roughly the same
amount of electricity, the electrical power rate is determined by the individual consumer's
demand for power. Since industrial facilities buy electricity in bulk loads, power
generators will offer consumers in the industrial sector the least expensive rate for
electricity. Industrial rates are typically fixed for wholesale electricity markets.
Commercial consumers pay around 20-30 more per kWh than the industrial sector. The
commercial sector consumes virtually the same amount of electricity as the industrial
sector; however, these facilities pay higher rates because they require less power on a
site-by-site basis. The residential sector requires the least amount of electricity on a site-
by-site basis, but consumes the greatest total quantity. As a result, the residential sector
is charged the highest rate for electricity, typically 1-20 more than the commercial rate.
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According to the Tennessee Valley Authority 1999 Investor Relations Research,
Cost and Price Comparison, the 1999 Southeastern rates averaged 7.860/kWh for the
residential sector, 6.560/kWh for the commercial sector, and 4.3g/kWh for the industrial
sector. Georgia's 1999 utility retail sales and revenue data, provided by the Energy
Information Administration, is shown in Table 16. As shown in the table, Georgia sold
112,656 Megawatt-hours of electricity in 1999 at the average rate of 6.24g/kWh.

Table 16: 1999 Georgia Utility Sales, Revenue, and Average Revenue per kWh
. . .... .. . . . . .............................. .. ... ... .. . ..... ..... ....... ..... ..... ............... .. .. ... .... . .. .......... .. ....- ---- -- -- -- ---- -- --- -

Investor-
Itewn•,' 1 ulli Fpr l ('nmpniwlm Thia

Number of Utilities 2 53 0 43 92
Number of Retail Customers U182,155 320,723 0 1,429,267 3,732,14J
Retail Sales (thousand megawatthours) 74,685 10,871 0 27,100 112,65t
Percentage of RetailSales 66.3 9.7 0 24.1 101C
Revenue from Retel Sales (million 1999 dollars) 4,368 682 0 1975 7,025
Percentage of Revenue 62.2 9.7 0 28.1 101C
Average Revenue per Kilowatthour (c entsWk5kVh) 5.85 6.27 0 7.29 6.24

Source: Energy Information Administration.
http://www.eia.doe.gov/cneaf/electricity/st_profil.es/georgia/ga.html#t9

Table 17 summarizes the cost of generating power ($/kWh) for each technology.
We can employ a direct comparison among the operating costs of each technology and
the average annual rates for commercial, industrial, and residential consumers. Figure 4
compares each technology with the rate averages for the southeastern region, since
electricity generation in the southeastern United States is slightly cheaper than the
national average. It is important to note that transmission and distribution costs, which
are reflected in the Southeastern rates for electricity, are not accounted for in the marginal
costs of the biomass generation technologies.
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Table 17: Summary of Operating Costs in $/kWh
Summary of ODeratina Costs $/kWh

Technology Scenario Case #1 Case #2 Case #3
Low Fuel Cost Scenario $ 0.135 $ 0.114 $ 0.095

Direct - Fire Medium Fuel Cost Scenaio $ 0.170 $ 0.149 $ 0.129
High Fuel Cost Scenario $ 0222 $ 021 $ 0.181

Low Fuel Cost Scenaio $ 0.119 $ 0.100 $ 0.083
Co - Fire MediumFuel Cost Scenaio $ 0.135 $ 0.115 $ 0.099

High Fuel Cost Sceario $ 0.158 $ 0.139 $ 0.122

Low Fuel Cost Scenario $ 0.073 $ 0.063 $ 0.053
Gasification Medium Fuel Cost Scenaro $ 0.083 $ 0.074 $ 0.063

High Fuel Cost Scenario $ 0.098 $ 0.090 $ 0.079

Low Fuel Cost Scenaro $ 0.079 $ 0.069 $ 0.066
Pyrolysis Medium Fuel Cost Scenaio $ 0.092 $ 0.082 $ 0.079

1 High Fuel Cost Scenario $ 0.113 $ 0.1(0 $ 0.0991

Southeastern
Rate Average

(1999)

Residential $ 0.079
Comracial $ 0.066
Industrial $ 0.043

Georgia Rate Residential $ 0.076

Average (1999) corcall $ 0.067
Industrial $ 0.042

Figure 4: Southeastern Rate Comparison

Southeastern Rate Comparison
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Marginal Cost Comparison

Data provided from Customer Choice, Consumer Value: An Analysis of Retail
Competition in America's Electric Utility Industry indicate that the marginal cost of
production from existing steani facilities is 1.70/kWh. The full costs, including capital,
were assessed at approximately 30/kWh. The 1998 Annual Energy Outlook reports
similar figures for the capital and fuel costs, at approximately 3.2 and 2.90 per kWh for
coal-fired and natural gas combined cycle generation, respectively. These costs represent
only the generation cost of producing electricity per kWh; therefore, they are 1 to 40 less
than the actual selling price of electricity. Costs that are incorporated in the selling price
of electricity, such as transmission, distribution, and transaction costs, are not used in the
marginal cost of production figures. In the following sections, this research will use the
low-end (2.90) and high-end (3.20/kWh) marginal cost of production figures as a basis
for comparison. Since transmission, distribution, and transaction costs are not
incorporated in the biofuel generation assessments, the actual feasibility of biomass
generation technology will be represented with this direct comparison with the current
marginal costs of production (2.9 and 3.20 per kWh).

Figure 5 indicates the average cost comparison of the biomass generation
techriologies with the marginal cost of generation for existing facilities. As displayed in
the following graph, there is a direct relationship with the larger biomass facilities and
lowered electricity costs. Therefore, case 3 proves to be the best-case scenario for each
technology. For simplicity, further discussion on feasibility will focus on case 3 for each
technology, unless otherwise noted.

Figure 5: Marginal Cost Comparison
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Of the four technologies studied, none are shown to be competitive with current
marginal costs of production. The low-fuel cost gasification case 3 scenario can generate
electricity at 5.20 per kWh, which is above the highest marginal cost by 20 per kWh.

Sensitivity Analysis of Production Costs to Varying Fuel and Capital Costs

The most significant cost variables, fuel cost and capital costs, were altered to
determine the overall affect on the average cost of production. The capital costs were
adjusted by 10%, higher and lower, than the original assessment. Fuel costs were
assessed from $0 to $50 per wet ton. Figures 6 through 13 display the results of the
sensitivity analysis.

Figure 6: Direct Fire Fuel Cost Sensitivity
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Figure 7: Co-Fire Fuel Cost Sensitivity
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Figure 8: Gasification Fuel Cost Sensitivity

Gasification Fuel Cost Sensitivity Analysis
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Figure 9: Pyrolysis Fuel Cost Sensitivity
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Fuel Cost Sensitivity - As shown in the preceding figures, direct-fire is the most
sensitive technology, with respect to changes in fuel costs. Co-fire, pyrolysis, and
gasification display respectively decreasing sensitivity to changes in fuel cost. Fuel cost
sensitivity is dependant upon the feedstock input to operational cost ratio. Technologies
that utilize the greatest amount of biomass input per dollar of total operational cost, will
be the most sensitive to feedstock price changes.

Two technologies, gasification and pyrolysis, can produce electricity below
Georgia's 1999 average selling rate of 6.240 per kWh. With feedstock prices at or below
$20/ton, Gasification can produce electricity below the average selling rate, and with
feedstock prices at or below $7.50/ton, pyrolysis can produce electricity below the
average selling rate. None of the four technologies studied were shown to produce
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electricity below current generation rates. This analysis concludes that no technology is
competitive with traditional generation methods, even at zero fuel cost.

Figure 10: Direct Fire Capital Cost Sensitivity
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Figure 11: Co-Fire Capital Cost Sensitivity
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Figure 12: Gasification Capital Cost Sensitivity
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Figure 13: Pyrolysis Capital Cost Sensitivity
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Capital Cost Sensitivity - As displayed in figures 10 through 13, none of the four
generation technologies are significantly sensitive to changes in capital cost. Co-fire is
the least sensitive, with a total price change of .51 between the positive and negative
10% change in capital cost. Direct fire, gasification, and pyrolysis all exhibit a total price
change of .630 between the ranges of capital cost. None are shown to be competitive
with traditional generation technologies.
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Renewable Energy Production Incentive

Due to its many potential benefits, renewable energy resources, such as biomass
generation technologies, can sometimes qualify for certain incentives to help encourage
entry into the competitive electric utility industry. The most substantial government-
based incentive is the renewable energy production incentive. This incentive can be
obtained for closed-loop biomass and poultry litter feedstocks. The incentive is adjusted
annually for inflation and is currently set at 1.80 per kWh. The inclusion of this incentive

* would shift the low fuel cost gasification case 3 scenario to be near competitive cost
levels. Assuming proper biomass feedstocks, all technologies could qualify for the
production incentive, except co-fire. Since co-firing mixes fossil fuels with biomass, it
does not qualify for the production incentive. Figure 14 includes the production incentive
and reevaluates the marginal cost comparison between the four biomass generation
technologies and traditional technologies.

Figure 14: Production Incentive Comparison
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Green Power Markets

Each technology, with the exception of co-fire, are authentic green power sources.
Therefore the electricity generated can be sold in separate green power markets. Green
power markets, such as Georgia's newly established Green Power EMC, sells green
power in 150 kWh blocks to consumers who wish to purchase some of their energy from
renewable sources. Georgia's green power generators are currently fueled from landfill
gas. Any new green power facility can take advantage of Georgia's green power market.

The green power premium will be set at the average rate for all green power
generation. For example, Georgia's green power market may eventually consist of 25%
landfill gas, 25% hydro, 25% direct-fire, and 25% gasification. The break-even rate of
electricity will vary with each technology. Example rates could be 80, 110, 150, and 60
per kWh, respectively. In Georgia, the green power premium would be set from average
of the green power generation rates, which would be 100 per kWh in this example.
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Subtracting the regional residential average rate of 7.8¢ from 100 would yield a set
premium at 2.20 per kWh. The consumers will withdraw the power they use from the
grid, and the green power contractor will bill the consumer at the premium rate for the
amount of green power bought, currently sold in monthly 150kWh blocks. A premium of
2.20 per kWh for a monthly 150 kWh block of green power would raise the price to the
consumer by $3.30 per month, which is consistent with the current Green Power EMC
premium.

This research compares studies on consumer's willingness-to-pay for green power
premiums performed by the National Renewable Energy Laboratory (NREL). A review
and synthesis of 14 surveys conducted in 12 utility service territories (1995-1997) found
that majority (52 to 95%) of residential customers said they were willing to pay more on
their electric bills for power from renewable sources (NREL 2001). The NREL studies
indicate that a fewer percentage of respondents are willing to pay for green power as the
premium increases. Relating the NREL results to the current Green EMC premium, this
research shows most respondents are willing to pay for this type of premium. The more
competitive rates for gasification and pyrolysis would aid in lowering the market
premium, thereby increasing the feasibility for all green power sources allocated through
the green power market.

The economic potential for Georgia's green power premiums could be highly
significant. Table 18 shows Georgia's power sales and corresponding price rate for
Georgia's electricity sectors. Green power rates were calculated by setting premiums at
5%, 10%, and 15%. The inclusion of a premium would raise the initial cost per kWh by
approximately 4 mills (tenths of a cent) for each 5% increase in the premium.

Table 18: Impact on Electricity Rates for Green Power Premiums
WMy ue (non Ar At Cost CostperkW Aostper

Sales (G&) 1999 dollars) vnueme per M M t/ eni n m Men10 let um

Pbsklerfial 41,767 $ 3,159 $ 0.0756 $ 0.07942 $ 0.08M0 $ 0.0666
F 7mm-dal 34,093 $ 2.272 $ 0.0666 $ 0.06997 $ 0.07331 $ 0.07664
kxinstial 35,255 $ 1,463 $ 0.0415 $ 0.04357 $ 0.04565 $ 0.04772
1 1,541 $ 130 $ 0.0844 $ 0.06651 $ 0.09M0 1 0.09701

ITOWI 116Z56 $ 7M4 $ Q08623 $ 0.06547 $ 0.0685M $ 0.07170

For Georgia's residential consumers, the 5% premium would raise the cost of
electricity approximately $6 month. Research has shown that most consumers are willing
to pay for this type of premium. If 40% of Georgia's residential consumers purchased the
5% green power premium, 470 thousand 150kWh power blocks would be demanded each
month in the residential sector alone. If 10% of Georgia's residential, industrial, and
commercial consumers contributed a 5% premium towards their power bills, over six
million green power blocks could be sold each month. One case 3 gasification plant (533
WTPD) could generate approximately 91,700 green power blocks, monthly. Therefore,
if 10% of Georgia's consumers purchased green power at a 5% premium, this would
support approximately 65 case 3 gasification plants. Currently, the 16 Green EMC
cooperatives serve only 900,000 Georgia homes, businesses, factories, and farms,
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however as new renewable generation comes online; Green EMC will be able to expand
the green power option to more of Georgia's consumers.

111. CONCLUDING REMARKS

Currently, biomass accounts for 2.5% of Georgia's electrical supply. From the
agricultural sources studied, this research determines there is enough energy from these
sources to power nearly 12% of the State's total electrical demand, or over 31% of the
State's residential consumers at 25% conversion efficiency, which is consistent with the
most efficient technologies, gasification (26%) and pyrolysis (20%). However, economic
analysis revealed direct-fire; co-fire, gasification, and pyrolysis are not competitive with
existing generation facilities. With the inclusion of the renewable energy production
incentive (1.8e/kWh), the gasification generation technology (reduces from 5.2¢ to
3.4e/kWh) was shown to be .2¢ above the competitive marginal cost rate (3.20/kWh), but
well below Georgia's 1999 average selling price (6.24e/kWh).

Out of the four technologies studied, gasification and pyrolysis proved to be the
most feasible for electricity generation from biomass fuel sources. These technologies
can become economically feasible, only with the aid of green power programs. The
renewable energy production incentive will further enhance the feasibility of these two
technologies, but specific feedstock criteria must be met in order to qualify for this credit.
Green technologies that can produce electricity near competitive rates, such as
gasification and pyrolysis, could aid in reducing the green power premium for all green
power sources.

Further Study

As each technology increased in size and input quantity, the average cost of
producing power decreased. At $20/ton of biomass feedstock, Gasification could
produce electricity at 6.1 e/kWh, Pyrolysis at 7.6e/kWh, Co-Fire at 9.9e/kWh, and Direct-
Fire at 12.9e/kWh. Since the largest facility in each technology produced the least
expensive power, further study could determine if even larger facilities could further
reduce the cost of electricity from biofuel generation technologies.
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APPENDIX I

Figure A-1: Direct Fire Process Flow Diagram, Case # 1 (120 WTPD)
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Water
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9PY i o To Sewer

Condensate Cooling 2.95 million gpy- -------------------------------- Tower

** gpy = gallons per year
KW = kiloWatts
PPH = pounds per hour
PSIG = pounds per square inch gauge
TG = turbine generator
WTPD = wet tons per day

Note: (1) Boiler system design pressure for steam is assumed to be 300 pounds per
square inch gauge (psig) with 270 psig turbine inlet pressure in all cases. Higher design
pressures would increase capital and maintenance costs but also increase slightly the
electric power generated. Note that boiler feed water requirements are to replace that lost
to boiler blow down (5%), cooling tower blow down (5%) and evaporation losses in the
cooling tower (5%). Sewer water load consists of boiler and cooling tower blow down.

Figure A-2: Direct Fire Process Flow Diagram, Case # 2 (200 WTPD)
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Figure A-3: Direct Fire Process Flow Diagram, Case # 3 (400 WTPD)
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Figure A-4: Co-Fire Process Flow Diagram, Case # 1 (60 WTPD)
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Figure A-5: Co-Fire Process Flow Diagram, Case # 2 (100 WTPD)
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Figure A-6: Co-Fire Process Flow Diagram, Case # 3 (200 WTPD)
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Figure A-7: Gasifier Flow Diagram, Case # 1 (160 WTPD)
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Figure A-8: Gasifier Flow Diagram, Case # 2 (267 WTPD)
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Figure A-9: Gasifier Flow Diagram, Case # 3 (533 WTPD)
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Figure A-10: Pyrolysis Process Flow Diagram, Case # 1 (160 WTPD)
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Figure A-11: Pyrolysis Process Flow Diagram, Case # 2 (320 WTPD)
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Figure A-12: Pyrolysis Process Flow Diagram, Case # 3 (480 WTPD)
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APPENDIX II
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1__ 3 1titere_ aonWoin _Ca 2_A~•-oqnedstock_ 10%.1 $ 530__ __00 $ 53,007 NA

Totl ~ow Fuel Cst -1/t n----- - - -i -------
-Tfot 1eiumifii Fuel Cost $20/ton) ___12,186,0331 $ 0.10876___:_jot•• _~!____Fon eL_Co __$~ta .} __..........____2___ _o3 _ ___.... __0 __

__Total -2Fe ot$5to)_ _ _ 78 NA

" ................a.e..iftime (Years.
___3!A1 __-__ 1._i- - -1 20 $ 93,13501 0.004615_ eciatn_ E ment 1 1 10 $ 316,=_ 0.1$23:: -4 - - ...... ... ............

3Interest on Investment Buidn . .... 6I__ . .__ • __•_% .__ 4_L__-$ 0.00•230B

j4interest on Investment- Equipment $ 3M548,000i 5% V 8BBW 1 $ 0.004385
Total ____S_ 54_]T• 0.02693

'Taw Oraton ICostsper Year .... .Total S Average Cost

Low Fuel Cost 610/ion I $ 2,3M3,178 1 0.113867
_4 Medium Fuel Cost 120/ton . . . .... $3_P . $ 0.148549
High Fuel Cost 535/on " 4-•--_-__ T56rr2•- . 0.20571
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Feedstock Rec _Mng and Processing -.......... . . - -. ... -
i edtc Truck D -I

2 Front End Loader - - $ 12-,O0M
3TMetal Removal Equipment •_ _ I $ 15]
5 GBlendin Eg uiEment I $

6t~onv~yo125 i2XE
Total i-- --- 645.OOO

------- q-- ----------.--

O Ioa Power Generation Equipment - -- -2ZiDemineralizer Sst ! $ 17 O0S

--- ---r-------- ---------------------------- ------------------------------ _ _ _

ITotal 219Pis 000

Land and Infrastructure f
I landt Site Preparation 1- so 0

... ._ leoant . .. .. uldn i _ i__ t $ 5 012XX

3iEnjng -- j S - 42500

5 rFuel Storage Bins S 20.-.

TotalI

-- - ~~---------- I ----- ------ _--tjY
!Cantingtenc (0o%) 1.- 98,0M

3Toital Caital ------------- - $,188.0m
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Direct Fire Generation. Full Capacity I
Case 1i3 i
Cas er Yea ------ 36----------------------------------

-- --- - - - - - - - ---- --------- - - - - -- - ---- --- - -

Hours Per Year67
Days of Maintenance Downtimeper Year 20 1

Hours of Maintenance Downtime per Year 400 --- .- -----..............-
-O.pe--r-rat io n al- Ho~u• -~rs ' a r-------------- --- - - -- - - -- -- -- -. . . . . .. . . ... . . . ....

Plant Capacity 5"%VS) _ _.__ _ i, __
Internal Power Used (_WhJ 9:32 i

Nei Generating Caact 3~i 4,62T.otal.uanttofElec- Sold kWhperYear . . . 49. ..0......... L -

Total Quantity of Electricity Produced per Year 38,-78,440 1
~iornass nput .PD 

40 0 t

Pioqmass npugt VT pr Year) i

-_- -- - tal i- $ 1 /kwh (20Wet
Overhead and Administration ISalary enefis _Onk-

Gener al ner .. .. . . - - 2- % . $ 1i.- E _ : .. . 00347
2 Accounting Support 2B% $. 115,2M 1 0.002846

3 lria7Spor5 7X1 28% $ 96'' 1 $ 0.002371

------l $ 275 POO0 2B% S 35 KJ -------0 69 2
artable Cost of Oeration Maintenance I --/

Downtim e QkW /y , nd-stnal 5/k- h! ... ...... - _-- _ .... .._-....

l 4Prcasij os fo DwntmeElctnitjerYer .214105 0.05001 1 10,q52 $ 0.002740...... • _,rc• ,,• €_o•_,___* •_,_~t• __•_t• • L.. ......... ------._• .. ----- -. -------------------

-Wet Tonspr Year Price / ton:
----- e CostA Re, Year1 -- -t 1---tor- MIA _ _ --- .---- -- NA

2.2IFuel Costs per Year (Medium at 20/ton) 138l$ $ 20 $ 2;7609W0 i S 0.0112
2.Fe ot er Year (High at 0536n 138= t6i 365 $4930£E0 NA

----------- - s -- os - e Y- D--osa S---on-

..... -s-h-DJso-s .CO-st-perY e-ar .... 11040 20.00 _ . .0.00 454 2

4 Water and Water Treatment 0. i I 159Xi 0003928
-.. - --- -e e e - ----E l ee --raage Salary- --- -----.

La b oI r - - -- --. ...... ... .. . .. .. .. . .. ... .. ..

........ ' Total Salary per Year i Workers Comp.I
61Workers'Compensation 240,000 7%1 $ 16M.0 S 0.0D415

7Miscell39eus S1 $ 000063..... ~ ~~....... . ............. . ... . .. j . . .. .
___eary Taes and InsuranceTotal CaCal Percent of Ca0ital.02

.... _Y MaintenanceCosts . __ __4 _ 211 $ 231,4AM0 5 0.005716
ISub-total 'l.w_ Fuel Cost 510/tort)--------------------------------2,5"71,642 NALl - -_• •i_ • __ o,_ _ n)............................... .!.-$•

I~ub-lotal (Medium Fu$Ca 2/o 39i621 077
ISub-total (High Fuel Coat $35/ton) ! _ _ S 6,J021 J542 1 NA

" 2 Months - i

Ratel _Wo!!sinqg_ ftaI_ J Totaýl
-- il Interest on W orking .ai tali( 1 /on -feed tock. 10% $ 42B ,,,, . _ _ . 4 2 • _ L N A

10.2 Interest on Working Capita (520/ton feedstock) 10% $ 9668 .607.00 !.PS5 0.001625
3Q Interest on Workinp s~~ I0 Xl,0~S 100.361 NA

Me1tal(LaFulCost 1110ttoA)------------------ 15A4
Total (Medium Fuel Cost S20/ton) 6 _ $ 4J,175M03 0.099204

r_-Tta.liu hF~uelCost _135/ton) .iS 6,122103 NA
-____________-- --- .-----

'aE xrtl rpedlttre. _o~nCap_ it~al .l ,

__Salvage Ufetime (Years)l}Depricietion- Buildings-. ... .. .0 ... . 21..$ 1 _• __ . . 0 .

.. _ i _ _ 0] .. .. _ _ 10 S48_ _ _ 1_ 40.0 22_2

• __•______-__-Capital- Interest Rate

I e on Irnestment- Bld s I 2 .9]JJ. 6% 5 $_. _ L , 0.001846

interest on Investment - Eupment - _ .. .. _ 5%i 146,760 $ 0.003624
Total _ _ . 0.021433

rotal Oeatonal Costsper Year ! Average Cost
--- ------- T ta--.- -S -31 ._ ---- ..... . ..- --. . . .. . . . --------- . .• •_-_..• _ -i- - _L -o •

[Low Fuel Coat 510/Ion I __A _ -----3 0948
Medium Fuel Cost $20/on . _ __ 5,237= $ 0.129329

High Fuel Cost _351ton $ 7_342_AM! $ 0.1812951
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Feedstock ReceMn_ and P191......
1(Feedstock Truck Dump _ ..___.....__$ 

. 100_ _0

Front End Loader _'_$ 120.00
3~eta[ Removal Eguipment-- ----- -- -- - ---------- - --- --

4 eGdnding/Sizing Equipment 225__... ... ___-__ _...._-_-_ ____- ..... _____. . j+________M__ __

5BndnEquipment ri 125L0Op
....Cnveyom $___ 125M

_ Total --- --•t---

PwrGenerationEquipmetq$
2 Demineralizer System $ 260 _X_
3 Boiler $.. . ... . .. _--0_.... -- -- -M__
4 linstrumentation & Contros - . - $ _ 30_

Tota --- --- - -------
• m ~ ~ t • , +Z Z -+ --y -y y~y • -- -/.• -_ y- ------------- ----.. .. --- -..... .... --. ... ... ... ... ..-- . ... ... .. .- --.. .-_ -_-_ _ -

Land and Infrastructure

21Plant Buildings i 600X0L- L i .+- ------ --- ..--•-•-- ------ -•---- Z .+- •.-------------•.-- L •- --- --- •• ------ L ••-L -------- ••• - - +------.} -
__gt!! aI! in.-q .... -----------------

4 Fuel Processing Building I 1 ýSj I0,00
5 Fuel Storage Bins S 4EWJJPfl

Total $ _ $ _________
- - ------------

Sub-Total $ ~ 50TContlingenaa ________$____

.. .. f o -ta. . . . .. . . . . .. .. . .. . .. . .. . .. . .. . . . ... .... .. ... . .. . .. .. 7.. . . . . .. 0s 00• o
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Co-Fire Generton - Full Capacity- - - - - -------------------------

Cael - -------------------------------- -----------------------

IDays Per Year 365 -. .... . . .. .. . . . .. . . . .
.Hours Per Year 8,760_ _ _ _

!Days of Maintenance Downtime per Year 20.. -.-.-- ---- -- -- ..........................................Hours of Maintenance Downtime p.er Year 40
'O.p.erational Hours perjear ------------- 8= - ----------- ---

Plant--------------- 56 --- --------- .

'Internal Power Used,(k h----- -- - - - - - -----------
Net Generating Capacity (kWh) 1 I
Total Quantity of Electricity Sold (kWh per Year) 13367,760 " _ i
•Total Quantity of Electricity Produced er Year 12 _3_ B0

. io _ kass E cinc . -- ---er .............W et-Ton-------9 _r . __..... .. .......... ...... ........ ...... -- -----------

---------------- 
i----.... ... ] . ... ... .. .. ... ... .... . . . .... ... ... .... ... . .. ... . ... .... . . ...... ... .. . -- ota k!hI I (U $2 t Ion)on

Overhead and Administration Salary Benefis T
IGenersl Manger $ 05 1 28%1 $ 10P00 $ 0.008139...... _• c~~o~u._m~n•_S_..• _o_". ...................... .. .......... $_ . . . ___.. ......... 2_% ____. __.§__A _.$ __ o._oWm

FS9Acontng_ SuppotI2%5 6,01 0.00478B.
3Cerical SuPpot-------------2 ,D 28% $ 25LM 10 $ 0.001915

Total------------ ------------I -54 --- 2- 9,005 004
eariable Cost of Operation Maintenance

--------------- ---------- nd etalMc ti

I~uchain Cot or ownim Elcticilpe Yar 324005 05M $~ 36.624 $ 0.002740
Wet Tons per Year, Price / toni

2.1 Biomass Costs per Year (Lowat $10/ton 20,700 S 101 1 207=1 NA
2 ILiomaee Costs per Year _edium at $20/ton) 20.7. [ 201 S 414JW $ 0

2_3_Biomass Costs p Year (gh__t_.35,ton . 207 .[ . ......-- _ AT
..... - ------ .... ..... . ..... ............. . u. _ . _ . _ _ C_!_;_p .i _P•_, _,Co5s i~ . ... .. . .. ...

-- ~~~~~~Quantity (mCFdy a ot hM
3Nula Gas Costseyear - 523. $ 1.381 $ 249_0 I - 0.011627

------ ----------------- I -s~nPe ~ Dsoa /o
4lAsh Dipsosal Costper Year 1656$ 20.00 $ 33.120 $ 0.002478
5 .Water and Water Treatment 2Xl05.014

iEmployees Averaage Salary! i
6 Labor 8 1 $ 3_ $ 2__ $ 0.0179o 4r.. . -- -- .. .. .. . . ..... . .. .. . . . .. -- - [ - ----------- '-6 • .m -•- ?P I ...• : - - •- - - -- ... .

- ------ Total Salaryl Workers Cm
7~Wrkes Cmpesaton 40J 7%1 1WO 0.001257
8.Mscelaeou I 39JO0 5 0.002917

--------------.Th~!L~~7 Percent ---a-ial-. -.-----.------------------------- -_ __-- o_ __.__ ...........__ _ $___ __
_!4Yearg-- Tases and Insurance Costa $ 4,517,00 1.50%L 5 0 0.005147

1O.Yeary Maintenance Costs $ 4A8P07X 2.00%1 S 1-40 0.0051363
...... I JM .8 1

-Sub-total ------ Fuel Cost1St 0tonni $_t I .,010_0 9 I NA

Su... to.tal _•. i.hFuelCost535/o~n) ... . . . . .... ... ... ... .. . .. . .. . ...1 ,•2.t- 1  NA

-2 Months Working ---------

1_1A ____167,348.22 $ 16, NA
11.2tinterest on Working Capital ($20/ton feedstock) 10%7 . 01 p-4$22 - 20-185•S 0.001510
113,lnterest on Working Capital ($35/ton feedstock) 10%! $ 253598.22 1 $ 25,360 1 NA

IT. _o!t _o, Fue_ Cost t.. . ..o.. 7 . .. 020-t- 4 ..
!Total • !• _ium Fuel Cost $20/ton) . i -"$ I1 1 $ " 0.092106
iToal !_Igh.Fnei Cost-$35/tsn) .... _•..- ... •_•$ NA-•-%I_•---- ...

------------ ----. --:-- ----

.J S shll,,aeI Lifetime (Yea~rs)1I

ljDepriciation - Buildings D. 201 3 ,$ 0.002772
2iDepreciation - Equipment 0 101 2470 5 0.018477

pital Interest Rate I
3lnterest on Investment.- euildi~s DO . ._ -I--

. -__-_ - - .. --- ......-. -----.--.- 5%--- $ , $ 001
jtntesrsst on Investment -_gquipens 52 T 4,500 5% $ 68,3531 $ 0.005114

$ 370,cM I $ 0.027749

810 -ralnt Costs Paer Year-- Total $1 Average Cost

-Low Fuel Cost $10/ton 0.11955

-Medium Fuel Cost $20/on---.-I i $ I.0._,12 $ 0.134698
1Hi h Fuel Cost $35/ton ------ -------- $5 2,1162%71 S 0.158313
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Feedstock ReceiMn and Pro s _ _

--11.tEnd Loader it ~ .D.... .i ,----- - - , - ........ ....................... - -I ............. . --. -. .
.. ..2 • o - •T a . . .. . . ....... ... . .. .. . E . .. . . . -• . ..... . .. .. . . .. . . - -. .. . ... t•

4iGrinding/Sizing Equipment i 6 145,000

yi ... . . . . . .. . . -. . . . . . . . . ... . . .............. . .. .5:or BednEum ---------------------------------------------------.

-------- ~----------------------------------
0 1- ----------------------- - - -

I Power Generation eat n 160X
2 Demineralizer System _______ _______ ______ $ 115•Q

3, Boiler 264____ AM_____

4 Instrumentation & Controls - - -- L 1-- ------

'and and Infrastructure o
-- - ----- -an- S-l -re-ara--on- $ __

2 Plat Buildings 3 331D
3 Eng/Perrnitting Is_____ _______I_____4 247M
4 Fuel Processing Building _ [$ jj 1

_PulStrg ins St $ 600130
---------- --- - ------------- -- ----

- ------------

:Cont ngency (20]%)74

ii oa- Ca tl•__• _* ., ........ ... . ... ___.. . . . ___...... - _, _______... . .. .. . _L _"_........__ $_,
.. . .• . . . ..... .. . .. . . . . . .. .. . .. ... .. .. .. . .. . . . .f .. . ........ ................ . . .. . . . . ........~~~~~~~~~~ 4M7TPMJ. ...... . . . ... ......... . . .... • ...... . .. ..... .•$__• ,o
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Co-Fire Generation -Full Ca .ac . " i "..

4Hours Per Year 1271

. . . . . . . . .................... ~ , . . .....

Days of Maintenance Downtime per Year __20 _ _.

IHours of Maintenance Downtime per Year 40|

-Operational Hours per yerW

---- Pln qaaiyjkVýl) ---------------- -
errimal Power Used- M L- ------- ---- 234:Net Generating Capacity (kW1i) 2.4 _

Total Quantity oYear 22._6

Sioamse Input •PDL_ 100i

. ..iomass Input ' per Year) 34...) _. . .. . . . .._ ...._
ioms- Efi en cy- 0 W Pa Wet To 2n of ------ss 610 ----

-n ost - - .....

I ----- S-- --- Totlh5 ($20/Wet

Overhead and Administration 4 Salary Benefits. ton) .
1,00 28 $ 218 $ 0.005746

2:AccountinLqqp~pr--------------- - pS 0.0040f22

c~_• ______ ............... _______ _ __

_ _ _ _ _ _ _ _ _ _ _ _ _ ___ _____C~~seYa M dir t• o) _ 3_ _ ..__ _$__...... ... ________ •.• _$ ..... 2_o..

YlrclSupport $________ ___X0 ____ 2_%_S__0.00252

-i~i - ~214M0 28% 1273R .020 1- L
Variable Cost of ertln--------------Maintenance Downtime - - -- -

--- ----- -- ----- --------- kn u t a 5/W l' ----- -- - - --
IIPurchasingd Coat frj Downimde lecricit per Year iI =220 P-0 S 0.0500 6 61=.03 S 0.002740)

effqn! per Year i Price /toni
1. Fe oats per Yearh 10.5to~ 345MXDN

2. F-e ---~e -------iu ats ppi S ---t - 20------ --------- S- 0.0--------

231 Fuel Costs per Year (High at $3511on) 34,50 $ 35 $ NA
--- uanty "_ (MCF/dajy) . Gas-CostsCF) ---------------

S3•Natura Gas Costper Year 872: $ 1.38 $41561S9 $ 0.018636

A...... h.. D..h[sposalCostper Year 27 20. .......... .S .

5 Water and Water Treatment - $ 57,0 0.0025M9. ..... r - -. .-... .. .. . .. .. -- -- -------- --o- -[ _---

T al. $ . . . . . 2. $ 0.010774

71Workers'Compensatien $ 5 2490 7% m 16,_0 $ . .07.4
S Miscellaneous . . . $ 0.001751

- Total Capital Percent of Capital ______ ______

9 ) Yearly Taxes and Insurance Costs . 5 3_ . . 1..0% $ 92.3U4 .. . 0.-.4.1 ,

10-Yead-M-an.e2n anceCo ss. $ 1231172 5 0.005525

"Sub-total . -ow Fuel Cost $i0fon) 1......... $ 1,444,567 NA
)Sub-total Aedumn Fuel Cost $20/o11) ._ . __1,.78_ .__ S- .... l34
Su_•- -----_2-/) 7 _ ............

| l ~~~~~~~~~~~2 Months Working ....... ...............

--- - - - - -.. Rats C-apit.al . -- -- --m_--_-

____s- 240 $ 24 N

11.21Irnerest on Working Capital (V20on feedstck _1 10% -$ 384,51.20 $ 3 -B NA

Totalntrs on~ Wouen Cas ltat on fetc

- l- tee -ton I-veTmk entp _-_-_1.-o )..... . .... .... -I-% -$. . 5-%-17 -$---' , . .. 0. 00... 2.16

.... ntree°to- Investment-s $ ip nt-- ----------.-----.- - -- $-4• - 0-------

AJota HIg Fue Cost8 5 0024

---- I - -- ------
o.. . ]e ....on ....o ... .. Year I- -S-----..- ...... Totlios

2LoDprecistion - Equipment 0 0 0 $ 312,200 $ 0.013938

M. F Coeris stmn I2teron RBe 0
H- - h Fue lCst on __ __ __ _ - _............ .. ........ .. S . . 0.0038j. _$ 478e4oo ------ 0_.mttpq

raioa Cot pe1"a otal1! Average lCodl

'Low Fuel Cost$61DAon .$ 2,221,6 $ 0q•7
--i----[jtýLm F,,!_Cq!ý_1201on S_2.•• !_ 01•4

MH 9h Fuel Cost $35/ton $ 3,097,938 $ 0.13M0
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Feaatok Rce~g !!q'!'g------------------ ------------------ ------------------------ I

1F•l[eedstock Truck Dump . t|__-_.............. - i ___.....____ -••
2iFrnt End l.oader I $-- - ~ _i0,000

... ....... •q ig~~i• - q•! ( • e . . .. .. . .. .. . . ... ... . . . . ... ............................................... ..................... .. . . .. .......... .......... T .. .. . ...
M~ertlal Removal ~ejuipmenl

14•owriOneinj~itln Equipment -. . . . .. $ 2&,1• .D__

5 Bolend f S 3j45(

....... ir Equipm en! --- -t - -- --- --- .. ..... . .... 7- ... ..... . ... . .. o
-oey r -- ---------- --- -- --- -- $...125.-. - - - -O

- ----al ------ - - ----------------------.-.--------

p n ---- - - - - - - - -- . ....-....... .. .. __
1owr Generationqpmt -I

D enera.li.zer ------ ------------------ ---- -- -

.___Lýrmran& Controls----- 22____

ITotal $ 69
Land and Infrast----u--------------- ---- ~---j____-

d- J-- --n~--------------- . ------ -! ---

: :" i : : :: -: : ... .. ..... ... .. ... ... ... .... .. . .. . ... ... .... ... ... ... ... " -
2j~an~udigs.- -. 4. .--- --- ----

ij~uel Processing Buildming. - - - .. - 577,~.... F l -•~~_-•-._ , , -- - --- -- --- _--- --- --_____-_r ------------- ----------- ----4 -- ----
Total $ .6B

Contl----------------------------- - - -
___-T- ., =- - .S . - 4.
T ot.. . C anlt al~ .. . . . . . . . ... . . .. . .. . . .I.. . . . . . . . . . .-I.. . .. . . . . . . . . . . . . . , •
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Co-Fire Generation - Full Capacity _____

1 a a Per Year 3651
H o u rs P e _r Y•ea r -,-- - -- ----------------- ------ - ----- -. . .. . . .... ...... .. . ..

of Mintnanc 0on------ Yea-20--------------........ HoursofM ainennce o ntimepr Year 4.........". .------------ -..----------

Int... al o (kT ..................... ..
Net Generating Capacily (kWh) 5•6 _ _ _

-.. To. al Quantity of Ele ctc-ySo_ (k_._er Ym ----------- ---
iTotal Quantity of ectict Produced ar Year .. .. 4 !-.. . . ..

Bw ssIpt(lD-------------------------- -- -- ---. omass •.put-r-_- -....-........................... . ..

Broas ------------ - ( bei~~I ~ I611- "----------- -----------..
....... -----•L !• ....•*•_ .9 ....- ..

Operating Cost ._ _ _ _

----a a ---- --- Total Si S kwh (SO 0,Wat• e h - d a d A d m in is tra tio n "al r e n it$i t _o~n i -
General Manger . ... 10 ..-- ---.... . 2_% 140 1 -- --315-

2! -A----nt- ---S-p-or-t---------- - - •------ -0
C.. lencfai . ..upp$orto 2% 362•o $ o.007867

aiade.b~le CostfOperation _ _... ... •__ - -'Maintenance Dovmntime - -..... . ...
S.k.W..Y•. . Industnial

-__-- PurchasngCost• fo _owni-m~e _Elecrictyir e are• ..... . ... 44_6_80_3_] ...... .... 0. _020_ 6!• ?_L .. .. _ 27_40.
2:A1 1 10 5 OSOOq!L NA

2 uC.er. .. . . . . . . .. -w- t T°--" •- --- --------- -------.. .- .. ...

2.2 Fuel Costs pr Year Mediumnat $20/ton) 69•00 1 20 $ I p-8•0i$ 0.03019

I1.38 $ 83nS8 1 $ 0.010604

- AshffWet ear J. r~sa /o

Fush DiosalCast tarYear I520 20.00 110,400 1 $ 0K12474
52 Water and Water Treatment ....... ... .6 -ago . .- I p.al P

.. .. . . . .-..-.. .. . .. . .... ...... .... ... -e_ ------- ---------- ----- - ---- .i --- __-_- -_ - .
8..TtlSlr_ .... W 3orJ D Co se 210 1 0 6 7

--------------- ------------ ------------ FrŽ3.- - -

-jokr Co-m- en-ation---- - --------- -------- ------ -- 0 -XX -- 7%--------0-)3
C~l9Z6q 521 5J. 20.0%! 11040

iTotal Capital ] Percent of Capial _______
9iYearl Taxes and Insurance Costa $ 9761 1.S0% $ 156,208 S 0.003577

--------- ------ ----- ---------------- - -----.

.. ._ 1 a___bo __r _.5, _ 240.!_.. . . .. . . . .. . . . . . .. . 0.--- -.. . . .. ... .05377 9 • 24 $0 0 4 7

Sub-t--al---o-------C-st---/t-n)----Tot-l--afety i WN
7%S 320.0007267Su ttl ?.1drmFu os 20In)-------------------------- ------ -----

- - t~t--- -FuC ----- at -- --36/t---n.................... ...-- - -- ---

2 Months Working
I Rate !.. ._aipAit a. ... . . .~+a$ . .... .........

11t._11lntorest on.Work.Capita I(j10/ton feedstock) 10% $ 4 $... 2,g85 0 1

11.31nterest on Workn"Cpa~6tofenk 10%1 S 7124.40 5 71,2351 NA--- - w-- Fu- - Co- at SI./to. -i ----- - - - - - - - - 2 6 1 5 J - N A

i (ta Mediumn Fuel Coat $20/ton) ] .j$ 3 4176 $ 0.06&82
_Total jiliw Fuel Coat 535/ton) i---- ---- ,A, 746 2 NA

0 20 $ 83.160 $ 0.001863
-i ai o_:-.d ---...---.-------- -...--- ....-.-.- - - - - - - - - - - - - -..
2 Depreciation - Equipment 0 10 $ 493= $ 0.011057

_____ CaitalInterest Rate. . . . . . . . . . .... . . . . .. . .. . . . ...... .trile .. . . . .. . ..n M.. ! . 5 %.m _ . . . 7 . . . . . .. . . . . . .... 3Inte__ _o~nhrv__sment_.Euddnj .. . . ..... f.. .i__ 3p__o).0 5% 6~_ 41.i75 .. ___ 3o. 3 .
4ilnterest on Investment- Equ$iment .. ,$ 141 550 0.0310

1j~otai 626 0073

p@al 0 ratlonal C perYsar Total Average Cost
Total $ oAfl___•

___Low Fuel Coot 110/ton -. 3 -3 '032 !---- D..
Medium Fuel Cost $20/ton - .! ,41+ $ . .. 0 I
i. Hgh Fuel Cost • •3ton ........... .... .. _ . 6,467,3500 1 0.122277
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1~dtqck Tr-uckJL~ - -n-------------------. I
2,Front End Loader I 120,000
31Metal Removal EquipmetM $ 15

~~~1- -- ~--------.-------------- -------

....... g/io--•[ i- qg.,ý • ipm ................. .. .. . ........ .. i.... ..................... ..F ....... •

Operational~ Eqlmn--------------------- ---- ---------------------------------------- .

... olr_ - -......-......... .- ------ -- ----

,,lnerunetais TO otos - - - - - - - - - - - ----- 125- P M

-Tand].- and .......................................---......... •....- .....-.-............ T .........

Tota

,n ---------

2 Plant Buildings- ___ S -..... i4-- - 8-- O
--------------------- ------ --------- .

45.. 
..

4_ IFuel Proces sin. .. .... --ll- - -- - -- - - ------- .----.... . ..--
-~oa----- -------- -----. . ------ :.- ------- ----------

STotal " ,

..... l ng n y (t% _ _ _ _ _ _ _ __ __ __ _ __ _ __ _

. . .a. a- I l .. . . . .. . . .. . . . .. . .. . . . . . . . . ... .. . .. .. . . . .. . .. .. . . . . .. . . . .... ....- 1-- ------

_ýn a Infapltructure75 
•0
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Gas ication Generaton - Full Capacity ---------... .. .. .. ..... ..... .. . . .... .
ICase 1 1
Du•s Per Year 3,5.

---- JWours Per Ye.ar 8.7601_ _ _ _ _ _ _ _ _ _ _ _ _ _

Operational Hours per year 82801

-P-nt-------- --------- ---W--------
Interal Power Used (kWh) 372T |
-- Net Gene--tin Ca _ac. .y_..W . .. . . ... . ..... -6..-4 - .........-- - . .. -- ............ ........ ..........
.Totl Quantity of Electricity Sold IcWh per Year) 55,135,440 1
Total Quantit of ElectricityProduced per Year -52,114 -3- - --------

!Biomass Input COTPD)161

Op omsEfficiency (kWh per Wet Ton of Biomass) 944..j

Qy2erhead Iajnd Ailnlnitato ay----enft ton
/q. ... . .... ... ... 7............ I ---.- -.-.- --........... .- --

I General Manger $ 85,OO 21%iI S 10800 $ 0.001973
2 AccountngSupport _ .. 50 _.00 --- - _26% _.-__- 1 _6 64=13 $ 0.001161
31C~eiaj Spport 2OI 28%1 $25 B $ 0.01)(464

ITotal $ ------ i§I-- ---------- -- 28% -.$ 040 .039
Vauiable Cost of Operation ---- Maintenance'

- - ---- - -_- -ow nti.e_ w/r. ndu a _
, Purchasing Cost for Downtime Electricity per Year 31321.120 $ 0.0500 ! 1511356 $ 0.002740

_W TonsIr Year• Price f ton]
2.-1 FueI Costs per-Year-(Low-at 10/ton) 55.. . 0 $ .. $ 52•- M
2.. FMuel Coats~p Year(lediumAt 2Wton. 55I,20 1 $ 20 4!S19!Q. DO 0.020023
23 Fuel Costs per Year (High at $35/ton) . . $ 1 932 -POD

As inspý r Disposal I/o
3 Ash Disposal Cost per Year 6501 $----0 1-131300 I 0.0235
4 Waler and Water Treatment IS 2 [00 $ 0.000399

-- - --- ----.-------- ------------- ----.. . _S La or 18........ . . . . .... ... . . .!. . . . . . . 1_l s ... .. 0_ _ 5_ 40900._ ..• _ _s .. .. _0t _•_94
-- Tota•aary er-Year Workern Com_ . .
-- r- Co n satnion ----- ------ W.. J --------- 0% __. . __g.

.. Miscellaneous S 39,000 $ 0.o77......~~~ ~ ~~~~ ---- .. .. . . . . . ... . .. . . . . -----... ... ----- .. .. .------- __- ----- ..- :• i-
I :lnert Gas --------------------- - -- A1 81-- -

Total Capitat Percent of CTotll,-___J?1. 1.0 000.80 S .5202

.__ ea1T__ er an Insurance . C __Zoats oI_......J ..... ...... 1_~_L _4 . 50%~mi_ • _ 5 , ... ... . ._o o __

10 1Yeareto Maintenance Cos t o - IO9. $ 5 _l0 2.00% $ 0 S 0.00693

Sub-Total (Medium FuelCost__2_/_on) 2 _
Sub-Total (High Fuel Co at 5/tonf 1 3.414.126 NA

2 Months Workinga_____
Rat Cpital j Total 1

1-._ __te•reat __- -f--o_-k- ---------------- 10% . 4 2 3100
oInterest WorkingCes ptamen-uld n fees o1- - 100 . . .. - - $ 16. 0- - NA

. .....~~~~~ ~~~ .T a .-. .............. ......... .. . .. $ .4_._5 _01

Total L•_ow Fuel Cost10/on)_ .. i $ 2M3e09 NA

..... TM- Ae- d lum Fu el Cost $20:to".. ... . . . . . . . . .... ..... . . .- -. , / - - -O: :

Total-- ---- --- ,--on---$ -1-- 2128 $ 0*1jqlh Fuel Cost $3/o)j 3,471,028 NA

.~! fl ..... YA!!!)
IIepriciation -Buildin s ___0 -201$ 655= S 0.001188

Capial. ntereat Rate
3 Interest on lnveatrent - Buildings 1 .1115% 1 32,750 $ 0.000594

.___.Irereat on Irnfeatment - Egqiipm9nt14,.2M8flfl 356,700 0 .00470
iI~f Z7 -zzzzz- - 517~5 0.031590

otail Operatio-n-al -------- ear-- - ---- Average Cost

I owFu l Cs 10tn $ - 4,008,1178 S 0.072697
-- -Medium Fuel Cost 120/on I S__ _ _ _ 4.569.37B 5 0.0828761
1 High Fuel Cost 135/ton 1________ 6 5_____11.1 jfl78 $ 0.0981431
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F.ad~tndc Rni~nIvInn snd Prni~n~Ina 4 * 4 4- -
I:ood•ock Receivina and Processlna

1 jFeedetock Truck Dump- - -- •I •T----------- ......... ......... ........ .2 Front End Loader
3 Metal Removal Equip1ment

51Blendin J~qyipm

ITotal:-;-- °!------------------------------_ZZIZZ:----
Power Generation Equipe

Gasification Process
3 l= n -er -onnect ins ............... ............. -........

4Waste Heal Boiler
;Z He-a-a- Re•c- ------ ------ ---------------Z -_ t-R_-TT-Z------ _---- --- -- ;-;--- ------- ITl TotalI

Land and Infrastructure
2--l-andSie Pre - -ration -

T2 qPt rnjtu in~S--------- -- -.----- ------
PFuel Processing Building
...... ~1 §n- ... ...... .. .......... .......

....~~~~~~~~~~ ------------i----Gz•G -- . .. . . . .. .. . .. ... .

ueTal Sanital

SI 120=IX
- ----------- .----- $ ------ mj

$ 165,000

$ 125,000

1S 6243C0X

S __ 12000

I 110nnn
- ~ ~ 5------- 10=1

6 700fiDm2

5 _I667I
-- ~ ~ _ --- --- --- - --
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Gasification Generation - Full Capacity _ _ __ _

Case 2 -----------
jDaysa Per Year 5
-Hours Per Year 8,760
Days of Maintenance Downtime per Year4 20

- - . Opea~onaI~ursp--- - ----------------
Hours of Maintenance Downtime per Year 480 ----

Plat apcit~W~ ----------- - -------
..... .• • __ _ C_ c x _ )_h_ . _ ......... ... ...... ... ... ... .............---- _

Internal Power Used (kWh) 638
Net Generating Capacsitýy Wh_ ... ... _ ..
.Total Quantity, of ElectdctSold •Wh. per YeaM X134 3_0 --- ------

T~Ll~n!'I of---------oucd~r ea ----------- ffli5 080 -----------
Biomass Input 0(TPD) 267
......Biomass Input B s per Year- - 92,115 1

_ __Biomass Effciency (k• .per Wet Ton of Biomass) .... 9.. . .. ... 34........................ .. ... ..

O3eratlnj Cost . .
--.. --------------- Total $ -- kWh (=/Wet

Overhead and Administration Salary Benelts -top)
SGeneras Manger 5$ 100J00 28% $ 128.000 $ 0.001452

2 AcconinSupport-------------------- . .--.--- 0 .. . 28% ... 0.. $ 0.0001
3Cena .upr ..... ------- 63 @?s 0.00(1017

Total 214,000 28% $ 273,20 $ 0.003108
unable C pst -on Maintenance Downtime

-_W/m Industrial $/Wh.... 1 _m _ sz~_Coat f or D owntime __Ele~ctricity..p~erY a _ . ..... 4_ _2926 0_,__ _ . . 0.. 500.[. 5__. 2_ 4_1,.A6' .. 0.00•2740
___ Year-05

Wet Tons per Year Price /ton
2.1 Fuel Costs per Year (Low at $10/ton) 1 92,115 5 10 $ 921,150 NA

(.2MFue.Cots a _edium at 520/toni 92.115 $ 2 ---------------.--- 1 I 0.•--•-------
2FueCoats er Year High at 35/". 9215 --......... - $ 3224_,25 NA

3 _Ash Disposal Cost _per Year Disposa.1- $ 20.00 S S 0.0

4 Water and Water Treatment . _S_57"_•_ S_ 0.000547

5 Labor
Total Salary per Year Workers Camp.

. 6.Woers C__ompensation ....... . 7% .37_ . 0.000429
7 -Miscellaneous . .. _ __3 , 0.0 3 _

Total Capita! ___Peret_ __of Ca.tal9 Yearly Tasxes and Insurance Costs 1.50% $ 398,790 $ 0.0104525
Gasýý01 .0 S 31,720 S 0.000113.... O Y~ea__dy.Mainte~nan~ceCoasts__ .. . . ..... . $_ .. .... 6____00 ........- _2_.00.%. $ 3 ,72 S 0.~01360

--- --- ---- -- - - - -----

-- - - -- -- - -- -- ------ ---- -- - - - - - -Su-oa LwFuel Cost$101on _$2_,9•33.• 924_ J _NA

Sub-total (Medium Fuel Cost $20/ton) $ 3,725,M74 $ 0.042286
Sub-total (High Fuel Cost $35/ton $ 5.106,799 NA

S2 Months Working ......

* - Rte CaitalTotal $
11.1 Interest on Working Capital (10ton edstock) 46732 NA
11.21interest on Working Capital ($20/ton feedstock) 10%$. 620,M§.-- $ 629i 5 0.000704
11.31Interest on WorkinCapal35,tonfedstock. ... . . 10.% . _ 85_13~3 17 $ 85,113 NA

Total pLeow Fuel Cost $1q/ton .i ...... _ _ NA
-- Total Ite.d,_m_ Fu~el__Ca____t 5/to, _$_3_.2•.1_ -- 0.04. _o_. 70

Total (High Fuel Coast S35/ton) $ 5.191.912 NA

Year Expenditures on Capital

I • epriciation - Buildings 0 20 $ 98560 S 0.001116
__Depcin-uP nt .01 10 $1_8_1,300 $ 0.M20779

{ _. i-,I .......~ereat Rate___nte_ _o_.tR.

l ntereston Investment- uddig_ % $
4 Interest on Investment-. Equipment. . 19i@13.00 f 5% 4..,TZ $ 0.005563

jTotal "$ 2,469.150 5 0.02016

TotaOperatio nal Costs par Year . .Total Average Cost

Low Fuel Cost $10/ton _$ 5.5;M,726 S 0.063468
Medium Fuel Cost 120/ton "_$__ 5 29 . 0.0"F40_4
lHigh Fuel Cost $35/0on $ 7,934,9M2 $ 0.090033
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Feedsock Receiingand Proessing I
6F- ed-t;o-k Truck Dum .-. - .....--- - 17 - . . -

2!.mro t End Loader 120 ... . . . . . _ . . ..3lMetal Removal Eq5uipment i - - - - - -S0_

- - --n- -- - --- *- _.I-- -- ---

51Blending Equipment $1 ________-- 7 -! 9 s •n -• 4;•i n .. . . . .. . ....... -.. . . .. . - . . . . . . .. . . . .. _ _.. ... . . .. . ._ _.. . . . .. .- - .. . _- ;

ITotal -_- $ _45

Operational Equipment
IlPower Generation Equipment .$ 7_3M_000
2Gasficaion Process $ 7~OJX

3l nt ecti ions -. 1-----__- _-- - -- j

5THeat Recovery $__1_700,000
. .._Total .. . ... . . . . . . . . . . . . . . .. . . . . . . . .. _ _ - . . . . . . . _ . ., . . S _ i1B _ 8 _D _

Land and Infrastructure
IPlUd i Bu iings i r :n--- 612--0-

Fuel. P-• -- in -. ui-di. .-----------.-----.. . . -- --

SFuel Stora e Bins $71_______ ____ 280l0.0
Total Is 2M542J00

Sub-Total---------- .... i ,2-55100
....... 4•-...,4311,

Tatal Capital I I ,586MO]
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Gasification Generation - Full Capacity

.. ... _.• _ ._..._ ......... ............ ... ............... ...--------
basPer Year

SHoura Per Year
.... 4_D~asofMaint~e~nan~~e_ Dowet•.im__eperp± Y ...ar ..

.Hours: of Maintenance Downtime per Year

Operational Hours er year

~PlntCsacty~li--------------- ----

. ... ... . .....Pow er .. 4 .. . .. . .. . .. .. . .. . ...-. .

... .... Generpt. pa.:tin Capw b cr.. .... .......... ... ... ....

--- ----- -- -- -

-- ---- ---

-- ----- ---- 21 6 -- -- .------ -

- - -- ----
2D.227r~

--- ----------

Total quantity ofElctq cityPro uced -- ------e-------r-- Yea r------- --t---------.------,
Biomasa Input YMPD .33 . . .......... .. ..... . ................ ........ .......

Biomas----- ----- ---------j 83 85-

Biomass Efficiency (kWh per Wet Ton of Biomass) 911 i
0peratlng Cost ............

- -- _- ----- ------ ---. . .. Totals -$ (- 2/Wet-
Overhead and Administration Salary', Benefits ton)

... I___ Gen eral _Ma ng e~r- . ..... . . . . . .... 110~D . I --_ 1....... 8 __I40,W $ 0.0007915

----- .-- ----- ----- 2B I .2W_ s 0000660-
. Clerical SDppo t . .. -28 S [-- |-$---.- - 0000542

ITota! $ 275,00[ L 28% 352• S 0.001987
ariable Cost of Operation Maintenance Downtime

. 1... Indusial -/kWh

ainj CsfoD -------------------------------------------------- !E8 E4P5P.02--_ WstTonsperYssr J - Pncelton.

2.2Ful Cst jir ear(Mc~u a 62/tn)16388 M 20! 5 3hW.7W0 S 0.02756
23iFuel Costs per Year (High at $35/ton) 183,885 S 35 i $ 6.435,975 NA

S Ash oNsperýK)-P!p 'I5to
3Ash Disposal Cost per Year 2700 20.005 1$ ,W1 $ 0M035.... T•V -&_Xt-aYii - r ... ............... . . .... " --- __..... .......... T -- • • ]--. . . .•

WdWate and Water Tra t meant $ 159,000 $ 0.00097
7 Employee[ Aversae tSalr±______

-L-bor 20 5 30] 5 61 S0 $ 0.03--- I~z _.T -z ----- - ---- - $--- -- --- - -_ -_ ------i • _ -• ----...----o---.........
6iWorkere'Compensation ,60, 7%_ $ 42_00_ 1 0 0002R,

t~lnrt Gs t 19~ - ! 0.003306
j Total Capitall Percent of Captali

9l'Yeady Taxes and Insurance Costs $ 43292X0-----1.00%1 $ 658340 $ 0.00371710ifvearty Maintenonce Costs $- 4_3 _2J_,00 I 2.00%j $ 57• 00096

-- -- T-------._ -.-...-...-.. .......... ... .! A . .. ... . . ... . . .

-Sub-tota---g Fue Cost $1/ton_ _ A -i-8----- ----- NA

. . -. . .. a 2 Months Working

1i.1 i nterest on Workin1p ts{ 0/ nfe tck - -0 ----- 79-47 ----- ~I
11.1 jlnterest on Working Copitala(120ton feedstock) 10%1 $ 7940141 67 5 1060.03 N1
11 ---r-er-st on Working Cap-ta-l3.--on-feedaock _ 10%- - 1_0332 .171 5 156$ 33 NA

---- :-]Total •ow Fuel Cost $10/ton) I _______tS 4,844,282 NATota. _l•o t._e.dm Fe___o___l C ___2tnl-----------------------i5 671Z3,1_0.._ _0._0_789.
Tota Fuel Cost $_5l toni S . 9_.1_q2 NA

fearly Expenditure o~n___ptaJ"-.

-- _- . salage Lifetim. _ (Ye•rs•' __...... .. ...... :Bi+-,_,___ __.. . .. .. ... . . 0 lj 0i __10 ._,1Xo S_ 0__ox9
2 Depreciation- Equipment 02 10 $ 3,0$GOO0 $ 0.007270

---- CShall -interest Rate
3 Interest on Investment - Buildings 5%... 3-----J- 5_1 S____ ) _ 0. 4 I
_- -4_-InterestonIr estmentEqu _ ....-.... . . ...... _, _5 $ 815,O00 $ 0 .W0411

Total _ 1.5. . 01_023224

Total 0 pera-tonal Costs per Year Total $ Average Cost

Low Fuel Cost $10/tlon -------------------- -- - ---- 1~. -. 02-5
Medium Fuel Cost $201ton $ _11.180,780 $ 0.063101

.... Hi-h Fuel Cost 535/ton $..... .. ... . .. . 1_I-_ 5 ffi 3 J26 S 0.078927
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Feedstock Reitnq and Processing __ i - - _
MFeedstock Truck Oum j lo

-3- -- -- --ta-- - --mova--- ------t---
iET~r. ndn.Sizing Equipment _ $_2

54~lendinA --------------------- ---- S i2p
o~cnvaom 5 125 P

. , i -.tlonl -Equlpmqfl . .-..... ...
-{o e Ge-eratio -E--------------t 13~JI90AM

2'Gasification Process -_____ ___ _____ I 11.3 P
3! Interconnections -- $ 200J_ D
i--- a--t -- Hea -1r------- - --.- - . .------ - - --

Ttal, i $ 31 JB90 P0

Land and Infrastructure " - - ------------

Plant-- -u--ldis - -. ------ --

_ 'Fuel Processingi Building -. ------ s -- -
j Fuel Storage Bins _ _ S 40__0_ITotal.. .

. Sub-Total ------------------ -- - ----..

ITotal Capital ________ _____ __ _____Is 43W2=D
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Pyrolysis Generation -Full Capacit'y____ ___-

lCasel 9
Days Per Year i365

Hours Per Year - 8,7-6

Days of Maintenance Downtimeje Year20
--- -.---- ----------------- - -------- -.--- - --

Hours of Maintenance Downtime per Year 480
Iqperational Hours poryaa ,8

--2 - ----- -*- ---- W-----------Intemal Power UsedklnWhj

... ..--_-I. ; ,• ,• _ ._-c• -.• .. . . .. . .. . ...I . ............ 1,-, 2 i ------------------... .. .. . .. . . .. . . .. .
[ot-al u-ait of-iS d -p • r . -4- ........... ............-...-. - . . ... ....
iTotal Quantity of Electricity Produced per Year 39346W55 __ _ _ _- ______

A~qrnaeqs-nprA T P)-- --------- - -- --- ---- -- ----.... k t.......... .|• i; :.. ...... ---.. ........... . ....--........ .... .. ... ........... .. . ....
.... ..B iom__s _s _n _E•Lffi .. _n i .. ..i .. . .. . . ... . . .. .. .. . .. .. .To.. .. .. .. . .. .. .. , . .. .... . .. .. .. .. . ...13. .

.... .. i._om a._. np _t'T_. _r Y r) .. 2 . I
Operatin Cost--

S----- ---- - -Tot----------$--We

Overhead and Admfn~straton - Salar- ------ 8------ ton
++ e_ _..q ___ . .. ..: .. . .. . . .. .... . .. .. .. .. ... .. . .. . . .'.;.. .. .. ..... _J .. ........... ---. ... ... ...

Ge an~er-al Mangfer 201.- ------ I entbBSi 1- ------IS 000)2614
2LAccounting Support M $ lt 20% $ 64 tL $ 0001537

- -• _• i.. .. .. ... .. .. .. .. .. ... . ...... . -i. . . ..+ ] - . ._ - -• $ ..... .. ......
3Clerical Supoft 00 2854----- 2590) 1 .mbii5

arlablo Cotof Operation Ma-intennce Downtimel----- ---4-------- ---- -
J!...r) Industrial k h

______ ,eW Met Tons per Year" P ton

2.1 Fuel Costs per Year (Low at $10/ton) -.- 5- - ; s 10 1 $ 552PO0 NA

.....~~ ~~~~~ ~~ ~ .. .............. ...... . ........ . §§,_20_0tom +[_A_) ...... .pp_._L . ... ............Pm, ,-L .025521...

-- ---. - -- - ---- ~0668
total -!tdu Ful- os----------- - I~ - - ~N* ts Dsotal Qlg ulCost S3er Year - 275 Moth L00 $ 1r- $ 000

Rted Craptal L Totalla

or10%S 292 14533 1102 .Inees n oki-Caialm ,on edoo 10% 5i 384r 14633 g_ ,S . ... . ..

------ ----.- ----- -- ------ -

................. ............................---- ,--------_, --.---------o----.-------- ----- £Z .............

7 Miscellaneous el_ __ost l$ 000_N37A

Total. 1ý"edaum F~uinel Costs I2/o)5 2~323I 0.00476

....... Yearly Maintenance Costs $ 13,218o00 T 2.00%t1 S 214.3A 0 $O 0.006351

total 0 Fuel Cost $1 -on --.. . . . .. ........ .. -, NA -

.......!b-_epricia ion._ iB FurI Co• _r'•_oyl....... ..... Sal.. ...... vage ..... .bftm (' si _ _ • .•...e .i . . ...- _ _

............ _................____,___ _ _.-..------------------- ----- ------------ -" ---• ) ........ . ....---- 2 M onths W orking I . . . . . . . .

-- -C~~~pfTota Ineet$a

Rue 2_92tý_ ...... $ T .. .. . ........

102 Interest on Workin Ce ital on feedstock) 10OW $ 384.146.33 3B41 $ 0000923
10.3 Interesto on Wine Capital n feedsEockiet 10% $ 522,146.33 % $ 52% 1 NA

steW~ O-rtoa -ot -p ----- ------------ --------- Toa, I Ae geCs

------- -----.----. $* 1--tP93

~- ----- - ----.-

taigh Fuel Cost 536 /Ion_ _ __ i __$_1,.______01126NA

Iu~• Exoenýditue ng 2apta $ 45 $I.D1

__ ep _qA=R--qu~ip e ... . ..L _ 0i ___102$B1I8_

_ 1 .. . 4/temso IrrLjmet:_~q~m n ....... .. .$ ... 9•1--0 )_ % 4• 0.005955

Medium Fue Cost r Ave20e Cos

HKigh Fuel Cost 63511on ii $ 4,B903M8 $ 0.112H7
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Feedstock Recehdpn and Pro-assing- ------
1]~eedstock Truck Dum $ iOOXK=

2.. .ront End Loader ... .__" ___.. .. . $ "12OA
31Metal Removal Equipment _ _ _ _ $ 5 15j0
4IGrindingýSizin•g Equ-p-ment - - -- .----- 1

-- 5!Blending Equipmen.-i --------

Z• - Z• Z• •- • Z Z I-I • Z : • :• • Z]-:Z-T L - ---------------------- :•------
Operational Equplment -- - -

M..ower Generation Equipment __________________ ________________ . .

2;Derni ralizr S-wi -- ------------ --- ---------- --- - ----- ---------
32 oiler al ze S 2eX,
4Abnstrumentatien & Controls i i 126)X,3

j~!oal S 9,315XD3

L..d a at .. ....................... ..... ..
-ind and~ Inrsite reation __________ _________ ________I

- - 2~laiiuid- ------ ---- - -- - -- ----- - ---- ------ - --- 1I~

----- -- - -- -- - -- - --Total 1$ S ,0,0

* - * -------.------- - --------- - - ---~ -- t-- .-.---

.. ... .. .. .

Cahill n3enc~~ll¶~[ --------------------- ~1
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Pyrolyis Generation - Full Capacity _ _" _ _ _ _ _

~C ase 8 2 - -- - --- ------- ---- ---- -
iOays Per Year i 5

1Hurs Per Year B,7601
:Z:----------------- ----- ------------]•ZZZZZZZ •:•--- -------- --- -----L--Z---

!Days of Maintenance Downtime per Year 20l
fHours of Maintenance Downtime per Year 480
Opperational Hours per year 8.a,
Plant C apacity kW h) 10,147 1 ................ __.. .... . . . __--. ..... . . . ..
Internal Power Used (.Mk__577 --- -- -- --------- -----------

Lotsl Qa!nqqqqLd SW(ber Yest 83,833ý20_Q -------------- ----
,Total Quantity of Electcit. old---r Year- --3- -
Biomass Input WTPDo). 320 i i

8iomas~flcienc(~Vr~perston o--- -- m-- s--------------- 71-----

era-tlnf- Cos -- ------. . -- --- --.. . . . . . . . .--- . .. . .-------------7 -- ------ ----- -.. . . . . . . - . . . . . ... . . .----- --- .--- --- q-----• -

--- -- - - - - --- TotalS S /k h ( 2 i
Overhead and Administration Salaryi Benefits: __________

lI~eneral Manjer - $ - 1.04f)i-----------28%1 $ 128 _D)_i 0.001627.. .2 .- c nti]j~upppr 5 70. 1~_ .. . . . . . . .. T- - i 0. 1069

31Clerical Support I 44AM1 28% S 6.3=! $ 0.0072
Total 1_J 2W%5 273= 1 $ 01T327Variable Cost of Operation I Maintenance - --

Doni~' 1 kAyj lndustnial S/k*i
-----Z: ------.. ... ....... ...... i_ ~_ L__ _w/Z__L -i. . -.-: - -- -- _--------- - ---------:

S Purchasing Cost for Downtime Electicity per Year L _•___.J_ $ 0.0500 S 229__ 1_ $ 0.002740
. .. ... .. ... .......... ..... .. ... .. ........ . . W e T/ ons per Year I Price /ton! .... ..... __.. ....... ...

2.1 Fuel0 I)S it4J] N
2.2 Fue Costspe Year M edum a Oln)I 110.4001 $ 201i 2,20B JM $ 0.02633
2.3 Fuel Costs per Year (High at $351ton) 110,403 $ 3 $ 3 640 NA
- - -------- -Ashffonsjrer Dis- sa P I /IonM- -~ ------------

I3Ash Disposal Cost pe er1750 S 20.001 35Pl i$ 0.000417

4 Water and Water Treatment _- $ 6_J__, _ .CoT00•
Si~abo I Emloyee Average Salary I Total $ 1________

------- I -- ----- 341 $ 3 2 M $ 0.012167
I Total SalaypiaaW rs Compe

_.____.._,•__5_tL ___e ___Fu__C•_l•. n

7 Miscellaneous-- ecn . 0.003465
.. .. .. .. .. ............................... - -.. . --- Ca p a--- -- -

SYIearTest n Isranc Costs $1tfeok '1) 1 50%133 $ 2 003872~ ~a~yMineaceCss 2 2 D)1200%; !432B4 0.05163
Sub-total (Low Fuel Cost _ 10_ton) $ _______- . _j______3_.135.6 NA

_CM_~ubtoa geiurn Fue ot10In 0.06265
---- - -- ----- .. .. .. .._Sub-total H$ih F__uelC_ 35hon_ . 7_4 NA

-.T-.. . .. . . ... 2 Months Working [
"~ t Depreciation-al -EI~i Tott l .

10.1 Interest on Inestm pital (-10Aon feedstock) 1 0% 5% $ 35 i NA

10. st on........Capital. ..3....n............ ;t. 0_2._ .5 .__ NA

Total ILow Fuel Cost $10/ton T $__58._7_ 1 NA
-- Total (eimFuel Cost $2/oi4 qj.1 176,$ 0.053573

" o Higlh Fuel Cost S35/tonL ) 0,75,321 NA 010

Salvaget ~~~Lifetime (Yeari _____

I e~~iitin-udin s 7-5 01 $_ _ 0S~ I 0.000927
__ Deprsciation.qj imn .r[ 0_ 1014P~i 0XDI1 .118
_________________________________t~a Capita- I nteretGTst Ra, _____________

3 Interest anInvestment- Buli- 1i66,55 6% 87 .O464
4 Interest on Investment - 1j~en 6M.1300 I % $ 4 1A 0.034795

Total -- 2--------- 00213b7-
Total Operational Costs per Year ----------------- I Total S I Average Cost
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APPENDIX III

Figure A-25: Direct Fire Operational Cost Breakdown ($10/ton)
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Figure A-26: Direct Fire Operational Cost Breakdown ($20/ton)
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Figure A-27: Direct Fire Operational Cost Breakdown ($35/ton)
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Figure A-28: Co-Fire Operational Cost Breakdown ($10/ton)
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Figure A-29: Co-Fire Operational Cost Breakdown ($20/ton)
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Figure A-30: Co-Fire Operational Cost Breakdown ($35/ton)
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Figure A-31: Gasicfication Operational Cost Breakdown ($10/ton)
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Figure A-31: Gasification Operational Cost Breakdown ($35/ton)
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Figure A-34: Pyrolysis Operational Cost Breakdown ($20/ton)
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EXECUTIVE SUMMARY

This report applies mean-variance portfolio (MVP) theory to an analysis of electricity generation
planning for the Commonwealth of Virginia. MVP analysis is an established methodology used
for financial portfolio optimization that has also been applied to capital budgeting, project
valuation, energy planning, and climate change mitigation risks. MVP analysis facilitates the
evaluation of investments in terms of their relative cost and risk contributions to the overall
portfolio. Financial planners use MVP analysis to deal with uncertainty. They have learned that
a diversified asset portfolio provides the best means of hedging risk.

Electricity generating technology portfolios in most states have been designed without an
analytical assessment of risk and Virginia is no exception. The State's current mix of generating
technologies is dominated by fossil fuels and nuclear power, and is particularly vulnerable to fuel
price increases. In particular, natural gas prices are known to be both highly volatile, which
leaves the Virginia's citizens and businesses vulnerable to potentially significant and detrimental
increases in electricity prices.

This portfolio-risk analysis has three objectives: i) to highlight the benefits of applying MVP
optimization to assessing the costs and risks of future generating portfolios; ii) to demonstrate a
new rationale for renewable energy technologies that goes beyond the least-cost planning
arguments that have dominated the debate on this subject to date; and iii) to create a vehicle for
constructive dialogue with the Virginia Corporation Commission and the State's electric utilities.
In particular, this analysis examines a number of renewable energy portfolios that could be
included in Renewable Portfolio Standard (RPS) legislation being considered by the Virginia
legislature.

The report examines the impacts that these possible RPS portfolios would have on the expected
cost and risk of electricity generation in the Commonwealth in 2015 relative to a baseline
projection from the Energy Information Administration (EIA). The MVP model was used to
identify optimal RPS solutions, and the results shows that the optimized RPS generating mixes
significantly reduce electricity cost-risk while increasing cost only slightly. Specifically, the 15%
RPS scenario reduces the portfolio risk by 25% to 30% while increasing portfolio cost by a mere
0.2 to 0.3 mills' per kWh over the 2015 EIA mix. The 20% RPS scenario reduces portfolio risk
by 30% to 35% at a cost of only 0.4 to 0.5 mills per kWh.

Figure ES-I plots the range of the "optimal" mixes for both the 15% and the 20% RPS scenarios
along with the "Efficient Frontier," which represents the minimum portfolio cost for any given
level of portfolio risk. For reference, the figure also contains the 2003 current mix point and the
2015 EIA mix. Figure ES-2 shows the technology mixes for the EIA baseline portfolio and the
range of optimal RPS portfolios.

Studies from other states with RPS legislation have found that increased levels of renewable
energy production put downward pressure on natural gas prices so that each MWh of renewable
energy-based electricity results in an indirect savings to consumers. On a regional basis, these
savings benefits had a high of -$5/MWh; for Virginia, a consumer savings of $3fMWh from
renewable energy generation has been assumed. Therefore, when the slight increase in cost of
instituting an RPS is combined with the consumer savings from lower natural gas prices, the
result is a net savings to Virginia consumers and businesses of over $30 million and $18 million
respectively for the 15% and 20% RPS scenarios.

'One mill is equal to one-tenth of a cent.
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The two RPS mixes also significantly reduce carbon dioxide (CO2) emissions from power
generation in the state. In 2015, the 15% RPS portfolio reduces CO2 emissions by 10 million tons
per year compared to the 2015 EIA mix. The 20% RPS portfolio results in a CO2 emission
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reduction of over 13 million tons per year in 2015, which is only a 1 million ton-per-year increase
over 2003 levels.

The MVP analysis shows that current and planned generating mixes for Virginia create
unnecessary exposure to fossil fuel price risk. Fixed-cost, low-risk renewable energy
technologies can significantly reduce this risk to Virginia consumers and businesses with only
very minor increases in electricity costs. Furthermore, because implementing renewable energy
technologies will reduce the demand and price for natural gas, Virginia consumers and businesses
are likely see a significant net savings from the steady introduction of renewable energy
technologies in the state.

In addition to the economic and climate change benefits highlighted in this report, it should be
noted that there are other justifications for implementing an RPS in Virginia that have not been
addressed. These include the stimulation ofjobs and economic development in rural areas of the
state, reductions in air pollution emissions and the resulting health and quality of life impacts, and
increased energy security. These other benefits are also quite real, and add more weight to the
need to move quickly to implement RPS legislation in Virginia.

Chesapeake Climate Action Network Page 3
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1. INTRODUCTION

Decisions regarding the nature of the electricity supply mix in Virginia have long-term
implications regarding our economic prosperity, environmental health, and social well being, and
government has a legitimate role to play in addressing the inability of the markets to recognize
the public impacts of technologies. Market competition is good at forcing companies to be
efficient and responsive to customer needs, but in general, markets do not incorporate the costs of
pollution or the benefits of local job creation and a cleaner environment.

The current mix of generating technologies in the Commonwealth of Virginia is dominated by
fossil fuels and nuclear power, but there is a large consortium of experts and citizens who contend
renewable energy technologies should play a larger role in the future. However, many decision
makers perceive renewable energy technologies to be too expensive, and even though they
provide environmental benefits, these are difficult to quantify. Much of Virginia's new
electricity generation is planned to be fuelled by natural gas, and prices for natural gas are known
to be highly volatile. This leaves the state's citizens and businesses vulnerable to potentially
significant and detrimental increases in electricity prices at some point in the future.

The analysis presented in this report applies mean-variance portfolio (MVP) theory to the
problem of electricity generation capacity planning. Mean-variance portfolio analysis is an
established part of modem finance theory2 and is widely used for financial portfolio optimization.
It has also been applied to capital budgeting and project valuation [Seitz and Ellison, 1995],
utility fossil fuel planning [Bar-Lev and Katz, 1976, Humphreys, McLain, 1998], valuing
offshore oil leases [Helfat, 1988], energy planning [Awerbuch and Berger, 2003], quantifying
climate change mitigation risks [Springer, 2003], and optimizing real (physical) and derivative
electricity trading options [Kleindorfer and Li, 2005].

1.1 Background

Dealing with uncertainty is a necessity for financial planners, and they have learned that a
diversified asset portfolio provides the best means of hedging future risk. MVP analysis allows
them to evaluate individual investments in terms of their relative 'cost and risk contributions to the
overall portfolio mix. Considering only the potential return to a stock would lead one to hold
nothing but risky high-growth stocks. By considering both risk and return, MVP leads to
balanced, diversified portfolios that are optimized to the investor's appetite for risk.

Given the inherent uncertainty about the future cost and performance of electricity generating
technologies and the diverse mix of potential options, it makes sense to shift electricity planning
from its current emphasis on stand-alone evaluations of altematiye technologies, to an evaluation
of alternative generating portfolios and technology strategies [Awerbuch, 2005]. Mean-variance
portfolio theory is highly suited to the problem of planning and evaluating electricity portfolios
and strategies.

Electricity capacity expansion planning in the U.S., even when conducted under Integrated
Resource Planning procedures, is still largely based on least-cosi principles, under which planners
evaluate generating alternatives using their stand-alone costs. Least-cost analysis may have
worked sufficiently well in previous technological eras that were marked by relative cost

2 Mean-variance portfolio theory is based on the pioneering work of Nobel Laureate Harry Markowitz

conducted about 50 years ago [Fabozzi, Gupta and Markowitz, 2002, and Varian, 1993].
3 IRP filings increasingly claim to use a "portfolio approach" [Awerbuch, 2005] although they do not
incorporate the essential mean-variance portfolio concepts used in this analysis. Rather, they perform the
traditional sensitivity-based risk analyses, which can be quite misleading [Awerbuch 1993, 1995, 1995a].
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F)
certainty, low rates of technological progress, technologically homogeneous generating
alternatives, and stable energy prices [Awerbuch, 1995a]. However, today's electricity planner
faces a broadly diverse range of resource options and a dynamic, complex, and uncertain future.
Attempting to identify least-cost alternatives in this environment is virtually impossible
[Awerbuch, 1996].

MVP optimization can address the inherently different nature of many of today's generating
options, such as conventional fossil fuel technologies with low capital cost and high fuel costs,
and renewable alternatives which tend to have high capital costs but low (or no) fuel costs.
Furthermore, the MVP analysis evaluates the options not on the basis of their stand-alone cost,
but on the basis of their portfolio cost-i.e. their contribution to overall portfolio generating cost
relative to their contribution to overall portfolio risk. At any given time, some alternatives in the
portfolio may have higher costs while others have lower costs, yet over time, the appropriate
combination of resources serves to minimize overall expected generation cost relative to the risk.

1.2 Study Objectives
This portfolio-risk analysis for the Commonwealth of Virginia has been conducted with the
following objectives in mind:

1. Using the MVP principles to exemplify a new analytical methodology that explores both
the costs and risks of possible future generating portfolios;

2. Demonstrating a new rationale for renewable energy options that goes beyond the least-
cost planning arguments that have dominated the debate on this subject to date;

3. Creating a vehicle for constructive dialogue with the Virginia Corporation Commission
and the electric utilities in the state.

This report examines several possible renewable energy portfolios that could be included in 7)
Renewable Portfolio Standard (RPS) legislation being considered by the Virginia legislature. It
suggests that relative to the projected baseline generating mix for the state, there exist portfolio
options with greater renewable energy shares that exhibit less risk and that cost no more. The
report examines the impacts that these possible RPS portfolios would have on the expected cost
and risk of electricity generation in the Commonwealth in 2015. The analysis suggests that the
RPS electricity-generating mixes will significantly reduce the electricity cost risk while only
increasing cost slightly. Furthermore, the report explores the economic and environmental
benefits of the electricity cost risk reduction that RPS legislation could produce.

2. MVP MODEL FOR VIRGINIA

This section provides a short description of mean-variance portfolio theory and summarizes the
data and structure of the MVP analytical model for Virginia. The analysis uses 2003 as the base
year and analyzes different portfolios for the year 2015.

A portfolio analysis can be performed on the basis of generating capacity or on the basis of
electricity consumption. The present analysis is based on electricity consumption, as it provides a
more appropriate comparison between technologies with different annual capacity factors, and
because renewable portfolio standards are generally based on target percentages of total
electricity consumption in the region.
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2.1 MVP Theory4

MVP theory was initially conceived in the context of financial portfolios, where it relates the
expected portfolio return to the total portfolio risk, which is defined as the standard deviation of
the portfolio returns. The portfolio analysis seeks to maximize return for a given level of risk, or
minimize risk for a desired level of return. In the context of electricity generating options, the
expected portfolio cost, which can be defined as the inverse of the return, is used rather than the
return, and the optimization seeks to minimize the expected portfolio cost.

The following discussion of MVP theory is based on a simple, two-asset portfolio. In general, the
expected portfolio cost is the weighted average cost of the individual expected costs of the
generating mix components. For this two-technology generating mix example, the Expected
Portfolio Cost, E(Cp), can be written as:

E(C_) = XI°E(C1) + X2.E(C2) (Eq. 1)

Where: X, and X2 are the fractional proportional shares of the two technologies in the mix, and

E(C1) and E(C2) are the expected generating costs for those technologies.

The Expected Portfolio Risk, cyp, is a weighted average of the individual technology cost
variances, as tempered by their co-variances:

o'p = VX 1 2ral + X 2
2 ao22 + 2XIX 2P1 2 ~o'r2  (Eq. 2)

Where: X, and X2 are the fractional proportional shares of the two technologies in the mix,

al and a2 are the standard deviations of the holding period returns (HPR)s of the annual
costs of technologies 1 and 2, and

P12 is their correlation coefficient.

For each technology, risk is the year-to-year variability (holding period standard deviation) of the
three generating cost inputs: fuel, operation and maintenance (O&M), and capital (or construction
period risk). Fossil fuel standard deviations are estimated from historic data while standard
deviations for capital and O&M are estimated using proxy procedures (see Awerbuch and Berger,
, 2003). The construction period risk for existing technologies is zero. Therefore, new
technologies in this analysis are generally riskier than existing ones--e.g. new coal is riskier than
existing coal. Furthermore, capital-intensive renewable technologies have cost structures that are
nearly fixed over time. They might cost a little more on a stand-alone basis, but their costs are
fixed or essentially riskless.' More importantly, renewable energy technologies are uncorrelated
to fossil fuel price risk.

4 This section taken from Awerbuch, Jansen et. al. 2005).

' The Holding Period Return is defined as HPR = (EV - BV)/BV, where EV is the ending value and BV
the beginning value (see: Seitz and Ellison (1995), Brealey and Myers (1994), or any finance text). A
detailed discussion of its relevance to portfolios is given in Awerbuch and Berger (2003).
6 The term riskless is used in the finance theory sense to mean that their costs are at least systematically

riskless (e.g. 1 = 0.0), if not entirely fixed. Where costs fluctuate, their movements either represent a very
small proportion of total cost, or are uncorrelated with costs of major risk drivers such as fossil fuel costs.
A technology whose costs move slightly, but not in unison with the costs of the predominant fossil
technologies, is almost as desirable as one with fixed costs (See Awerbuch, Jansen et. al. 2005, and
Awerbuch 2000).
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The correlation coefficient (covariance) is a measure of diversity. Lower correlation among
portfolio components is a result of greater diversity, which serves to reduce portfolio risk. Stated
another way, increasing diversity, as measured by an absence of correlation between portfolio
components, reduces the portfolio risk. Adding a fixed-cost technology to a risky generating
mix, even if it costs more than other alternatives, has the remarkable effect of lowering expected
portfolio cost at any level of risk. A pure fixed-cost technology has ai = 0 and Pij = 0. This
lowers the portfolio risk (since two terms in Equation 2 reduce to zero), which allows other
higher cost technologies into the optimal mix.

2.2 Portfolio Data for Virginia

2.2.1 Electricity Consumption
The baseline amount of electricity consumption for Virginia was developed from the Energy
Information Administration (EIA) State Electricity Profiles for 2002, which provide total net
electricity generation in megawatt-hours (MWh) and total electricity retail sales for every state.
This overall data was combined with another set of data tables from EIA, which provide power
production by producer type and energy source for Virginia (also in MWh) from 1990 to 2003.
This historical data is plotted in Figure 1. Note that conventional hydroelectric goes negative in
the latter years because the data includes pumped storage.
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Figure 1: Historical Electricity Generation by Fuel Type In Virginia

Projections from the EIA National Energy Modelling System7 (NEMS) for the Southeastern
Electric Reliability Council (SERC) region were used to calculate the overall growth in electricity
consumption and the baseline growth rates for each electricity generating source. The annual
electricity consumption growth rate for this period is 1.8%, which results in a 2015 consumption
of 124.5 billion kWh for Virginia. The EIA projections were also used to determine what new
generating capacity additions and retirements were expected between 2003 and 2015. This
resulted in the baseline projections for electricity generation and consumption in Virginia and the

7 Table 68: Electric Power Projections for Electricity Market Module Region, Southeastern Electric
Reliability Council, 2005 Annual Energy Outlook.
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fractional proportional shares of consumption, Xi, as shown in Table 1. Note that the EIA
projection does not show any planned addition of coal power plants until 2014, but it does show a
steady increase in electricity generation from coal, which is attributed to efficiency and capacity
factor improvements. For the purposes of this analysis, the one planned SERC region coal plant
addition was allocated entirely to Virginia.

Table 1: Virginia Electricity Consumption In 2003 and Baseline Projection for 2015

MWh % MWh %-
Existing Coal 37,093,331 36.9% 41,600,617 33.4%
New Coal 981,120 0.8%

Existing Oil 5,780.336 5.7% 7,435,454 6.0%
Nevw Oil 1,490,639 1.2%

Existing Natural Gas 4,622,025 4.6% 4,146,653 3.3%
New Natural Gas 6,515,265 5.2%

Existing Nuclear 24,816,022 24.7% 27,642,562 22.2%
New Nuclear 0.0%

Conventional Hydro 283,410 0.3% 392,987 0.3%
Small Hydro 0.0%

Existing Wood Residue l.507.922 1.5% 1,719,031 1.4%
New Wood Residue __371,910 0.3%

Existing MSW 1,098,198 1.1% 1,251,945 1.0%
New MSW 0.0%

Existing Landfill Gas 104,048 0.1% 118,614 0.1%
New landfill Gas 25,662 0.0%

Existing Other Biomass 4,129 0.0% 4,707 0.0%
New Other Biomass ._ _ 1,018 0.0%

Wind 0 0.0% 0 0.0%

Solar 0 0.0% 0 0.0%

Total Renewables 21997.706 3.0% 3,885,875 3.1%

Total Generation 75,309,4A 74.9% 93,698,185 75.2%

Imports 3 2 A16 25.1% 30,843,689 24.8%

Total Consumption 100,540,736 100% 124,541,874 100%
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Other than some small additions of renewable power plants (biomass and landfill gas), the only
other planned capacity additions come from combustion turbines (oil) and natural gas combined-
cycle plants. Also for this analysis, the pumped storage portion of the hydropower component
was removed, and only the conventional generation portion of hydropower was included. The
table shows both the generation from existing technologies and from new technologies, since
these have different costs and risks in the MVP analysis. Finally, Virginia currently imports
about 25% of its electricity consumption, and imported electricity was treated as an independent
supply option, which fills the gap between the projected consumption and the total in-state
electricity generation. As a result, imports continue to grow, but at a slightly slower rate than
total consumption.

2.2.2 Technology Generating Costs
Expected generating costs, E(C), for the existing and potential new generating technologies in the
state were developed from several local and national sources. The investment, fixed O&M, and
variable O&M costs for new technologies were assembled from Electric Power Research Institute
(EPRI) and Department of Energy (DOE) sources, which also provided plant efficiencies and
capacity factors. The fuel costs were developed from two different EIA sources. Historical fuel
prices in the electric sector were taken from EIA State Energy Data! for Virginia, and the
projected future fuel costs were taken from the 2005 Annual Energy Outloolk7 The electricity
cost for each technology was calculated using a standard engineering cost methodology. The
resulting electricity generation costs for each technology are shown in Table 2 and plotted in
ascending order in Figure 2.

Table 2: Electricity Generating Costs for Existing and New Technologies In 2015

Technology Existing New
Coal 0.043 0.054
ON 0.061 0.067
Natural Gas 0.045 0.047
Nuclear 0.034 0.059
Hydro 0.025 0.048
Wood Residue 0.050 0.057
MSW 0.041 0.066
Landfill Gas 0.042 0.044
Other Biomass 0.050 0.058
Imports 0.045 NA
Wind Classes 4 & 5 Onshore 0.064
Wind Classes 4 & 5 Offshore 0.087

Wind Classes 6 & 7 0.051
Solar PV 0.139

The capital cost for new technologies was levelized at a 15% capital carrying charge rate. For
existing technologies, a utility-costing approach was used that reflects the idea that in their
electricity purchases, utility consumers pay a set of capital charges that decline over time as assets
age and book depreciation is charged. In effect, the capital recovery charges decline over the life
of the asset. This was approximated by using a 10% capital carrying charge rate for the existing

8 Table 6: Electric Power Sector Price and Expenditure Estimates by Source, Selected Years 1970-2001,
Virginia

K
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technologies. Levelized fuel costs were developed from AOE 2005 projections for the SERC
region. Note that wind technology was divided into three categories by the strength of the wind
resource and its location. Only solar photovoltaic (PV) systems were included as there is not a
good resource in Virginia for concentrating solar technologies. Geothermal technology was not
included as the resource in Virginia appears suited only to heating applications and not electricity
generation. Ocean energy was not included as it was considered too new to have an impact by
2015.
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Figure 2: Electricity Generating Costs for Technology.Types in 2015

2.2.3 Technology Cost Risks
Technology risk, ai, is the year-to-year variability (holding period standard deviation) of the
components of the electricity generation cost: capital, O&M, and fuel. Table 3 shows the
estimates of technology risk used in the analysis for each technology. Note that because capital
investment risk only takes place during the construction period, the capital risk for existing
technologies is zero. The fossil fuel risk is calculated from the historic' fuel data for Virginia,
which is provided by EIA for the electric sector in Virginia.s. The standard deviations for capital
and O&M have been previously estimated using •proxy procedures (see Awerbuch and Berger,
2003). The most important variations betweeni technologies are in thie capital investment risk,
where the length of the construction period'is' one of the critical factors impacting the risk.
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)/
Table 3: Components of Electric Generating Technology Risk

~H~ld~n~ ~ Standrd Oeviatlna

Investment (b) Fuel (c) Variable O&M Fixed O&M

Coal 0.20 0.125 0.2 0.087

Oil 0.20 0.760 0.2 0.087

Natural gas 0.15 0.740 0.2 0.087

Nuclear 0.20 0.052 0.2 0.087

Hydropower 0.20 0.000 0.2 0.087

Wood residue 0.20 0.084 0.2 0.087

MSW 0.20 0.000 0.2 0.087

Landfill gas 0.15 0.000 0.2 0.087

Other biomass 0.20 0.084 0.2 0.087

Wind (All Classes) 0.05 0.000 0.2 0.087

Solar PV 0.05 0.000 0.2 0.087

Imports 0.00 0.740 0.0 0.000

(a) Based on estimation procedure by Awerbuch and Berger (2003)

(b) Investment risk for Existing technologies is zero

(c) Empirical estimates based on 1985 - 2001 data

2.2.4 Correlation Coefficients
The correlation coefficients, Pij, are a measure of whether changes in two components are
correlated, i.e. whether they change within the same period and by the same proportional amount.
Previous analyses by Awerbuch and Berger [lEA, 2003] have shown that changes in investment
cost for different technologies are rather highly correlated, changes between investment cost and
O&M cost for various technologies are only slightly correlated, and that investment and O&M
are not correlated at all with fuel costs. Table 4 shows the matrix of these correlation factors.

Table 4: Technology Correlation Factors for Electric Sector Investment and O&M

Technology B

Investment Fuel Variable O&M Fixed O&M
Investment 0.700 0.000 0.100 0.100

Fuel 0.000 Fuel dependent 0.000 0.000
Variable O&M 0.100 0.000 0.700 0.100

Fixed O&M 0.100 0.000 0.100 0.700
(a) Based on estimation procedure by Awerbuch and Berger (2003)

Correlation factors between fuel costs vary significantly, and for this analysis, have been
calculated from the historic fuel data, as tabulated by EIA for the electric sector in Virginia.'
Table 5 shows the matrix of fuel correlation factors. These are calculated for the fossil fuels,
enriched nuclear fuel, and wood. Hydro and the other renewable energy technologies do not have
fuel costs, so their correlation factors are zero and are not shown. The other item for which a fuel
correlation factor was calculated is electricity imports, which represent a significant fraction of
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the state's electricity supply. Currently, imports originate in electricity markets such as the PJM
Interconnection. The price for electricity from these markets is set by the marginal cost of the last
increment of generation for any period, and increasingly natural gas generation is at the margin.
Therefore, the price response of imports is nearly identical to natural gas generation, and the fuel
correlation factors for natural gas were used for electricity imports.

Table 5: Fuel Correlation Factors for the Virginia Electric Sector

-* - + ~
I

Coal Oil Gas Nuclear Wood Imports

Coal 1.00 -0.15 -0.03 0.07 -0.47 -0.03

Oil -0.15 1.00 0.83 -0.09 -0.18 0.83

Gas -0.03 0.83 1.00 -0.31 0.02 1.00

Nuclear 0.07 -0.09 -0.31 1.00 -0.19 -0.31

Wood -0.47 -0.18 0.02 -0.19 1.00 0.02

Imports -0.03 0.83 1.00 -0.31 0.02 1.00

2.3 Technology Cost and Risk
The cost-risk coordinates for the technologies used in the MVP analysis are shown in Figure 3.
The costs are the same as those shown in Figure 2. However, adding the risk dimension provides
significant new insight into the technology choices and how they are likely to influence the
overall portfolio risk.
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Figure 3: Technology Cost and Risk
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2.4 Virginia MVP Model Structure
The Virginia MVP model built for this analysis is an Excel workbook containing supporting data
and model inputs as described above, along with future portfolio options and the optimized
portfolio results. The essence of the model is its calculation of the portfolio cost and risk. The
model evaluates options for 23 technologies consisting of the existing and new generating options
and imports. These are run through a series of matrix calculations with 23 x 23 elements, with a
fourfold sub-matrix in each component. The internal solver function is used to locate minimum
cost portfolios at a specified level of risk and other constraints.

3. VIRGINIA PORTFOLIO OPTIMIZATION

3.1 Portfolio Constraints

In theory, any one technology could provide the entire electricity needs for the state, but in
practice every technology has certain constraints that must be recognized and accounted for in the
development of realistic portfolios.

3.1.1 Renewable Energy Technologies
Deployment of renewable energy technologies can be limited by their resource availability and/or
the practical limitations of project development and equipment supply. Table 6 shows the
renewable energy generating potentials for the Commonwealth of Virginia as constrained only by
the availability of the renewable resource.

Table 6: Renewable Energy Technology Generating Potentials (GWh) K
4-1 0

New Small Hydro 2,701 2.2%

New Wood Residue 3,500 2.8%

New MSW 6,227 5.0%

New Landfill Gas 471 0.4%

New Other Biomass 5,808 4.7%
Wind Class 4&5 Onshore 54,032 43.4%
Wind Class 4&5 Offshore 50,852 40.8%

Wind Class 6&7 17,310 13.9%
Solar PV 6,227 5.0%

The hydropower resource estimates for Virginia were developed by the Idaho National
Engineering and Environmental Laboratory [Conner and Francfort, 1997]. Of a total technical
potential of 1250 MW, 617 MW was evaluated as developable and consisted of 88 sites on 10
river basins. Only five of these sites have a potential generating capacity over 25 MW and only
one is larger than 100 MW. No information was provided on the potential electricity generation
from these sites, so a 50% capacity factor was used to estimate the maximum generation potential
for hydropower.

Woody biomass resources in the U.S. have been estimated by Oak Ridge National Laboratory
[Walsh et al., 2000] for each state and for a variety of sources including urban wood wastes, mill
residues, forest residues, agricultural residues, and two varieties of energy crops. The total
available (unused) resource in Virginia for urban wood wastes, mill residues, and forest residues
was used as the upper limit for new wood residue plants, and the total available (unused) resource (
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in Virginia for agricultural residues and energy crops was used as the upper limit for the new
other biomass9 category.

The potential for landfill gas projects to generate electricity was derived from the EPA's Landfill
Methane Outreach Program'° survey of existing landfills in Virginia and that program's estimates
of the potential generating capacity that could be installed at each site. A 65% capacity factor
was used to calculate the potential electricity generation from landfill gas power projects.

Wind is fast becoming one of the most cost-effective renewable energy technologies, and given
its likely importance to future RPS scenarios, a special investigation of its resource potential was
performed as part of this study. A "Wind Resource Map of Virginia" that was developed by
AWS TrueWind is available from the National Renewable Energy Laboratory (NREL) wind
resource web site". Although the map indicates where the wind resource is located, it does not
provide an estimate of the potential energy generation from wind. In addition, knowing where
the wind resource is located is not sufficient to estimating the wind potential because many areas
that have good wind resource are not suitable for development. To address these land suitability
issues, the Virginia Wind Energy Collaborative (VWEC) developed a landscape classification
system [VWEC 2005] as a public resource to facilitate the inclusion of environmental
information into macro-siting decisions of utility-scale wind power. The landscape classification
system defines three categories according to their potential for conflict between utility-scale wind
farms and other existing or potential uses. The categories are: Unsuitable for Development,
Flagged for Potential Use Conflict, and Unclassified.

The James Madison University Office of the Virginia Wind Energy Collaborative was tasked to
overlay the Virginia wind resource map and the three category areas defined by the landscape
classification system in their geographical information system (GIS) database. They then
determined the areas of developable wind potential for Class 4, Class 5, and Classes 6 & 7 winds
in the state for both onshore and offshore resources after 100% of the Unsuitable category lands
were removed and after 50% of the Flagged and Unclassified lands were removed. The
remaining areas were converted to potential wind generation using standard conversion factors
recommended by NREL. This work is documented in a report that is available on written request
to the Chesapeake Climate Action Network.

For this portfolio analysis, Class 4 and 5 wind areas were combined but the onshore and offshore
resources were kept separate because of the different technology costs for these resources. The
Class 6 & 7 resource is all onshore as there are no wind resources that strong off the Virginia
coast.

Resource limits were not calculated for either municipal solid waste (MSW) or solar PV. In the
case of MSW, the amount of MSW being land-filled at Virginia facilities between 1998 and 2004
increased 6.2% annually to almost 18 million tons in 2004. However, the annual amount of
MSW burned in waste-to-energy power plants is just over 1 million tons per year.'2 Therefore,
the resource is not a limiting constraint on the potential for MSW power plants. Instead, there are
political and environmental factors that appear likely to limit the growth of this technology, and

9 Other biomass also includes agricultural waste, straw, tires, fish oils, paper pellets, sludge waste, digester
gas, and waste alcohol.
1o EPA's LMOP Landfill Database, sorted by state and project, is available at

http://www.epa.gov/lmop/Xroj/xls/lmopdata.xls.

11 http://rredc.nrel.gov/wind/
12 Data derived from the Virginia Department of Environmental Quality's Annual Solid Waste Reports,

available at http://www.deg.virginia.gov/waste/aswrs.html.
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an upper bound of 5% of total 2015 consumption was used, which is about 6,227 GWh. For
solar PV, the resource is also not a limitation. Instead, cost and technology applicability are the
limitations, and an upper bound of 5% was also used.

3.1.2 Conventional Technologies
Theoretically, the coal, oil, natural gas, and nuclear technologies have no upper bounds, but they
do have practical limits for this- portfolio analysis. A lower bound is needed for the existing
technologies to prevent the model from retiring existing operating plants, and an upper bound for
the new technologies is needed that corresponds to the development difficulties and lead times for
building new power plants. Table 7 provides these bounds in terms of the proportions of the
portfolio that these technologies can assume. The upper bounds for the existing technologies
were calculated on the basis of no retirements of existing plants. The lower bounds for existing
plants allow some retirements of coal, oil, and natural gas plants, but not for other technologies.
Upper bounds for the new technologies were selected to allow a wide range of portfolio options
to be explored.

Table 7: Lower and Upper Bounds for the Proportions of Conventional Technologies

Existing Coal 25.0% 33.4%

Existing Oil 3.0% 6.0%

Existing Natural Gas 3.0% 3.3%

Existing Nuclear 19.9% 22.2%

Existing Hydropower 0.2% 0.3%

Existing Wood Residue 1.2% 1.4%

Existing MSW 0.9% 1.0%

Existing Landfill gas 0.1% 0.1%

Existing Other Biomass 0.003% 0.004%

New Coal 0.0% 15.0%

New Oil 0.0% 2.0%

New Natural Gas 0.0% 25.0%

New Nuclear 0.0% 5.0%

Imports 0.0% 50.0%

(7)

3.2 Efficient Frontier
Portfolio optimization locates minimum cost-generating portfolios at any level of risk. These
optimal or efficient mixes lie along a line referred to as the Efficient Frontier. Figure 4 shows the
Efficient Frontier for Virginia in relationship to the individual technology cost-risk points. The
Efficient Frontier is quite flat over large regions, increasing just slightly more than a mill13 per
kWh between 9% risk (the minimum cost point) and 5% risk.

The changes in the least-cost portfolio technology shares along the Efficient Frontier are shown in
Figure 5. The highest risk portfolios consist almost exclusively of coal, nuclear, natural gas, and
imports, with imports driving the risk at the upper end of the range. Below 7% risk, renewable
technologies begin to replaces new natural gas generation and imports. First small hydro and
landfill gas are added followed by increasing amounts of wind. At 4.5% risk new coal is added as

13 One mill is equal to one-tenth of one cent.
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wind class 6&7 is exhausted, but this is replaced at lower levels of risk by wind class 4&5. At
the lowest level of risk achievable, solar is added to displace existing coal.
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Figure 4: Virginia Portfolio Analysis - Efficient Frontier
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Figure 5: Portfolio Mixes along the Efficient Frontier

In general, the upper and lower bounds on the existing and new technologies do not affect the
Efficient Frontier with the exception of existing oil. The model would retire all existing oil use
for electricity generation at every level of risk.
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3.3 Virginia Portfolio Options in 2015
Three principal scenarios for the 2015 electricity generation mix were investigated: the baseline
EIA projection, a 15% RPS scenario, and a 20% RPS scenario. The MVP model was used to
identify optimal RPS solutions, and the model results indicated that a range of possible solutions
existed for each scenario that primarily varied the mix of new natural gas and imports. Therefore,
the range of the "optimal" mixes for both the 15% and the 20% RPS scenarios are plotted on the
same chart as the Efficient Frontier in Figure 6 along with the 2003 current mix point and the
2015 EIA mix.

Figure 6 shows that the state's 2003 mix is efficient from a cost perspective, but is unnecessarily
risky at a 7.2% standard deviation. Furthermore, the 2015 EIA mix, while still relatively
efficient, actually increases the portfolio risk to 7.7%. On the other hand, the 15% RPS scenario
reduces the portfolio risk to between 5.4% and 6.0% while only increasing the portfolio cost by
0.2 to 0.3 mills per kWh over the 2015 EIA mix. The 20% RPS scenario reduces the portfolio
risk to between 5.0% and 5.5% at a cost of 0.4 to 0.5 mills per kWh. Thus, the RPS scenarios
reduce portfolio risk by between 30% and 35% with a very small increase in cost.

It is important to note that an infinite number of optimized portfolios exist that meet the
technology-share requirements of the 15% or 20% RPS constraints. These mixes lie on two lines
that are parallel and slightly above the Efficient Frontier in Figure 6. However, we show only
two optimized mixes for each RPS case, one with low imports and the other with low natural gas
use.
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The generation output from each technology for the various portfolios analysed is shown in
Figure 7, and the percentage output from each technologies can be seen in Table 8.
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Figure 7: Virginia Portfolio Options for 2015

Table 8: Portfolio Option Technology Shares

Coal 36.9% 34.2% 33.4% 33.4% 33.4% 33.4%

Oil 5.7% 7.2% 3.0% 3.0% 3.0% 3.0%

Natural Gas 4.6% 8.6% 15.9% 7.3% 9.6% 3.4%

Nuclear 24.7% 22.2% 22.2% 22.2% 22.2% 22.2%

Hydro 0.3% 0.3% 2.5% 2.5% 2.5% 2.5%

Wood 1.5% 1.7% 1.4% 1.4% 1.6% 1.6%

MSW 1.1% 1.0% 1.0% 1.0% 1.0% 1.0%

Landfill Gas 0.1% 0.1% 0.5% 0.5% 0.5% 0.5%

Other Biomass 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Wind 0.0% 0.0% ,9.2% 9.2% 13.9% 13.9%

Solar 0.0% 0.0% 0.5% 0.5% 0.5% 0.5%

Imports 25.1% 24.8% 10.5% 19.1% 11.8% 18.0%

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

3.4 Portfolio CO2 Emissions
Carbon dioxide (CO2) emissions from power generation are the largest single component of all
greenhouse gas emissions, which many believe are producing significant climate change. Figure
8 shows the total CO2 emission from electricity consumption for each of the scenarios modelled
above. With the 2015 EIA mix the state's CO2 emissions would increase from 57 million tons
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r-)
per year in 2003 to 71.7 million tons per year in 2015. The 15% RPS solutions results in 2015
CO 2 emissions of 61.5 million tons per year, which is slightly more that a 10 million ton-per-year
reduction from emissions under the 2015 EIA mix. However, it is still a 4 million ton-per-year
increase over the 2003 emission levels. The 20% optimal RPS mix results in 2015 CO2 emissions
of 58.4 million tons per year, which is only a 1 million ton-per-year increase over 2003 levels.

80.0

70.0 -

S50.0 nX Imports

J40.0 11 Natural Gas

C

30.Oil

20.0 ....

m Coal

10.0 ---

Current 2003 2015EIAMx 15%RPSLow 15%RPSLow 20% RPSLow 20%RPSLow
Mx Imports NG Imports NG

Figure 8: Annual CO2 Emissions from Virginia Portfolio Options

3.5 Economic Value of Electricity Price Risk Reduction
The MVP analysis shows that significant reductions in electricity price-risk can be achieved at
very small increments in the overall cost of electricity to Virginia consumers. This risk reduction
is largely the result of lower oil and natural gas shares for electricity production. In addition to
risk reduction benefits, reducing gas-oil shares for electricity generation produces other benefits
for consumers. Studies from other states with RPS legislation have found that increased levels of
renewable energy production put downward pressure on natural gas prices [Wiser, et al., 2005,
and Bolinger, Wiser and Golove, 2004] so that each MWh of renewable energy-based electricity
saves U.S. consumers between $7.50/MWh and $20/MWh on a national basis. On a regional
basis, the savings benefits are more modest because of the smaller consumer base, and the
indicated savings had a high of-$5/MWh.

For Virginia, a consumer savings of $38MWh from renewable energy generation has been
assumed, and the resulting consumer savings are shown in Table 9 to be over $30 million and $18
million respectively for the 15% and 20% RPS scenarios using the low natural gas cases.
Because the 20% RPS creates almost 50%/o greater savings of natural gas, its per-MWh benefit
may be even greater than was assumed here. In any event, both scenarios show a significant
economic benefit to Virginia consumers through both the optimizing of the electric generating

K~)
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portfolio to reduce vulnerability to future natural gas price shocks, and lowering prices for natural
gas by easing the overall demand.

Table 9: Annual Savings In 2015 of an RPS Compared to the EIA Mix

7~ae 7777261s-to EIiMi S4IO

15% RPS 20% RPS

Renewable Energy Generation (GWh) 18,681 24,908

Savings at $3 per MWh $ 56,044,000 $ 74,725,000

Incremental Cost compared to 2015 EIA Mix $ 25,789,000 $ 56,565,000

Net Consumer Benefit $ 30,255,000 , $ 18,160,000

4. CONCLUSIONS

Past approaches for evaluating and planning future energy choices, based on stand-alone
comparisons of technologies, have been consistently biased in favor of risky fossil fuel
alternatives. The MVP analysis described here shows that the current and planned generating
technology mixes for Virginia create unnecessary exposure to fossil fuel price risk. Fixed-cost,
low-risk renewable energy technologies can significantly reduce this risk to Virginia consumers
and businesses with only very minor increases in electricity costs. Furthermore, because
implementing renewable energy technologies will reduce the demand and price for natural gas,
Virginia consumers and businesses are likely see a significant net savings from the steady
introduction of renewable energy technologies in the state.

The benefits of renewable energy are a "common" good that accrues to all and cannot be captured
by individual investors. The result is an under-investment in renewable energy relative to
societally desirable levels. Government action is required that sets the rules for electricity
suppliers to systematically implement renewable energy technologies. The Renewable Portfolio
Standard (RPS) scenarios modeled in this report represent one such government policy that has
already been accepted in 20 other states and the District of Columbia. The results of this report
demonstrate ample economic justification for adoption of similar legislation by the
Commonwealth of Virginia.

It should be noted that there are other justifications for implementing an RPS in Virginia that
have not been addressed in this report. These include the stimulation of jobs and economic
development in rural areas of the state, reductions in air pollution emissions and the resulting
health and quality of life impacts, and increased energy supply security. These other benefits are
also quite real, and add more weight to the need to move quickly to implement RPS legislation in
Virginia,
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Executive
Summary

The Clean Coal Technology (CCI) Dem-
onstration Program is a government and
industry co-funded effort to demonstrate a
new generation of innovative coal utilization
processes in a series of facilities built across
the country. These projects are carried out on
a commercial scale to prove technical feasi-
bility and provide the information required
for future applications.

The goal of the CCTProgram is to furnish
the marketplace with a number of advanced,
more efficient coal-based technologies that
meet strict environmental standards. Use of
these technologies is intended to minimize
the economic and environmental barriers that
limit the full utilization of coal.

To achieve this goal, beginning in 1985,
a multi-phased effort consisting of five
separate solicitations was administered by
the U.S. Department of Energy's (DOE)
National Energy Technology Laboratory
(NETL). Projects selected through these
solicitations have demonstrated technology
options with the potential to meet the needs
of energy markets while satisfying relevant
environmental requirements.

Part of this Program is the demonstra-
tion of advanced electric power generation
technologies, including circulating fluidized
bed combustion (CFB).This report discusses
the JEALarge-Scale CFB Combustion Dem-
onstration Project which is testing the CFB
concept using inexpensive feedstocks such
as high sulfur coal and coal fuel blends.

The project is being conducted at the
Northside Generating Station of JEA (for-
merly Jacksonville Electric Authority) in
Jacksonville, Florida, and JEA is the project
Participant. Foster Wheeler Energy Corpora-
tion, the technology supplier, is an additional
team member.

To date, the JEAProjecthas operated CFBs
to generate electricity at a scale larger than
previously demonstrated. The boilers at the
Northside Station are the largest CFBs in
the world. Power production on coal feed
meets the target goal of 297.5 MWe gross
(265 MWe net). Emissions of atmospheric
pollutants are below the stringent limits set
for this project. A two-year demonstration
test program is planned to evaluate the op-
erational and environmental performance of
the CFB system.

( )
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JEA plant with CFB boilers In center and fuel storage domes In background
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The JEA Large-Scale
CFB Comb ustion
Demonstration Project

Background
The Clean Coal Technology (CCT) Dem-

onstration Program, sponsored by the U.S. De-
partment of Energy (DOE) and administered
by the NationalEnergyTechnology Laboratory
(NETL), has been conducted since 1985 to
develop innovative, environmentally friendly
coal utilization processes for the world energy
marketplace.

The CCT Program, which is co-funded by
industry and government, involves a series of
demonstration projects that provide data for
design,construction, operation, and technical/
economic evaluation offull-scale applications.
The goal of the CCT Program is to enhance the
utilization of coal as a major energy source.

Fluidized Bed Combustion

Among the technologies being demon-
strated in the CCT Program is fluidized bed
combustion (FBC). FBC is an advanced electric
power generation process that minimizes the
formation of gaseous pollutants by controlling
coal combustion parameters and by injecting
a sorbent (such as crushed limestone) into the
combustion chamber along with the fuel. In the

JEA project described in this report, the fuel
is coal or a blend of coal and petroleum coke.
Crushed fuel mixed with the sorbent is fluid-
ized on jets of air in the combustion chamber.
Sulfur released from the fuel as sulfurdioxide
(SO 2) is captured by the sorbent in the bed
to form a solid compound that is removed
with the ash. The resultant by-product is a
dry, benign solid that can be disposed of eas-
ily or used in agricultural and construction
applications. More than 90% of the sulfur in
the fuel is captured in this process.

An additional environmental benefit of
FBC power plants results fr6m their rela-
tively low operating temperature, which
significantly reduces formation of nitrogen
oxides (NOx).

Five FBC demonstration projects are in-
cluded in the CCT Program under Advanced
Electric PowerGeneration: (1) the JEALarge-
Scale CFB Combustion Demonstration Proj-
ect, (2) the Nucla CFB Demonstration Project,
(3) theTiddPFBC Demonstration Project, (4)
the McIntosh Unit 4A PCFB Demonstration
Project, and (5) the McIntosh Unit 4B Topped
PCFB Demonstration Project. This Topical
Report describes the JEA project.
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Project Description
The JEA Large-Scale CFB Combustion

Demonstration Project consists of installing

a new 300-MWe (297.5-MWe nameplate) at-
mospheric circulating fluidized bed (ACFB)
boiler in conjunction with an existing turbine
generator at JEA's Northside Generating Sta-
tion (Unit 2) in Jacksonville, Florida. In par-
allel with this project, JEA replaced the Unit
1 oil/gas fired boiler with an identical ACFB
unit. Unit I continues to use its existing tur-
bine generator.

These boilers are designed to bum fuel
blends consisting of coal and petroleum coke,

thereby greatly reducing plant fuel costs and
maintaining fuel flexibility while meeting
stringent emissions limits. These units are
the world's largest ACFB boilers.

In this project, the existing Unit 2 turbine

generator was upgraded, and other existing
balance-of-plant (BOP) equipment and sys-
tems were either upgraded or replaced. The
existing turbine building and some piping
systems were re-utilized.

Steam from the combustor is used in an
existing General Electric 297.5-MWe (name-

plate) turbine to produce electric power. With
parasitic power consuming 32.5 MWe, net
power output is 265 MWe.
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Project Participant

The Participant is JEA, who provided the
host site. An additional team member is Foster
Wheeler Energy Corporation (FWEC), who
supplied the ACFB technology.

Fuel Supply

Coal feed is an Eastern bituminous coal
having a sulfur content of 3.39 wt%. Petro-
leum coke having a sulfur content as high
as 8% also serves as feed, either alone or in
combination with coal.

Project Scale

The JEA project represents a scale-up of
previous ACFB installations.The Nuclaproj-
ect, completed in 1992, had a capacity of 100
MWe (net) and the Tidd project, completed
in 1995, had a capacity of 70 MWe (net). The
McIntosh Unit 4Aproject (currently on hold)
is designed for a capacity of 137 MWe (net),
and the McIntosh Unit 4B project (also on
hold) has a design capacity of an additional
103 MWe (net). At a nominal design capacity
of 300 MWe gross (265 MWe net), the JEA
project is the largest scale demonstration of
FBC technology to date.

o . •
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Process Description
Coal fuel blends, along with primary air

and a solid sorbent such as limestone, are in-
troduced into the lower part of the combustor,
where initial combustion occurs. As the fuel
particles decrease in size due to combustion,
they are carried higher in the combustor where
secondary air is introduced. As the particles
continue to be reduced in size the fuel, along
with some of the sorbent, is carried out of the
combustor, collected in acyclone separator, and
recycled to the lower portion of the combus-
tor. Primary removal of sulfur is achieved by
reaction with the sorbent in the bed. Additional
SO 2 removal is achieved through the use of a
downstream polishing scrubber using a spray Two 400-foot diameter by 140-foot high aluminum geodesic domes for fuel storage

dryer absorber (SDA). Fabric filters are used
for particulate control. - '

Furnace temperature is maintained in the
rangeof 1500to 1700°Fbyefficientheattransfer .
between the fluid bed and the water walls in the
boiler. This relatively low operating temperature
inherently results in appreciably lower NOx
emissions comparedwithPC-firedpowerplants.
However, the project also includes anew selec- -

tive non-catalytic reduction (SNCR) system,
using reaction with ammonia to further reduce W
NOx emissions to very low levels as required --

by the stringent environmental regulations forte E
the JEA project.

Steam is generated in tubes placed along
the walls of the combustor and superheated
in tube bundles placed downstream of the
particulate separator to protect against ere-
sion. The system produces approximately 2
million lb/hr of main steam at 2,500 psig and
1,000°F, and 1.73 million lb/br of reheat steam Limestone conveyors

at 548 psig and 1,000*F The steam flows to
the turbinelgenerator, where electric power is
produced. The design heat rate is 9,950 Btu/kWh
(34% overall thermal efficiency, higher heating
value basis).

The JEA CCT project incorporates several
advanced features including a patented inte-
grated recycle heat exchanger (INTREXTM )
in the furnace.
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Environmental
Considerations

The JEA project site is located in North
Jacksonville, an environmentally sensitive
area surrounded by wetlands. A major goal of
the project is to minimize emissions of solid,
liquid and gaseous wastes. JEA is committed
to making Jacksonville "the premier city in the
Southeast in which to live and do business."
Through consultation with community and
environmental groups including the Sierra
Club Northeast Florida Group, JEA agreed to
emissions limits that are significantly lower than
those specified by current EPA regulations.

Sierra Club Agreement

As part ofthe agreementwith the Sierra Club,
baseline stack emission rates at JEA for Units 1,
2, and 3 in 1994-1995, in tons/yr of certain sub-
stances, were identified.Target annual emissions
rates representing a 10% reduction in each of
these components were calculated, anda penalty
of $1000/ton was established for any emissions
exceeding these rates regardless of whether
such emissions are allowable under any permit
or authorization. Payments are to be made to the
Jacksonville Environmental Protection Board,
earmarked for public environmental education.
The stack emissions involved in this agreement
are NOx, S02, particulate matter, CO, and vola,
tile organic compounds (VOCs). In addition, the
utility negotiated limits for trace metals.

JEA also agreed to reduce groundwater
consumption by at least 10%, and a penalty
of $1000/million gallons was established for
any groundwater usage at JEA exceeding the
agreed upon rate of 208.4 million gallons/yr,
regardless of whether such usage is allowable
under any permit or authorization.

These reductions in stack emissions and
groundwater consumption are especially sig-
nificant in light of the fact that total power
production at JEA after repowering is about
2.7 times as great as the baseline level.

Wetlands adjoining the JEA Plant site

lirnucuan Ecological
and H-istoric Preser~ve

Designated Februaiy 16, 1988
The46,0 acre Tirnucuan.Eco-

logical and Historic Preserve was
established in 1988 to protect one
of the uat .nspoiledci oastal wet-
lands on the Atlantic Coast and to.
preserve historic and prehistoric
sites within~ the area. The estuarine

ecosystem includes salt marsh,
coastal dunes,, and hardwood ham-ý
mock as well as salt, fresh, and
brackish waters., All of these are rich
in native vegetation and animal life.

The Preserve was inhabited by
the native Timucuan people for over-
4,000, years, be~forFe thýe arrival of the
first Eur~opeans. The Timucuani Pre-
serve has within its born'da-des fed-
eral, -state, and city: park lan ds and
over -300, private. landowners.

a
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':densate pofisher (ni2 only),,anvd installation of new:- the limestone preparation system for limestone sorbent.Ich~emical feed syses (nit 2 only). The -iiewfeedwiter
heaters included Type 304 N stainless steel tubes (weld- RcigSse
ed to tubesheets) instead of the'alunminumn bras tbe 'Sol fuels and limest6ne3 are received at the North-
rolled into th Ie tubesheets of the original heaters. side river te~rminal. A fiev,8o-ft dock ýrnd'over 2 mil~es

ofnwbl *vyr wr n alda part -of thie'4roj-
Upgrades to the feedwate'r system in Unit 2 included' fnwbl ovyr eeisalda

replacement of the HP f~eedwater heaters, upgrading of. ec.Flsredierdit6,0tncpiyshs
boiler~feed pumps and fluid drive', andepacirin ofietn n4,00tnsishefe hp r

s~andreplcemen of unloaded by a state- of-the-art continuous bukt"tp
the boiler feed pump drive motor. Againi, the new feed- rae
water heaters included Tye$04 NPtails 0nl6re at 1,666b

Typeeroeu stecue oke. The' tph'odor coa auidd by 4504 phisfor
'(Welded to tubesheets),- instead of the aluminum brass' ulaeri ude yasohsi
tubes rolled into the tubesheets of the original h`6aters.- tdeetoi oto ,s~~i~etn sulae

at atratof200ph
,The capability of existing piping systems and corn-'tof280th

panets as evieed ocofirmadeuac forthenew Solid fuels are stored in two.400-ft diameter by. 140-
dpertin ~n d~ignondiiois, nd h~r. ~ft high geodesic domes, made'ot~alurninun, having a

caait,'f, 60,000 tons. hs; oe ev oke hthey W'ere_ upgraded or replaced. Existing 2-inchand aact*Thedo ssevtoeeth
Iargevave i Uit2',ee iterorrf fuel dry and to reduce fugitive'dust emissions as well as

placed. Nearly all 2-inch and smaller piping ad valves somdtrrj.f Te ~ ul iho
reorturrusture to e~limiinate pyrairiding of coadustsidesn

-in Unit 2were replaced. Essentlially all instrumentation. in pottrcue
-p~it 2 was replaced. -' h n ~ ~ .' ''
The, original control systems in Jnits 1 and 2.were re-. Re' am Sytm

placed itane C provided byABB Inc, .to provide 'The r -clatim -,sys Items use for mouvingy feed mate Irials,
-control, monitoring, and prd!:666'n'o th0 il6 uriý6Mrrus&e to th blesa tr

trasand BOP systomi." Foster Whieele iproyded ~age- f npovd sufficient r6 I laIM rt o h
.the logic design~for the CFB boiler, and Black & Veatch 'two6 ýunits Kt 'tw stoag doe

provided the logic destgri for the 13OP s yses includinglaies steoalagdetdolemPes cand tw e
'povsinsfr trine wae nuto peeto.AB blended. Each reclainm systeý ýcan deliver. coal or petro&

frovie the p~lrogand in timlement the logc, esign leumn coke at a rate.of u~p to 600 tph.
TheBQ sytes.Common Equip ment

TeUnits I and 2 a'uxiliary'electric Systems (sw~itch- 1

,gea and motor'control centers) were relae because Dssupeion systemrs are prpvided'at ailrrmiate-,
of equipment obsolescence. All power and 6ontrolwining 'rial transfer'points. The stems are of the foamn type
was repraced due'to thd age o. th'e ywirinb an~d because a~ nd directly conitrol dust erfiissiois at: all transfer areas'~

the* existingwsnt'4 -bv h npat control wiring wsntsegreg'4ated from the e'xcept the cru~her buiding and the. area adj4Lcitý to, and
power wiring,' thus not m'eeting the r~equiremient ofe the inpln storag sil. which have dust col-
'new IICS. . . lectors. Reuse water js use for the foam type dust sup-

Other miscellaneous mo~difications included thie . resosytm
insa~ai~nof additional'airdryers and s~crewA-Ypp9 air Dust colfetor adetnthdutt

_ ompr .essors as well a's t6e ins~tallation Of titanu the, surgqe bins-, or qi6~vnstreamn of the col6le ,ction ,p ,ointsý in
ty'pe heat exch~ng~rs fo'r the Unit 2.closed in ti the case of the colcto ponsi h buhtbing.

codii U wafed~s collectedio hepit in-pi sthrae rshrbild' %ais e
system,-similar to those pre4viously installed in Unit 1 Teds ol.e i h npatsorg ioraI e

Fuel - 'turned to 6ne,of two in-ýplant fuel stdorage ilos.) '-
Handing ystm -,' "A PLC based control system cdontrols the 'ftel~han--

The, function of the fuel handling system isto, e .ei- dung sýstemr arnd i 'provided wvith ren oe.cnrlfrbl
petroleumn coke, coal, and lirrestone and convey it to conveyors and associated equipmdnt and ndessay'1stock-out and storage areas. The? materials are re- Iint c cnrlortli c rwyran machines (
claimed and conveyed to the inOln ftel silos and to unload Ier san' ~Lr~idtr-es.

'~~~~ug . 4'-4.-p''age IO0
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Emissions Targets

Design emission rate for NOx is 0.09 lb/
million Btu, which is achieved by the use of
relatively low operating temperatures in the
CFB couple4with post-combustion reduction
of NOx via SNCR.

For SO 2, the design emission rate is 0.15
lb/million Btu, which is achieved through
the use of a sorbent for sulfur capture in the
combustor, coupled with scrubbing of the
flue gas.

For particulate matter having a diameter
of 10 microns (pm) or less (PM1d, the design
emission rate is 0.011 lb/million Btu. Fabric
filters are used to achieve this low level of
particulate emissions.

Fugitive emissions are controlledbymini-
mizing the number of bulk material transfer
points, enclosing conveyors and drop points,
enclosing the fuel storage area, and using wet
suppression for particulates.

The reduction in groundwater consump-
tion is achieved by using treated wastewater
from a nearby municipal facility for certain
plant applications.

Project Cost
The estimatedcostoftheJEALarge-Scale

CFB Combustion Demonstration Project is
$309 million; of which the Participant pro-
vided$234 million (76%) andDOEprovided
$75 million (24%). The repowering of Unit
1, which is not cost shared by DOE, is not
included in this cost figure.

Stack Emission Rates in Sierra Club Agreement •j

Faiiy Reductio~ns from Pooe a~y
Existing Faiit Pr41oUnise 1,2,andli3,

Parameter Units 1 and 3, 19.91995 Base- nt , ,ad3
tons/yr line, Ionsfyr (10%

tons/yrtons/yr
-4000 03,600

SO13,649 1,8

cuqla e ,atter 979 98881
_ 3,066

VQC (cprnput cjas1

40/c of 00)

8.0

70

5.0;

3.

0 0

S0
2 

Emsin

13,649 * 6.3

Annual Energy Output.
22.3

NOx Emissions
4,000~ .0

PM Emissions
9791

16,000

14,000

12,000

10,000

8,000
-0.

6,000 .

4,000

Z000

0 J
)

!:i Before Repoweririg ,After Repowering

Comparison of anticipated annual energy output and emissions before and after
repowering,

C )
Fuel storage dome under construction
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- ~-7-i
Ash Hand ling System Generat~ng Station is obtained from the: District 11 Water

The ash handling system transports bed ash from the Reclamation Facility, transpo~led[Via an, 6ght-Milepie
outlets of the stripper coolers to the bed ash silos, and sie h aseae treated~through primary, second7-
fly ash from the economizer, ai eater hbopprs','and ayand advanced treatment., Dur~ing lprirar treatment,
baghouse hoppers to the fly ash silos TW~O set' of ash : large solids are remove'd. Secondary treatment uses mlm:-;
handling systems and as~sociated eup ntregis to remo6ve the rernair.ng solids and,organic-,-
~one for Unit I and the other for Unit 2. The bbd as me- rhateyriaj.
chanical conveying system and fly ash vacuumn conveying After secondary. treatmenti the wastewater travels.
systemn in turn consist of two fully independent prarallel. through clt tnen~ittwtý. 6bsz fap-

lnsormb]l any one line isin opq on ardteohri proxirnately 10 mirnt ~oe itayallýeannan intle spare however in an peratgon unI sthe ondhe lids: D to t~~o~irtal eiaie gecy up~ecp Douring advanced, br final trdatm, nt, the was.tewa
tion, both lines can be 'operated simultaneously. ter is'disinfected'usiiig chlorn o ,r utravlolet light to de-

The bdahadfy ashi from the ash silos *s slre s-o atrivn~ and other patho ensý
using reclaimed wae, mixed together,. and pumnped as a4 Consumption of reuse water is expected to be more

*dense slurry to the b -product storage4 area. hehnnilin a all t hrieent r p
Reuse Water '~erating.The reuse waer IsUsed for irculating water

Sysempurnpieals, boilerlpr~eciphitaton gre. drains. poilishing
Reuse water is domestic wastewater that has been' - cubr,~hsur rprto,'n~fe adigds

treated and disinfected to a high degree and re-used for S n-prs 6r.nd wasli dowh. F s~ir es may include
4beneficial purpses. The'reuse water used at, Northside riadn

Limestone preparation system
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Project History
DOE selected the Large-Scale CFB Com-

bustion Demonstration Project in June 1989
as part ofRound I of the CCT Program. After
a number of host sites were considered, the
project was resited in August 1997 to Jack-
sonville, Florida. The CooperativeAgreement
was signed in September 1997.

The Environmental Impact Statement
for the Jacksonville site, as required by the
National Environmental Policy Act, was
completed in December 2001.

JEA Background

JEA is the largest municipal power
company in Florida and the eighth largest
municipal utility in the United States. JEA
currently serves nearly 350,000 customers
and is experiencingaloadgrowth rate ofmore
than 3% per year. Most municipal utilities in
the United States do not generate their own
power. Those that do so are relatively small,
generating 25 MWe or less. Many of these
small utilities use diesel engines for power
generation. JEA is one of very few municipal
utilities having an installed capacity ofgreater
than 300 MWe.

Prior to the Large-Scale CFB Demonstra-
tionProject, JEA'sNorthside Station consisted
ofthree oil/gas fired steam electric generating
units. Units 1 and 2 were each nominally
rated at 275 MWe and Unit 3 at 518 MWe.
Units 1 & 3 had been in service since 1966
and 1977 respectively. Unit 2 was completed
in 1972, but had been inoperable since about
1983 due to major boiler problems.

As part ofits IntegratedResourcePlanning
Study in 1996, JEAconcludedthat additional
base load capacity was needed to support
Jacksonville's growing need for energy.
With demand growing, JEA executives saw
that the utility's ability to generate all of the
electricity required by its'customers--some-
thing JEAhad done for 100 years-would be
compromised early in the 21 11 century unless
it soon began planning new facilities.

f-)

The optimum source for that additional
capacity was determined to be repowering
Unit 2 with a state-of-the-art ACFB boiler
fueled by coal fuel blends. To provide the
projectwithanoverallenvironmentalbenefit,
increase the economies of scale, and further
diversif JEA's fuel mix, adecision was made
to repower Unit 1 with an identical ACFB
boiler as well. The DOE cost sharing does
not cover the Unit 1 repowering.

The environmental benefits include a
reduction in emissions of NOx, SO2, and
particulate matter by at least 10% compared
to 1994/1995 levels. As a result of increased
generating capacity and improved capacity
factor, total power production was planned
to increase from about 2.3 million MWh/yr
to about 6.3 million MWh/yr, an increase of
about 170%. An additional economic benefit
results from the fact that, prior to the repow-
ering project, Units I and 3 fired relatively
high cost fuels, resulting in limited dispatch
of these units. As a result of the repowering,
both Unit I and Unit 2 are now capable of
firing relatively low cost solid fuels. The use
of these fuels, which can be delivered by
ship, takes full advantage of JEA's existing
strategic assets including access to the St.
Johns River.

continued on page 14

()
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Process. Flowshe

CO"oal Goral fuel blends are crushed to about 4/ inch diameter
and Mixed With limestone ~crushed to the size of sand. Thi~66fu is,
ggiravierica, ly metered'and swept with heated coinusicn arir into'
the base of the comibus'tar. Limestone is injected into the same area

~of the combustor by theu se of positive displa~cemient blowers.,
As the solid mixtu~re ri~ses', it ignites a~nd begin~s a controlled

"slow burn." The slow burni process mrainitains temperatures below,
,,16000F across a large area, minirhizing-the lar~ducticin of pollutants..
f'At temnperatures above 16OO'11F prodILiction of N~xincreases signiifi-

dantly.
~.As the iue-1lpparticle~s burn, they become lighter and,.with the help

of additional' air that constantly tumnsihei partcles ov~erin a fluid-like
mot-ion,- they , ae &a~rried high~r in the c~ombuistor. The, limesoe-b
sorbs -about 90% of the sulfur in the fuel' (as So). -

At the cyclone inlet located at the top of the' combustor, aqu~e-
ous ammonia is injected into the flue gas to further redu~ze NOx,
produced in the furniace, converting it to Molebula r N2 The: , 6c!onie~s
provide for efficient mixing of the flue gas and ammronia as well as'

sufficiernt residence time at the oiptimuim operating temperature for
.effective NOx reductionri.: K": ý

-Thehotash nd irnstojie Oasdý'through thq INTREX` e;x
*ch1anger bfore being te~ylc~ the bbttorii of the combustor. In 4
.t e INTREX-"' exchale, sierheated steaziipr~ iodi ue
over hich the hot, ash r''min o -e

'-~Testeam flows inothe cyclone inl&t ariels,-throug lthe cy-.
'con wal;itote nrvection. cage WAILl through the primary .

supehbaerand into the 'intermeddiate a-rid fi11hsuperhater, nisng superheaters,~
whic~h reside within the INTREX exh agr Solid'mAtdrial, con-.

slitig riarlyof bash and CaSO 4. is removed fromt1:e16bottom of.
the comrbustor and sent to by-proui 4trrg

The hot gases e~aving the t~of the cyclone enter additional
reheater/superheat~er tube~s that also generate steam for the tur-ý

'`bine's. Tte still hot flue gas is used to prýheý6ath6 ,niap combustion
air before it is introduced to the bottom of the*furceo6.

After the reheater/superheater, the flue gas enters an air qual_'.:K
ity control system, whiere~ itravels downia~rd thiroughi A-polishing,
scru beir tht'pUs a16i slunry to 6absorb PO,ý FolloW tgf
scrubber, the flue' gas'passets through a bagho6use containing fabric
filters to further cle&a n'the gas before it is sent up. th tc.Te col-
lected particulates, 'Which are sent to by-product storage, inc~lude
trace metals captured in the fabricfilters.

JEA Large-
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FlTuidized- Bed ýCombustion
Fluidized bed combustion (FC s one of the major technotld.gies being de

veloped under Advanced Electric Powe'r Generation in DOE's OCT Program'
FBC reduices emissions of SO, and NOX, by,'controlling combustion param-,
eters adridby injecting a sorben't, such as cwslhed limestone, inito the combus-

-tlon chiamber along with the coal.
Pulverized coal miixed with the lim~estone is fluidized on jets of air in the

combustion ch~amber. Sulfur released from the coal as S02 is captured by the
sorbent in the bed to form -a solid calcium, compound that is renr.-oved with the,

ý'ash. T ,he resulta nt by-OroId uct is a d ry, benig n solIid that ca e-i psdo
ea.sily'or used in agricultural -and construction applications. More than 90% of'
the, SO, can be captured in this manner.

At combustion temprn trso 1,400 to 1 1600 0F, the fluidized mixingof the
fuel and sorbent enhances both combustion and sulfur aI t'dg.Thb prt
ing temperature ra~nge is much lower than that of aconventional pulverized-
coalII b I ier anid belo _w th e ter~nper~ature at which th Iermal. NOx '.is formed. In
fact, NOx e~missions from FBC units are about 70 to 80% lower than those for.

'con.rventidnal boilers. Thus, FBC units substantially' reduc~e b'oth SO and NOx
emissions. Also, FBC has the capability of using Jhigh-ash coal, whereas con-

etinlpulverized-c oal, units must limit ash, content in the coa'l'to' relatively
low levels.,
', Twor parallel paths have been pursued in FSC deelo~iient-bub~bling'ý and
,'crculatng beds. Bubbling'FBCs'u seden's~efluid bed'tndovidztin,,velocity to effect good heat transfer ndmtgeerso fluiinbd'hzatib
exchanger. Circulating FBCs use a relativiely high fluidizatibn velocity that en-',
trains the bed material, in conjunctionwt h ft .166 nis, to'sp rt nth~ from lie Ot searten recir-'
culate tebed- material fo-thIe ie gas, bef~re i passes'to a heat exc66~ng ,er.
I-{9brd system'shýaye evolved fro'jn ffiese t'&basicapproa~ches.-

Fludizd ed omustion can be either at oshri"AF13C) orpressurized',
(PFBC). As implied by the name -AFBC,,operates'~atým-osph~eric pressur~e.

;PFBCs, vhich operate at pressures 6 to 16 times higher, offer hi 'her effi-
ctericy by expanding the hot combu~stion- jOqdu~tsthrough~la gas turbine and'
'utilizing the steam geeae wti h combustor to operate a steamn tuirbine.
w'nequnl y aseratng c osts and- w~aste are reduced irelaiiveto AFC, a's

wela oler size, per uinjt of power outpu~t. ;

Second gnraihPEBO integrates the c Iombu .stor with apyrolyzer (c&al-
gasifier) to fuel a gas turbine (tdpp Wg c le5i,-ar~d, the wastehe~t is u~sed to
generate steam for a steam turbine (bottomning cycl'e). The inherent efficiency
of the gas turbine andý w's'tW -;heat rec verj/ in this comblined-cycfe mr~le-sig'-'
-pificantly increases overall etliclejidy. Such adýýaj6ed.,PFBG systems hiave the,_
potential for overall ther-rial efficiencies aprahig5%

r4

SincePFBCs hiav~ernot yet been demonstrated on a commercial scale,~
AFBCs were~ chosen for the JEA profet.~

Natural gas was rejected as an option
because northeastern Florida was served by
only one pipeline at that time. Orimulsion was
not considered seriously because it was not
held in high regard by regulatory authorities
and it did not offer a cost advantage.

In early 1997, detailed condition assess-
ments of Unit I and Unit 2 BOP equipment
and systems were conducted by JEA and
Black & Veatch. The results of that study
indicated that both Unit 1 and Unit 2 were
good candidates for repowering and were
capable of operating for many more years,
provided various equipment and system
upgrades were made.

In April 1997, lEA approved the project
and authorized staff to begin working with
FosterWheeler (FW) on contract negotiations
and environmental permitting.

Project Organization

JEA contracted with Foster Wheeler
Energy Corporation (FWEC) to provide
the design and supply of the ACFB boilers.
Foster Wheeler USA (FWUSA) provided
engineering, procurement, and construction
management services for installation of the
boilers and for furnishing and erecting the air
pollution control systems, stack, limestone
preparation system, and ash handling system.
Foster WheelerEnvironmental Corporation, a
subsidiary of FWUSA, was also contracted to
provide environmental permitting services.

The remaining portions of the project were
implemented by JEA staff, supplemented by
Black & Veatch through a pre-existing alli-
ance with JEA for engineering services. Pro-
curement, construction and related services
were provided through other pre-existing

14



alliances between JEA and Zachry Con-
struction Corporation, Fluor Global Services,
W.W. Gay Mechanical Contractor, Inc., and
Williams Industrial Services Inc. This work
included upgrades of the existing turbine is-
land equipment, constructioin of the receiving
and handling facilities for the fuel and reagent
required for solid fuel firing, upgrading of the
electrical switchyard facilities, and construc-
tion of an ash management system.

Project Status

Environmental permitting work was initi-
ated by FW in the latter part of 1997. This
work and associated preliminary engineer-
ing proceeded through 1998 and into early
1999. FW began detailed engineering for
the boiler island, including the air quality
control system, stack, and limestone prepa-
ration system, in December 1998. Black &
Veatch began detailed engineering for BOP
systems, including the fuel handling system,
in February 1999. Permits necessary tobegin
construction were issued in July 1999, with
site clearing and construction beginning in
August 1999.

Initial synchronization was achieved for
Unit 2 on February 19, 2002, and for Unit
1 on May 29, 2002. The JEA project will
include two years of demonstration test runs,
during which a variety of coal fuel blends
will be fired.

Design Parameters

FuelISpecificat!Qrls coal'.

Heafig Vale Stup >11,600

Spdfur, % 1 0.5-4.5

7-15

-a.M2WRftL"

Ol il Mte% 3-60

Steam' Ro~w and Cad-jns ~ Reheat

Flit,-100Olb/hr ~ 1994

Pressur' 2,500

Temperature, OF . ,000

(~~)

JEA plant view from by-product storage area

Ir)
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Project Objectives
The JEA project objectives are (1) to

* demonstrate 'ACFB technology at 297.5
K MWe gross (265 MWe net), representing

a scale-up from previously constructed
facilities; (2) to verify expectations of the
technology's economic, environmental, and
technical performance to provide potential
users with the data necessary for evaluating
large-scale ACFBs as a commercial alterna-
tive;'(3) to accomplish greater than 90% SO 2

removal; and (4) to reduce NOx emissions
by 60% compared with conventional pulver-
ized-coal (PC) fired boilers not equipped with
post-combustion NOx removal.

Initial Performance Results

-"Emlsqiopis ,Gurari~ 'Viij 100%Coattest"' 100% Coke.est

. . . ... SO A 0 ''. 15 . . . O -.O 4. 0.03-10.13' .

Nxb1Btt <009 Y 0.04-00.0fr0
COA.,.'C lb/tO8 Btu A <0.22- ' .,0005 .013-0,015'

P.rticulatqes, W+ Btu -.1 0 .004 0.007

PM lOt W1<01 0,10% .04
s6'0 )b6l Bt7 0 1100 0.00 4

S~~/hr i 0.43

* r7 •,L< :++.7 .• .0w0, ;":":: 0•.. ;• .03 :':++!-:

T luorkS, blhr r04 .O29 0.261
~Ladlbhr 0,070 0. oo5 0.16--

,7*.,. :+ *I : . . +• -,.: • . 0. 0 . . ..

Mercu96ylb/hr4, -0.03- 0.00270008

.,I I <0.
Op~~:0.36 0.21-.4

AmmoniaSip ppm0.9 n/a
+. 7,'. 7>/ = :

Boiler Parameters. "7

t. .eam Flowi.. 1000,lb/& >179 •1950 ,1937 J.

Main Stehrn.Tempqrtature7ý. >980 .-- :996,5'- 992
Reheiat Steam Temper0at> 100. 993 ,

Main Steam -tp a. ...Re eat. t 5
7,, o-S.77>,..' 7 en.+-/- 4Z 92.-01 -.-

7.+ . *. i i.` . : . , 2. t-~j.y. ,. ++ v -~+ • 'g.. + , -& .. , "-L.-
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C)
Project Scope

The JEA project involves the construc-
tion and operation of a new 300-MWeACFB
boiler fired with coal fuel blends to repower
an existing steam turbine. ACFB boilers are
capable of removing about 90% of the S02

generated, using limestone at a design Ca/S
ratioof <2/l. Greaterpercentageremoval can
be achieved by increasing the Ca/S ratio, but
the added cost forlimestone sorbent becomes
prohibitive. To optimize the overall econom-
ics and to meet environmental requirements,
a polishing scrubber was included in the JEA
project. This added feature is required when
firing higher sulfurfuels, including petroleum
coke containing up to 8.0% sulfur.

A key feature of the polishing scrubber
is a recycle system which adds fly ash to the

lime sorbent, thereby taking advantage of the
unreacted lime in the fly ash to reduce the
amount of fresh lime required. The resulting
savings in sorbent and ash disposal costs off-
set the added capital and operating costs for
the scrubber. In addition, the scrubber offers
reductions in emissions of trace elements.
The JEA installation represents the first use
of a polishing scrubber in conjunction with
a CFB in the United States.

As indicated previously, the project
includes an SNCR system to reduce NOx
emissions to the very low levels required. A
new baghouse was installed to achieve over
99.8% reduction in particulate emissions.

In addition to the ACFB combustor itself
and the air pollution control systems, new
equipment for the projectincludes an approxi-
mately 500-ft high stack as well as handling
systems for fuel, limestone, and ash. This
includes facilities for delivery of solid fuel
to the site by ship. The project also required
overhaul and/or modifications of existing sys-
tems such as the steam turbines, condensate

and feedwater systems, circulating water sys-
tems, watertreatment systems, plantelectrical
distribution systems, the switchyard, and the
plant control systems.

JEA plant with ship unloading dock In foreground

A significant aspect of the JEAproject de-
sign is that many oftheboiler components are
attheleading edge oftechnology,buthavebeen
applied successfully in commercial service at
leastonce before. Integrating all these compo-
nents while significantly scaling upboilersize
is a major project accomplishment..

Wherever possible, existing facilities and
infrastructure were used. These include the
intake and discharge system for cooling wa-
ter, the wastewater treatment system, and the
electric transmission lines and towers.

Project activities include engineering
and design, permitting, procurement, con-
struction, startup, and a twenty-four month
demonstration of the commercial feasibility
of the technology. During the demonstra-
tion test program, Unit 2 will be operated

on several different types of coal fuel blends
to enhance the viability of the technology.

Upon completion of the demonstration test
program, Unit 2 will continue in commercial
operation. As long as petroleum coke is less
expensive than coal, it will continue to be the
preferred fuel for the JEA plant.

r-)

Fuel unloader at dock

P q
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Advantages of CFB Boilers

Combustion efficiency is improved temperature'ald high turbulence. Other advantages of CFB boilers
in circulaiing'fluidized bed (CEB) This fact results in an increase of over conventional, PC-fired boi"er-
boilers compared to bubbling bed - up to 4% in overall combustion ef- 'are:
boilers. This isprimarily b ficiency.rThe particles captuored inos

..., I " ." I .. 1ý I - A ilt y o burnd a id a geo 1W
th elutiatecpaticls ar sea- te cylon colectis mkefu th

rated from the flue',gas in cyclone circulating bed material within'the Aiiyt un~wd ag flw
.collectors (h Iot, cyclones with vortex ý"hot loop The hot loop, is aterm to high-grade fuels~
finlders),and returned to the furnace. given fori the circi.'lating path of - Increased sulfur capture with less
for further e~xposure to combustion , bed mtrainside the boiler.. .limestone consumpition and to,

so'2 emissions

Lower operating temperatures
compared with other types of boil-,:
ers, thereb reýýUcinqg sag ofarina-
tion and excessstabk e~missions
Imrvdha transfer with the
increase in residence time for fuel
and limestone

.Lowere N~x~missions because of
ratn peatures

varietyof fuels. The ratio sbetween-
oprating gas velocity and. nrun

sld itainmnent Vlctalw-
~turdo~ raiosas high as four to

oneOperat.on overa wide range o
- boiler loads is possible Without start-ý

ing and stop ping burners and'au-xil-

Schematic diagram of CFB I6bIter at JEA
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Fluidized Bed
Combustion
Systems

The ACFB boiler technology selected
for the JEA project is an advanced method
for utilizing coal and other solid fuels in an
environmentally acceptable manner. The low
combustion temperature allows SO2 capture
via limestone injection while minimizing
NOx emissions. The technology provides
the capability to burn a wide range of coal
fuel blends. Presently, there are two types of
fluidizedbedboilers in commercial operation:
bubbling bed and circulating bed.

Bubbling Bed Boilers

In the bubbling bed type boiler, a layer of
solid particles (mostly limestone, sand, ash
and calcium sulfate) is contained on a grid
near the bottom of the boiler. This layer is
maintained in a turbulent state as low veloc-
ity air is forced into the bed from a plenum
chamberbeneath the grid. Fuel is added to this
bed and combustion takes place. Normally,
raw fuel in the bed does not exceed 2% of the
total bed inventory. Velocity of the combus-
tion air is kept at a minimum, yet high enough
to maintain turbulence in the bed. Velocity is
nothigh enough to carry significant quantities
of solid particles out of the furnace.

This turbulent mixing of air and fuel results
in a residence time of up to five seconds.
The combination of turbulent mixing and
residence time permits bubbling bed boilers
to operate at a furnace temperature below
1650°F At this temperature, the presence
of limestone mixed with fuel in the furnace
achieves greater than 90% sulfur removal.

Boiler efficiency is the percentage of total
energy in the fuel that is used to produce
steam. Combustion efficiency is the per-
centage of complete combustion of carbon

A

CFB boiler under construction

in the fuel. Incomplete combustion results
in the formation of carbon monoxide (CO)
plus unburned carbon in the solid particles
leaving the furnace. In a typical bubbling bed
fluidizedboiler, combustion efficiency can be
as high as 92%. This iS a good figure, but is
lower than thatachievedby pulverizedcoal or
cyclone-fired boilers. In addition, some fuels
that are very low in volatile matter cannot be
completely burned within the available resi-
dence time in bubbling bed-type.boilers.

Circulating Fluidized Bed Boilers

The need to improve combustion effi-
ciency (which also increases overall boiler
efficiency and reduces operating costs) and
the desire to bum a much wider range of fuels
has led to the development and application
of the CFB boiler. Through the years, boiler
suppliers have been increasing the size of
these high-efficiency steam generators. FW
has designed (but not built) CFB boilers
that are capable of producing 400 MWe of
power.

continued on page 21

K)

K)

19



m_

Th

The Clean Coal Technology
(CCT) Program is a unique partner-
ship between the federal govern-
ment and industry that has as its
primary goal the successful intro-
duction of new clean coal utilization
technologies into the energy market-
place. With its roots in the acid rain
debate of the 1980s, the program
has met its early objective of broad-
ening the range of technological
solutions available to eliminate en-
vironmental concerns associ-
ated with the use of coal
for electric power
production. As
the program has
evolved, it has
expanded to ad-
dress the need for
new, high-efficiency'•
power generating
technologies that will `7w'll
allow coal to continue to
be a fuel option well into the
218t century.

Begun In. 1985 and expanded in
1987 bnsistent with the recommen-
dations of the u.S. and Canadian
Special Envoys on Acid Raint the
programr has been implemented
through'aseries of five nationwide
competitive solicitations, or rounds.
Each solicitation was associated
with specific government funding
and program objectives. After five
rounds, the CdT Program comprises
a total of 38 projects located In 18
states with a total investment value
of over,$5.2 billion. DOE's share
of the total project costs is about
$1.8 billion, or approximately 34%
of the total. The projects' industrial
participants (i.e., the non'-DOE par-
ticipants) are providing the remain-
der-about $3.5 billion.

e Clean Coal Technology Program

Processes being demonstrated un-
der the CCT Program have established
a technology base that will enable the
nation to meet more stringent energy
and environmental goals. Also ready is
a new generation of technologies that
can produce electricity and other com-
modities, such as steam and synthesis
gas, at high efficiencies consistent with
concerns about global climate change.

'1

"S

programs aimed at introducing new
technologies into the commercial
marketplace.

Two follow-on programs have
been developed that build on the
successes of the CCT Program. The
Power Plant Improvement Initiative
(PPII) is a cost shared program, pat-
terned after the CCT Program, di-
rected toward improved reliability and

environmental performance of the
nation's coal-burning power

plants. Authorized by
the U.S. Congress

in 2001, the PPII
involves eight
projects hav-

- ing a total cost
of $95 million.
Private sector
sponsors are

7 •expected to
contribute nearly

$61 million, exceed-
Ing the 50% private sec-

tor cost sharing mandated by
Congress. Most of the PPII projects
focus on technologies enabling
coal-fired power plants to meet in-
creasingly stringent environmental
regulations at the lowest possible
cost.

The second program is the Clean
Coal Power Initiative (CCPI), also
patterned on the CCT Program,
authorized in early 2002. Valued
at $330 million for the initial stage,
this initiative will accelerate the
commercial deployment of tech-
nology advancements that result
in efficiency, environmental and
economic improvement compared
with available state-of-the-art al-
ternatives. Proposals submitted
under the CCPI are currently being
evaluated.

Most of the CCT demonstrations are
being conducted at commercial scale,
in actual user environments, and under
circumstances typical of commercial
operations. These features allow the
potential of the technologies to be
evaluated in their intended commercial
applications.

Each application addresses one of
the following four market sectors:

-. Advanced electric power igeneration

Environmental'control devices,.

, Coal processing for clean fuels

I industrial applications
.Given its programmatic success, the

OCT Program serves as a model for
other cooperative government/industry
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CFBs offer a number of advantages:

Fuel Flexibility -The relatively low fur-
nacetemperatures arebelow the ash softening
temperature for nearly all fuels. As a result,
furnace design is independent of ash char-
acteristics, thus allowing a given furnace to
handle a wide range of fuels.

Low SO2 Emissions - Limestone is an
effective sulfur sorbent in the temperature
range of 1500 to 1700F. S02 removal ef-
ficiency of 90% has been demonstrated with
good sorbent utilization.

Low NOx Emissions - The combination
of low furnace temperatures and staging of
air feed to the furnace produces very low
NOx emissions.

High Combustion Efficiency -The long
solids residence time in the furnace resulting
from the collection/recirculation of solids via
the cyclone, plus the vigorous solids/gas con-
tact in the furnace caused by the fluidization
air flow, results in highcombustion efficiency,
even with difficult-to-bum fuels.

Characteristics of CFB Boilers
In the furnace ofacirculating fluidizedbed

boiler, gas velocity is increased to more than
that in a bubbling bed boiler. This increase in
velocity causes the dense mixture of solids
(fuel, limestone and ash) to be carried up
through the furnace. There is a minimum gas
entrainmentvelocity required for the particles
to lift and separate (elutriate) and flow up,
through and out of the furnace.

Reaching this entrainment velocity marks
the change from abubbling bed boiler to acir-
culating bed boiler. At approximately 500°F
bedtemperature, air flows are above minimum
and the entrainment velocity is reached.

Solids move up through the furnace at
lower velocities than the air and gas mixture.
This fact, coupled with the elongated furnace
in a CFB boiler andrecirculatingbed material,
allows particle residence times of up to sev-

eral minutes in the furnace. During this long
residence period, the crushed fuel particles

are consumed in the combustion process.

The fuel is reduced in size during the com-
bustion process and thoroughly mixed with
limestone and the balance of the bed material.
This action produces the "fines" (small particles
of bed material) necessary to have circulating
bed material in the "hot loop." Long residence
time, coupled with small particle size and high
turbulence, results in a better sulfur removal
rate with less limestone than in a bubbling
fluidized bed boiler. In addition, higher gas
velocity produces heat transfer rates that are
greater than in the bubbling bed.

In normal operation there is no defined fixed
bed depth in a CFB boiler. There are different
densities of circulating bed material depending
on the weight of the particles. Heavy particles
stay in the lower region of the furnace. As the
height within the furnace increases, the smaller
bed particles (less dense) enter the circulation
path of the hot loop. When the particles break
down enough, they are carried out of the hot
loop (circulating path) with the flue gas as
fly ash.

We

New 500-foot stack In foreground, with Inset showing the stack Interior
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Sulfur Removal in CFB Boilers

Most of the sulfur in the fuel combines
chemically with oxygen during the combus-
tion process to form S02 and, to a limited
extent, sulfur trioxide (SO). These sulfur
oxides must be removed from the flue gas
to comply with environmental regulations.

The' mechanism for removing SO2 with
limestone is as follows:

Calcination of limestone:

CaCO 3 + Heat-* CaO +Co 2

Reaction with sulfur oxides (sulfation):

CaO 0 + SO2 " CRSO4
The ýprduct, CaSO4, isan inert substance

known as gypsum. Limestone continuously
reacts with ihe fuel at normalOperating tem-
peratures. The sulfation reaction requires that
there always be an excess of limestone. The
amountof excess limestohe required depends
on several factors, such as the amountof sulfur
in the fuel, the temperature of the bed material
in the furnace, and the physical and chemical
characteristics of the limestone (reactivity).

The ideal reaction temperature range is 1500
to 17000F.

There is little limestone reaction when the
bed temperature is below 1500'F or above
17000 F. Within the optimum temperature
range, about 90% of the SO2 can be re-
moved at an acceptable Ca/S ratio. Outside
this temperature range, significant increases
in limestone feedrate are requiredto maintain
emission levels within regulated limits.

The CFB bed material typically contains
limestone products as the predominant com-
ponent, with smaller amounts of fuel, ash and
impurities (forexample, rocks ortramp iron).
Calcium oxide content rises with decreasing
fuel sulfurcontent and high removal rates. The
ash content increases with higher ash fuels
and those that are less friable, i.e., brittle.

Fresh limestone enters the furnace and, at
the normal operating temperature, calcines
by liberating CO2. It then absorbs SO2 from
the burning fuel that sulfates the limestone,
converting limestone to gypsum. In the calcin-
ing stage, limestone is physically weak and
is easily decrepitated (crumbled) into dust
and carried out of the bed (elutriated) by the
furnace draft.

With a sulfurcontent in the fuel of 2.5% or
more, enough SO 2 is produced during com-
bustion that the limestone can readily sulfate
(combine with the SO 2). This strengthens the
limestone and reduces loss of limestone from
decrepitation and elutriation. A low sulfur
content can lead to loss of limestone through
attrition. This loss must be compensated for
by increasing limestone feed to maintain bed
inventory and S02 capture. Gypsum andsome
excess limestone are carried out of the CFB
furnace and trapped by the downstream flue
gas cleanup equipment.
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Demonstration
Test Program

The demonstration test program will
be conducted in accordance with the plan
developed in coordination with DOE. The
test program consists of the following major
components.

Operational Testing will be performed to:

* Demonstrate unit functionality

" Establish initial operating, maintenance
and inspection criteria

" Establish constraints related to dispatch of
the unit

" Demonstrate continuous full- and part-load
capability and performance

Operational testing includes a series ofop-
erability, reliability, and performance tests.

Operability involves tests ofcold startups,
warm startups, hot restarts, dispatch, mini-
mum stable load, and operation at maximum
continuous rating.

Reliability testing includes availability,
capacity factor, and forced outage rate.

Performance testing will be conducted
in conjunction with fuel flexibility testing,
which involves burning four different fuels
and fuel blends. The specific fuels to be tested
are as follows:

* 100% Pittsburgh No. 8 high-sulfur coal

* 90% petroleum coke and 10% Pittsburgh
No. 8 high-sulfur coal

* 50% petroleum coke and 50% Pittsburgh
No. 8 high-sulfur coal

* 100% Illinois No. 6 high-sulfur coal

Fuel Flexibility Testing includes boiler
capacity and controllability, load follow-
ing capability, bed/cyclone agglomeration
potential, and air quality control system
performance.

Long Term Durability Testing consists
of reviewing significant maintenance issues
experienced with major equipment through-
out the demonstration period.

Operating Results
The JEAUnit 2 CFB boiler has operated at

full load, achieving ratedoutput in May 2002.
The unit can maintain operation on both coal
and coal fuel blends. However, satisfactory
operation on 100% petroleum coke has not
yet been demonstrated. One major problem
when operatingon 100% petroleum coke has
been plugging in the hot gas path, specifi-
cally in the cyclone and the INTREXT heat
exchanger. Steps are being taken to remedy
this situation.

Initial results indicate that the JEA plant is
capableofmeeting emissions guaranteeswhen
operating on both coal and coal fuel blends.

(N)

(~N)

23



JEA receives the Power magazine 2002
Powerplant award. On hand for the award
ceremony were (left to right): Mike High-
tower, JEA's Board Chairman; Joey Dun-
can, JEA's Project Manager; the Honorable
Corrine Brown, U.S. House of Representa-
tives; Rita BaJura, Director of U.S. DOE's
National Energy Technology Laboratory;
and Bob Schwleger, Power magazine con-
sulting editor

Awards
The JEA project received the 2002 Pow-

erplant Award from Power magazine. This

award recognizes outstanding achievement in

"the development of a successful repowering

strategy for converting existing oil/gas-fired

steam plants to solid fuels to increase effi-

ciency while reducing both emissions and

the cost of electricity."

Bob Dyr, JEA's Boiler Island Project Man-

ager, was presented the Engineer of the Year

award by the Florida Engineers Society in

2002 for outstanding technical achievement,

on behalf of the project team.-

Commerciald
Applications

ACFB technology has potential applica-

tion in bothithe industrial and utility sectors,
forusein repoweýýring existing plants a'well "as
innew facilities. ACFB is attractive for both-

'..baseload anddispatchablepower applications

becdause it canibe efficiehtly turned do6wn toas

low as 25%of fll load. While the efficiency

of ACFB is ona ar- with conventional PC-

fired planti, ihie advantage of ACFB is that

coal of any sulfur or ash content can be used,

:anid any type or size unit can be repowered.

In repowering applications, an existing plant
area is used, and coal- and waste-handling
equipment as well as steam turbine equip-
ment are retained, thereby extending the life
of the plant.

In its commercial configuration, ACFB
technology offers several potential benefits
compared with conventional PC-fired sys-
tems:

" Lower capital costs

" Reduced SO2 and NOx emissions at lower
cost

" Higher combustion efficiency

" A high degree of fuel flexibility, including
use of renewable fuels

" Dry, granular solid by-product material
that is easily disposed of or sold.

Recently, two other commercial scale
ACFB projects in the U.S. have been an-
nounced, one at Reliant Energy's Seward
Station in Pennsylvania and the other at
Tractabel's Red Hills Station in Missis-
sippi.

Conclusions
The JEA Large-Scale CFB Combustion

Demonstration Project is demonstrating the
commercial application of this advanced
.technology for generating electricity. The
,two boilers at the Northside Station are the
largest CFBs.in the world burning coal fuel
blends. Despite the large furnace size, solids
distribution is good, lending confidence to the
CFB design.

Power production from each boiler on coal
,feed meets the target goal of 297.5 MWe gross
(265 MWenet). Emissions ofatmospheric pol-
hlitants are below the stringent requirements
set for the project.
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List of Acronyms and Abbreviations
ACFB ........................... atmospheric circulating fluidized bed

AFBC ........................... atmospheric fluidized bed combustor

AQCS ........................... air quality control system

BOP .............................. balance of plant

Btu ................................ British thermal unit

CaCO3 ............... . .. ... .. ... calcium carbonate

CaO .............................. calcium oxide

Ca(OH)2 .............. ... .. .. ... calcium hydroxide

CaSO4 ................ . ... .. .. ... calcium sulfate

CAAA .......................... Clean Air Act Amendments of 1990

CCPI ............................. Clean Coal Power Initiative

CCT .............................. Clean Coal Technology

CFB .............................. circulating fluidized bed

CO2 .................. ... ... .. ... .. carbon dioxide

CRT .............................. cathode ray tube

DCS .............................. distributed control system

DOE ............................. U.S. Department of Energy

EPA ............................... U.S. Environmental Protection Agency

FBC .............................. fluidized bed combustion

FF ................................. fabric filters

Stack shortly after 9111/2001
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k Whh .............................. kilowatt hour

micron .......................... one millionth of a meter

MCR ............................. maximum continuous rating

MgCO3 .............. ... .. ... .. . magnesium carbonate

Mg(OH) 2 ............ .. .. ... .. . magnesium hydroxide

MWe ............................. megawatts of electric power

MWh ............................ megawatt hours of electric power

NETL ............................ National Energy Technology Laboratory

NOx .............................. nitrogen oxides

PC ................................. pulverized coal

PFBC ............................ pressurized fluidized bed combustor

PLC .............................. programmable logic controller

PM ................................ particulate matter

PM10 ................. . ... .. ... .. . particulate matter having a diameter of 10 microns (um) or less

PPII ............................... Power Plant Improvement Initiative

psig ............................... pressure, pounds per square inch (gauge)

SDA .............................. spray dryer absorber

SO2 ............................... sulfur dioxide

S03 ............................... sulfur trioxide ")
tph ................................. tons/hr

VOC ............................. volatile organic compound

wt % ............................. percent by weight

Sunset at JEA
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Preface

Electric Power Annual, Volumes I and II
The Electric Power Annual is published in two volumes. Volume I, released August 2001, contains 2000 data on
U.S. electric utility net generation; fossil fuel consumption, stocks, receipts, and cost; preliminary data on gener-
ating capability and planned additions; and estimated retail sales of electricity, associated revenue, and average
revenue per kilowatthour of electricity sold. Also included in Volume I is information on capability sold by
utilities to nonutilities, generating capability additions and generating capability retirements.

Volume 11 contains annual summary statistics for the electric power industry, including information on both
electric utilities and nonutility power producers. Included are data for electric utility retail sales of electricity,
associated revenue, and average revenue per kilowatthour of electricity sold; financial statistics; environmental
statistics; power transactions; and demand-side management. Also included are data for U.S. nonutility power
producers on installed capacity; gross generation; emissions; and supply and disposition of energy.

The Electric Power Annual 2000, Volume H presents a
summary of electric power industry statistics at
national, regional, and State levels. The objective of
the publication is to provide industry decisionmakers,
government policymakers, analysts, and the general

Spublic with historical data that may be used in under-
standing U.S. electricity markets. The Electric Power
Annual, Volume II is prepared by the Electric Power
Division; Office of Coal, Nuclear, Electric and Alter-
nate Fuels; Energy Information Administration (EIA);
U.S. Department of Energy.

In the private sector, the majority of the users of the
Electric Power Annual, Volume H are researchers,
analysts, and individuals with policymaking and
decision-making responsibilities in electric utility

companies or other energy concerns. Other users
include financial and investment institutions, eco-
nomic development organizations, special interest
groups, lobbyists, electric power associations, and the
news media.

In the public sector, users include the U.S. Congress,
Federal government agencies, State governments and
public service commissions, and local governments.
Data in this report can be used in analytic studies to
evaluate new legislation and are used by analysts,
researchers, statisticians, and other professionals with
regulatory, policy, and program responsibilities for
Federal, State, and local governments.

Comparison to the Annual Energy Review
The Energy Information Administration (EIA) changed how it estimates and presents data on the fuels used to
produce electricity. The purpose of these changes is to improve the data quality, ensure that the data are reported
consistently throughout EIA publications, and give analysts a better understanding of how fuels are used --
whether in plants that only produce electricity (electricity-only plants) or in plants that produce electricity and
some form of thermal energy (combined-heat-and-power plants). The EIA undertook an extensive review of
reported data for nonutility power producers. This has resulted in revisions to historical data in this publication
for the years 1996 through 1999 previously reported.

The data in this publication are the same as the data published in the 2001 Annual Energy Review (AER). The
1999 and 2000 consumption in AER Table 8.3e, "Consumption of Combustible Fuels for Electricity Generation
and Useful Thermal Output at Electricity-Only and Combinted-Heat-and-Power Plants by Sector, 1989-2001,"
are the same as the the consumption in this publication presented in Table 1, "Electric Power Industry Summary
for United States, 1999 and 2000." Additionally, the 1999 and 2000 generation in AER Table 8.1, "Electricity
Overview, 1949-2001," and the 1999 and.2000 total generating capacity in the AER Table 8.7a, "Electric Net
Summer Capacity: Total (All Sectors), 1949-2001," are the same as the generation and generating capacity pre-
sented in Table 1.

Energy Information Administration/Electric Power Annual 2000 Volume II W.
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The U.S. Electric Power Industry at a Glance

Industry Profile

The electric power industry in the United States is
composed of traditional electric utilities and non-
traditional entities, including pow er marketers and non-
utility power producers. In this report, the traditional
electric utilities are investor-owned, publicly owned,
cooperative, and Federal utilities. They are defined as
any person, corporation, municipality, State, political
subdivision or agency, irrigation project, Federal power
administration, or other legal entity that is primarily
engaged in the retail or wholesale sale, exchange, and/ or
transmission of electric energy. Historically, they have
generally been vertically integrated companies that
provide for generation, transmission, distribution,
and/ or energy services for all customers in a designated
service territory. However, the industry is currently
changing from this vertically integrated and regulated
monopoly to a functionally unbundled industry with a
competitive market for power generation.'

There are more than 3,100 electric utilities (excluding
power marketers) in the United States. Additionally,
power marketers, which buy and sell electricity but
generally do not own or operate generation, transmis-
sion, or distribution facilities, are considered electric
utilities. Currently, over 400 power marketers have filed
rate tariffs with the Federal Energy Regulatory Com-
mission (FERC) to sell wholesale electric power.
However, fewer than one-third of those have actively
engaged in wholesale trade. N onu tility power producers
are defined as any person, corporation, municipality,
State, political subdivision or agency, Federal agency, or
other legal entity that is either: (1) a cogeneration
qualifying facility under the Public Utilities Regulatory
Policies Act of 1978 (PURPA), (2) a small power pro-
ducer qualified under PURPA that provides at least 75
percent ofits total energy input in the form of renew.able
resources, (3) an exempt wholesale generator (EWG)
under the Energy Policy Act of 1992 (EPACT), (4) a
cogenerator non-qualifying facility, or (5) an inde-
pendent power producer(IPP). Thereare approximately
2,875 nonutility power producers in the United States.

Figure 1. Composition of the Electric Power Industry In the United States, 2000

Federal -

Investor-Owned -

Cooperative -

Publicly Owned -

Nonutilities -

0 600 1.000 1500 2.000 2.500 3.000 3,500

Number

Notes: I Data are final. I Power marketers, Puerto Rico, and U.S. Territories are not Included. I Nonutlities represent the
number of generating facilities, as these facilities are generaly incorporated, and each is required to file Form EIA-860B.

Sources: Energy Information Administration, Form EIA-861,"Annual Electric UtiltyReport," Form EIA-860B, "Annual Electric
Generator Report - Nonutlity."

A detailed discussion covering the background of electric industry deregulation is contained in Energy Information Administration,K , The Chaing Structure of the Electric Powerlndustry: An Update, DOE/ EIA-0562(96)(Washington, DC, December 1996).
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Traditional Electric Utilities

Investor-Owned Electric Utilities. Investor-owned
electric utilities currently account for more than 70
percent of all U.S. electric utility generating capa-
bility, generation, sales, and revenue. Investor-owned
utilities operate in all States except Nebraska. Like all
private businesses, investor-owned electric utilities'
objective is to produce a return for their investors.
The profits are either distributed to stockholders as
dividends or reinvested. Investor-owned electric utili-
ties are granted service monopolies and are obligated
to serve all customers in their service areas. As fran-
chised monopolies, these electric utilities are regu-
lated and required to charge reasonable and
comparable prices to similar classifications of con-
sumers and to give consumers access to services under
similar conditions. Most investor-owned electric utili-
ties are operating companies that provide basic ser-
vices for the generation, transmission, and distribution
of electricity. The majority of investor-owned electric
utilities perform all three functions. As the industry
becomes competitive, utilities are organizing gener-
ation, transmission, distribution, and energy services
into separate business units, and prices for these func-
tions are being unbundled.

Publicly Owned Eldctric Utilities. Publicly owned
electric utilities in the United States are nonprofit
government agencies established to serve their com-
munities and nearby consumers at cost, returning
excess funds to the consumer in the form of commu-
nity contributions, economic and efficient facilities,
and reduced rates. Publicly owned electric utilities

•_ include municipals, public power districts, State
authorities, irrigation districts, and other State organ-
izations. Most municipal electric utilities simply dis-
tribute power, although some large ones produce and
transmit electricity as well. They obtain their
financing from municipal treasuries and from revenue
bonds secured by proceeds from the sale of electricity.
Public power districts and projects are concentrated in
Nebraska, Washington, Oregon, Arizona, and
California. Voters in a public power district elect
commissioners or directors to govern the district,
independent of any municipal government. State
authorities, like the Power Authority of the State of
New York or the South Carolina Public Service
Authority are agencies of their respective State gov-
ernments. Irrigation districts may have other forms of
organization. In the Salt River Project Agricultural
Improvement and Power District in Arizona, for
example, votes for the Board of Directors are appor-
tioned according to the size of landholdings.

Cooperative Electric Utilities. Cooperative electric
utilities in the United States are owned by their
members and are established to provide electricity to
those members. The Rural Utilities Service (formerly
the Rural Electrification Administration) in the U.S.
Department of Agriculture was established under the
Rural Electrification Act of 1936 with the purpose of
extending electric service to small rural communities
(usually fewer than 1,500 consumers) and farms
where it was relatively expensive to provide service.
Cooperatives are incorporated under State law and are
usually directed by an elected board of directors,

which in turn selects a manager. The National Rural
Utilities Cooperative Finance Corporation, the Federal
Financing Bank, and the Bank for Cooperatives are
the most important sources of debt financing for coop-
eratives. Cooperatives operate in all States except
Connecticut, Hawaii, Massachusetts, and Rhode
Island and the District of Columbia.

Federal Electric Utilities. Federal electric utilities
are primarily producers and wholesalers, of electric
power and do not produce any profit. As required by
law, preference in purchasing the electricity produced
is given to publicly owned and cooperative electric
utilities and to other nonprofit entities. Wholesale
Federal producers include the U.S. Army Corps of
Engineers, the U.S. Bureau of Reclamation, and the
International Boundary and Water Commission.
Power produced by these Federal entities is marketed
by Federal power marketing administrations in the
U.S. Department of Energy: Bonneville, Southeastern,
Southwestern, and Western Area Power Adminis-
trations. The Federal power marketing administrations
operate in all areas except the Northeast, upper
Midwest, and Hawaii. The largest producer of Federal
electricity, the Tennessee Valley Authority, markets
its own power. The Alaska Power Administration
operated and distributed power from its own projects
and marketed both wholesale and retail electricity. On
November 28, 1995, the President signed a bill
authorizing the sale of the Alaska Power Adminis-
tration's projects. Transfer of title to the State of
Alaska and three utilities occurred in August 1998.

Power Marketers. Power marketers continue to be a
rapidly growing segment of the electric power
industry. Like traditional electric utilities, power
marketers buy and sell electric power in the wholesale
market and fall under FERC's jurisdiction, since they
take ownership of power and are engaged in interstate
trade. Power marketers differ from traditional electric
utilities in that they generally lack both ownership of
generation, transmission, or distribution facilities and
a designated service territory.

Although the number of registered power marketers
continues to grow fewer than one-third of those regis-
tered with the FERC have actually conducted whole-
sale electricity transactions. Many registered power
marketers have undertaken only a few transactions,
seemingly to test and improve their techniques and
procedures and to observe marketplace opportunities.

As the States open retail access for electricity, power
marketers are entering these new markets. The State
public utility commissions require registration of
retail electricity providers, including power marketers
and energy service providers.

Many power marketers are affiliated with companies
owning reserves of other sources of energy, such as
natural gas. An exchange of fuel for electricity known
as "tolling" allows a power marketer with access to
fuel resources to "rent" a generator from an electric
utility, supply fuel to the unit to produce electricity,
pay the "rental" fee with a portion of the generated
power, and take delivery of the balance for sale to
customers.
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Nonutility Power Producers

Cogenerator Qualifying Facilities. These are gen-
•j erating facilities that produce electricity and another

form of useful thermal energy, usually heat or steam,
for industrial processes, or heating/cooling purposes.
Cogenerators are qualified under PURPA by meeting
certain ownership, operating and efficiency criteria as
set forth by the FERC. They are guaranteed that utili-
ties will purchase their output at a price based on the
utility's "avoided cost" and will be provided backup
service at nondiscriminatory rates.'

Small Power Producers. These are also qualified
under PURPA by meeting certain ownership, oper-
ating, and efficiency criteria as set forth by the FERC.
They are distinguishable by their use of renewable
resources such as biomass, geothermal, solar, wind, or
water as a primary energy source. Renewable
resources must provide at least 75 percent of the total
energy input. Like cogenerators, they are also guaran-
teed that utilities will purchase their output based on
the utility's "avoided cost" and provide backup service
at nondiscriminatory rates.

Exempt Wholesale Generators. EPACT modified
the Public Utility Holding Company Act (PUHCA)
and created another class of nonutility power pro-
ducers, EWG. EPACT exempted EWGs from the cor-
porate and geographic restrictions that PUHCA
imposed. With this modification, public utility
holding companies are allowed to develop and operate
independent power projects anywhere in the world.3

Lacking transmission facilities and selling wholesale
only, EWGs are regulated but usually may charge
market-based rates. Utilities are not required to pur-
chase their electricity.

Cogenerator Non-Qualifying Facilities. These
facilities utilize cogeneration technology and may
themselves consume part of the electricity they
cogenerate. They are not qualified under PURPA.

Independent Power Producers. IPPs are also con-
sidered nonutility power producers in the United
States. These facilities are wholesale electricity pro-
ducers that operate within the franchised service terri-
tories of host utilities and are usually authorized to
sell at market-based rates. Unlike traditional electric
utilities, IPPs do not possess transmission facilities or
have retail electric sales.

The Changing Industry

The electric power industry is being transformed from
a structure of highly regulated monopolies to one
which places growing reliance on competitive markets
to establish prices. 4 The implementation of EPACT by
the FERC and adoption of retail access plans by a
growing number of States are introducing greater
competition in the generation and retail supply seg-
ments of the industry. EPACT amended the Federal
Power Act, authorizing the FERC to order public util-
ities to provide transmission services for competitive
wholesale power purchases and sales. Prior to
EPACT, the FERC could not mandate an electric
utility to provide wheeling services for wholesale
electric trade. This change in the law permits genera-
tors to make sales for resale to noncontiguous utili-
ties. In 1996, relying on its authority to prevent undue
discrimination in the provision of transmission ser-
vices, the FERC issued Orders 888 and 889, requiring
utilities to file open access transmission tariffs. Order
888 guaranteed suppliers and wholesale purchasers
access to transmission-owning utilities. Order 888
also provided for utility recovery of costs that may be
stranded as a result of open access. Potentially
stranded costs are costs that utilities would have had
the opportunity to recover at expected market prices.

Stakeholder disagreements soon arose as to how the
FERC should deal with the transition costs associated
with the shift to competition. As a result, the Commis-
sion's Order on Rehearing (Order No. 888-A) was
issued in early 1997. Basically, Order 888-A strives to
achieve a balance between the different approaches on
how to achieve the recovery of stranded costs. Most
critically addressed is how to maintain the financial
health of the industry, maintain the regulatory deals
concerning large past investments, and avoid shifting
the costs to customers that had no responsibility for
these stranded costs.

Order 889 requires public utilities that own or operate
transmission facilities to establish electronic informa-
tion systems, known as Open Access Same-time Infor-
mation Systems (OASIS), to provide all parties
identical access to information on available trans-
mission capacity. Order 889 also requires utilities to
implement standards of conduct that functionally sep-
arate the operation of the transmission system from
each utility's wholesale merchant function.

Power pools and groups of utilities in most regions of
the United States have responded to the FERC
rulemakings by proposing the formation of inde-
pendent system operators (ISOs) to ensure
nondiscriminatory operation of their transmission
systems and facilitate the development of regional
transmission tariffs. Known as comparable service,

2 See the chapter, "Nonutility Power Producers," for a description of the benefits under PURPA.
3 EWGs are not considered electric utilities under PUHCA; they are restricted to selling wholesale power to electric utilities and munici-

palities. However, EWGs were considered to be electric utilities under the Federal Power Act.
4 For a further treatise and more detailed information on the transformation of the electric power industry, the reader is referred to the

publication Energy Information Administration, The Changing Structure of the Electric Power Industry: Selected Issues. 1998,
DOE/EIA-0562(98) (Washington, DC, July 1998).
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Order 888 requires utilities owning bulk power trans-
mission facilities to apply any of their own new
wholesale sales and purchases of energy over their
own transmission facilities the same transmissionL tariffs that they apply to others. Advantages are
expected to arise from the operational efficiencies that
result from overseeing a large regional transmission
system and from the elimination of multiple tariffs.
However, this program is not without its detractors
who claim that advantages may still go to vertically
integrated utilities who maintain transmission owper-
ship rights, as opposed td nonowners. A possible
effect, they assert, is that the ISO will curtail needed
future expansion of transmission facilities.

The open access provisions of Order 888 have
reduced barriers to FERC approval of market-based
rates for wholesale power sales. Since the FERC
began approving market-based pricing in 1988, the
key impediment has been the potential for utilities to
exercise market power through ownership or control
of transmission facilities. Filing of an Order 888 open
access transmission tariff meets FERC's standards
with respect to mitigating market power in trans-
mission. With this barrier removed, the FERC has
approved market-based rates for more than 300 utili-
ties and power marketers.

Regional development of ISOs as envisaged by the
FERC's 1996 Orders has been uneven. Difficulties in
forming multi-State ISOs remain unresolved, and the
cumulative effects of changes in patterns of wholesale
and retail trade have intensified the burden on the
transmission grid. According to the FERC, these
developments have completely changed the landscape
from the one that it faced at the time Order Nos. 888
and 889 were being developed and pose new regula-
tory and industry challenges.

The FERC delineated transmission-related imped-
iments to competition in two broad categories:

" impediments consisting of engineering and eco-
nomic inefficiencies inherent in the current opera-
tion that hinder development of fully competitive
power markets and impose avoidable costs on
consumers, and

" continuing opportunities for transmission owners
to unduly discriminate in the operation of their
transmission system to favor their own affiliates.

Other shortcomings include complaints with respect to
the determination of total transfer capability (TTC)
and the available transfer capability (ATC). Inability
to determine ATC in a timely fashion impacts on the
trades that can be handled on a given system. Simi-
larly, congestion management issues, if not resolved
in a timely fashion, inhibit system capability to
provide least-cost power.

With a view to alleviate these problems, the FERC
took a major step by espousing a proposal to create
regional transmission organizations (RTOs). In a
Notice of Proposed Rulemaking (NOPR) the Commis-
sion proposed to require each public utility that owns,

operates, or controls facilities for transmission of
electric energy in interstate commerce to make certain
filings with respect to the formation of and partic-
ipation in RTOs. Minimum characteristics and func-
tions that a transmission entity must satisfy to be
considered an RTO were also specified. Specifically,
the proposed RTOs are required to be independent
from market participants and should have appropriate
regional scope and configuration together with the
authority over transmission facilities to maintain reli-
ability. A voluntary and collaborative process to
accommodate regional needs was proposed.

Subsequent to the issuance of the NOPR, the FERC
held various public conferences around the country to
hear the concerns of interested stakeholders as well as
receive inputs from State regulatory agencies on the
subject. On the basis of these deliberations, the Com-
mission issued its ruling in Order 2000 on December
20, 1999. In its Order, the Commission adopted a
flexible approach that permits different types of RTOs
like the non-profit independent system operators and
the for-profit transmission companies. The Order also
embodies a principle of open architecture and permits
RTO members to improve its structure when deemed
necessary to meet evolving market needs.

All RTOs are required to abide by four core character-
istics and eight key functions. The core characteristics
are independence, scope and regional configuration,
operational authority, and short-term reliability. The
eight key functions are tariff administration and
design, congestion management, parallel path flows,
ancillary services, OASIS, market monitoring, plan-
ning and expansion, and interregional cooperation.
Transmission-owning utilities not participating in an
ISO must file by October 15, 2000, a proposal to join
an RTO. Utilities already members of an ISO were
required to file by January 15, 2001. According to the
FERC, the proposed RTOs were to be operational by
December 15, 2001. The Commission hopes that the
RTOs will improve efficiencies in the power grid,
remove remaining opportunities for discriminatory
transmission practices, lower transaction costs, and
facilitate the success of State retail programs.

The Order applies only to those utilities that are under
the FERC's jurisdiction. However, there are many seg-
ments of the transmission network under the control
of utilities that are not under FERC jurisdiction, such
as municipals, power districts, State agencies, and
cooperatives that are faced with restrictions on usage
of electrical facilities funded by tax-exempt bonds.
For-profit entities would have access and use of these
electrical facilities when they are integrated into an
RTO but this is prohibited under tax-exempt finance
regulations. In order for these utilities to join, they
would either have to refinance these bonds and
remove the restrictions or acquire a relief of this tax
burden. These concerns are currently under review.

Mergers and acquisitions have been proposed as utili-
ties position themselves for competition. During 2000
there were 9 operational electric utility mergers.
Several were cooperatives, positioning themselves for
the deregulated market. In December 1996, the FERC
revised its merger policy to facilitate decisions on a
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backlog of merger applications, provide greater cer-
tainty to merger applicants, and ensure that merger
policies do not impede the development of compet-
itive generation markets. Proponents of mergers cite

( _.increased economies of scale- through the elimination
of duplicate functions, penetration into new and addi-
tional customer territory, and the economic and finan-
cial advantages that come with increased financial
strength and operational size.

SEPACT lifted the corporate and geographic
restrictions in the PUHCA for a new class of nonu-
tility generators, EWGs. This modification of PUHCA
allowed public utility holding companies to develop
and operate independent power projects anywhere in
the world. Also provided is consumer protection
against financial abuses and cross-subsidization
between regulated and unregulated utilities. EPACT
also amended PURPA by creating inducements for
investments in cost-effective improvements in effi-
ciency of power generation and supply. Also added
were new rulemaking standards concerning wholesale
purchased power. The Federal Power Act of 1935 was
amended by broadening when the FERC can order
transmission-owning utilities to wheel power and
ensuring recovery of the associated costs. Also, the
issuance of any order that is inconsistent with State
.laws governing the retail marketing areas of electric
utilities is precluded.

During 2000, the sale of generating units by utilities
to nonutility companies decreased. The amount of
capability sold to nonutilities during 2000 was 47,710

%,-' megawatts. Although the effect of the shift from
utility to nonutility ownership of generating units was
relatively small at the national level, it could be
observed more strongly at the State level when
restructuring legislation required or encouraged
divestiture of the utility's generating assets. This shift
in ownership reflects the sale of plants, as well as unit
additions and retirements, during the year.

Electric utilities added 6,928 megawatts of new capa-
bility and retired 985 megawatts during 2000. In addi-
tion, nonutility companies added 16,525 megawatts of
new capability. Ninety-five percent of this new nonu-
tility capability was gas-fired.

Restructuring at both the Federal and State levels is
rapidly transforming the generation and retail supply
segments of the electric power industry into compet-
itive markets that increasingly will replace State and
Federal regulators in setting the price and terms of
electric generation and supply services. Legislatures
and/or public utility commissions in most States are
considering or have approved plans that will allow
retail customers direct access to generation markets

by allowing customers to choose among competitive
suppliers of generation. Some regions may establish
generation tracking and disclosure systems, providing
consumers the option of purchasing from suppliers of
renewable or other preferred types of generation.

A number of States have adopted legislation or
approved plans making retail access available to their
customers. Pilot programs to initiate and evaluate
retail access are being conducted in States where
retail access plans are approved or likely to be
approved soon. In some jurisdictions, retail access
plans face legal challenges related to the recovery of
potentially stranded costs and other issues. As of
December 2000, 21 States had enacted restructuring
legislation. Comprehensive regulatory orders had been
issued in 3 States. Legislation was pending, commis-
sions had been established, or investigations were
ongoing in the remainder.

The year 2000 was clearly a transition year for the
electric industry as the Nation moved State by State
toward restructuring. Consolidation through mergers
and acquisitions was prominent as industry partic-
ipants maneuvered, hoping to gain a competitive
advantage. Divestiture of generation assets was
common as some electric utilities exited the gener-
ation business in order to concentrate on the distrib-
ution of electricity. Others used the opportunity to
purchase divested assets to build a critical mass of
generating capability that many think will be neces-
sary to survive what is expected to be a very compet-
itive industry.

The transition from a highly regulated business into a
competitive market did encounter a stumbling block
in 2000, one that could slow its course and cause
some states to reconsider the idea of restructuring--
California. In April 1998, California became the first
State to restructure its electric industry. Yet, in 2000
there was very little good news concerning restruc-
turing to come out of the State. Rolling blackouts,
sky-high electricity prices, and utilities nearing bank-
ruptcy were all linked to the restructuring of
California's electric industry. By year-end, re-
regulation was a hot topic. In the near term, the atten-
tion that was focused on the pitfalls of restructuring
sentiment in California affected restructuring in other
states. During the year, only two additional States
enacted restructuring legislation--Michigan and West
Virginia--bringing the year-end total to 23 States and
the District of Columbia.3 In the longer term,
California may end up being just a "lesson learned"
for the remainder of the States contemplating changes
to their electric industry.

5 United States Department of Energy, Energy Information Administration. Extracted from the Internet at
http://www.eia.doe.gov/cneaf/electricity/page/restructure.html, on May 29, 2001.
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A Review of 2000

U.S. Electric Utility Statistics

In 2000, the electric power industry experienced con-
tinued changes to its sales, finances, power trans-
actions and other industry indicators. The following is
a summary of those changes.

Retail Sales and Revenue

In recent years, the Energy Information Adminis-
tration collected retail sales and revenue information
on deregulated markets from retail energy service pro-
viders that included the cost of energy to the cus-
tomer, but not the cost of associated delivery services
(i.e., line maintenance, billing, etc.). For the first
time, for the year 2000 cycle, the ETA collected infor-
mation on the revenue received by traditional distrib-
ution utilities for delivery services provided to
consumers who selected alternate energy suppliers in
State "retail wheeling" programs. Thus it is now pos-
sible to provide sales and complete revenue data for
the approximately 1.5 million consumers who partic-
ipated in those programs in 2000. Statistics referred to
in this text include both fully bundled and unbundled
consumers combined (see Tables 2 through 2d), as
well as bundled customers only (Tables 3a through 7).
Some consumer counts, sales and revenue data pro-
vided for unbundled consumers are adjusted by the

SETA to account for probable underreporting (for a dis-
cussion of this adjustment, and more information on
sales in competitive retail markets, see Electric Sales
and Revenue 2000, Appendix C).

Electricity sales to full-service and unbundled con-
sumers increased by 3.3 percent to over 3,421 billion
kilowatthours (adjusted) in 2000. Sales by competitive
energy service providers in State-level "customer
choice" programs increased by 47 percent, from 76.2
billion kilowatthours in 1999 to 111.9 billion
kilowatthours (adjusted) in 2000. Total retail revenue
received by electric utilities and energy service pro-
viders increased to over $233 billion (adjusted).

In 2000, full-service sales by traditional distribution
utilities continued to account for approximately 97
percent of total retail electricity sales. Sales by tradi-
tional distribution utilities increased from 3,236
billion kilowatthours in 1999 to 3,310 billion
kilowatthours in 2000, an increase of 2.3 percent. The
largest increases in electricity consumption in 2000
occurred in the southern-tier States mostly unaffected
by deregulation, but with heavy air conditioner loads
(i.e., Texas, Louisiana, Mississippi, Alabama, Florida,
and Georgia). Revenue from retail sales by traditional
utilities increased from $215 billion in 1999 to $224
billion in 2000.

The national average revenue in cents per
kilowatthour increased from 6.66 in 1999 to 6.78 in
2000. This was the first year an increase has been
recorded in the average revenue per kilowatthour
since the early-nineties. Each major consumer sector,
including industrial, experienced increases in the
average cost of power. Industrial average revenue
increased from 4.43 cents per kilowatthour for fully-
bundled consumers to 4.57 cents. However, nominal
industrial rates remain the lowest since 1981, and real
industrial rates remained among the lowest since
1973.

Financial Statistics. Electric operating revenues for
the major investor-owned electric utilities were up
$17.1 billion to $214.7 billion in 2000. Electric utility
operating expenses, led by combined increases in
operation and maintenance expenses, were up $24.0
billion. As a result, electric operating income declined
from 1999. This increase in expenses caused net
income to decline 22.3 percent to $13.3 billion. Divi-
dends declared on preferred stock continued to
decline, with the 2000 amount less than half that
reported in 1996. Common dividends fell 10;8 *percent
to $16.7 billion. The profit margin fell to 5.64
percent, and the current assets to liabilities ratio of
0.85 dropped below the 1996 level.

In 2000, the major investor-owned segment continued
to position itself in response to restructuring of the
industry. Net electric utility plant continued its
decline, dropping 1.0 percent to $307.3 billion. This
is 15.5 percent less than the $363.9 billion reported in
1996. Accumulated depreciation continued its
increase to $277.8 billion. Other property and invest-
ments increased 4.5 percent, whereas deferred debits
dropped less than 0.1 percent. Current and accrued
assets increased 38.1 percent. Total capitalization
declined to $341.2 billion primarily due to the $5.0
billion decrease in common stock equity. A $28.0
billion increase occurred in current and accrued liabil-
ities.

In 2000, the major publicly owned generator electric
utilities had a combined operating revenue of $31.8
billion, up by 19.0 percent. Generator electric utility
operating expenses increased 23.4 percent, resulting
in an increase in net income of 469 million. Total
assets for publicly owned generator electric utilities
rose by $11.3 billion, ending at $127.5 billion. The
electric utility plant per dollar of revenue ratio was
3.5 in 2000.

In 2000, the major publicly owned nongenerator elec-
tric utilities had a combined operating revenue of $9.9
billion, a 5.9 percent increase over 1999. Nongener-
ator electric utility operating expenses increased by
7.0 percent to end the year at $9.4 billion. Net income
for nongenerators decreased slightly to $0.5 billion.
Total assets for nongenerator electric utilities
increased by 10.3 percent to end the year at $14.6
billion. The electric utility plant per dollar of revenue
ratio increased to 1.3 in 2000.
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Figure 2. U.S. Electric Utility Sales to Bundled Ultimate Consumers by Sector, 2000
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Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."

Figure 3. U.S. Electric Utility Average Revenue per Kllowatthour by Sector
(Bundled Consumers), 2000
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Figure 4. U.S. Electric Utility Sales to Bundled Ultimate Consumers by Class of'
Ownership, 2000
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Figure 5. Revenue from U.S. Electric Utility Sales to Bundled Ultimate Consumers by
Class of Ownership, 2000
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Environmental. Flue gas desulfurization (FGD)
equipment, sometimes referred to as scrubbers, uses
chemicals such as lime to remove sulfur oxides from
the combustion gases of boilers before the gases are
discharged into the atmosphere. In 2000, there were

-192 generators connected to scrubbers at U.S. power
plants, compared with 192 in 1999 and 150 in 1989.
The average sulfur content of coal delivered to all
U.S. electric utility plants decreased slightly from
1.01 percent by weight in 1999 to 0.93 percent by
weight in 2000.6

Power Transactions. On a national basis in 2000,
wholesale power receipts (purchased power plus
exchanges received and wheeling received) increased
by 436 billion kilowatthours to reach 3,000 billion
kilowatthours. Sales to ultimate consumers totaled
3,421 billion kilowatthours (including sales by retail
power marketers), of which 1,716 billion
kilowatthours or 48 percent was from wholesale trade
with other electric utilities (requirement and nonre-
quirement sales for resale). To supply electric energy
in 2001, electric utilities had planned capacity
resources on hand of 808 million kilowatts, and 827
million kilowatts for the winter, resulting in national
capacity margins of 16.5 percent and 30.4 percent,
respectively.

In 2000, the noncoincidental peak load at electric util-
ities in the contiguous United States showed an
increase of 0.6 percent, from 681 to 686 million kilo-
watts for the summer. The winter peak load was 592
million kilowatts, increasing 21 million kilowatts
from 1999 which represented a change of less than 4.0
percent. Both the summer and winter peak loads for
the contiguous United States were projected for 2001
to grow to 709 and 606 million kilowatts, respec-
tively. By the year 2005, the noncoincidental peak
load is expected to be above the 2000 actual by almost
83 million kilowatts for the summer and 60 million
kilowatts for the winter.

Demand-Side Management. In 2000, 962 electric
utilities reported having demand-side management
(DSM) programs. Of these, 516 were classified as
large, and 446 were classified as small utilities. This
is an increase of 114 utilities utilities from 1999.
DSM costs were slightly increased from 1999 at $1.56
billion.

Energy savings for the 516 large electric utilities
increased to 53.7 billion kilowatthours, 2.1 billion
kilowatthours more than in 1999. These energy
savings represent 1.6 percent of total annual electric
sales of 3,421 billion kilowatthours to ultimate con-
sumers in 2000.

Actual peak load reductions for large utilities
decreased in 2000 to 22,901 megawatts. Potential
peak load reductions of 41,369 megawatts were a
decrease of 2,201 megawatts from 1999.

In 2000, incremental energy savings for large utilities
were 3.3 billion kilowatthours, incremental actual
peak load reductions were 1,640 megawatts, and
incremental potential peak load reductions were 3,159
megawatts.

U.S. Nonutility Generating Facility
Statistics

Generation. In 2000, U.S. nonutility generating
facilities generated 828 billion kilowatthours of elec-
tricity. U.S. nonutility generating facilities received
95 billion kilowatthours from, and delivered 660
billion kilowatthours to, electric utilities and other
end users. Nonutility power producers delivered
approximately 79.6 percent of their gross generation
to electric utilities and other end users and used 263
billion kilowatthours for their own power plant oper-
ations and industrial processes. More than one-fourth
of national nonutility production of electricity
occurred in California and Pennsylvania, with 127 and
111 billion kilowatthours, respectively.

Gross generation for nonutility generating facilities
was 52.6 percent higher in 2000 than a year earlier.
Slightly more than 40 percent of the generation by
nonutility generating facilities was gas-fired, with
generation from coal accounting for 34.6 percent of
the total. Of the total nonutility generation, 354
billion kilowatthours were from qualifying facilities,
approximately 42.7 percent of the total. (See the
Chapter titled "Nonutility Power Producers" for a
definition of these facilities.) The largest share of
gross generation was produced by facilities in the
Middle Atlantic Census Division (New Jersey, New
York, and Pennsylvania), followed by the Pacific
Census Division (Alaska, California, Hawaii, Oregon,
and Washington). The transportation and public utili-
ties sector dominates electric generation, with the
largest share in the Middle Atlantic Census Division.
For the second largest sector, the manufacturing
sector is concentrated in the West South Central
Census Division, Middle Atlantic Census Division,
and South Atlantic Census Division (Delaware,
Florida, Georgia, Maryland, North Carolina, South
Carolina, Virginia, and West Virginia) where there is
a large potential for cogeneration in both the refining
and the paper and pulp industries.

Capacity. The total installed capacity of nonutility
generating facilities was 228,594 megawatts at the
end of 2000, 42.4 percent more than in 1999. The
restructuring of the electric power industry has
resulted in 50,884 megawatts during 1999 and 47,710
megawatts during 2000 of net summer capability that
has been sold (or reclassified) to nonutilities. Nonu-
tility capacity in 2000 was equivalent to 25.3 percent
of the total U.S. electric industry capacity.

Of all energy sources, gas and other gas accounted for
the largest amount of nonutility capacity. The Pacific

6 Energy Information Administration, Cost and Quality of Fuels for Electric Utility Plants 1999 Tables, DOEIEIA-0191(99) (Washington
DC, 2000).
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Census Division accounted for the largest percent of
that gas-fired capacity. The second largest share of
nonutility capacity was provided by coal, followed by
petroleum only and natural gas.

The greatest number (527) of nonutility generating
facilities was in the Pacific Census Division, with a
capacity of 34,929 megawatts. In the Pacific Census
Division, California dominated because the State
actively promoted alternative energy sources in the
1970's and 1980's by providing incentives to nontradi-
tional electricity producers. Many of these incentives
have since expired or been rescinded, but they served
to assist in the development of nonutility generation.

The second greatest number (447) of nonutility gener-
ating facilities was in the Middle Atlantic Census
Division where restructuring of the electric power
industry has resulted in the selling of plants from
electric utilities (regulated) to nonutilities (unregu-
lated) in all three States of New York, Pennsylvania,
and New Jersey.

Consumption. In 2000, consumption by nonutilities
included 3,634 billion cubic feet of natural gas, 156
million short tons of coal, and 93 million barrels of
petroleum. Compared to 1999, consumption increased
105.2 percent for coal, 13.8 percent for gas, and 10.0
percent for petroleum.

10 Energy Information Administration/Electric Power Annual 2000 Volume H



Table 1. Electric Power Industry Summary Statistics for the United States, 1999 and 2000

Item - 1 9 9 9 R 2000 - Percent Change

Electric Power Industryl
Generating Capability (megawatts) 2 

...............
. . .. .. . . . .. .. .. . .. . . .. . .. . .. . ..  

785,927 812,667 -3.4
Net Generation (million kilowatthours) .......................................... 3,694,810 3,802,123 2.9

Electric Utilities
Generating Capability (megawatts)

2  
5 ..................................... 9 639,324 604,319 -5.5

coal ................................................................................................. 277,780 260,990 -6.0
Petroleum Only . ... . ....................................................... 31,742 25,823 -18.6
Gas Only ......................................................................................... 31,886 32,125 0.7
Dual Fared (gas and petroleum) ........................................................ 108,716 106,806 1.8
Nuclear .............................................................................................. 95,030 85,968 -9.5
Hydroelectric Pumped Storage ........................................................ 18,945 18,020 -4.9
Hydroelectric (conventional) ............................................................ 74,122 73,738 -.5
Other Renewable

Geothermal ........................................................................... ..... 273 273 .0
Biomass

6 ................................... .. . .. . .. . .. .. . .. . . .. . . .. ; .. . .. . .. . .. .. . . .. . .. . .. . ..  
571 505 -11.6

W ind.......................................................................................... 29 54 86.2
Photovoltaic ................................................................................. 5 5 .0

Other23 ............................................................................................ 225 13 -
9 4.2

Net Generation (million ldlowatthours) .......................................... 3,173,674 3,015,383 -5.0
Coal ................................................................................................. 1,767,679 1,696,619 --4.0
Petroleum7 ........................................................................................ 86,929 72,180 -17.0
Gas .................................................................................................. 296,381 290,715 -1.9
Nuclear .............................................................................................. 725,036 705,433 -2.7
Hydroelectric Pumped Storage8 ...................................................... -5,982 -4,960 -17.1
Hydroelectric (conventional) ........................................................... 299,914 253,155 -15.6
Other Renewable

Geothermal .................................................................................. 1,698 151 -91.1
B iomass6 ..................................... . .. . .. .. . .. . .. . . .. . . .. . .. . .. . .. . .. .. . . .. . .. . .. . ..  

1,992 2,058 33
W ind ...................................................................................... ..... 23 29 26.1
Photovoltaic ................................................................................. 3 3 .0

Consumption
Coal (million short tons) ............................................................ 894 859 -3.9
Petroleum (million banres)

10  
................

. .. . .. . . .. . .. . .. . .. . .. . .. . .. . .. . . .. . .  
153 126 -17.6

Gas (billion cubic feet) ................................................................. 3,113 3,043 -2.2
Stocks (Year Ead)

Coal (million slort tons) ................................................................. 129 90 -30.2
Petroleum (million barrels) 

1I ............................................. .. . .. . . .. . .  44  30  - 3 1.8

Receilpts
Coal (million sbort tons) ................................................................. 908 790 -13.0
Petroleum (million barrels)

12 
...................

. . .. . .. . . .. . .. . . .. .. . .. . .. . .. . .. . .. . ..  
131 100 -23.7

Gas (billion cubic feet)i3 ........................
. . .. . . .. . . .. . .. . .. . .. .. . .. . . .. . .. . .. . ..  

2,811 2,632 -6A
Cost (cents per million Btu)

14

Coal ............................................................................................... 121.6 120.0 -1.3
Petroleuml5 ................................................................................... 2527 445.0 76.1
Gas ................................................................................................ 257.4 430.2 67.1

Sales To Ultimate Consumers(milllon kilowatthours)1
6 .............. 3,235,899 3,309,550 2.3

Residential....................................................................................... 1,140,761 1,183,137 3.7
Cozamercial ..................................................................................... 970,601 1,000,865 3.1
Industrial ......................... 1,017,783 1,017,723 .0
Other

1
7 ........................................................................................... 106,754 107,824 1.0

Revenue From Ultimate Consmers (million dollars) .................. 215,473 224,243 4.1
Residenlial ...................................................................................... 93,142 97,086 4.2
Conimercial ..................................................................................... 70,492 73,704 4.6
Industrial .......................................................................................... 45,056 46,465 3.1
Otherl7 .......................... ........................................................ .. 6,783 6,988 3.0

Average Revenue per Kilowatthour (cents) ................................... 6.66 6.78 1.8
Residential ..................................................................................... 8.16 8.21 .6
Cotmmercial ................................................................................ 7.26 7.36 14
Industrial ........................................................................................ 4.43 4.57 3.2
odt 17 .. ....................................................................................... 314,583 311,258 -1.1

Net Electric Plant Inc Fuel (mllion dollars)
Major Investor Owned .................................................................. 70,594 75,679 7.2
Carboa Dioxide (C02) ................................................................. 2,169,490 2,110,568 -2.7

Nonculncidental Summer Peak Load (megawatts) ...................... 1,271,011 1,790,181 40.8
DSM Actual Peak Load Reductions (megawatts) ........................ 26,455 22,901 -13.4
DSM Energy Savings (million kIlowatthours) ............................. 50,563 1,565 9.9
DSM Cost (million dollars) .............................................................. 1,424 1,565 9.9
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Table 1. Electric Power Industry Summary Statistics for the United States, 1999 and 2000
(Continued)

Nonutility Power Producers
19

Genera ting Capability (megawatts) .......................................................... 146,603 208,348 42.1
CoaI2,: ......................... ............................... .................................... ......... 37,718 55,017 45.9

Petroleum Only 22 .................. ................ . .. . .. . . .. . .. . .. . .. . . .. .. . .. . .. . .. . .. . .. . .. . .. . ..  
3,845 10,128 163.4Gas Only21 .......... ............................................................ .............. ......... 43,585 "65,946 51.3

Dual Fired (gas and petroleum) ................................................................ 37,323 42,988 15.2
Nuclear ..................................................................................................... 2,381 11,892 399.5
Hydroelectric Pumped Storage .................................................................. 620 1,502 142.3
Hydroelectric (conventional) ..................................................................... 5,271 5,621 6.6
Other Renewable

G eothermal ........................................................................................... 2,573 2,520 -2.1
Biomass

6 
............ . .. . .. . .. . . . . . . . . . . . . . . . . .. . .. . ..  9, 88 3  9 ,5 19  - 3 .7

Wind .......................................................................................... .......... 2,222 2,323 4.5
Solar Thermal ........................................................................................ 371 369 0.0
Photo voltaic ........................................................................................... 13 13 0.0

Other
23 ............................................................... . . .. . . .. . .. . .. .. . .. . .. . .. . .. . .. .. . .. . ..  79 8  5 10  - 36 . 1

Net Generation (million kdlowatthours) .................................................. 521,136 786,740 51.0
Coan 2 0  ...................................................................................................... 113,415 269,648 137.8
petroleum

2 2 .......................................................... . . .. .. . . .. .. . .. . .. . .. . .. . .. .. . .. . ..  3 1, 13 2  39 ,0 4 1  25 .4

Gas
2

1 . .. .............................................................................................. ...... 274,140 322,084 17.5
Nuclear ...................................................................................................... 3,218 48,460 1,405.9
Hydroelectric Pumped Storage .................................................................. 106 -579
Hydroelectric (conventional) ..................................................................... 19,508 22,418 14.9
Other Renewable

G eothermal ........................................................................................... 13,129 13,942 6.2
B iomass6 .............................................................................................. 57,621 58,669 1.8
W ind .................................................................................................... 4,465 5,565 24.6
Solar Therm al ........................................................................................ 0 0 .0
Photovoltaic .......................................................................................... 492 491

O ther
23 ..................................................................................................... 3,910 7,003 79.1

Consuimption
24

Coal (thousand short tots) .................... 76,063 156,066 105.2
Petroleum (thousand barrels)

25 
........................

. .. . . .. . .. . .. .. . .. . . .. .. . . .. . .. .. . .. . ..  
85,016 93,474 9.9

Natural Gas (million cubic feet) ............................................................. 3,191,523 3,633,650 13.9
Other Gas (million cubic feet)2 ........................................................... 1,473,207 1,666,166 13.1

Supply and Disposition (million kilowatthours)
Gross Generation ................................................................................... 544,561 828,325 52.1
Receipts27 ............................................................................................. 90 ,39 5  95 , 158  5. 3

Deliveies28 .................................................................. ........................ 3 83,56 0  660 ,189  72.1

Facility Use .......................................................................................... 251,413 263,302 4.7

• 1 Electric utility and nonutility values (capability versus capacity, net versus gross generation, total emissions versus emission for the production of elec-
tricity) may not be summed directly-see Technical Notes for summation methodology.

2 Data ame based on the initial commercial operation year for the generator.
3 In 1999, the useful utility thermal output produced additional emissions of 175 thousand short tons of sulfur dioxide, 64 thousand short tons of nitrogen

oxides, and 18,647 thousand short tons of carbon dioxide. In 2000, the useful utility thermal output produced additional emissions of 137 thousand short
tons of sulfur dioxide, 65 thousand short tons of nitrogen oxides, and 21,171 thousand short tons of carbon dioxide. In 1999, the useful nonutility thermal
output produced additional emissions of 675 thousand short tons of sulfur dioxide, 539 thousand short tons of nitrogen oxides, and 127,000 thousand short
tons of carbon dioxide. In 2000 the useful nonutility thermal output produced additional emissions of 663 thousand short tons of sulfur dioxide, 228 thou-
sand short tons of nitrogen oxides, and 179,301 thousand short tons of carbon dioxide.

4 The report, "Carbon Dioxide Emissions from the Generation of Electric Power in the United States," presented carbon dioxide emissions of 2,265,325
thousand short tons in 1999 and 2,361,535 thousand short tons in 2000. The nonutility data were revised since the release of that report.

5 Net summer capability based on primary energy source; waste gases, and waste steam are included in the original primary energy source (.e., coal,
petroleum, or gas)-historical data have been revised to reflect this change.

6 Includes wood, wood waste, peat, wood liquors, railroad ties, wood sludge, municipal solid waste, agricultural byproduct, straw, tires, landfill gases, fish
oils.

7 Includes petroleum coke.
8 Represents total pumped storage facility production minus energy used for pumping. Negative generation denotes that electric power consumed for

plant use exceeds gronss generation.
9 For 1999 includes 211 megawatts multi-fueled capacity and 13 megawatts fueled by hot nitrogen; for 2000 includes 13 megawatts fueled by hot nitro-

1e0o Includes petroleum coke consumption of 1,608 thousand short tons in 1999 and 1,132 thousand short tons in 2000.
11 Does not include petroleum coke stocks of 355 thousand short tons at year end 1999 and 186 thousand short tons at year end 2000.
12 Does not include petroleum coke receipts of 2,906 thousand short tons in 1999 and 1,683 thousand short tons in 2000.
13 Includes small amounts of coke-oven, refinery, blast fusnance gas, and landfill gas.
14 Average oast of fuel delivered to electric generating plants with a total steam-electric nameplate capacity of 50 or more megawatts; average cost val-

ues are weighted by Btu.
15 Does not include petroleum coke cost of 65.4 cents per million Btu in 1999 and 59.4 cents per million Btu in 2000.
16 All sales are bundled and therefore do not include power marketers (non-traditional energy service providers) relating to the restructuring of the elec-

tric power industry. For 1999 and 2000, these sales were 76.2 million megawatthours and 111.92 million (adjusted) megawarthours, respectively. For more
detailed information regarding sales in restructed markets, see the Energy Infotmation Administration's publication, Electric Sales and Revenue (DOE/EA-
05409 for the appropriate year.

11 Includes public street and highway lighting, other sales to public authorities, sales to railroads and railways, and interdepartmental sales.
18 Includes only those power plants with a fossil-fueled steam-electric nameplate capacity (existing or planned) of 10 or more megawatts. See Technical

Notes for emission factors used for calculation of carbon dioxide emission factors.
19 There is a discontinuity in capability estimates between 1999 and earlier years due to a change in reporting practices. In 1999 for the first time re-

spondents self identified the facility's primary energy source resulting in a reclassification compared to earlier years in some cases.
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20 Includes coal, anthracite culm, bituminous gob, coke breeze, fine coal, lignite waste, tar coal, and waste coal.
21 Includes natural gas, waste beat, butane, propane, and other gas.
22 Includes petroleum, petroleum coke, diesel, kerosene, light oil, liquid butane, liquid propane, oil waste, sludge oil, and tar oil.

( 2 3 Includes batteries, chemicals, hydrogen, pitch, purchased steam, and sulfur.
24 Includes consumption for useful thermal output. For 1999, included were 16 million short tons of coal, 22 million barrels of petroleum, and 752 billion

cubic feet ,f gas. For 2000, included were 16 million short tons of coal, 21 million barrels of petroleum, and 749 billion cubic feet of gas.
25 Includes petroleum coke consumption of 2,915 thousand short tons for 1999 and 3,537 thousand short tons fur 2000.
26 Includes butane, propane, and other gas,
27 Includes purchases, interchanges, and exchanges of electric energy with utilities and other nonutilities.
28 Includes sales, interchanges, and exchanges of electric energy with utilities and other nonutilities. The disparity in these data and data reported on

other EIA surveys occurs due to differences in the respondent universe. The Form EIA-860B is filed by nonutilities reporting the energy delivered, while
other data sources are filed by electric utilities reporting energy received. Differences in terminology and accounting procedures contribute to the disparity.

R = Revised data.
Notes: -Data for 2000 from Form EIA-767 are final pending approval from the Environmental Protection Agency. Other data in this table are final.

-See Technical Notes for estimation methodology. -Totals may not equal sum of components because of independent rounding. -Percent change is calcu-
lated before rounding. -DSM = Demand-Side Management.

Sources: -Energy Information Administration, Form EIA-412, "Annual Report of Public Electric Utilities"; Form EIA-759, "Monthly Power Plant Re-
port"; Forth EIA-767, "Steam-Electric Plant Operation and Design Report"; Form EIA-860A, "Annual Electric Generator Report - Utility"; Form EIA-860B,
"Annual Electric Generator Report - Nonutility"; Form EIA-861, "Annual Electric Utility Report"; Federal Energy Regulatory Commission (FERC) Form 1,
"Annual Ikeport of Major Electric Utilities, Licensees, and Others" as edited by Navigant Knowledge Systems; Federal Energy Regulatory Commission
(FERC) Form 423, "Monthly Report of Coat and Quality of Fuels for Electric Plants." Form EIA-41 1, "Coordinated Bulk Power Supply Programs"; Depart-
ment of Energy, Office of Emergency Policy, Form OE-411, "Coordinated Bulk Power Supply Program."

Renewable Energy Resources
Section 171 of Public Law 102-486, the Energy Policy Act of 1992, requires the Administrator of the Energy
Information Administration to annually collect and publish the results of a survey of electricity production from
domestic renewable energy resources. This requirement includes reporting data on electricity production (in
kilowatthours) and total installed capacity. The renewable energy resources shown in Table 1, "Electric Power
Industry Summary Statistics for the United States, 1999 and 2000," will be reported in detail in the Renewable
Energy Annual, 2001.

Energy Information Administration/Electric Power Annual 2000 Volume II 13



U.S. Electric Utility Retail Sales and Revenue

This chapter provides summary statistics on the sale
of electricity to ultimate consumers, associated
revenue, and average revenue per kilowatthour sold at
the national, Census division, and State levels.

Background

Because electricity itself cannot be stored, it must be
generated, transmitted to the consumer, and consumed
instantaneously. Electric utility companies were
formed to provide these services. An electric system
consists of: generating plants (stations) to convert dif-
ferent energy sources to electric power; transformers
to raise the voltage in order to reduce losses in trans-
mitting the power; transmission lines to transmit the
power to the general vicinity of consumption; trans-
formers to lower the voltage; and distribution lines to
distribute the power to the ultimate consumers. The
entire system of generating stations, transformers,
transmission lines, and distribution lines is a power
system. Electric utilities, historically build, design,
and operate power systems. Most large investor-

•/ owned electric utilities own and operate entire power
systems: the generation, transmission, and distribution
functions. Many small companies are distribution
companies, purchasing their electricity from gener-
ation suppliers, which can include traditional electric
utilities, nonutility power producers, and power
marketers. In anticipation of competition in the elec-
tric power industry, electric utility companies are
forming separate business units for generation and
customer service apart from transmission and distrib-
ution.

U.S. electric utilities are high-investment businesses
and historically have been treated as monopolies
because duplicate facilities, particularly transmission
and distribution lines, would be inefficient. Thus,
franchises are granted to electric utilities for given
geographical areas by regulatory officials. To obtain a
franchise, electric utilities must provide service to all
consumers in their territories at a reasonable cost. As
the electric power industry transitions to a compet-
itive environment, access to tranmission and distrib-
ution lines will be opened; however, revenue
associated with these facilities will remain regulated.
The generation function is now competitive at the
wholesale trade level, and some States are planning to
initiate competition at the retail level.

The service territory of an electric utility generally
has many different classifications of consumers. Elec-

,tric utilities determine consumer classification by
various factors such as demand, rate schedule, North
American Industry Classification (NAICS) code, dis-

tribution voltage, accounting methods, end-use appli-
cations, and other social and economic characteristics.
Electric utilities use consumer classifications for plan-
ning purposes (e.g. load growth and peak demands)
and for deriving their rate schedules, often with the
approval of a government regulatory agency.

End-Use Sectors
Consumers within the service territory of an electric
utility are grouped into end-use sectors: residential,
commercial, industrial, and other. The electric utility
determines the criteria for end-use sector classifica-
tion based on its service territory, size, location, own-
ership, and regulatory structure.

The residential sector includes private households and
apartment buildings, where energy is consumed pri-
marily for space heating, water heating, air condi-
tioning, lighting, refrigeration, cooking, and clothes
drying. The commercial sector includes nonmanufac-
turing business establishments, such as hotels, motels,
restaurants, wholesale businesses, and retail stores,
and health, social, and educational institutions. The
industrial sector includes manufacturing, construction,
mining, agriculture, fishing, and forestry establish-
ments (NAICS codes Ill through 3399). Electric util-
ities may classify their commercial and industrial
service based on demand or annual usage falling
within a range specified by the utility, such as classi-
fying a light manufacturer as commercial. The other
sector includes public street and highway lighting,
transportation, municipalities, divisions or agencies of
State and Federal governments under special contracts
or agreements, and other utility 'departments as
defined by the pertinent regulatory agency and/or
electric utility.

Revenue Requirements
The revenue requirements of an electric utility are set
to reimburse the utility for providing electric service.
Revenue requirements are the anticipated costs of pro-
viding services for some period of time in the future,
usually one year. Revenue requirements are based on
operating expenses, depreciation expenses, taxes, and
return on the rate base (profit of the electric utility).
The process of determining electricity prices gener-
ally follows three stages: (1) identification of revenue
requirements, (2) allocation of the requirements for
different classes of service (sectors), and (3) estab-
lishment of rate schedules for each sector. In the
future, competition at the retail level may change the
way rates are set and by whom. In a deregulated envi-
ronment, generation prices will be market-based
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rather than cost-based as under the current regulated
system. Rates will be "unbundled," and bills will
include a list of services and the associated rates and
charges such as energy, transmission, distribution,
metering, and other charges. Access will be opened to
transmission and distribution lines, though the
revenue associated with-these lines will likely remain
regulated. Under open access rules allowing competi-
tion for wholesale generation, some costs that are cur-
rently collected in rate schedules for generation assets
may become stranded. This means that the costs of the
generation asset may not be recoverable at market-
based rates in a competitive environment for gener-
ation. The recovery of stranded costs is an issue that
will need resolution as the industry undergoes deregu-
lation. These stranded costs may be recovered in
nonbypassable charges in the form of a rate per
kilowatthour paid by all consumers in the jurisdic-
tional distribution utility.

Currently, under a regulated environment, the rate
schedules to generate revenue requirements for elec-
tric utilities, which are unique to each utility, are
developed using a cost-based methodology and are
subject to approval by the appropriate authority based
on the ownership class applicable to the utility. For
example, investor-owned electric utilities are. regu-
lated by State public service commissions and the
Federal Energy Regulatory Commission (FERC).
Under new FERC rules, transmission of wholesale
power will remain regulated to ensure open access to
transmission systems in a competitive environment,

•. while wholesale rates for generation will become
deregulated. State public utility commissions will
continue to regulate retail sales and distribution.
However, some States are considering retail competi-
tion for generation that will allow market-based rates
for energy, while regulating distribution rates. Public
electric utilities, in most States, are controlled through
locally elected or appointed officials, and are not
under the jurisdiction of FERC. Their rate schedules
will, however, possibly be affected by any changes in
State regulations addressing retail competition. A
detailed discussion on utility classes of ownership and
the emerging competitive environment are included in
the "Industry Profile" section of the first chapter of
this publication.

A rate schedule is a statement that the utility will
provide service to a particular class of consumer at a
certain price. Prices for different sectors vary based
on the objectives of the utility. These obj~ctives
include the need to allocate the various costs incurred
in providing service, to maintain the existing con-
sumer base of the utility, and to promote new busi-
ness.

Average Revenue per Kilowatthour
The average revenue per kilowatthour of electricity
sold by electric utilities is calculated by dividing the
annual revenue from retail sales by the annual retail
sales for each sector and State. The resulting measure-
ment is the cost (per kilowatthour of electricity sold)
for providing service to a sector, given the rate
schedule of the electric utility for that particular
sector. The average revenue per kilowatthour is calcu-
lated for all consumers and for each sector (residen-
tial, commercial, industrial, and other sales). Utilities
typically employ a number of rate schedules within a
single sector. These alternative rate schedules reflect
the varying consumption levels and patterns of dif-
ferent consumers and the associated impacts on the
cost to the electric utility for providing electrical
service. The average revenue per kilowatthour by
sector reported in this publication represents a
weighted average of revenue and sales from ultimate
consumers within that sector and across sectors for all
consumers.

The electric revenue used to derive the average
revenue per kilowatthour is the operating revenue
reported by the electric utility. Operating revenue
includes energy charges, demand charges, consumer
service charges, environmental surcharges, fuel
adjustments, and other miscellaneous charges.

Utility operating revenues cover, among other costs of
service, State and Federal taxes assessed on the
utility. State and local authorities tax the value of
plants (property taxes), the amount of revenues (gross
receipts taxes), purchases of materials and services
(sales and use taxes), and a potentially long list of
other items that vary extensively by taxing authority.
The Federal component of these taxes are, for the
most part, "payroll" taxes. Taxes deducted from
employees' pay such as Federal income taxes and
employees' share of social security taxes are not a part
of the utility's "tax costs," but are paid to the taxing
authorities in the name of the employees. These taxes
are included in the utility's cost of service (i.e.,
revenue requirements) and in the amounts recovered
from consumers in rates. Therefore, such taxes are
reported as operating revenues.

Electric utilities, like many other business enterprises,
are required by various taxing authorities to collect
and remit taxes assessed on its consumers. In this
regard, the utility serves as an agent for the taxing
authority. Taxes assessed on the consumer but col-
lected by the utility, such as gross receipts tax, sales
tax, or environmental surcharges, are called "pass-
through" taxes. These taxes do not represent a cost of
the utility and are not recorded in the operating
revenues of the utility. However, taxing authorities
differ in whether a specific tax is assessed on the
utility or the consumer, a difference that in turn deter-
mines whether or not the tax is included in the electric
utility's operating revenue.
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Average revenue per kilowatthour for the residential
sector is generally higher than for other sectors. This
is primarily due to the higher costs associated with
serving many consumers who use relatively small
amounts of electricity. These costs include direct-load
costs (such as those for distribution lines, transfor-
mers, and meters) in addition to consumer or adminis-
trative costs. The industrial sector generally has the
lowest average revenue per kilowatthour because of
the economies of serving a few consumers who use
relatively large amounts of electricity.

Federal electric utilities generally have the lowest
average revenue per kilowatthour among the owner-
ship classes because they have access to relatively
low-cost financing and mostly utilize inexpensive
hydroelectric facilities. Because publicly owned elec-
tric utilities also have access to relatively low-cost
financing and are nonprofit entities, they have lower
average revenue per kilowatthour than investor-owned
electric utilities. Although cooperative electric utili-
ties have economic advantages similar to those of
publicly owned electric utilities, cooperatives gener-
ally serve sparsely populated areas; as a consequence,
cooperatives generally have higher average revenue
per kilowatthour than publicly owned utilities.

Because of the type and availability of capacity and
the cost of fuel, th6 average revenue per kilowatthour
differs across U.S. Census divisions. The New
England and Middle Atlantic Census Divisions tend to
have an average revenue per kilowatthour that is
higher than the national average because of their reli-

ance on petroleum; whereas, the East and West South
Central Census Divisions rely on gas-fired generation
and the East North Central and South Atlantic Census
Divisions rely on coal-fired generation. Petroleum is
generally a more expensive energy source than coal
and natural gas. Because the Mountain Census Divi-
sion relies on inexpensive hydroelectric generation,
the average revenue per kilowatthour in this region is
usually below the national average for all classes of
consumers. The Census divisions where Federal
hydroelectric facilities provide significant amounts of
electricity, such as the East South Central Census
Division, also have low average revenue per
kilowatthour.

Source of Data

Summary statistics on retail sales of electricity by
electric utilities and average revenue are provided in
the following tables. These data were obtained from
the Form EIA-861, "Annual Electric Utility Report."
The form is an annual census of electric utilities
(approximately 3,300) that own and/or operate facili-
ties within the United States, its territories, and Puerto
Rico.7 Data collected include the generation, trans-
mission, distribution, sales, and associated revenue of
electric energy and is primarily used by the public.
More detailed statistics on sales, average revenue, and
revenue per kilowatthour are published annually in
the Electric Sales and Revenue8 Some tables contain
bundled (energy and delivery services) and unbundled
data, while others contain only bundled data.

7 Summary data in this publication are for the United States only and do not include Puerto Rico and the U.S. territories.
I For detailed data, including data for the power authorities of Guam, Puerto Rico, American Samoa, and the Virgin Islands, see the

Electric Sales and Revenue, DOE/EIA-0540, published annually by the Energy Information Administration.
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Table 2a. U.S. Average Monthly Bill By Sector, Census Division and State, 2000

RESIDENqTIAL

Census Division Number of Average Monthly Average Revenue Average Monthly Bill
Consuers k~h)(cents per

State Consumers Consumption (kWh) kilowatthour) (dollars and cents)

New England ...................... .......................................... 5,780,963 595 11.17 66.50u
iConnecUicut . ....................
NA.;-

Massa
New I
Rhode

'e .......................................... .....................

M iddle Atilanlic ............... .................. ......................
New Jersey
New York..
Pennsylvau

East North
Illinois.....
Indiana....
Michiganr..
nhin,
WISCoUs1in .........................................................................

West North Central ...................................
Iowa ...............................................................................
IF- ...

..........................................

Nebraska ...........................................................................
North Dakota..........................
South Dakota ....................................................................

South Atlantic ...........................
Delaware ..........................................................................
Distict of Columbia ........................................................
Flouida .................. ........................................ . .
Georgia ............................................................................
M aryland .........................................................................
North Carolina .................................................................
South Carolina... ...........................................................
Virginia . . ......... ................................................................

• ,/ W est Virginia ..................................................................

East South Central ............................................................
Alabama ............................................................................
K entucky ........................................................................
M ississippi .. ................................................................
Tenness e .........................................................................

West South Central ............................. . .............
Arkansm .......................- ..................
I .-., _

1,364,268
650,326

2,526,707
542,422
413,746
283,494

14,828,060
3,185,052
6,710,008
4,933.000

18,406,935
4,748,863
2,545,743
4,099,153
4,684,127
2,329,049
8,26,367
1,243,488
1,136,079
2,051,355
2,440.099

724,701
288,470
322,175

21,987,335
335,282
198,264

7,169,802
3,385,235
1,986,198
3,561,203
1,764,298
2,767,245

819,808
7,251,279
1,930,037
1,765,011
1,172,984
2,383,247

12,534,464
1,177,901
1,818,627
1,514,670
8,023,266
7,167S6
1,959,669
1,771,294

531,075
401,982
794,493
728,046
759,649
221,778

14,955,427
1r,,091,616
1,434,298
2,429,513

S58,8
230,534
368,361

111,717,711

711
479
579
562
537
599
633
642
534
760
751
704
938
624
827
713
893
806
919
757

1,010
960
979
885

1,106
889
683

1,151
1,097
1,005
1,089
1,194
1,131

990
1,218
1,242
1,104
1,221
1,281
1,191
1,052
1,270
1,081
1,214

846
1,056

660
1,099

810
987
565
715
790
727
595

1,058
1,133

643
671
625
889

10.86
12.49
10.53
13.15
11.28
12.30
11.39
10.27
13.97
9.53
8&22
8.83
6.87
8.52
8.61
7.53
7.35
8.37
7.65
7.52
7.04
6.53
6.44
7.42
7.70
8.54
8.03
7.77
7.60
7.95
7.97
7.58
7.52
6.27
6.43
7.05
5.47
6.93
6.33
7.77
7.45
7.67
7.03
7.96
7.42
8.44
7.31
5.39
6.49
7.28
8.36
6.29
6.50
&73

10.89
5.88
5.13

14.42
11.45
16.41
&24

77.24
59.79
61.01
73.87
60.53
73.64
72.06
65.98
74.64
72.49
61.73
62.23
64.38
53.22
71.20
53.73
65.67
67.50
70.33
56.88
71.17
62.63
63.02
65.69
85.21
75.87
54.80
89.45
83.36
79.92
86.79
90.51
85.00
62.01
78.31
87.55
60.37
84.65
81.00
92.55
78.42
97.47
75.91
96.64
62.73
89.13
48.21
59.23
52.57
71.83
47.24
44.94
51.32
63.49
64.83
62.22
58.14
92.69
76.81

102.63
73.26

Texas.
Mountain

Arizona
Colorado
Idaho...._
Montana
Nevada..
New Me:

c...........................o..........................................

I. . ...........................................................
. ..........................................................................

tiguo. .............................................. ..............
a.........................................................................

,icontiguous ............. . ..........

Wyon
Pacific Ce

Califo'ni.
Oregon..
Washingi

Pacific No
Alaska...
Hawaii...

U.S. Total

See footnotes at end of table.
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Table 2a. U.S. Average Monthly Bill By Sector, Census Division and State, 2000 (Continued)

COMMERCIAL

Census Division Number of Average Monthly Average Revenue Average Monthly Bill
State Consumers Consuneption (Wh) ( pr (donlars and cents)

kilowatthour)

New England ................ . . . . ............
Connect ic t .......................................................................
Maine ................. . . . ... . ............

M assachusetts .............................................................
New Ham pshire ...............................................................
Rhod eI sland ..................................................................

mi i Iue A luan c ..................................................................
New Jersey
New York..
"ennsvivamia .............. ..............

East North Central ................................
Illinois .............................................................................
Indiana .........................................................................
Michigan .................................. . . ............
Ohio ... ..... ..........................
Wisconsin ................... . . . . ............

West North Central ............... . ............
to wa ...................
Kansas .................
M innesota ...........

.....................................

.....................................

Missouni .........
Nebraska .......
North Dakota.
South Dakota.

0OUU1 Au Inuc .c..................................................................
Delaware ...........-.........................................................

District of Columbia . ... ................

Georgia
Masvlanns ......................................... ............
North Carolina ............. . . . . ............
South Carolina ................................................................
Viginia .............-... . . . ... .................
West V'wginia ....... ...........................................................

East South Central ...........................................................
Alabama .....................................................................

Kentu cky ....................................................................
Mississippi ......................... . . . ............
Tennessee ...... .... ....... ....................................................

W est South Central ..........................................................
Arkansas ........................
! 'a,. gn

733,175
130,771
102,433
324,098
85,083
49,665
41,125

1,965,356
432,580
881,118
651,658

2,051,579
493,670
290,737
461,175
527,626
278,371

1,110,162
171,611
186,755
217,384
316,761
120,387
46,643
50,621

2,791,219
40,616
27,224

882,205
410,782
218,342
513,727
274,003
306,821
117,499

1,105•,4
313,017
232,298
184,783
375,756

1,657M58
143,544
218,500
202,080

1,093,414
982,885
211,921
244,080
92,417
75,861

112,192
113,364
84,998
48,052

1,0959A43

1,371,137
208,840
279,466
91,856
38,074
53,782

14,349,067

5,402
7,604
3,020
5,922
3,697
5,312
3,869
5,719
6,379
5,652
5,371
6,469
7,403
5,867
6,481
6,437
5,485
5,281
4,067
5,583
4,439
6,807
4,874
4,563
3,987
7,067
8,39

25,503
6,813
7,496
9,849
5,979
5,317
7,686
4,820
5,290
5,073
4,998
5,164
5,712
6,281
5,078
6,951
5,408
6,467
6,284
8,419
6,142
6,373
4,165
4,864
4,906
7,730
4,766
5,915
5,634
6,101
7,154
4,783
4.895
4,704
6,128

9.47
9.27

10.23
9.13

10.81
9.50

10.61
10.25

9.14
12.65
7.71
7.20
7.31
5.93
7.90
7.61
6.03
6.07
6.57
6.25
6.36
5.83
5.42
6.08
6.64
6.29
5.89
7.55
6.25
6.50
6.55
6.36
6.35
5.65
5.46
6.16
6.58
5.14
6.41
6.28
6.78
5.93
7.18
6.14
6.88
6.14
7.34
5.55
4.24
5.60
6.74
7.06
5.23
5.29
&67

10.25
5.06
4.86

12A68
9.77

14.81
7.43

511.31
704.82
308.84
540.42
399.46
504.63
410.43
586.31
583.18
715.23
414.09
465.48
541.28
348.02
511.82
489.99
330.50
320.80
267.39
348.86
282.13
396.65
264.08
277.40
264.80
444.65
489.42

1,926.07
426.09
487.16
645.28
380.32
337.49
434.00
262.97
325.64
333.83
257.05
330.87
358.63
425.71
301.15
498.83
332.16
444.75
385.97
618.32
340.78
270.08
233.44
327.84
346.21
404.11
251.90
512.81
577.53
308.74
347.80
606.27
478.39
696.81
455.35

Ux mi omIt .. .......................................................................

Wmoumnain .... ..................
A rizona . .....................................................................
Colorado .. ....................................................................
Idaho .. ............................................................ .
Montana .... . .................
New Mexico .... .... ...............
Utah ...... .............................. ........... .................. .

W yomI. ......................................................................
Pacific Contiguous .............. . . . . ............

CalifConla .. ... ....... ...................................................
OCaifre .... ...... . . ...................

W ashington ....................................................................

Pacific Noncontiguous . ... . . ............
Alaska ................. ... . . ............
Hawaii ................... ... . . ............

U.S. Total ..... . .................

See footnotes at end of table.
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Table 2a. U.S. Average Monthly Bill By Sector, Census Division and State, 2000 (Continued)

INDUSTRIAL

Census Division
State

Number of
Consumers

Average Monthly
Consumption (kWh)

Average Revenue
(cents per

kilowatthour)

Average Monthly Bill
(dollars and cents)

New England ......................................................................
Connecticut .......................................................................
Mainessa ..s. ts... ............................................................
Massachusetts ................................................................
New sand ................................Hp i................................
Rhode Is.land................. . . ............
Vermont .... ti....................................................................

Middle Aer .................................A.....................................
New Jersey .......................................................................
NewuYork ....................................................................
Pennsylvania ............................ ..............................

East North Central............................... ..............................
Illinois .......................................................................
Indiana .............................. . . . ..........
Ohiog...........................................................................

Wisconsin .........................................................................
W est North Central ..........................................................

Iowa ........................ ....................................................
Kansas ..........................................................................
Minnesota .........................................................................
Missouri ............................... ..................................
Nebraska ........... ..................
North Dakota ....................................................................
South Dakota ....................................................................

South Atlantc ....................................................................
Delawarr ........................
District of Columbia .......................................................
Florida .................................................................
Georgia ............................
Maryland .............. ....... . . . . .............
North Carolina ............. . . . . ............
South Carolina ..................................................................
Virginia ......... ......................
West Virginia .................................................................

East South Central .............. . . . ............
Alabama .........................................................................
Kentucky ............................
Mississippi . ...................
Tennessee .................. . . . . ............

West South Central . ..................
Arkansas ............................... .................................
Louisiana .........................................................................
Oklahoma .........................................................................
Texas ................................... . . . . ...........

Mountain ............................................................................
Arizona ... ............. . . . ............
Colorado ..................................... . . ............
Idaho ........................................ . . ............

Montana ........... .................
Nevada.... ......................
New Mexico..................................................................
Utah .... ...............................................................

Pacific Contiguous .............................. . . ...... ..................
Pacifmic Contiguous.................... ... ...... ..................................
California ..............................
Oregon .............................................................. .
Washington ..................................................

Pacific Noncontiguous . ... . . ............
Alaka ...s.......................................
Hawaii ...................................................................

U.S. Total ..... ..........................................................

28,000
5,864
1,966

13,983
3,307
2,492

388
56,361
12,463
8,718

35,180
72,976
5,009

19,058
13,670
29,631
5,608

51,374
4,050

14,391
10,838
9,541
8,974
1,860
1,720

78,61
553

1
26,024
10,343
7,382

12,577
5,077
5,371

11,233
20,255
6,252
7,724
4,500
1,779

117,739
25,597
15,491
15,371
61,280
30,792
4,760
3,566
6,126
1,362
1,462
1,493
8,441
3,582

68,981
42,222
11,896
14,863
1,515

854
661

526,554

78,961
82,576

192,884
62,773
65,452
46,600

353,492
122,866
78,978

246,982
107,657
258,565
681,094
210,062
227,187
208.,170
388,758
137,198
352,403
59,193

221,767
140,445
67,566

135,811
97,031

178,386
542,626

22,713,167
60.469

290,739
113,636
226,948
546,706
319,912
82220

497,281
466,977
406,625
293,637

1,512,510
116,601
56,218

171,876
75,548

138,148
186,398
209,649
232,632
114,372
401,856
640,609
306,563
78,164

170,309
140,225
126,930
114,558
198,535
267,904
101,154
483,343
168,428

7.85
7.32
6.89
8.20
9.17
8.76
7.31
5.97
8.58
5.37
5.63
4.44
4.99
3.81
5.09
4.37
4.04
4.30
3.89
4.55
4.57
4.43
3.61
3.98
4.49
4916
3.73
4.74
4.84
4.10
4.14
4.58
3.74
3.90
3.76
3.70
3.87
3.01
4.14
4.09
4.48
4.20
5.00
4.09
4.42
4.22
5.27
4.25
3.11
3.97
4.98
4.69
3.35
3.36
5.47
7.14
3.56
3.30

10.81
7.56

11.69
4.64

6,198.68
6,040.56

13,290.61
5,146.17

'6,000.38
4,084.00

25,856.74
7,334.76
6,774.18

13,273.27
6,061.73

11,493.08
33,985.58
7,998.29

11,572.00
9,103.32

15,714.04
5,896.16

13,692.24
2,692.69

10,142.78
6,218.84
2,440.72
5,399.96
4,358.72
7,419.00

20,229.81
1,076,666.67

.2,925.06
11,932.39
4,704.00

10,397.80
20,452.60
12,467.56
3,092.92

1•8,N7.97
18,091.48
12,253.99
12,161.44
61,812.30
S,227.46
2,362.69
8,602.39
3,089.29
6,107.25
7,86283

11,055.22
9,895.73
3,559.46

15,942.67
31,917.86
14,365.82
2,618.08
5,714.89
7,665.63
9,067.08
4,075.96
6,557.55

28,960.40
7,652.03

56,490.42
7,913.30

Notes: -Data ar final. Conmmercial or industrial billings are generally determined by the level of demand and consumption of electricity rather than by
consumer eeonomic activity. Average monthly usage in kilowatthours is calculated by dividing the megawatthours by 12(months), dividing the results by the
number of consumers, and multiplying by 1000 (to convert to kilowatthours). The average revenue is calculated by dividing the revenue by the megawat-
thours, then multiplying by 100 (to convert to cents). The average monthly bill is calculated by dividing the revenue by 12(months), dividing the result by the
number of consumers, and multiplying by 1000 (to convert to dollars and cents).

Source- Energy Information Adininistration, Form EIA-861, "Annual Electric Utility Report", and calculated from the data shown in Tables 14, 15, 16,
and Appendix C. of the Electric Sales and Revenue (DOF/EIA-0540) for the appropriate year.
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Table 2b. Number of Customers (Bundled and Unbundled) by Sector, Census Division, and State,
2000

( _/ ensus Division RsdnilCmeca

RStateis Comrilindustrial Otherl F All Sectors

New England ..................................... .5,780,963 733,175 28,000 41,298 6,583,436
Connecticut ...................................... 1,364,268 130,771 5,864 5,008 1,505,911
Maine .............................................. 650,326 102,433 1,966 15,892 770,617
Massachusetts .................................. 2,526,707 324,098 13,983 12,368 2,877,156
New Hampshire ................................ 542,422 85,083 3,307 5,449 636,261
Rhode Island .................................... 413,746 49,665 2,492 1,150 467,053
Vermont ........................................... 283,494 41,125 388 1,431 326,438

Middle Atlantic .................................. 14,828,060 1,965,356 56,361 52,946 16,"2,723
New Jersey ....................................... 3,185,052 432,580 12,463 10,427 3,640,522
New York ......................................... 6,710,008 881,118 8,718 34,812 7,634,656
Pennsylvania ..................................... 4,933,000 651,658 35,180 7,707 5,627,545

East North Central ............................ 18,406,935 2,051,579 72,976 88,229 20,619,719
Illinois ............................................... 4,748,863 493,670 5,009 34,859 5,282,401
Indiana ............................................. 2,545,743 290,737 19,058 9,805 2,365,343
Michigan .......................................... 4,099,153 461,175 13,670 9,856 4,583,854
Ohio ...... ........................... .. 4,684,127 527,626 29,631 20.242 5,261,626
Wisconsin ......................................... 2,329,049 278,371 5,608 13,467 2,626,495

West North Central ........................... 8,26,367 1,110,162 51,374 131,498 9,499,401
Iowa ............................................... 1,243,488 171,611 4,050 17,706 1,436,855
Kansas .............................................. 1,136,079 186,755 14,391 15,591 1,352,816
Minnesota ......................................... 2,051,355 217,334 10,838 24,128 2,303,705
Missouri ............. 2,440,099 316,761 9,541 14,109 2,780,510
Nebraska .......................................... 724,701 120,387 8,974 44,700 898,762
North Dakota .................................. 288,470 46,643 1,860 6,235 343,208
South Dakota .................................... 322,175 50,621 1,720 9,029 383,545

South Atlantic ................................... 21,997,335 2,791,219 78,5•1 190,695 25,047,810
Delaware ........................................... 335,282 40,616 553 768 377,219
District of Columbia ......................... 198,264 27,224 1 33 225,522
Florida ............................................... 7,169,802. 882,205 26,024 74,815 8,152,846
Georgia ............................................. 3,385,235 410,782 10,343 32,284 3,838,644
Maryland ......................................... 1,986,198 218,342 7,382 1,911 2,213,833
North Carolina .............. 3,561,203 513,727 12,577 18,204 4,105,711
South Carolina ................................. 1,764,298 274,003 5,077 16,118 2,059,496
Virginia ............................................ 2,767,245 306,821 5,371 43,472 3,122,909
West Virginia ......... 819,808 117,499 11,233 3,090 951,630

East South Central ............................ -7,251,279 1,105,854 20,255 58,539 8,435,927
,/ Alabama 1,930,037 313,017 6,252 13,447 2,262,753

Kentucky .......................................... 1,765,011 232,298 7,724 23,040 2,023,073
Mississippi ...................................... 1,172,984 184,783 4,500 9,699 1,371,966
Tennessee .......................................... 2,383,247 375,756 1,779 12,353 2,773,135

West South Central ........................... 12,534,464 1,657,538 117,739 176,331 14,486,072
Arkansas ............................................ 1,177,901 143,544 25,597 15,796 1,362,838
Louisiana ......................................... 1,818,627 218,500 15,491 22,545 2,075,163
Oklahoma ......................................... 1,514,670 202,080 15,371 16,121 1,748,242
Tea= .............................................. 8,023,266 1,093,414 61=230 121,869 9,299,829

Mountain ........................................... 7,167,986 982,885 30,792 153,974 8,335,637
Arizona. ............................................ 1,959,669 211,921 4,760 17,212 2,193,562
Colorado ........................................... 1,771,294 244,080 3,566 97,937 2,116,877
Idaho ................................................ 531,075 92,417 6.126 3,367 632,985
Montana .......................................... 401,982 75,861 1,362 14,793 493,998
Nevada .............................................. 794,493 112,192 1,462 1,781 909,928
New Mexico ................................... 728,046 113,364 1,493 10,868 853,771
Utah .............................. 759,649 34,998 8,441 4,889 857,917
Wyoming ......................................... 221,778 48,052 3,582 3,127 276,539

Pacific Contiguous ............................ 14,955,427 1,859,443 68,981 72,303 16,956,154
California .......... . 11,091.616 1,371,137 42,222 32,856 12,537,831
Oregon .............................................. 1,434,298 208,840 11,896 13,001 1,666,035
Washington ...................... 2,429,513 279,466 14,863 28,446 2,752,288

Pacific Noncontiguous ...................... 593,895 91,856 1515 8,372 700,638
Alaska ............................................ 230,534 38,074 854 4,068 273,530
Hawaii ............................................ 368,361 53,782 661 4,304 427,108

U.S. Total ......................................... 111,717,711 14,349,067 526,554 974,185 127,567,517

1 Includes sales for public street and highway lighting, other sales to public authorities, sales to railroads and railways, and interdepartmental sales.
Notes: -Data are final. Data include both bundled and unbundled consumers. Data for unbundled consumers are from "Electric Sales and Revenue

2000," Appendix C and are adjusted (see Appendix C for discussion).
Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report", and calculated from the data shown in Tables 14, 15, 16,

and Appendix C. of the Elecrric Sales and Revenue (DOE/EL4.-0540) for the appropriate year.
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Table 2c. Sales to Bundled and Unbundled Consumers by Sector, Census Division, and State, 2000
(Million Kilowatthours)

CensusDvision J Residential j Commercial T Industrial j Otherl DSco

New England ._ ' . 41,302 47,527 26,531 1,627 116,987
Connecticut ..................................... 11,645 11.932 5,811 564 29,952
Maine ............................................ 3,737 3,712 4,551 163 12,163
Massachusetts ................................. 17,562 23,033 10,533 644 51,773
New Hampshire ............. 3,656 3,774 2,597 131 10,159
Rhode Island .............................. 2,664 3,166 1,394 78 7,301
Vermont ........................... ........ 2,037 1,910 1,646 46 5,639

Middle Atlantic .................. ......... 112,53 134,879 83,098 15,299 345,849
New Jersey ....................................... 24,547 33,112 11,812 506 69,977
New York ........................................ 43,018 59,764 25,838 13,407 142,027
Pennsylvania .................................. 45,008 42,002 45,449 1,387 133,845

East North Central ............................ 165M920 159,269 226,428 15,969 567,585
Illinois ..................... 40,146 43,855 40,939 9,756 134,697
Indiana ................................... 28,649 20,468 48,040 618 97,775
Michigan ......................................... 30,707 35,867 37,268 930 104,772
Ohio ........... 46,488 40,757 74,019 3,930 165,195
Wisconsin ......................................... 19,929 18,321 26,162 734 65,146

West North Central ........... 81,927 70,358 84,581 6,613 249,479
Iowa ................................................. 12,029 8,375 17,127 1,558 39,088
Kansas ............................................. 12,528 12,511 10,222 660 35,921
Minnesota. ........................................ 18,629 11,580 28,842 730 59,782
Missouri ........................................... 29,581 25,875 16,080 1,106 72,643
Nebraska . . . ... 8,346 7,041 7.276 1,686 24,349
North Dakota ................................. 3,390 2,554 3,031 438 9,413
South Dakota................................... 3,423 2,422 2,003 435 8,283

South Atlantic ................................... 291,800 236,704 168,170 22,198 718,871
Delaware ........................................ 3,575 4,050 3,601 49 11,274
District of Columbia .......... 1,624 8,332 273 387 10,616
Florida ............. . .... 99,006 72,130 18,884 5,824 195,843
Georgia ............................................ 44,560 36,951 36,085 1,589 119,185
Maryland ........................................... 23,949 25,804 10,066 858 60,678
North Carolina .................................. 46,537 36,859 34,252 2,208 119,855
South Carolina .............. 25,270 17,483 33,308 951 77,012Virginia ............ . ..... 37,541 28,299 20,619 10,256 96,715
West Virginia ................................... 9,738 6,796 11,083 76 27,693

East South Central ........................... 105,946 70,197 120,869 S5 3 302,904
Alabama ......................................... 28,756 19,057 35,034 677 83,524
Kentucky ......................................... 23,374 13,933 37,689 3,320 78,316
Mississippi .......... 17,193 11,451 15,856 836 45,336
Tennessee .......................................... 36,622 25,757 32,289 1,060 95,728

West South Central ......................... 179,125 124,935 164,742 21,326 490,128
Arkansas ......................................... 14,871 8,746 17a268 726 41,611
Louisiana . ... . 27,719 18,225 31,950 2,795 80,690
Oklahoma .......................................... 19,640 13,115 13,935 2,874 49,564
Texas ................................................. 116,895 84,848 101,588 14,931 318,263

Mountain ........................................ 72,747 74,114 68,875 7,975 223,710
Arizona .......................................... 24,844 21,411 11,975 2,900 61,130
Colorado ............................................ 14,029 17,989 9,955 1,047 43,020
Idaho ........................ 7,006 7,068 8,408 352 22,834Montana .................. 3,908 3,792 6W568 312 14,580
Nevada ............................................. 9,406 6,548 11,239 598 27,792
New Mexico ............................. 4,937 6,674 5,492 1,698 18,801
Utah .. .... 6,514 7,884 7.917 870 23,185
Wyoming .......................................... 2,103 2,748 7,321 196 12,368

Pacific Contiguous ........................... 130,488 131,978 116,0X4 12,359 390,899
California .... . . . 79,241 92,697 64,311 7,808 244,057
Oregon . .... .. . .... 18,212 15,289 16,353 476 50,330
Washington ...................................... 33,036 23,991 35,410 4,075 96,511

Pacific Noncontiguous ....................... 4,620 5=212 4,810 238 15,001
Alaska .............. . . 1,855 2,236 1,037 182 5,310
Hawaii .............................................. 2,765 3,036 3,834 56 9,691U.S. Total .................................... 1,192,446 1,055,232 1,064,239 109,496 3,421,414

I Includes sales for public satw and highway fighting, other sales to public authorities, sales to railroads and railways, and interdepastmental sales.
Notes: -Data are final. Data include both bandled and unbundled consumers. Data for unbundled consumers are from "Electric Sales and Revenue

2000," Appendix C and am adjusted (see Appendix C for discussion).
Source: Eneg lnformaion Admisistration, Form EIA-861, "Annual Electric Utility Reporf", and calculated from the data shown in Tables 14, 15, 16,

and Appendix C. of the Electric Sales and Revenue (DOEIAE -0540) for the appropriate year.
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Table 2d. Revenues for Sales to Bundled and Unbundled Consumers (Induding Delivery Service
Revenue) by Sector, Census Division, and State, 2000
(Thousand Dollars)

Census Division Residential Commercial Industrial Otherl All Sectors

New England ...................................... 4,612,877 4,498,598 2,082,756 215,672 11,409,903
Connecticut ....................................... 1,264,461 1,106,042 425,062 56,729 2,852,294
Maine ....... ......................... 466,584 379,625 313,552 18,716 1,178,477
Massachusetts .................................. 1,849,974 2,101,790 863,506 98,742 4,914,012
New Hampshire ............................... 480,832 407,847 238,119 16,253 1,143,051
Rhode Island .................................... 300,523 300,747 122,128 19,584 742,982
Vermont ............................................ 250,503 202,547 120,389 5,648 579,087

Middle Atlantic ................................ 12,822,653 13,827,762 4,960,734 1,415,619 33,026,768
New Jersey ....................................... 2,521,947 3,027,248 1,013,120 61,271 6,623,586
New York ........................................ 6,009,788 7,562,390 1,388,596 1,205,845 16,166,619
Pennsylvania ................................ 4,290,918 3,238,124 2,559,018 148,503 10,236,563

East North Central ............................ 13,634,548 11,459,636 10,064,631 1,001,724 36,160,539
Illinois .............................................. 3,546,278 3,206,541 2,042,805 549,396 9,345,020
Indiana ............................................. 1,966,764 1,214,196 1,829,176 57,905 5,068,041
Michigan .......................................... 2,617,706 2,832,471 1,898,271 100,192 7,448,640
Ohio ...... ................... 4,002,196 3,102,406 3,236,887 239,899 10,581,388
Wisconsin...... 1,501,604 1,104,022 1,057,492 54,332 3,717,450

West North Central . 6,466,716 4,273,746 3,634,912 405,673 14,781,047
Iowa ....................... 1,007,251 550,635 665,443 95,499 2,318,828
Kansas .............................................. 958,759 781,826 465,006 48,134 2,253,725
Minnesota .......................................... 1,400,071 735,968 1,319,129 55,511 3,510,679
Missouri .t........................................... 2,083,889 1,507,701 712,007 66,649 4,370,246
Nebraska ........................................... 544,639 381,501 262,836 102,826 1,291,802
North Dakota .................................... 218,161 155,264 120,527 18,347 512,299
South Dakota ................................... 253,946 160,851 89,964 18,707 523,468

South Atlantic ................................... 22,481,203 14,893,541 6,994,128 1,378,694 45,747,571
Delaware ............ . .... 305,253 238,539 134,245 6.942 684,979
District of Columbia ........................ 130,381 629,224 12,920 25,820 798,345
Florida ............................................ 7,696,330 4,510,745 913,461 405,365 13,525,901
Georgia .......................................... 3,386,290 2,401,378 1,481,000 135,268 7,403,936
Maryland .......................................... 1,904,954 1,690,690 416,699 76,283 4,088,626
North Carolina .............................. 3,709,073 2,344,590 1,569,277 144,131 7,767,071
South Carolina ................................. 1,916,222 1,109,685 1,246,054 59,804 4,331,765
Virginia ........................................... 2822,623 1,597,907 803,559 517,579 5,741,668
West Virginia ................................... 610,082 370,783 416,913 7,502 1,405,280

East South Central ............................ 6,814,409 4,321,270 4,469,380 356,992 15,962,051
Alabama ....................................... 2,027,802 1,253,946 1,357,295 48,214 4,687,257
Kentucky ........................................ 1,278,670 716,536 1,135,798 145,951 3,276,955
Mississippi ...................................... 1,191,491 733,680 656,718 69,678 2,651,567
Tennessee ....................................... 2,316,446 1,617,108 1,319,569 93,149 5,346,272

West South Central ......................... 13,920,167 8,467,630 7,385,705 1,409,253 31,182,755
Arkansas ........................................... 1,108,516 518,744 725,734 46,371 2,399,365
Louisiana .......................................... 2,127,079 1,307,937 1,599,115 195,101 5,229.232
Oklahoma ........................................ 1,379,786 805,464 569,825 156,832 2,911,907
Texas ................ .... 9,304,786 5,835,485 4,491,031 1,010,949 20,642,251

Mountain .......................................... 5,395,762 4,552,338 2,905,347 399,047 13,252,494
Arizon& ...................................... 2,096,080 1,572,411 631,474 131,243 4,431,208
Colorado .......................................... 1,024,815 998,121 423,458 81,384 2,527.778
Idaho ............................................... 377,498 299,515 261,663 14,526 953,202
Montana ........................................... 253,610 212,509 260,567 2,127 728,813
Nevada .............................................. 684,851 441,376 559,967 28,515 1,714.709
New Mexico .................................. 412,707 470,967 257,378 95,679 1,236,731
Utah . .......... ............... 409,622 412,187 265,191 36,003 1,123,003
Wyoming ....................................... 136,579 145,252 245,649 9,570 537,050

Pacific Contiguous .................. 11,394,924 11,442,527 6,345,396 562,2 29,745,271
California .................. 8,628,982 9,502,420 4,593,965 379,945 23,105,312
Oregon ............................................ 1,070,881 773,729 581,852 33,769 2,460,231
Washington ....................................... 1.695,061 1,166,378 1,169,579 148,710 4,179,728

Pacific Noncontiguous ...................... 666,123 668,279 526,500 34,099 1,895,001
Alaska .............................................. 212,474 218,572 78,418 25,782 535.246
Hawaii ........................................... 453,649 449,707 448,082 8,317 1,359,755

U.S. Total ................. 98,209,387 78,405,327 49,369,489 7,179,197 233,163,400

1 Includes sales for public staeet and highway lighting, other sales to public authorities, sales to railroads and railways, and intesdepartmental sales.
Notes: -Data are final. Data include both bundled and unbundled consumers. Data for unbundled consumers are from "Electric Sales and Revenue

2000," Appendix C and are adjusted (see Appendix C for discussion).
Source- Energy Information Administration, Form EIA-861, "Annual Electric Utility Report", and calculated from the data shown in Tables 14, 15, 16,

and Appendix C. of the Electric Sales and Revenue (DOEIEM-0540) for the appropriate year.
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Table 2e. Average Revenue per Kilowatthour for Bundled and Unbundled Consumers by Sector,
Census Division, and State, 2000
(Cents)

CensusDivision Residential Commercial Industrial OtherI Al Sectors
State T

New England ..................... 11.17 9.47 7.85 13.26 9.75
Connecticut ....................... 10.86 9.27 7.32 10.06 9.52
Maine .............................. 12.49 10.23 6.89 11.45 9.69
Massachusetts ................... 10.53 9.13 8.20 15.32 9.49
New Hampshire ................ 13.15 10.81 9.17 12.41 11.25
Rhode Island ..................... 11.28 9.50 8.76 25.19 10.18
Vermont. . 12.30 10.61 7.31 1220 10.27

Middle Atlantic .................. 11.39 10.25 5.97 9.25 9.55
New Jersey ....................... 10.27 9.14 8.58 12.11 9.47
New York ......................... 13.97 12.65 5.37 8.99 11.38
Pennsylvania ..................... 9.53 7.71 5.63 10.71 7.65

East North Central ............ 8.22 7.20 4.44 6.27 6.37
Illinois ............................... 8.83 7.31 4.99 5.63 6.94
Indiana ......................... 6.87 5.93 3.81 9.37 5.18
Michigan ......... . 8.52 7.90 5.09 10.77 7.11
Ohio. ............. 8.61 7.61 4.37 6.10 6.41
Wisconsin .......................... 7.53 ."6.03 4.04 7.40 5.71

West North Central ........... 7.35 6.07 4.30 6.13 5.92
Iowa ................................... 8.37 6.57 3.89 6.13 5.93
Kansas .............................. 7.65 6.25 4.55 7.29 6.27
Minnesota .......................... 7.52 6.36 4.57 7.60 5.87
Missouri .......................... 7.04 5.83 4.43 6.02 6.02
Nebraska ........................... 6.53 5.42 3.61 6.10 5.31
North Dakota .................... 6.44 6.08 3.98 4.19 5.44
South Dakota .................... 7.42 6.64 4.49 4.30 6.32

South Atlantic .................... 7.70 6.29 4.16 6.21 6.36
Delaware .......................... 8.54 5.89 3.73 14.19 6.08
District of Columbia 8.03 7.55 4.74 6.67 7.52
Florida .............................. 7.77 6.25 4.84 6.96 6.91
Georgia ............................. 7.60 6.50 4.10. 8.51 6.21
Maryland ........................... 7.95 6.55 4.14 8.89 6.74
North Carolina .................. 7.97 6.36 4.58 6.53 6.48
South Carolina .................. 7.58 6.35 3.74 6.29 5.62
Virginia .......................... 7.52 5.65 3.90 5.05 5.94
West Virginia .................. 6.27 5.46 3.76 9.88 5.07

East South Central ........... 6.43 6.16 3.70 6.06 5.27
Alabama ........................... 7.05 6.58 3.87 7.12 5.61
Kentucky ........................... 5.47 5.14 3.01 4.40 4.18
Mississippi ....................... 6.93 6.41 4.14 8.33 5.85
Tennessee ......................... 6.33 6.28 4.09 8.79 5.58

West South Central .......... 7.77 6.78 4.48 6.61 6.36
Arkansas .......................... 7.45 5.93 4.20 6.39 5.77
Louisiana ......................... 7.67 7.18 5.00 6.98 6.48
Oklahoma .. ............. 7.03 6.14 4.09 5.46 5.88
Texas ................................ 7.96 6.88 4.42 6.77 6.49

Mountain ............................. 7.42 6.14 4.22 5.00 5.92
Arizona .............................. 8.44 7.34 5.27 4.53 7.25
Colorado ......................... 7.31 5.55 4.25 7.77 5.88
Idaho ... . ........................ 5.39 4.24 3.11 4.13 4.17
Montana ... ........ 6.49 5.60 3.97 .68 5.00
Nevada...................... 7.28 6.74 4.98 4.77 6.17
New Mexico ................. 8.36 7.06 4.69 5.64 6.58
Utah . ............................ 6.29 5.23 3.35 4.14 4.84
Wyoming ........................... 6.50 5.29 3.36 4.87 4.34

Pacific Contiguous ............ &73 8.67 5.47 4.55 7.61
California .......................... 10.89 10.25 7.14 4.87 9.47
Oregon .............................. 5.88 5.06 3.56 7.10 4.89
Washington .................... 5.13 4.86 3.30 3.65 4.33

Pacific Noncontiguous . 14.42 12.68 10.81 14.31 12.63
Alaska ......................... 11.45 9.77 7.56 14.17 10.08
Hawaii _...................... 16.41 14.81 11.69 14.76 14.03

US. Total ............................ 8.24 7.43 4.64 6.56 6.81

1 Includes sales for public street and highway lighting, other sales to public authorities, sales to railroads and railways, and interdepartmental sales.
Notes: -Data are final. Data include both bundled and unbundled consumers. Data for unbundled consumers are from "Electric Sales and Revenue

2000," Appendix C and are adjusted (see Appendix C for discussion).
Source: Energy Information Administration, Form EIA-861, "Annual Electsic Utility Report", and calculated from the data shown in Tables 14, 15, 16,

and Appendix C. of the Electric Sales and Revenue (DOF/EIA -0540) for the appropriate year.
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Table 3a. U.S. Electric Utility Sales to Bundled Ultimate Consumers and Associated Revenue by
Sector, 1996 Through 2000

Item 1996 199 1998 1999 200 _

Sales (million kilowatthours)
Residential .............................................................................................. 1,082,491 1,075,767 1,127,735 1,140,761 1,183,137
Commercial ............................................................................................. 887,425 928,440 968,528 970,601 !,000.865
Industrial ......................... 1,030,356 1,032,653 1,040,038 1,017,783 1,017,723
Othe. .

.. . . . . . . . . . . . . . . . . . . . . . . . . . .... .. . ... 97,539 102,901 103,518 106,754 107,824
US. Total ................................................................................................. 3,097,810 3,139,761 3,239,818 3,235,899 3,309,550

Revenue (imillion dollars)
Residential ............................................................................................. 90,501 90,694 93,164 93,142 97,086
Commercial ........................................................................................... 67,827 70,482 71,769 70,492 73,704
Industrial ............................................................................................... 47,385 46,772 46,550 45,056 46,465
Otherl ................1 ... .... . . . . . ... . . ... 6,741 7.110 6,863 6,783 6,988

US. Total ............................................................................................... 212,455 215,059 218,346 215,473 224,243

1 Includes public street and highway lighting, other sales to public authorities, sales to railroads and railways, and interdepartmental sales.
Notes: -Data me final. -Data do not include sales to ultimate consumers by power marketers in State "retail wheeling" programs. For 1996, 1997,

1998, 1999, and 2000 these were 3.3 million megawatthours, 5.8 million megawatthours, 24.4 million megawatthouri, 76.2 million megawatthours, and
111.9 million (adjusted) megawatthours, respectively. For more detailed information regarding the sales in restructured markets, see the Energy
Information Administration's publication, Electric Sales and Revenue (DOE/EM-0540) for the appropriate year. .Bundled consumers are those provided full
electric service (energy and delivery) by a single utility entity. -Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."

Table 3b. Average Revenue per Kilowatthour (Bundled Consumers) for U.S. Electric Utilities by
Sector, 1996 Through 2000
(Cents)

Sector 19e6 17 198 1999 2000

Residential.. -..............- ......................... .......... 8.36 8.43 826 8.16 8.21C commercial ............................................................................................
Industrial................................................................

7.64
4.60
6.91
6.86

7.59
4.53
6.91
6.85

7.41
4.48
6.63
6.74

7.26
4.43
6.35
6.66

7.36
4.57
6.48
6.78

Other]
AUl•.

......................................................................................................
/•l/t Ott:IF ........... ............... ..................... ..............................................

1 Includes public street and highway lighting, other sales to public authorities, sales to railroads and railways, and interdepartmental sales.
Notes: -Data me final. *Data do not include sales to ultimate consumers by power marketers in State "retail wheeling" pilot programs. .The average

revenue per kilowatthour of electricity sold is calculated by dividing revenue by sales.
Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report"
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Table 4. U.S. Electric Utility Sales to Bundled Ultimate Consumers by Sector, Census Division,
and State, 1999 and 2000
(Million Kilowatthours)

Census Division AlI Sectors Residential Commercial Industrial Otherl

State 1 1999 1 2000 1999 2000 1999 2000 1999 20001 1999] 2000

New England ................... . 111,472 107,955 40,949 38,779 43,893 44,176 25,167 23,543 1,463 1,457
Connecticut..................................... .29,803 29,952 11,619 11,645 11,834 11.932 5,836 5,811 515 564
Maine ...... * *..................... I 11,944 6,405 3,704 1,259 3,491 2,834 4,687 2,287 61 25
Massachusetts ................................. 47,821 48,862 17,392 17,534 20,459 20,859 9,409 9,843 560 625
New Hampshire .............................. 9,723 9,976 3,572 3,638 3,512 3,622 2,510 2,584 128 131
Rhode Island .................................. 6,655 7,120 2,663 2,664 2.701 3,019 1,137 1,372 154 65
Vermont ......................................... 5,527 5,639 1,999 2,037 1.896 1,910 1.587 1,646 45 46

Middle Atlantic ................................ 296,439 285,468 108,332 107,068 106,601 99,635 67,152 64,843 14,355 13,923
New Jersey ...................................... 70,582 62,819 24,550 24,064 32,436 27,316 13,071 10,933 525 506
New York ........... ... 129,834 124,508 42,538 41,556 49,366 47,014 25,202 23,483 12,729 12,455
Peonsylvania. ................................... 96,023 98,142 41,244 41,448 24,799 25,305 28,879 30,427 1,102 962

East North Central .......................... 560,270 553,982 165,220 165,913 154,212 154,542 225,609 217,558 15,229 15,969
Illinois .............................................. 132,237 125,596 39,623 40,146 41,891 39,183 41,612 36,510 9,111 9,756
Indiana ............................................. 96,735 97,775 28,806 28,649 20,161 20,468 47,230 48,040 539 618
Michigan .......................................... 103,480 104,371 30,661 30.700 35,062 35,812 36,808 36,928 948 930
Ohio...... ...................... 164,271 161,093 46,629 46,488 39,461 40,757 74,293 69,918 3,888 3,930
Wisconsin ..................................... 63,547 65,146 19,502 19,929 17,638 18,321 25,665 26,162 743 734

West North Central ........................ 238,073 249,479 83,516 87,927 66,343 70,358 82,445 84,581 5,769 6,613
Iowa ................................................. 38,034 39,088 11,867 12,029 8,269 8,375 16,499 17,127 1.399 1,558
Kansas ............................................. 33,820 35,921 11,347 12,528 11,822 12,511 10,215 10,222 436 660
Minnesota ........................................ 57,399 59,782 17,998 18,629 10,909 11,580 27,764 28,842 729 730
Missouri ........................................... 68,976 72,643 27,766 29,581 24,042 25,875 16,122 16,080 1,046 1,106
Nebraska .......................................... 22,810 24,349 7,929 8,346 6,661 7,041 6,883 7,276 1,336 1,686
North Dakota .................................. 9,112 9,413 3307 3,390 2,350 2,554 3,013 3,031 443 438
South Dakota ........................... 7,922 8,283 3,302 3,423 2,291 2,422 1,949 2,003 381 435

South Atlantic ................................... 688,419 718,311 276,708 291,763 224,727 236,288 165,256 168,062 21,728 22,198
Delaware ................................... 10,494 10,772 3,532 3,574 3,348 3,656 3,559 3,493 54 49
District of Columbia ...................... 10,418 10,616 1,643 1,624 8,146 8,332 249 273 380 387
Florida ............................................. 187,270 195,843 93,846 99,006 69,055 72,130 18,579 18,884 5,790 5,824
Georgia .............. . .. 112,656 119,185 41,767 44,560 34,093 36,951 35,255 36,085 1,541 1,589
Maryland ....................................... 59,086 60,620 23,342 23,914 24,988 25,782 9,936 10,066 819 858
North Carolina ............................... 115,015 119,855 43,648 46,537 35,069 36,859 34,165 34,252 2,133 2,208
South Carolina ............................... 73,304 77,012 23,699 25,270 16,585 17,483 32,117 33,308 903 951
Virginia .. .......... . . . .. 93,032 96,715 35,779 37,.541 26,968 28,299 20,269 20,619 10,017 10,256
West Viriia .................................. 27,144 27,693 9,452 9,738 6,473 6,796 11,126 11,083 92 76

East South Central .......................... 296,659 302,904 101,342 105,946 67,746 70,197 121,816 120,869 5,756 5,893
Alabama ....................................... 80,401 83,524 27,048 28,756 18,145 19,057 34,533 35,034 676 677
Kentucky ........................................ 79,098 78,316 22,548 23,374 13,222 13,933 40,054 37,689 3,274 3,320
Mississippi ................... 43,980 45,336 16,321 17,193 11,151 11,451 15,735 15,856 . 772 836
Tennessee ....................................... 93,180 95,728 35,425 36,622 25,228 25,757 31,493 32,289 1,035 1,060

West South Central ........................ 466,636 490,128 167,364 179,125 117,742 124,935 161,176 164,742 20,355 21,326
Arkanas, ......................................... 39,789 41,611 14,045 14,871 8,374 8,746 16,680 17,268 690 726
Louisiana ............. 78,267 80,690 26,426 27,719 17,581 18,225 31,484 31,950 2,776 2,795
Oklahoma ...................................... 46,737 49,564 18,301 19,640 12,398 13,115 13,271 13,935 2,766 2,874
Texas ................... . .. 301,844 318,263 108,591 116,895 79,388 84.848 99,741 101,588 14,124 14,931

Mountain .......................................... 210,123 221,475 67,411 72,738 67,990 73,658 66,795 67,104 7,927 7,975
Arizona .......................................... 57,662 61,001 22,517 24,844 19,776 21,282 12,456 11,975 2,912 2,900
Colorado ........................................ 40,571 43,020 13,131 14,029 17,006 17.989 9,521 9,955 913 1,047
Idaho .......................................... 21,846 22,834 6,806 7,006 6,450 7,068 8,295 8,408 296 352
Montana .......................................... 12,132 12,489 3,664 3,901 302M5 3,467 5,108 4,809 334 312
Nevada ............................................. 26,253 27,792 8,386 9,406 6,049 6,548 10,861 11,239 958 598
New Mexico ................................. 17,998 18,786 4,645 4,936 5,887 6,672 5,922 5,481 1,543 1,698
Utah .......................................... 21,879 23,185 6,236 6,514 7,282 7,884 7,568 7,917 792 870
Wyoming ....................................... 11,782 12,368 2,025 2,103 2,514 2,748 7,065 7,321 178 196

Pacific ................... . .. 353,133 364,847 125,365 129,259 116,075 121,804 97,777 101,550 13,916 12,233
Caifornia ........................................ 211,981 221,323 74,490 78,011 78,154 82,524 49,595 53,105 9,743 7,683
Oregon ............................................. 46,996 50,330 18,058 18,212 14,912 15,289 13,558 16,353 468 476
Washington. .................................. 94,155 93,194 32,817 33,036 23,009 23,991 34,624 32,092 3,706 4,075

Pacific Noncontiguous .................... 14,674 15,001 4,555 4,620 5273 5,272 4,591 4,870 255 238
Alaska .......................................... 5,293 5,310 1,866 1.855 2,385 2,236 844 1,037 198 182
Hawaii........................................ 9,381 9,691 2,689 2,765 2,887 3,036 3,748 3,834 57 56

U. S. Total .................... 3,235,899 3,309,50 1,140,761 1,183,137 970,601 ,IMAMS 1,017,783 1,017,723 106,754 107,824

1 Includes public street and highway lighting, other sales to public authorities, sales to railroads and railways, and inuerdepa'nmental sales.
Notes: -Data are final. -Data do not include sales to ultimate consumers by power marketers in State "retail wheeling" programs. For 1999 and

2000, these sales were 76.2 million megawasthonrs and 111.9 million negawaithours (adjusted), respectively. For more detailed information regarding the
sales in restructured markets, see the Energy Infoeration Administration's publication, Electric Sates and Revenue (DOE/EJA-0540) for the appropriate
year. -Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."
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Table 5. Number of Bundled Ultimate Consumers Served by U.S. Electric Utilities by Sector,
Census Division, and State, 1999 and 2000
(Thousands)

Census Division
State

All Sectors Residential Commercial Industrial I Otherl

11999 1 2000 19991 2000 1999 12000 1999120001199912000

New England ..... ...... 6,468 6,059 5,715 5,316 682 688
Connecticut .................. .. 1,503 1,506 1,362 1,364 131 131
M aine ............................................................... 724 255 626 191 76 61
Massacbusets ................................................... 2,827 2,871 2,496 2.524 306 321
New Hampshire ................................................ 624 633 532 540 83 85
Rhode Island ............................................ 468 467 419 414 45 50
Vermont .......... 322 326 280 283 40 41

Middle Atlantic .'. ........................ 16,209 16,081 14,312 14,223 1,800 1,763
New Jersey ................. . .. 3,605 3,567 3,148 3,143 434 402
New York ........................................................ 7,499 7,436 6,602 6,546 856 849
Pennsylvania .................................................... 5,104 5,078 4,562 4,534 510 513

East North Central ........................................... 20,260 20,615 18,099 18,407 2,005 2,48
Illinois ......................................... .................. 5,140 5,279 4,622 4,749 481 490
Indiana .................................. 2,817 2865 2,505 2,546 284 291
Michigan ........................................................... 4,534 4,583 4,058 4,099 451 460
Ohio . ........ ...... 5,197 5,262 4,630 4,684 517 528
Wisconsin . .......... 2............... ........... 2,571 2,626 2,283 2,329 271 278

West North Central ........................................ 9,366 9,499 8,093 8,206 1,097 1,110
Iowa ................................................................. 1,417 1,437 1,229 1,243 168 172
Kansas.. ............................................................ 1,330 1,353 1,118 1,136 181 187
Minnesota ......................................................... 2,276 2,304 2,017 2,051 224 217
Missouri ............................................................ 2,737 2,781 2,405 2,440 308 317
Nebraska . ... ... . ..................... 886 899 718 725 118 120
North Dakota .................................................. 341 343 286 288 48 47
South Dakota .................................................... 380 384 319 322 50 51

South Atlantic .................................................... 24,483 25,044 21,503 21,984 2,716 2,791
Delaware . .................................................. 370 377 331 335 38 41
District of Columbia ......................................... 220 226 194 198 26 27
Florida .............................. . ....... 7,961 8,153 7,001 7,170 863 882
Georgia ......................................................... 3,732 3,839 3,296 3,385 393 411
Maryland ......................................................... 2,175 2,210 1,952 1,983 213 218
North Carolina .................................................. 4,006 4,106 3,474 3,561 501 514
South Carolina .......... ....... 2,012 2,059 1,725 1,764 267 274
Virginia ........................................................... 3,063 3,123 2,716 2,767 299 307
West Virginia ............................................... 944 952 813 820 116 117

East South Central ......................................... 8,310 8,436 7,151 7,251 1,082 1,106
Alabama ........................................................... 2,225 2,263 1,901 1,930 304 313
Kentucky .......................................................... 1,991 2,028 1,735 1,765 227 232
Mississippi ....................................................... 1,346 1,372 1,152 1,173 180 185
Tennessee . ............ .. 2,748 2,773 2,363 2,383 370 376

West South Central................... ........ 14,143 14,486 12,279 12,&4 1,597 1,658
Arkanusas .......................................................... 1,339 1,363 1,160 1,178 140 144
Louisiana ................. . .. 2,042 2,075 1,791 1,819 213 218
Oklahoma ......................................................... 1,729 1,748 1,495 1,515 204 202
Texas .......................................................... 9,033 9,300 7,832 8,023 1,041 1,093

Mountain ............... . . .. 8 ,070 8,333 6,9"50 7,167 933 981
Arizona .................... .. 2,122 2,193 1,897 1,960 200 212
Colorado ........................................................... 2,048 2,117 1,713 1,771 236 244
Idaho ............................................................... 617 633 517 531 91 92
Montana ..... .... 481 492 393 401 69 75
Nevada ............................................................ 871 910 760 794 108 112
New Mexico ................................................... 827" 853 712 728 102 113
Utah. .................:.. 834 858 739 760 81 85
Wyoming ........ ............. .................. 271 277 219 222 46 48

Pacific Contiguous ............................................. 17,242 16,777 15,126 14,818 1,963 1,821
California ............. ... . . .. 12,899 12,359 11,327 10,954 1,487 1,333
Oregon ............................ .. ...... 1,635 1,666 1,409 1,434 203 209
Washington ................ . .. 2,707 2,752 2,390 2,430 273 279

Pacific Noncontiguous ....................................... 691 701 591 599 90 92
Alaska .............................................................. 270 274 227 231 37 38
Hawaii . ....... ........................................ 422 427 364 368 53 54

U. S. Average .. . . .... ..... 125,243 126,030 109,817 110,506 13,964 14,058

29 28 42 26
6 6 5 5
3 2 19 1

14 14 11 12
3 3 6 5
2 2 1 1
* * I i

45 43 52 50
13 12 11 10
9 8 33 32

24 24 8 7
73 73 83 88

5 5 31 35
18 19 9 10
14 14 12 10
30 30 20 20

5 6 12 13
51 51 126 131
4 4 17 i8

14 14 17 16
11 11 23 24
10 10 14 14
8 9 41 45
2 2 5 6
2 2 9 9

77 79 188 191
1 1 1 1

23 26 74 75
11 10 32 32
8 7 1 2

13 13 18 18
5 5 16 16
5 5 42 43

11 11 3 3
20 20 58 59

6 6 14 13
7 8 23 23
5 4 9 10
2 2 12 12

122 118 146 176
26 26 14 16
15 15 22 23
15 15 15 16
65 61 94 122
39 31 148 154

5 5 19 17
3 4 96 98
7 6 3 3
4 1 14 15
I I I 2
6 1 6 II
9 8 5 5
4 4 3 3

72 69 81 70
41 42 45 30
12 12 11 11
19 15 24 28
1 2 10 8

1 6 4
1 1 4 4

527 513 934 954

1 Includes public street and highway lighting, other sales to public authorities, sales to railroads and railways, and interdepartmental sales.
* =Value less than 0.5 thousand.

Notes: -Data ae final. .Data do not include sales to ultimate consumers by power marketers in State "retail wheeling" pilot programs. -Totals may not
equal sum of components because of independent rounding. .The number of ultimate consumers is an average of the number of consumers at the close of
each month.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report"
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Table 6. Revenue from U.S. Electric Utility Sales to Bundled Ultimate Consumers by Sector,
Census Division, and State, 1999 and 2000
(Million Dollars)

Census Division AD Sectors Residential Commercial Industrial Other
1

State 1999 2W001999 2M0011999 2M 1999 2000 1999 2moo

New England .................................... 10,828 10,596 4,578 4,303 4,167 4,220 1,895 1,879 188 193
Connecticut. .................................... 2,968 2,852 1,332 1,264 1,147 1,106 433 425 56 57
Maine .............................................. 1,167 638 484 163 367 305 301 164 15 6
Massachusetts .................................. 4,382 4,677 1,755 1,847 1,821 1,919 729 814 77 96
New Hampshire ............................. 1,142 1,123 494 478 400 394 231 235 16 16
Rhode Island ................................... 600 726 270 300 229 293 84 119 17 13
Vermont ........................................... 568 579 243 251 202 203 117 120 6 6

Middle Atlantic ................................ 27,920 27,600 12,252 12,181 10,642 10,497 3,716 3,676 1,310 1,247
New Jersey ..................................... 7,054 5,950 2,798 2,476 3,160 2,522 1,005 892 91 60
New York ..................... 13,.503 13,978 5,665 5,830 5,523 5,897 1,203 1,167 1,113 1,084
Pennsylvania. ................................ 7,363 7.672 3,790 3,875 1,959 2,078 1,508 1.617 106 102

East North Central .......................... 35,761 35,458 13,653 13,634 11,132 11,200 10,000 9,630 976 994
Illinois ............................................. 9,226 8,774 3,500 3,546 3,095 2,950 2,088 1,736 542 541
Indiana ........................................... 5,117 5,068 2,005 1,967 1,220 1,214 1,840 1,829 52 58
Michigan ......................................... 7,387 7,428 2,676 2,617 2,755 2,829 1,860 1,882 96 100
Ohio ........................ ... 10,516 10,470 4,046 4,002 3,025 3,102 3,214 3,126 232 240
Wisconsin ...................................... 3,515 3,717 1,426 1,502 1,037 1.104 999 1,057 53 54

West North Central ......................... 14,100 14,781 6,146 6,467 4,057 4,274 3,529 3,635 368 406
Iowa ................................................. 2,255 2,319 991 1,007 533 551 642 665 88 95
Kansas ............................................ 2.102 2,254 867 959 739 782 457 465 39 48
Minnesota ........................................ 3,344 3,511 1,334 1,400 688 736 1,267 1,319 55 56
Missouri ........................................... 4,184 4.370 1,976 2,084 1,436 1,508 707 712 65 67
Nebraska .......................................... 1,212 1,292 517 545 362 382 246 263 86 103
North Dakota .................................. 500 512 215 218 145 155 122 121 19 18
South Dakota ................................... 503 523 245 254 153 161 89 90 16 19

South Atlantic .................................. 43,860 45,722 21,374 22,479 14,252 14,877 6,910 6,987 1,324 1,379
Delaware ....................................... 747 664 324 305 248 224 168 128 7 7
District of Columbia ....................... 777 798 131 130 609 629 11 13 25 26
Florida ........................................... 12,819 13,526 7.253 7,696 4,297 4,511 886 913 383 405
Georgia ........................................... 7,025 7,404 3,159 3,386 2,272 2,401 1,463 1,481 130 135
Maryland ....................................... 4,158 4,084 1,959 1,903 1,703 1,689 423 415 72 76
North Carolina ............................. 7,412 7,767 3,486 3,709 2,221 2,345 1,560 1,569 144 144
South Carolina ............................... 4,085 4,332 1,790 1,916 1,045 1,110 1,196 1,246 54 60
Virginia. ......................................... 5,454 5,742 2,677 2,823 1,498 1,598 778 804 501 518
West Virginia ................................ 1,383 1,405 593 610 358 371 423 417 8 8

East South Central .......................... 15,482 15,962 6,507 6,814 4,161 4,321 4,466 4,469 348 357
Alabama ......................................... 4,456 4,687 1,901 2,028 1,187 1,254 1,320 1357 47 48
Kentucky . . . . . .. 3.299 3,277 1,257 1,279 696 717 1,196 1,136 149 146
Mississippi ..................................... 2,486 2,652 1,102 1,191 690 734 632 657 61 70
Tennessee ............ ... 5,242 5,346 2,247 2,316 1,586 1,617 1,319 1,320 90 93

West South Central ....................... 27,566 31,181 12,334 13,919 7,518 8,467 6,468 7,386 1,247 1,409
Arkansas ........................................ 2,262 2,399 1,043 1,109 488 519 688 726 43 46
Louisiana ......................................... 4,550 5,229 1,882 2,127 1,159 1,308 1,338 1,599 172 195
Oklahoma ....................................... 2,511 2,912 1,208 1,380 692 805 478 570 133 157
Texas .............................................. 18,243 20,640 8,201 9,304 5,179 5,835 3,964 4.491 899 1,011

Mountain ......................................... 12,372 13,111 5,015 5,395 4,265 4,533 2,677 2,764 415 419
Arizona ............................................ 4,170 4,426 1,922 2,096 1,484 1,568 628 631 136 131
Colorado ........................................ 2,415 2,528 969 1,025 954 998 417 423 75 81
Idaho ............................................. 870 953 358 377 271 300 228 262 13 15
Montana . ......... ........ 607 592 249 253 192 198 145 119 21 22
Nevada........---,-........... 1,556 1,715 598 685 403 441 518 560 38 29
New Mexico ................................. 1,184 1,236 401 413 443 471 252 257 89 96
Utah ...................... ... 1,064 1,123 391 410 385 412 254 265 33 36
Wyoming ........................................ 506 537 128 137 133 145 236 246 9 10

Pacific Comtiguous .......................... 25,943 27,938 10,690 11,227 9,712 10,647 4,969 5,513 572 551
California ........................................ 19,792 21,370 7,978 8,461 7,856 8,707 3,552 3,834 406 368
Oregon ......................................... 2,287 2,460 1,038 1,071 737 774 481 582 31 34
Washington .................................. 3,864 4,107 1,673 1,695 1,119 1,166 936 1,097 136 149

Pacific Noncontiguous .................... 1,641 1,895 593 666 587 668 425 526 35 34
Alaska ............................................. 517 535 208 212 219 219 62 78 28 26
Hawaii .......................................... 1,123 1,360 384 454 368 450 364 448 7 8

U. S. Total . ........ . . .. 21S,473 224,243 93,142 97,086 70,492 73,704 45,056 46,465 6,783 6,988

1 Includes public street and highway lighting, other sales to public authorities, sales to railroads and railways, and intesdepartonental Wales.
Notes: -Data are final. -Data do not include sales to ultimate consumers by power marketers in State "retail wheeling" pilot programs. -Totals may

not equal sum of components because of independent rounding.
Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."
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Table 7. Average Revenue per Kilowatthour (Bundled Consumers) for U.S. Electric Utilities by
Sector, Ceneus Division, and State, 1999 and 2000
(Cents) Dson Sectors Residential Commercial Industrial Other,

State 1999 2000 1999 2000 199912000 199912000 19991 2000

New England ........................................................................ 9.71 9.81 11.18 11.10 9.49 9.55 7.53 7.98 12.83 13.27
Connecticut ............................ 9.96 9.52 11.46 10.86 9.69 9.27 7.42 7.32 10.93 10.06
Maine ................................................................................. 9.77 9.96 13.07 12.92 10.51 10.77 6.42 7.18 24.29 21.70
Massachusetts ...................................................................... 9.16 9.57 10.09 10.53 8.90 9.20 7.75 8.27 13.73 1534
New Hampshire ................................................................ 11.75 11.26 13.84 13.14 11.39 10.87 9.21 9.10 12.78 12.41
Rhode Island ........................................................................ 9.02 10.20 10.13 11.28 8.49 9.71 7.39 8.70 11.20 20.44
Vermont ............................................................................. 10.28 10.27 12.17 12.30 10.67 10.61 7.35 7.31 13.32 12.20

Middle Atlantic ....................... . 9.42 9.67 11.31 11.38 9.98 10.54 5.53 5.67 9.13 8.95
New Jersey .......................... . 9.99 9.47 11.40 10.29 9.74 9.23 7.69 8.16 17.43 11.94
New York .......................... . . 10.40 11.23 13.32 14.03 11.19 12.54 4.77 4.97 8.74 8.71
Pennsylvania .......................... 7.67 7.82 9.19 9.35 7.90 8.21 5.22 5.31 9.63 10.60

East North Central ............................................................. 6.38 6.40 8.26 8.22 7.22 7.25 4.43 4.43 6.41 6.22
Illinois ................... . . . . . 6.98 6.99 8.83 8.83 7.39 7.53 5.02 4.76 5.95 5.55
Indiana .................. . ... 5.29 5.18 6.96 6.87 6.05 5.93 3.89 3.81 9.70 9.37
Michigan ............................................................................. 7.14 7.12 8.73 8.53 7.86 7.90 5.05 5.10 10.17 10.77
Ohio ........................................ 6.40 6.50 8.68 8.61 7.67 7.61 4.33 4.47 5.96 6.10
Wisconsin ........................................................................... 5.53 5.71 7.31 7.53 5.88 6.03 3.89 4.04 7.11 7.40

West North Central .............................................................. 5.92 5.92 7.36 7.35 6.12 6.07 4.28 4.30 6.38 6.13
Iowa ..................................................................................... 5.93 5.93 8.35 8.37 6.45 6.57 3.89 3.89 6.30 6.13
Kansas .................................................................................. 6.22 6.27 7.64 7.65 6.25 6.25 4.47 4.55 8.91 7.29
Minnesota ............................................................................ 5.83 5.87 7A1 7.52 6.31 6.36 4.56 4.57 7.49 7.60
Missouri .............................................................................. 6.07 6.02 7.12 7.04 5.97 5.83 4.38 4.43 6.26 6.02
Nebraska .............................................................................. 5.31 5.31 6.52 6.53 5.44 5.42 3.57 3.61 6.47 6.10
North Dakota ....................................................................... 5.49 5.44 6.50 6.44 6.19 6.08 4.04 3.98 4.23 4.19
South Dakota ....................................................................... 6.35 6.32 7.42 7.42 6.70 6.64 4.55 4.49 4.17 4.30

South Atlantic, ..................................................................... 6.37 6.37 7.72 7.70 6.34 6.30 4.18 4.16 6.10 6.21
Delaware .............................................................................. 7.12 6.17 9.17 8.54 7.39 6.12 4.73 3.68 13.24 14.19
District of Columbia. ........................................................... 7.45 7.52 8.00 8.03 7.47 7.55 4.59 4.74 6.55 6.67
Florida ................................................................................. 6.85 6.91 7.73 7.77 6.22 6.25 4.77 4.84 6.61 6.96
Georgia ................................................................................ 6.24 6.21 7.56 7.60 6.67 6.50 4.15 4.10 8.47 8.51
Maryland ......... . . . . . . .. 7.04 6.74 839 7.96 6.82 6.55 4.26 4.13 8.77 8.89
North Carolina .................................................................... 6.44 6.48 7.99 7.97 6.33 6.36 4.57 4.58 6.74 6.53
South Carolina ............. 5.7 5.62 7.55 7.58 6.30 6.35 3.72 3.74 5.98 6.29
Virginia . ...... . ............................................. 5.86 5.94 7.48 7.52 5.55 5.65 3.84 3.90 5.00 5.05
West Virginia ...................... . . . . . .. 5.09 5.07 6.27 6.27 5.53 5.46 3.80 3.76 9.10 9.88

East South Central ............................................................ 5.22 5.27 6.42 6.43 6.14 6.16 3.67 3.70 6.04 6.06
Aia'ama .................................. . . . . .. 5.54 5.61 7.03 7.05 6.54 6.58 3.82 3.87 7.02 7.12
Kentucky . ...... .. . . . . . .. 4.17 4.18 5.58 5.47 5.27 5.14 2.99 3.01 4.55 4.40
Mississippi ......................................................................... 5.65 5.85 6.75 6.93 6.19 6.41 4.02 4.14 7.93 833
Tennessee .. ... . . . . . . .. 5.63 5.58 6.34 6.33 6.29 6.28 4.19 4.09 8.71 8.79

West South Central ............................................................ 5.91 6.36 7.37 7.77 6.38 6.78 4.01 4.48 6.12 6.61
Arkansas .............................................................................. 5.68 5.77 7.43 7.45 5.82 5.93 4.12 4.20 6.26 6.39
Louisiana ........................................................................... 5.81 6.48 7.12 7.67 6.59 7.18 4.25 5.00 6.20 6.98
Oklahoma ........................................................................... 5.37 5.88 6.60 7.03 5.58 6.14 3.60 4.09 4.80 5.46
Texas ................................................................................... 6.04 6.49 7.55 7.96 6.52 6.88 3.97 4.42 6.36 6.77

Mountain ............................................................................ 5.89 5.92 7.44 7.42 6.27 6.15 4.01 4.12 5.23 5.26
Arizona ............................................................................. 7.23 7.26 8.53 8.44 7.51 7.37 5.04 5.27 4.66 4.53
Colorado ..................................... . . . .. 5.95 5.88 7.38 7.31 5.61 5.55 4.38 4.25 8.23 7.77
Idaho ................................................................................... 3.98 4.17 5.26 5.39 4.20 4.24 2.74 3.11 4.47 4.13
Montana ............................................................................ 5.01 4.74 6.78 6.48 6.35 5.70 2.84 2.48 6.34 7.18
Nevada ................................................................................. 5.93 6.17 7.13 7.28 6.66 6.74 4.77 4.98 3.94 4.77
New Mexico ..................................... 6............................... 6-58 6.58 8.62 8.36 7.53 7.06 4.25 4.69 5.76 5.64
Utah....... ............ 4.86 4.84 6.27 6.29 5.29 5.23 3.36 3.35 4.21 4.14
Wyoming .......................................................................... 4.30 4.34 6.34 6.50 5.28 5.29 3.34 3.36 5.27 4.87

Pacific Contiguous .............. . . . . 7.35 7.66 8.53 8.69 8.37 8.74 5.08 5.43 4.11 4.50
California ........................................................................ 9.34 9.66 10.71 10.85 10.05 10.55 7.16 7.22 4.16 4.79
Oregon ............................................................................. 4.87 4.89 5.75 5.88 4.94 5.06 3.55 3.56 6.68 7.10
Washington ................................................................... 4.10 4.41 5.10 5.13 4.86 4.86 2.70 3.42 3.66 3.65

Pacific Noncontiguous ......................................................... 11.18 12.63 13.01 14.42 11.14 12.68 9.27 10.81 13.83 14.31
Alaska ............................................................................... 9.78 10.08 11.16 11.45 9.20 9.77 732 7.56 14.16 14.17
Hawaii ............................................................................... 11.97 14.03 14.30 16.41 12.74 14.81 9.70 11.69 12.66 14.76

U. S. Average ....................................................................... 6.66 6.78 1.16 8.21 7.26 7.36 4.43 4.57 6.35 6.48

1 Includes public street and highway lighting, other sales to public authorities, sales to railroads and railways, and interdepartmental sales.
Notes: -Data are final. .Data do not Include sales to ultimate consumers by power marketers in State "retail wheeling" pilot programs. -The average

revenue per kilowatnhour of electricity sold is calculated by dividing revenue by sales.
Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."
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U.S. Electric Utility Financial Statistics

This chapter presents data on the financial results of
operations for major U.S. investor-owned and publicly
owned electric utilities. Composite financial data on
other segments of the U.S. electric utility industry, for
example, Federal electric utilities and rural electric
cooperatives, are not included. The data exhibited
consist of the Composite Statement of Income, the
Composite Balance Sheet, Composite Financial Indi-
cators, and Revenue and Expense Statistics. Historical
data are provided for a 5-year period on major U.S.
investor-owned and U.S. publicly owned electric utili-
ties. Statistics on the average operating expenses for
all plants owned by major U.S. investor-owned elec-
tric utilities are also provided.

Increasing competition and the pending shift to dereg-
ulation are causing utilities to position themselves to
meet a changing industry structure through increased
operating efficiencies, mergers, and restructuring. In
an effort to restructure, utilities may have sold assets
such as generating units, formed unregulated utility
subsidiaries, or invested in nonutility power producers
or foreign enterprises.

Background

Today, virtually all investor-owned electric utilities
are subject to State and Federal regulatory jurisdic-
tion. State commissions have the authority to regulate
electric rates of utilities engaged in providing service
to ultimate consumers (retail sales) and to oversee the
issuance of mortgage bonds, debentures, notes, pre-
ferred stock, and common stock. The Federal Energy
Regulatory Commission (FERC) regulates, among
other things, electric rates for interstate wholesale
transactions. The ratemaking process sets rates at
levels that cover all operating expenses and taxes with
a remaining balance that will enable a utility to pay a
fair return on funds invested by the stockholders.

A component of any economic regulatory activity is
the determination of financing and accounting rules.
As a consequence of regulatory jurisdiction, regu-
lations for financing and accounting are more critical
to the electric power industry than to most other non-
regulated industries. Both FERC and State commis-
sions normally use quasi-judicial proceedings for
financial and accounting regulation.

Many of the publicly owned electric utilities are self-
regulated, for example, the City of Dover, Delaware),
while some fall under the jurisdiction of the public

•, utility commission within the State(s) where they
provide electricity to ultimate consumers (as in the
State of Ohio). Because of the absence of any require-

ment for reporting to a specific regulatory body, the
accounting practices and policies of publicly owned
electric utilities vary greatly. Many publicly owned
electric utilities use the FERC Uniform System of
Accounts or variations of this (and other) accounting
systems. As a result, the composite statistics provided
must be viewed with an appropriate degree of caution.

Electric utilities must submit data for a 12-month
period (which does not necessarily end on December
31) and show consistency in their methods and
reporting dates. Because of the respondent burden in
preparing this information, publicly owned electric
utilities are permitted to use the year-end period on
which their fiscal practices are based. Data are pro-
vided for the major publicly owned electric utilities
by generator and nongenerators.

Composite Statement of Income

This statement provides a summary of the revenue
collected from consumers in return for services ren-
dered within the reporting period; reflects the costs
incurred by the electric utility in the production and
delivery of electricity; and reports the net income or
profit that remains for the owners of the business.
Because of the unique nature of regulated electric util-
ities, the income statement that is standard to other
nonregulated industries has been recast to reflect the
reporting conventions in the electric power industry.
For example, accounting for capital used in con-
struction requires additional reporting on the income
statement because of the perpetual nature of con-
struction work in progress. Also, on occasion, electric
utilities are required to defer the recovery of certain
costs and earnings from consumers until a future
period. This introduces additional accounting require-
ments, which must be reflected on all financial state-
ments.

Composite Balance Sheet

The balance sheet represents an accounting at a par-
ticular time. For this section, the composite balance
sheets are presented for major investor-owned electric
utilities at the end of a calendar year and for major
publicly owned electric utilities for the 12-month

.fiscal year ending in 2000. A summary of plant, prop-
erty, and cash held by the electric utilities, as well as
the receivables of the electric utilities, are represented
as assets on the composite balance sheet. Future funds
obligated by the electric utilities to acquire assets are
shown as liabilities and any increased investment by
stockholders is shown as capital on the balance sheet.
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The standard balance sheet used in the electric power
industry emphasizes capital intensity while the
balance sheet used by nonregulated industries empha-
sizes liquidity.

Composite Financial Indicators

The financial statement accounts presented in this
chapter represent compiled statistics resulting from
the activity of the selected electric utilities. The meas-
urement of how well the electric utility industry per-
forms in different areas can be approximated by
comparing some of the asset and income accounts to
other relevant accounts. Using the financial statement
information, some basic indicators that can be used to
analyze or assess the financial condition of the
industry are provided. The method used to derive
these selected financial indicators is ratio analysis.

Activity ratios of the investor-owned electric utili-
ties evaluate how assets are managed. The electric
utility industry is one of the most capital intensive
industries in the United States, and activity ratios are
paramount indicators of the magnitude of this capital
intensity. These ratios demonstrate the financial
relationship that exists between the assets and the
revenue, sales, and income that these fixed and total
assets generate. The ratios on electric-fixed-asset (net
plant) turnover and total-asset turnover assess the
efficient use of assets in the generation of income.

Leverage ratios of the investor-owned electric utili-
ties summarize the overall debt burden and debt struc-
ture: In addition, these ratios indicate the financial
ability to meet debt service requirements and how
well management uses leverage to increase the value
of the stockholders' investment. The financial
soundness of an industry is directly related to the
ability of the industry to raise capital and to provide a
reasonable return on the capital invested. To measure
the ability to do this, a number of indicators are used.
Current assets to current liabilities is a measure of
liquidity. For example, do the investor-owned electric
utilities have sufficient cash and other assets (current)
that can be quickly converted to cash to cover
maturing obligations (current liabilities)? Long-term
debt to capitalization, preferred stock to capitaliza-
tion, and common-stock equity to capitalization
portray the financial structure and highlight the extent
to which debt and other fixed obligations are used to
finance operations. Total debt to total assets shows the
amount of debt that has been incurred in relationship
to the total assets possessed. As the value of this ratio
increases, the financial risks also become greater and
more apparent. Common-stock equity to total assets
evaluates financial strength. As net worth increases in
relationship to total assets, the debt portion is
decreased and financial risks are lowered. Interest
coverage before taxes without AFUDC (Allowance for
Funds Used During Construction), a noncash sourcey. of income, is an indicator of the ability of the
investor-owned electric utility to ensure its payment
of annual interest costs and maintain its credit ratings.

Profitability ratios of the investor-owned electric
utilities indicate operating effectiveness and are used
to further evaluate the management of income. The
profit margin is equal to net income divided by
revenue. This widely used ratio represents the overall
measure of income performance. Return on average-
common-stock equity measures the rate of return on
equity capital invested. Since one of the main objec-
tives of management is to earn the highest return per-
missible, this ratio is the best single measure of the
effectiveness of management from the perspective of
the stockholders. Return on investment measures the
overall rate of return that has been earned on assets.
This ratio, determined by dividing total assets into net
income, provides an indicator of overall financial per-
formance.

Ratios on the publicly owned electric utilities are
provided to assist in understanding the financial per-
formance of the publicly owned segment of the
industry. Six ratios are calculated from the statement
of income. Electric utility plant per dollar of revenue
highlights the capital intensity of the utility. Current
assets to current liabilities provides a measure of the
ease by which the utility can meet its current obli-
gations. Electric utility plant as a percent of total
assets represents the total gross investment in electric
plant divided by the total assets. A significant vari-
ation in this ratio should signal a relatively funda-
mental change in the activities of the electric utility.
Net electric utility plant as a percent of total assets
represents the remaining book value and a significant
variation should signal a change for the electric
utility. Debt as a percent of total liabilities represents
the, amount of debt compared to total liabilities and
other credits. Accumulated provision for depreciation
as a percent of total electric plant measures the cost of
recovery of the use of the assets over a period of time
for an electric utility; an increase indicates that plant
asset life is being used up. Five ratios are calculated
from the balance sheet. The ratios of electric oper-
ating and maintenance expenses, electric depreciation
and amortization, taxes and tax equivalents, and
interest on long-term debt to electric operating
revenue are indicators of how resources were used to
produce income. Net income per dollar of revenue pro-
vides the amount of the revenue dollar that exceeds
expenses and deductions.

Because a number of initiatives are being considered
to promote increased competition in the electric
power industry, three operating ratios that measure
specific costs associated with the sale of each
kilowatthour of electricity have been included. Pur-
chase Power Cents Per Kilowatthour is the ratio of the
cost of purchased power to the number of
kilowatthours purchased. This ratio measures the pur-
chased power component of power supply cost. Gen-
erated Cents Per Kilowatthour is the ratio of the cost
of labor, materials used and expenses incurred in the
production of electric generation. This ratio measures
the generation component of production expenses.
Total Power Supply Per Kilowatthour Sold is the ratio
of the total cost of power supply to total sales to both
ultimate and resale consumers. This ratio measures all
power supply costs, including generation and pur-
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chase power, associated with the sale of each
kilowatthour of electricity.

Revenue and Expense Statistics
Summary revenue and expense statistics are basic to
any analysis of the operating soundness of an electric
utility. To conduct this analysis, it is necessary to sep-
arate the electric utility revenue and expense informa-
tion from other utility revenue and expense data.
Emphasis is placed on total electric operating
expenses. Data are presented so that operating costs
are separate from maintenance, depreciation, and
taxes. For comparative purposes, the ratio of income
from utility operations is also included.

Electric Operating Expenses

Before consumers can be provided with electricity, it
first must be either produced (generated) or pur-
chased, then transmitted to the general area where it
will be consumed, and finally distributed to the indi-
vidual consumer. Hence, electric utilities separate
their costs of providing power into four functional
areas: generation, transmission, distribution, and
administration. Costs incurred at the generation site
for the production of electricity are generally referred
to as operating expenses.

Operating expenses include recurring expenses to
operate and maintain the physical condition or oper-

•-, ating efficiency of the plant. These expenses include
wages and benefits of the operators, plant mainte-
nance, security, supervision, materials (such as spare
parts), and supplies (except fuel consumed during
plant operation and maintenance). Fuel expenses
include the costs of purchasing, handling, preparing,
and transporting fuel. Operating expenses do not
include capital carrying costs, such as interest on
debt, return on equity, depreciation, amortization
expenses, and associated taxes. Capital carrying costs
must be added to the operating expenses to obtain
total generation expenses.

Investor-owned electric utilities are the major sources
of total electricity generation, accounting for about 80
percent of total utility generation in the United States
in 2000. Publicly owned electric utilities were respon-
sible for about 10 percent of the total U.S. utility gen-
eration, while the remainder was accounted for by
Federal and cooperative electric utilities. Operating
expenses per unit of output (kilowatthour) for the
major investor-owned electric utilities from 1994
through 1998 are provided grouped into the following
categories: fossil-fueled steam, nuclear, hydroelectric,
and other (includes gas turbine and small scale elec-
tric plants).

Data Sources

Financial Statistics. The financial statistics
reported in this chapter on the investor-owned electric
utilities are compiled from data extracted from the
FERC Form 1, "Annual Report of Major Electric Util-
ities, Licensees and Others." This survey is a
restricted-universe census used annually to collect
detailed accounting, financial, and operating data
from major investor-owned electric utilities having, in
each of the last three consecutive years, sales or trans-
mission service that exceeds one or more of the
following:

1 million megawatthours of total annual sales.
100 megawatthours of annual sales for resale.
500 megawatthours of annual power exchanges
delivered.
500 megawatthours of annual wheeling for others
(deliveries plus losses).

Effective for 1997 through 2000, FERC Form 1 data
in this publication have been edited by Navigant Con-
sulting, Inc. Detailed data for 1996 are published in
the Financial Statistics of Major U.S. Investor-Owned
Electric Utilities. This publication has now been dis-
continued. However, complete 1997 through 2000
FERC Form 1 data may be obtained on a utility-by-
utility basis from the FERC World Wide Website
(http://www.ferc.fed.us).

The financial statistics on the publicly owned electric
utilities are compiled from data extracted from the
Form EIA-412, "Annual Report of Public Electric
Utilities." This form is a restricted-universe census
used annually to collect detailed accounting, financial,
and operating data from major publicly owned electric
utilities having, in each of the last 2 consecutive
years, sales that exceed either of the following:

150,000 megawatthours to ultimate consumers.
150,000 megawatthours of sales for resale.

The 1996-1997 data represents those public electric
utilities meeting a threshold of 120,000
megawatthours ultimate consumers' sales and or
resales. Approximately 500 publicly owned electric
utilities are required to submit the Form EIA-412 for
2000. These major publicly owned electric utilities
represent about one-fourth of all publicly owned elec-
tric utilities. Relating to the major publicly owned
utilities, there were 506 respondents in 2000 com-
pared to 493 respondents in 1999. These respondents
represent over 85 percent of the sales of electricity to
ultimate consumers and over 81 percent of the
revenues from the sales to ultimate consumers for all
publicly owned electric utilities. These electric utili-
ties are requested, but not required, to follow the
FERC Uniform System of Accounts. Detailed finan-
cial statistics on public electric utilities, Federal elec-
tric utilities, and rural electric cooperatives are
published in the Financial Statistics of Major U.S.
Publicly Owned Electric Utilities.9

9 For detailed data see Financial Statistics of Major U.S. Publicly Owned Electric Utilities, DOE/EIA-043712, published annually by the
Energy Information Administration (EIA).
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Table 8. Composite Statement of Income for Major U.S. Investor-Owned Electric Utilities,
1996 Through 2000
(Thousand Dollars)

Description 1996

Operating Revenue .................. 207,459,078
Electric ................................................................................................ 188,900,781
Gas .............................................. .17,869.394
Other Utility................................................................ 688,903

Operating Expenses .............................................................................. 173,920,492
Electric ......................................... . . .. 156,937,816

Operation ............................................................................................ 97,206,642
Maintenance ................................................................................... 12,049,844
Depreciationl ................................................................................... 21,193,742
Taxes Other Than Income Taxes ...................................................... 13,569,490
Regulatory Debits (net) .................................................................... 683,185
Income Taxes .................................................................................... 11,194,656
Deferred Income Tax ....... .................................................... ..... 1,616,998
Investment Tax Credit (Net) ............................................................. -576,741

Gas ........................................................................................................ 16,257,611
Income Taxes .................................................................................... 223,871
Other. ................... ............... -.................. ... 16,033,740

Other Utility ...................................................................................... 725,066
Income Taxes ........................... -21,775
Other ................................................................................................... 746,841

Operating Income .................................................................................. 33,538,586
Electric ............................................................................................... 31,962,965
Gas ..................................................................................................... 1,611,783
Other ................................................................................................... -36,163

Other Income and Deductions ............................................................ 1,614,287
Allowance for Other Funds Used During

Consatuction ....................................................................................... 230,791
Less Taxes ........................................................................................ 597,230
Deferred Earnings (Misc.) (acct 421) .................................................. 774,012
Less Other income and Expenses

2 .. . .. . .. . .. . .. . .................................... - 1,20 6 , 714

Total Income Before Interest Charges . ............. 35,152,873

L --/Net Interest Charges ............................................................................ 13,990,388
Interest Expense ................................................................................. 13,645,951
Less Allowance for Borrowed Funds Used During

Construction ...................... 326,158
Other Charges--Net ............................................................................... 670,597

Net Income Before Extraordinary Charges ...................................... 21,162,485

Less Extraordinary Items After Taxes
2 ............................................ -65,696

Net Income ............................................................................................. 21,228,180

Dividends Dedared - Preferred Stock ............ ... 1,248,409

Earnings Available for Common Stocks ............................................ 19,979,771

Dividends Declared - Common Stock ................................................. 16,810,054

Additions Total Earnings ............ 2,193,444

19"7 1998 199 2000

215,082,593 218,174,613 214,160,472 235,36467
195,897,868 201,970,019 197,577,518 214,706,565

18,662,611 15,734,812 16,033,291 19,947,581
522,114 469,782 549,662 682,320

i82,796,14 186,497,546 182,258,470 210,324,036
165,443,479 171,688,890 167,266,172 191,329,362
104,337,106 110,758,800 108,460,803 132,662,431

12,367,646 12,485,809 12,276,436 12,184,848
23,072,100 24,122,208 23,968,285 23,669,903
13,611,714 12,867,359 32,336,492 11,882,863

615,575 -455,682 -708,435 4,794,035
11,862,201 13,037,021 14,843,421 7,641,212

25,433 -476,064 -2,216,263 -945,053
-448,296 -650,561 -1,694,568 -560,876

16,925,438 14,395,995 14,493,318 18,340,855
584,937 667,681 633,531 314,940

16,340,501 13,718,314 13,859,787 18,025,915
427,267 412,661 498,980 653,819

1,945 -3,782 -9,568 -24,057
425,321 416,444 508,547 677,876

32,286,409 31,677,067 31,902,002 25,012,430
30,454,389 30,281,129 30,311,346 23,377,203

1,37,173 1,338,817 1,539,973 1,6060726
94,847 57,121 50,683 28,501

.1,813,459 1,111,163 1,665,449 3,609,047

210,208 189,183 203,702 209,948
1,006,783 1,741,612 -1,813,496 176,197

665,506 2,722,008 3,273,402 6,525,355
-1,953,528 58,417 3,625,151 2,950,059

34,099,"68 32,788,23 33,W67,451 28,621,477

14,085,736 14,056,616 13,691,495 13,781,219
13,767,563 13,670,318 13,376,175 13,665,925

331,057 328,378 330,928 396,891

649,300 714,675 646,248 512,185

20,014,132 18,731,615 19,875,956 14,840,259

3,151,490 1,43,07 2,793,032 1,566,537

16,862,642 17,388,108 17,082,923 13,273,722

1,005,367 750,305 686,774 567,982

15,857,275 16,637,P03 16,396,150 12,705,739

17,756,067 17,414,045 18,686,752 16,677,092

-1,959,552 -198,753 -2,784,590 -3,971,353

1 Includes amortization and depletion.
2 Other Income and Expenses and Extraordinary Items After Taxes were affected negatively by aftertax write offs, accounting adjustments, and regula-

tory rate decisions.
Notes: -Data for 1996 through 1999 are finat; whereas data for 2000 are prliminary. -Totals may not equal sum of components because of inde-

pendent rounding.
Source: Federal Energy Regulatory Commission, FERC Form 1, "Annual Report of Major Electric Utilities, Licensees and Others." The 1997

through 2000 data are edited by Navigant Consulting, Inc. See Appendix A for a detailed description of this restricted-universe census.
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Table 9. Composite Balance Sheet for Major U.S. Investor-Owned Electric Utilities,
1996 Through 2000
(Thousand Dollars)

Description 1996 1"97 1998 1999 2000

Assets

Utility Plant - Net ................................................................................. 396,437,823 385,258,389 362,387,812 344,111,676 340,897,261
Electric Utility Plant - Net .................................................................. 363,853,762 351,426,794 327,646,043 310,317,423 307,284,121

Electric Utility Plant ......................................................................... 569,968,617 579,042,425 575,651,242 567,824,719 570,319,873
Construction Work in Progress ......................................................... 11,395,525 11,163,637 11,886,399 12,305,936 14,766,112
Less Accumulated Depreciation ..................... 217,510,379 238,779,268 259,891,598 269,813,232 277,801,864

Nuclear Fuel - Net ................................................................................ 5,443.854 5,218,574 4,731,088 4,265,436 3,973,662
Other Utility Plant - Net .................................................................... 27,140,206 28,613,021 30,010,680 29,528,818 29,639,478

Other Property and Investmnoets ........................................................ 33,119,898 43,247,896 48,8W3,135 54,546,121 56,992,412
Current and Accrued Assets ................................................................ 43,515,064 47,639,268 54,901,305 57,324,293 79,169,498
Deferred Debits .................. . . . ... . . . .. 108,918,179 110,095,573 132,713,547 129,844,600 129,312,340

Total Assets and other Debits .............. .......... 581,990,963 586,241,128 598,855,799 585,826,690 606,371,510

Capitalization and IJabilities

Capitalization ........... . . . . . . . . ... 365,782,779 369,079,448 367,052,433 345,786,166 341,163,255
Common Stock Equity (End of Year) ................................................. 174,325,424 174,467,159 172,239,056 165,340,710 160,379,947

Common Stock .................................................................................. 112,633,284 113,889,942 113,200,530 109,187,900 110,422,283
Retained Earnings (Adjusted) ............................................................ 61,692,140 60,577,217 59,038,526 56,152,810 49,957,664

Prefesred Stock .................................................................................... 18,830,248 16,080,195 14,447,351 12,061,103 9,892794
Long-term Debt. ...................... . . . .. 172,627,107 178,532,093 180,366,026 168,384,353 170,890,514

Current Liabilities and Deferred Credits ........................................... 216,208,185 217,161,680 231,803,366 240,040,524 265,208,256
Other Noncurrent Liabilities .............................................................. 15,309,391 17,085,609 18,027,365 19,153,475 17,536,439
Current and Accrued Liabilities ......................................................... 49,341,620 51,594,407 57,591,036 64,777,564 92,783,388
Deferred Credits .............. ... . . . ....................... 151,557,174 148,481,665 156,184,964 156,109,484 154,888,429

Accumulated Deferred Income Taxes ............................................. 100,537,249 106,393,740 106,405,740 101,171,234 96,727,732
Accumulated Deferred Investment Tax Credit ................................ 11,491,332 10,782,506 9,731,454 8,647,413 7,389,995
Other Defrred Credits (Adjusted) . ........................................ 29,528,592 31,305,418 40,047,770 46,290,839 50,770,702

Total Liabilities and Other Credits ..................................................... 581,990,963 586,241,128 598,855,799 585,826,690 606,371,511

Notes: -Data foe 1996 through 1999 are final; whereas data for 2000 are preliminary. -Totals may not equal sum of components because of inde-
pendent rounding.

Source: Federal Energy Regulatory Commission, FERC Form 1, "Annual Report of Major Electric Utilities, Licensees and Others." The 1997
through 2000 data are edited by Navigant Consulting, Inc. See Appendix A for a detailed description of this restricted-universe census.
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Figure 6. Allocation of the Revenue Dollar from Electric Operations for Major U.S.
Investor-Owned Electric Utilities, 2000
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components because of Independent rounding. See Table 8.

Source: Federal Energy Regulatory Commission, FERC Form 1, "Annual Report of Major Electric Utilities, Licensees and
Others." The 2000 data are edited by Navigant Consulting, Inc. See Appendix A for a detailed description of tlds restricted-
universe census.

Figure 7. Electric Operation Expenses for Major U.S. Investor-Owned Electric Utilities, 2000
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Source: Federal Energy Regulatory Commission, FERC Form 1, "Annual Report of Major Electric Utilities, Licensees and
Others." The 2000 data are edited by Navigant Consulting, Inc. See Appendix A for a detailed description of this restricted-
universe census.
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Table 10. Composite Financial Indicators for Major U.S. Investor-Owned Electric Utilities,
1996 Through 2000

Description I 1V 199 - 1 197 1 2 8 1# 1" 1 00
Activity

1. Electric Fixed Asset (Net Plant) Turnover ............................................................ 0.52 0.56 0.62 0.64 0.70
2. Total Asset Turnover ......................................................................................... .... .36 .37 .36 .37 .39

Leverage
3. Current Assets to Current Liabilities ....................................... .88 .92 .95 .88 .85
4. Long-term Debt to Capitalization.................................................. ................ 47.19 48.37 49.14 48.70 50.09
5. Preferred Stock to Capitalization ......................................................................... 5.15 4.36 3.94 3.49 2.90
6. Common Stock Equity to Capitalization ............................................................. 47.66 47.27 46.92 45.98 44.63
7. Total Debt to Total Assets

2 ........................................... . . . .. . .. . . .. . .. . .. . .. . .. . .. . .. . .. . . .. . ..  
31.57 32.23 R 32.04 31.10 31.18

& Common Stock Equity to Total Assets ............ ..................... 29.95 29.76 28.76 28.22 26.45
9. Interest Coverage Before Taxes without AFUDC ................................................ 3.36 3.33 3.36 3.66 2.67

Profitability
10. Profit Margin ........................................................................................................ 10.23 7.84 7.97 7.98 5.64
11. Return on Average Common Stock Equity

3 . .. . .. . . .. .. . .. . .. . ................................... 12 .3 1  9. 67  10 .0 3  10. 12  8 . 15

12. Retum on Investment ............................................................................................. 3.65 2.88 2.90 2.92 2.19

i Indicators 1, 2, 3, and 9 are ratios. Indicators 4 through 8 and 10 through 12 are percentages.
2 Total debt is the sum of Long-term Debt and Short-term Debt. The values for Short-term Debt included in Current and Accrued liabilities (Notes Payable)

$18,179,816,000 for 2000; $13,802,174,000 for 1999; $11,531,000,000 for 1998 (revised); $10,417,018,000 for 1997; and $11,129,401,000 for 1996.
3 The Average Common Stock Equity is the average of the beginning and ending year balances. The value for the beginning of 1996 was

$172,411,278,000.
R = Revised data.

Notes: -Data for 1996 through 1999 are final; whereas data for 2000 are preliminary. ,Formulas for computing the financial indicators are in Appendix
A.-.Indicators 4, 5, and 6 may not sum to 100 percent because of independent rounding.

Source: Federal Energy Regulatory Co munission, FERC Form i, "Annual Report of Major Electsic Utilities, Licensees and Others."
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Table 11. Revenue and Expense Statistics for Major U.S. Investor-Owned Electric Utilities,
1996 Through 2000

/ (Thousand Dollars)

Description 1996 1997 199"99920

Utility Operating Revenues .................................................................. 207,459,078 215,082,593 218,174,613 214,160,472 235,336,467
Electric Utility ...................................................................................... 188,900,781 195,897,868 201,970,019 197,577,518 214,706,565
Other Utility .......................................................................................... 18,558,297 19,184,725 16,204,594 16,582,954 20,629,901

Utility Operating Expenses .................................................................. 173,320,492 182,796,184 186,497,546 182,258,470 210,324,036
Electric Utility ...................... . . .. 156,937,816 165,443,479 171,688,890 167,266,172 191,329,362

Operation ........................................................................................... 97,206,642 104,337,106 110,758,800 108,460,803 132,662,431
Production .............. . . . . . . 73,436,927 80,152,500 85,956,077 83,554,665 107,351,625

Cost of Fuel ................................................................................. 30,706,261 31,860,594 31,251,880 29,826,376 32,554,841
Purchased Power . . .......................................................... 32,987,034 37,990,963 42,611,883 43,258,418 61,968,664
Other ............................................................................................. 9,743,632 10,300,942 12,092,314 10,469,871 12,828,120

Transnission. ............................... ................................... 1,503,196 1,915,174 2,197,331 2,423,452 2,698,754
Distribution ............................ .. 2,604,058 2,699,803 2,803,526 2,955,635 3,114,976
Customer Accounts ....................................................................... 3,848,302 3,767,257 4,021,303 4,194,579 4,245,501
Customer Service .......................................................................... 1,920,450 1,197,459 1.955,451 1,889,234 1,839,331
Sales ............................................................................................... 435,477 500,934 514,388 492,039 403,250
Administrative and General ............................................................ 13,458,234 13,383,979 13,310,724 12,951,199 13,008,993

Maintenance ..................................................................................... 12,049,844 12,367,646 12,485,809 12,276,436 12,184,848
Depreciation ............................................ . .................................... 21,193,742 23,072,100 24,122,208 23,968,285 22,761,233
Taues and Other ............................................................................... 26,487,588 25,666,627 24,322,072 22.560,647 23,720,851

Other Utility ........................................................................................ 16,982,677 17,352,705 14,808,656 14,992,298 18,994,674

Net Utility Operating Income .............................................................. 33,538,586 32,286,409 31,677,067 31,902,002 25,012,430

Notes: -Data for 1996 through 1999 are final; whereas data for 2000 are prelininary. -Totals may not equal sum of components because of inde-
pendent rounding.

Source: Federal Energy Regulatory Commission, FERC Form 1, "Annual Report of Major Electric Utilities, Licensees and Others." The 1997
through 2000 data are edited by Navigant Consulting, Inc. See Appendix A far a detailed description of this restricted-universe census.

Y, Table 12. Revenue and Expense Percentages for Major U.S. Investor-Owned Electric Utilities,
1996 Through 2000

Description 1996 1997 1993 1999 2000

Utility Operating Revenues ................................................................. 100.0 100.0 100.0 100.0 100.0
Electric Utility ..................... 91.1 91.1 92.6 92.3 91.2
Other Utility ....................................................................................... 8.9 8.9 7.4 7.7 8.8

Utility Operating Expenses ................................................................. 83.8 85.0 85.5 85.1 89A
Electric U tility ..................................................................................... 75.6 76.9 78.7 78.1 81.3

Operation .............................. 46.9 485 50.8 50.6 56.4
Production ............. . . ..... 35.4 37.3 39.4 39.0 45.6

Cost of Fuel ................................................................................. 14.8 14.8 14.3 13.9 13.8
Purchased Power .......................................................................... 15.9 17.7 19.5 20.2 26.3
Other .......................................................................................... 4.7 4.8 5.5 4.9 5.5

Transmission ............................ .7 .9 1.0 1.1 1.1
Distribution ................................................................................ 13 1.3 1.3 IA 1.3
Customer Accounts ........... . .... 1.9 1.8 1.8 2.0 1.8
Customer Service ................... .9 .9 .9 .9 .8
Sales ............................................................................................... 2 .2 .2 .2 .2
Administrative and General ..................................................... 65 6.2 6.1 6.0 5-5

M aintenance .................................................................................... 5.8 5.8 5.7 5.7 5.2
Dempdeiation ............................................... a ................... 10.2 10.7 11.1 11.2 9.7
Taxes and Other ........................... 12.8 11.9 11.1 10.5 10.1

Other Utility ......................... . . . . .. 8.2 8.1 6.8 7.0 8.1

Net Utility Operating Income ......................................................... 16.2 15.0 14.S 14.9 10.6

Notes: -Data for 1996 through 1999 are final; whereas data for 2000 are preliminary. 'Percents in this table are percentage of utility operating reve-
nues. -Totals may not equal sum of components because of independent rounding.

Source: Federal Energy Regulatory Commission, FERC Form 1, "Annual Report of Major Electric Utilities, Licensees and Others." The 1997
through 2000 data are edited by Navigant Consulting, Inc. See Appendix A for a detailed description of this restricted-universe census.
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Table 13. Average Operating Expenses for Major U.S. Investor-Owned Electric Utilities

1996 Through 2000
(Mills per Kilowathour)

1996 1997 19 199 2000

Operation

Nuclear . ....................................................................... 9.47 11.02 9.98 8.93 8A.
Fossil Steam ........................... 2.25 2.22 2.17 2.21 2.31
Hydroelectricl 

.. . .. .. . .. ...........................................
. .. . . .. . .. . .  3 .87  3. 29  3. 85  4 . 17  4. 74

Gas Turbine and Small Scale
2 ................

. .. . .. . . .. . .. . .. . .. . . .. .  5.08 4.43 3.85 5.16 4.57

Maintenance

Nuclear ...................... .................................................. 5.68 6.90 5.79 5.13 4.93
Fossil Steam ............................ ............................ 2.49 2.43 2.41 2.38 2.45
HydroelectricI ...

1
..

. . . . . . . . . . .  .  .  .  2.0 8  2 .49  2. 00  2. 60  2 .9 9

Gas Turbine and Small Scale
2 . . ..................................... 4.98 3.43 3.43 4.80 3.50

Fuel

Nuclear .......................................................................... 5.50 5.42 5.39 5.17 4.95
Fossil Steam .................................................................. 16.51 16.80 15.94 15.62 17.69
Hydroelectricl 

.. . . . . . . . .  . .
.

.  
. ..

Gas Turbine and Small Scale
2 

.................
. .. . .. . . . .. .. . . .. . .. . ..  

30.58 24.94 23.02 28.72 39.19

Total 3

Nuclear .......................................................................... 20.65 23.33 21.16 19.23 18.28
Fossil Steam .................................................................... 21.25 21.45 20.52 20.22 22.44
Hydroelectricl ...............................

. .. . . .. .. . . . .. .. . . .. . .. . .. . .. . . .. ..  5.94 5.79 5.86 6.77 7.73
Gas Turbine and Small Scale

2 .................
.. .. . . .. . .. . .. . .. . . .. ..  40.64 32.80 30.30 38.68 47.26

1 Includes Pumped Storage.
2 Includes gas turbine, internal combustion, photovoltaic, and wind plants.
3 Totals may not equal sum of components because of independent rounding.

Notes: .Data for 1996 through 1999 are final; whereas data for 2000 are preliminary. -Expenses are average expenses weighted by
net generation. -A mill is a monetary cost and billing unit equal to 111000 of the U.S. dollar (equivalent to 1/10 of I cent).

Source: Federal Energy Regulatory Commission. FERC Form I, "Annual Report of Major Electric Utilities, licensees and Others." The
1997 through 2000 data are edited by Navigant Consulting, Inc. See Appendix A for a detailed description of this restricted-universe census.
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Figure 8. Average Operating Expenses of Fossil-Fueled and Nuclear Steam-Electric
Plants for Major U.S. Investor-Owned Electric Utilities, 2000
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Others." The 2000 data ore edited by Navigant Consulting, Inc. See Appendix A for a detailed description of this restricted-universe
census.
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Table 14. Composite Statement of Income for Major U.S. Publicly Owned Generator Electric
Utilities, 1996 Through 2000
(Thousand Dollars)

Description 1996

Operating Revenue - Electric..

Operating Expenses - Electric.
Operation Excluding Fuel.

V...11

Mamienance...................................... Io.1,01.
Depreciation and Amortization ......... ...... 3,015,665
Taxes and Tax Equivalents ............................................................................. 662,443

Operating Income - Electric ........................... .. 5,123,246
Other Income and Deductions ......................................................................... 1,237,173
Income from Electric Plant Leased to Others ................................................ 25,914
Allowance for Funds Used During Construction ............................................. 6,660
Other Income Net ............................................................................................ 1,440,435
Less Other Electric Deductions ...................................................................... 235,836

Total Income Before Interest Charges .......................................................... 6,360,419

Net Interest Charges .................................................................................... 4,634,548
Interest Expenses .............................................................................................. 4,155,829
Other Income Deductions ................................................................................. 478,719

Net Income Before Extraordinary Charges ................................................... 1,725,871
Less Extraordinary Items............................................................................. 2,304
Net Income ........................................................................................................ 1,723,567

1997 1998 199900

25,397,219 26,154,732 26,766,900 31,842,783

20,425,111 20,880,194 21,273,860 26,244,346
11,819,689 11,949,846 11,992,638 14,737,482
3,097,486 3,169,838 3,393,281 4,837,071
1,608,781 1,631,484 1,686,120 1,814,899
3,239,454 3,458,805 3,504,605 3,919,211

659,702 670,221 697,215 935,682

4,972,108 5,274,538 5,493,040 5,598,437
1,351,939 1,352,927 937,809 1,617,776

17,953 17,528 11,341 28,640
4,320 5,208 5,802 4,568

1,478,106 1,506,383 1,358,155 1,850,151
148,440 176,192 437,489 265,583

6,324,047 6,627,465 6,430,849 7,216,213

4,681,830 4,574,910 4,467,834 4,796,820
4,119,946 3,984,982 3,810,418 4,071,856

561,883 589,928 657,416 724.964

1,642,217 2,052,555 1,963,015 2,419,393
13,258 120,722 186,344 174,144

1,628,959 1,931,833 1,776,671 2,245,249

Notes: -Data are final. -Totals may not equal sum of components because of independent rounding. -The 1996-1997 data represent those utilities
meeting a threshold of 120 million kilowatthours of consumer sales or resales. -The number of publicly owned generating electric utilities that reported were
225 for 2000, 226 for 1999, 228 for 1998, 24M for 1997, and 231 for 1996.

Source: Energy Information Administration, Form EIA-412. "Annual Report of Public Electric Utilities."

Table 15. Composite Balance Sheet for Major U.S. Publicly Owned Generator Electric
Utilities, 1996 Through 2000
(Thousand Dollars)

Description 1996 1997 1998 1999 2000

Assets
Electric Utility Plant-Net Inc Nuclear Fuel ................................................. 64,159,411 63,939,798 62,854,031 63,156,349 67,585,195
Electric Utility Plant Inc Nuclear Fuel ............................................................. 97,433,005 100,346,538 101,775,589 105,804,369 111,636,531
Accumulated Provision for
Depreciation and Amortization ........................................................................ 33,273,595 36,406,740 38,921,558 42,648,020 44,051,336

Other Property and Investments .................................................................. .- 19,674,912 20,156,959 19,969,531 21,456,288 23,002,240
Current and Accrued Assets ......................................................................... 16,521,745 17,148,023 17,245,072 17,963,595 23,035,913
Deferred Debits ............................................................................................... 13,520,724 13,619,929 13,381,374 13,691,266 13,915,618
Total Assets and Other Debits . ... . . . . . . . . 113,876,791 114,864,710 113,450,08 116,267,499 127,538,966

Liabilities and Other Credits
Investment of Municipality - Surplus .......................................................... 27,472,346 29,111,977 30,001,524 31,865,580 34,221,924
Long-Term Debt ........................................................................................... 73,950,415 73,035,157 70,145,214 69,554,404 75,735,131
Other Noncurrent Liabilities ....................................................................... 766,093 593,007 608,049 618,451 681,553
Current and Accrued LIabilities .................................................................... 8,167,668 8,554,223 8,714,034 9,012,772 10,623,168
Deferred Credits ............................................................................................... 3,520,270 3,570,346 3,981,187 5,216,292 6,277,190
Total Liabilities and Other Credits ............................................................. 113,876,791 114,864,710 113,450,008 116,267,499 127,538,966

Notes: -Data we final. -Totals may not equal sum of components because of independent rounding. 'The 1996-1997 data represent those utilities
meeting a threshold of 120 million kilowatthours of consumer sales or resales. -The number of publicly owned generating electric utilities that reported were
225 for 2000, 226 for 1999, 228 for 1998, 245 for 1997, and 231 for 1996.

Source: Energy Information Administration, Form EIA.412, "Annual Report of Public Electric Utilities."
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Table 16. Composite Financial Indicators for Major U.S. Publicly Owned Generator Electric
Utilities, 1996 Through 2000

Description -

Electric Utility Plant per Dollar of Revenue .....................................................

Current Assets to Current Liabilities .................................................................

Electric Utility Plant as a Percent of Total Assets ............................................

Net Electric Utility Plant as a Percent of Total Assets ....................................

Debt as a Percent of Total Liabilities .....................................................

Accumulated Provision for Depreciation as a Percent of Electric
Utility Plant....... ...........................

Electric Operation and Maintenance Expenses as a Percent of
Electric Operating Revenues .............................................................................

Electric Depreciation and Amortization as a Percent of Electric

1996

4.0

2.0

85.6

56.3

72.1

34.2

63.6

11.9

1997

4.0

2.0

87.4

55.7

71.0

36.3

65.1

12.1

1998

3.9

2.0

89.7

55.4

69.5

38.2

1999

4.0

2.0

91.0

54.3

67.6

40.3

2000

3.5

2.2

87.5

53.0

67.7

39.5

67.2

10.8

64.0 63.8

vpvraung Keymenus ............................................................................................

Taxes and Tax Equivalents as a Percent of Electric Operating
Revenues ...........................................................................................................

Interest Expenses as a Percent of Electric Operating Revenues .......................

Net Income as a Percent of Electric Operating Revenues ................................

Purchase Power Cents Per Kilowathour ........................................................

Generated Cents Per Kilowatthour .....................................................................

Total Power Supply Per Kilowattbour Sold .....................................................

2.7

17.2

7.1

3.8

1.5

2.4

2.6

16.2

6.4

3.2

1.7

2.4

12.4

2.6

15.2

7A

3.2

1.7

2.4

12.1

2.6

14.2

6.6

3.2

1.7

2.3

2.9

12.8

7.1

3.7

2.0

2.9

Notes: -Data are final. -Totals may not equal sum of components because of independent rounding. -The 1996-1997 data represent those utilities
meeting a threshold of 120 million kilowathours of consumer sales or resales. -The number of publicly owned generating electric utilities that reported were
225 for 2000, 226 fer 1999, 228 for 1998, 245 for 1997, and 231 for 1996.

Source: Energy Information Administration, Form EIA-412, "Annual Report of Public Electric Utilities."

Table 17. Revenue and Expense Statistics for Major U.S. Publicly Owned Generator Electric
Utilities, 1996 Through 2000
(Thousand Dollars)

Description 1996 1997 1998 1999 2000

Operating Revenue - Electric- ...................................................................... 24,207,226 25,397,219 26,154,732 26,766,90 31,842,783

Operating Expenses Eetr .. .................................................................... 19,083,980 20,425,111 20,880,194 21,273,860 26,244,346
Operation Including Fuel ................................................................................ 13,768,044 14,917,174 15,119,684 15,385,920 19,574,554
Production .................................................................................................... 11,097.895 11,481,328 11,608,407 11,922,977 15,742,217
Transmission ................................................................................................. 349,114 725,471 772,598 732,289 780,976
Distribution .................. . . . . . . . . ..... 475,506 538,320 603,199 515,985 573.548
Customer Accounts ................................................................ 365,277 390,231 390,430 414,545 506,983
Customer Service ............................................................. ........................... 103,390 133,257 126,813 160,158 210,618
Sales ............................................................................................................ 17,528 46,181 50,804 49,112 65,522
Administrative and General ........... . . . . .. 1,359,334 1,602,386 1,567,434 1,590,854 1,694,689

Maintenance ...................................................................................................... 1,637,828 1,608,781 1,631,484 1,686,120 1.814,899
Depreciation and Amortization ........................................................................ 2,933,594 3,080,165 3,240,505 3,241,178 3,441.966
Taxes and Tax Equivalents ............................................................................... 662,443 659,702 670,221 697,215 935,682

Income from Electric Utility Operations ................. ..... 5J123,246 4,972,108 5,274,538 5,493,040 5,598,437

Notes: .Data are final. *Totals may not equal sum of components because of independent rounding. -The 1996-1997 data represent those utilities
meeting a threshold of 120 million bilowantbours of consumer sales or mesales. -The number of publicly owned generating electric utilities that reported were
225 for 2000, 226 for 1999, 228 for 1998, 245 for 1997, and 231 for 1996.

Source: Energy Information Administration, Form EIA-41Z "Annual Report of Public Electric Utilities."
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Table 18. Composite Statement of Income for Major U.S. Publicly Owned Nongenerator Electric
Utilities, 1996 Through 2000
(Thousand Dollars)

Description 1 1996 1 1997 1 1998 1 1999 1 2000

Operating Revenue - Electric 8,581,642 8,585,879 3,790,223 9 4,023 9,904,214

Operating Expenses - Electric ......................................................................... 8,122,815
Operation Excluding Fuel ........ ................. . .. 7,358,592
Fuel ............................................................................... ....................................
Maintenance ....................................................................................................... 244,115
Depreciation and Amortization ................................................................... 313,720
Taxes and Tax Equivalents .............................................................................. .206,389

Operating Income - Electric ........................................................................... 458,827
Other Income and Deductions ........................................................................ 153,864
Income from Electric Plant Leased to Others ............................................... 12,569
Allowance for Funds Used During Construction ............................................ 70
Other Income Net ......... . ..... 207,859
Less Other Electric Deductions........................................ ..66,634

Total Income Before Interest Charges ........................................................... 612,691

Net Interest Charges ...................................................................................... 148,146
Interest lxpen s .............................................................................................. . 99,768
Other Income Deductions ............................................................................... 48,378

Net Income Before Extraordinary Charges ........................ 464,545
Less Extraordinary Items ...................... 4,066
Net Income ...................................................................................................... 460,479

8,033,488 8,245,380
7,117,15S 7,437,112

S -540
337,769 263,356
353,948 330,433
224,617 215,019

s52,391
102,307
12,989

311
165,655
76,649

6K4,698

148,297
107,351
40,947

5•6,400
-3,050

509,451

U44,843
130=82

4,248
192

185,272
59,430

675,126

152,428
102,729
49,699

522,698
-9,842

532,539

8,737,044
7,873,718

-141
272,299
368,552
222,615

616,979
137,738

4.465
197

205,362
72,285

754,717

15,7%98
107,842
47,956

s9,g91
-7,038

60S,956

95927
9,423,596

448
286,077
393,714
251,093

549,287
162,710

4,124
142

241550
83,106

711,997

155,217
113,642
41,575

556,780
9,158

547,623

Notes: 'Data are final. -Totals may not equal sum of components because of independent rounding. -The 1996-1997 data represent those utilities
meeting a threshold of 120 million kilowatthours of consumer sales or resales. ,The number of publicly owned nongenerating electric utilities that reported
were 281 for 2000, 267 for 1999, 259 for 1998, 299 for 1997, and 284 for 1996.

Source: Energy Information Administration. Form EIA-412, "Annual Report of Public Electric Utilities."

•- Table 19. Composite Balance Sheet for Major U.S. Publicly Owned Nongenerator Electric
Utilities, 1996 Through 2000
(Thousand Dollars)

Description 1996 1997 1998 1999 20

Assets
Electric Utility Plant-Net Inc Nuclear Fuel .................................................. 6,259,916 8,447,445 6,871,025 7,437,385 8,094,102
Electric Utility Plant Inc Nuclear Fuel ............................................................ 9,925,097 12,831-306 10,963,297 11,952,629 12,981,988
Accumalated Provision for

ietJr..-auuu .... J nu . . . . ..--.•_,_ 3 ,U•,EC *,3• oA.o,, *UA m t,. •€ %C,.Ofl A ,OO oo,C
Lxvý ý M W U ý ý - M .................. ................................ ................. ...

Other Property and Investme
Current and Accrued Assets
Deferred Debits ........................
Total Assets aad Other Debits

Its ........... ....... . ... . . ............... 1,88,263 2,067,375 2,123,546 2,328,5 2,612,262
2,701,644 2,925,365 2,857,991 3,180,710 3,493,763

407,965 465,338 358,010 313,893 424,177
11,254,787 13,905,523 12,210,573 12050 1424,304

Liabilities and Other Credits
Investmvent of Municipality - Surplus ............................................................ 7,150,022 8,53,320 7871,42 8,808,622 9,534,206
Long-Term Debt .......................................................................................... 2,593,375 3,808,733 2,676,839 2,716,531 3,108,926
Other Noncurrent Liabilities ........................... 17,991 14,808 137,989 128,768 135,327
Current and Accrued Liabilities ........ .................................................. -1,263,814 1,259,125 1,317,256 1,407,290 1,659,474
Deferred Credits ............................................................................................ 229,585 279,37 207,007 199,295 186,370
Total Liabilities and Other Credits ......................................................... 11,254,787 13,905,523 12,210,573 13,260,506 14,624,304

Notes: 'Data are final. -Totals may not equal sum of components because of independent sounding. -The 1996-1997 data represent those utilities
meeting a threshold of 120 million kilowatthours of consumer sales or resales. -The number of publicly owned nongenerating electric utilities that reported
were 281 for 2000, 267 for 1999, 259 for 1998, 299 for 1997, and 284 for 1996.

Source: Energy Information Administration. Form EIA412, "Annual Report of Public Electric Utilities."
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Table 20. Composite Financial Indicators for Major US. Publicly Owned Nongenerator Electric
Utilities, 1996 Through 2000

I
Description

Electric Utility Plant per Dollar of Revenue ..................................................

Current Assets to Current Liabilities ......................................................

Electric Utility Plant as a Percent of Total Assets ............................................

Net Electric Utility Plant as a Percent of Total Assets .....................................

Debt as a Percent of Total Liabilities . . ... . ............

Accumulated Provision for Depreciation as a Percent of Electric
|11, ptl-•Pln

I 1996

1.2

2.1

88.2

55.6

34.3

1997

1.5

2.3

92.3

60.7

36A

1998

1.2

2.2

89.8

56.3

32.7

1999

1.3

2.3

90.1

56.1

31.1

2000

1.3

2.1

88.8

55.3

32.6

36.9

88.6

34.2 37.3

86.8 87.6

37.8 37.7

Electric Operation and Maintenance Expenses as a Percent of
Electric Operating Revenues .............................................................................

Electric Depreciation and Amortization as a Percent of Electric
Operating Revenues ............................................................................................

Taxes and Tax Equivalents as a Percent of Electric Operating
Revenues .........................................................................................................

Interest Expenses as a Percent of Electric Operating Revenues .......................

Net Income as a Percent of Electric Operating Revenues ................................

Purchase Power Cents Per Kilowatthour .......... ......................

3.6

2.4

1.2

5.4

4.0

4.1

2.6

1.3

5.9

4.0

3.7

2.4

1.2

6.1

4.1

87.1

3.9

2.4

1.2

6.5

4.1

87.9

3.9

2.5

1.1

5.5

4.2

Notes: -Data are final. -Totals may not equal sum of components because of independent rounding. *The 1996-1997 data represent those utilities
meeting a threshold of 120 million kilowatthours of consumer sales or resales. -The number of publicly owned nongenerating electric utilities that reported
were 281 for 2000, 267 for 1999, 259 for 1998, 299 for 1997, and 284 for 1996.

Source: Energy Information Administration, Form EIA-412, "Annual Report of Public Electric Utilities."

Table 21. Revenue and Expense Statistics for Major U.S. Publicly Owned Nongenerator Electric
Utilities, 1996 Through 2000
(Thousand Dollars)

Description 1996 1997 1998 1999 2000

Operating Revenue - Electric .................... ... .. 8,581,642 8,585,879 8,790,223 9,354,023 ,904,214

Operating Expenses - Electric ......................................................................... 8,122,815 8,033,482 8,245,380 8,737,044 9,354,927
Operation Including Fuel ............ ........................... 7,358.592 7,117,155 7,436,572 7,873,577 8,424,044
Production ................................................................................................... 6,577,447 6,239,721 6,660,705 7,015,036 7,485,562
Transmission ................................................................................... .............. 50,446 56,969 44,443 47,501 63,900
Distribution ...................................... 234,893 303,983 229,609 261,223 279,996
Custom•er Accounts ...................................................................................... 141,458 139,156 129,856 142,717 154,555
Customer Service ......................................................................................... 18,229 16,379 20,862 22,182 22,325
Sales ................................................................................................. ........ 11,616 12,897 8,868 13,785 16,039
Administrative and General .......................................................................... 324,503 348,051 342,228 371,133 401,667

Maintenance ....................................................................................... 244,115 337,769 263,356 272,299 286,077
Depreciation and Amortization ......................................................................... 305,612 350,862 326,863 364,603 389,181
Taxes and Tax Equivalents ............... .............. . 206,389 224,617 215,019 222,615 251,093

Income from Electric Utility Operations ....................................................... 45827 552,391 544,9843 616,979 549,287

Notes: -Data wre final. -Totals may not equal sum of components because of independent rounding. -The 1996-1997 data represent those utilities
meeting a threshold of 120 million kilowattbours of consumer sales or resales. *The number of publicly owned nongenerating electric utilities that reported
were 281 for 2000, 267 for 1999, 259 for 1998, 299 for 1997, and 284 for 1996.

Source: Energy Information Administration, Form EIA-412, "Annual Report of Public Electric Utilities."
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U.S. Electric Utility Environmental Statistics

When fossil fuels are burned in the production of
electricity, a variety of gases and particulates are
formed. If these gases and particulates are not cap-
tured by some pollution control equipment, they are
released into the atmosphere. This chapter provides a
brief summary of the gaseous emissions from U.S.
electric utilities and the methods employed to reduce
or eliminate their release into the atmosphere.

Background

Among the gases emitted during the burning of fossil
fuels are sulfur dioxide (502), nitrogen oxides (NO.),
and carbon dioxide (CO2). Coal-fired generating units
produce more S0 2 and NO, than other fossil-fuel units
for two reasons. First, because coal generally contains
more sulfur than other fossil fuels, it creates more SO2
when burned. Second, there are more emissions from
coal-fired plants because more coal-fired capacity
than other fossil-fueled capacity is in use.

•_jSulfur is an element that is present in almost all coal,
although some kinds of coal contain more sulfur than
others depending on the geographic location of the
coal mine and the type of coal being mined. Western
coal has less sulfur than eastern coal. More than one-
half of the coal mined in the West is subbituminous
coal that is low in sulfur content (about 0.5 percent)
and contains approximately 9,000 Btu per pound.
Bituminous eastern coal can exceed both a 5-percent
sulfur content and a heat content of 12,000 Btu per
pound. The average percent of sulfur contained in
coal ranges from 0.3 percent in the West to approxi-
mately 2.5 percent in the East. During combustion,
the sulfur combines with the oxygen in the air to form
SO2 . As the SO2 mixes further with oxygen and trace
substances in the air, a variety of sulfate compounds
emerges. How these transformations take place, and in
what proportions, is a subject of vigorous research.
The behavior of SO emissions depends partly on the
type of coal used and how it is burned. In addition,
the presence of light, moisture, and other pollutants in
the atmosphere may also be important in triggering
the complex changes that SO2 emissions undergo. To a
lesser degree, sulfur is also contained in petroleum
and varies according to the type of petroleum (for
example, light oil, heavy oil, etc.). Petroleum burned
at utility power plants ranges from containing almost
no sulfur to about 3.5 percent sulfur. The weighted
average percent of sulfur contained in petroleum con-
sumed by utility plants ranges from about .5 percent
in western plants to about 1.4 percent for plants in
New England. The amount of sulfur contained in
natural gas is insignificant.

Nitrogen is a colorless, odorless gas that makes up
about 78 percent of'the atmosphere. Nitrogen in the
atmosphere during the combustion process (burning of
fuels at the plant) combines with oxygen and water to
form several NO, compounds. Also, a small amount of
nitrogen in the coal is converted to NO.. The most
important is nitrogen dioxide, one of the compounds
that gives photochemical smog its characteristic
yellowish-brown color. Only about 10 percent of the
nitrogen compounds in the air are the result of human
activity. The rest are formed by natural processes,
such as the decay of organic matter. However, since
the human-made 10 percent is emitted mostly in
industrial urban areas, concentration there can become
high enough to cause concern.

S0 2 and NO, are called precursors to acid deposition,
because, under the right set of conditions, they react
with other chemicals in the atmosphere to form
sulfuric acid and nitric acid, respectively. These two
acids do not accumulate in the atmosphere, but are
absorbed by rain droplets, thus cleansing the atmos-
phere but discharging the acid onto the earth in the
form of "acid rain." In addition, sulfuric acid may
form microscopic droplets that can be deposited
directly onto the ground. This form of deposition, as
well as the direct capture of SOa by vegetation, is
referred to as dry deposition.

CO2 is a colorless, odorless, nontoxic gas formed by
the combustion of carbon and carbon compounds
found in coal, petroleum, and gas. Currently, the only
way to limit the emission of CO2 when burning fossil
fuels is extremely expensive. CO2 is normally
removed from the atmosphere by green plants and
absorbed by the ocean. The increased use of fossil
fuels in recent years, as well as extensive
deforestation, has caused a buildup of C0 2 in the
atmosphere. This increase of COa causes the atmos-
phere to absorb infrared radiation reflected from the
earth that would otherwise have been dissipated into
space. This phenomenon could increase average
global temperature. It is called the "greenhouse"
effect because it is similar to the trapping of the sun
energy in a greenhouse. These potential increases in
temperatures are of concern because they could cause
significant climatic changes, shifts in agricultural
zones, and partial melting of the polar ice caps
resulting in flooding of coastal areas. However, sig-
nificant uncertainties exist regarding global warming,
and no conclusions can be drawn regarding future
warming based on past temperature records.

Efforts are underway to determine what methods can
be employed to reduce or eliminate the release of CO2
from power plants. Tail gas cleanup (CO2 scrubbing)
is currently the only technological option. This option
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would require the adaptation by the electric utility
industry of acid gas removal technologies used by the
petroleum and petrochemical industries. Because of
the potential expense involved and the uncertainty(,. concerning the impacts of emissions from the gas, no
emission standards or required reductions exist.

Additionally, the Department of Energy is developing
clean coal technologies (such as pressurized
fluidized-bed combustion) for new plants and repow-
ering applications. Due to the increased conversion
efficiencies of these technologies, C0 2 emissions are
reduced.

Emission Standards

To respond to concerns about emissions of SO2 and
NO, as well as several other air pollutants, Congress
passed the Clean Air Act (CAA) in 1963. It was not
until 1970, however, that the Environmental Pro-
tection Agency was empowered to set enforceable air
quality standards. In 1971, this Agency established
New Source Performance Standards (NSPS) that
required coal-fired utility boilers built after August
17, 1971, to emit no more than 1.2 pounds of S02 per
million Btu of heat input. Requirements for NO. were
more complex, with allowable limits ranging from 0.2
pounds per million Btu to 0.8 pounds per million Btu,
depending on the type of fuel burned and the com-
bustion device used.

In 1977, Congress amended the CAA to require States
to set limits on existing sources in regions not
attaining goals established in the Act. In 1979, the
Environmental Protection Agency established the
Revised New Source Performance Standards
(RNSPS). The new standards retain the 1971 NSPS of
1.2 pounds of S02 per million Btu of heat input, but
require S0 2 emissions from all new or modified (post
1978) boilers to be reduced by at least 90 percent
unless 90-percent removal reduces emissions to less
than 0.6 pounds per million Btu. If emissions fall
below that level, reductions between 70 and 90
percent are permitted, depending on the sulfur content
of the coal. RNSPS for NO, are complex and, as with
NSPS, set limits varying from 0.2 to 0.8 pounds per
million Btu, depending on the type of fuel burned and
combustion device used. RNSPS for NO, differ from
NSPS in the number of categories of combustion into
which they are divided.

The primary goals of the Clean Air Act Amendments
(CAAA) of 1990 that affect generators of electricity
are a 10-million-ton reduction in 502 emissions and a
2-million-ton reduction in NO, emissions from 1980
levels. The reduction in S0 2 is to occur in two phases
that begin in 1995 and 2000, respectively. The CAAA
established an innovative marketable emission allow-
ance program. It also contains a list of the allowances
to be issued in Phase 1, and the Environmental Pro-
tection Agency published a preliminary list of Phase 2
allowances in June 1992.

Emission Reductions

Sulfur Dioxide. One method available to reduce the
S02 emitted when burning coal is to switch to a coal
that has a lower sulfur content. Emissions of sulfur
dioxide may also be reduced by using less polluting
fuels, particularly gas. Another approach is to install
equipment designed to remove SO2 from the gas (flue
gas) released through the flues of the plant. Addi-
tional methods for reducing emissions of S0 2, which
include converting boilers to the fluidized-bed com-
bustion process and employing the technology of
integrated-gasification combined cycle, are currently
under study and not in extensive use.

Nitrogen Oxides. Formation of NO, is less
dependent on what type of fuel is burned than on how
the fuel is burned. Apart from the nitrogen content of
the fuel, the extent of nitric-oxide formation depends
primarily on the combustion temperature. NO, emis-
sions can be reduced by low excess-air firing; low-
combustion temperatures; use of low-nitrogen fuels
(such as natural gas and light distillate oil); staged
combustion in which localized fuel-rich conditions are
created where both thermal and fuel NO, are mini-
mized; and use of low- NO, burners and fluidized-bed
combustion.

Environmental Equipment

While not the only kind of environmental equipment
installed at power plants, flue gas desulfurization
units, particulate collectors, and cooling towers are
the most significant. In a flue gas desulfurization unit
(scrubber), the gases resulting from combustion are
passed through tanks containing a material that cap-
tures and neutralizes the S02. Particulate matter is
most frequently removed from the combustion gases
by either filtering (a series of filter bags that trap the
ash and dust much as a household vacuum cleaner
does) in a baghouse or with an electrostatic
precipitator. In the latter, the particulates are given an
electric charge and collected. Particulate collection is
mainly centered on coal combustion because of the
large percentage of ash that coal contains. Petroleum
has very little ash, and natural gas has practically
none.

For a fossil-fueled steam-electric generating unit,
about two-thirds of the heat produced by burning the
fuel is released to the environment, and only about
one-third is used to produce electricity. Most waste
beat (contained in the cooling water) is dissipated into
a body of water, such as a river, lake, or bay. Cooling
towers are installed where there is insufficient cooling
water and where the waste heat discharged into the
cooling water affects plants or marine life. A cooling
tower is a structure for transferring heat in the water
to the atmosphere. The most common type is the wet

'tower, also called the evaporative tower. In a wet
tower, cooling is caused mainly by evaporation of the
water and partly by direct-heat transfer.

Environmental equipment can represent a significant
part of the cost of a power plant. This cost includes
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the initial capital cost of installation and the recurring
operation and maintenance (O&M) costs. Capital
costs are given as a cost per kilowatt of installed
nameplate capacity.

Data Sources

Estimates are provided in the following tables for SO2,
NO., and C0 2 emissions from fossil-fueled steam-
electric generating unit§. The methodology for com-
puting emission estimates is described in Appendix A.
Emissions of SOý and NO, have been revised from the
updated Air Pollutant Emissions Factors (AP-42 5th
edition, through supplement E) of the Environment
Protection Agency on July 1999. Emissions of C02
have been revised from the Emissions of Greenhouse
Gases in the United States 1998, November 1999.
Additional detailed information on emissions from
electric utilities can be obtained in Chapter 6 of the
Annual Energy Outlook.'0 Also presented in the fol-
lowing tables are the number and capacity of fossil-
fueled steam-electric generators with environmental
equipment (scrubbers, particulate collectors, and
cooling towers). Because power plants can have more
than one type of environmental equipment, the gener-

ators at these plants can be included in more than one
category. Also, not all utility plants have environ-
mental equipment. Data regarding the quality of fossil
fuels used to produce electricity by electric utilities,
including heat, sulfur, and ash content, are also pro-
vided in the following tables. Lastly, average flue gas
desulfurization costs (that is, operation and mainte-
nance costs per kilowatthour of generation and instal-
lation costs per kilowatt of nameplate capacity) are
presented.

These estimates were either derived or obtained
directly from the Form EIA-767, "Steam-Electric
Plant Operation and Design Report." This form is a
restricted-universe census used to collect boiler-
specific data from over 800 U.S. electric utility power
plants with organic or nuclear-fueled steam-electric
nameplate capacity of 10 or more megawatts operated
by more than 300 electric utilities. The entire form,
including data on environmental equipment, is filed
by about 700 power plants with a nameplate capacity
of 100 or more megawatts. Information on power
plants with a nameplate capacity between 10 and 100
megawatts is submitted only for fuel consumption and
flue gas desulfurization equipment. There are 67
nuclear power plants in the Form EIA-767 respondent
universe.

to Energy Information Administration, Annual Energy Outlook 2002 DOE/EIA-0383(02)(Washington, DC, 2001).
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Table 22. Number and Capacity of Fossil-Fueled Steam-Electric Generators for U.S. Electric
Utility Plants with Environmental Equipment, 1996 Through 2000

Environmental
Equipment

Scrubbers Particulate Collectors

Number of Capacityl Number of Capacityl
Generators (megawatts) Generators (megawatts)

1996 .........................................................................5...........
1997 .......... ...........................................................................
1005t

182
183
186
192
192

85,842
86,605
87,783
89,666
89,675

1,134
1,133
1,130
1,148
1,141

352,154
352,068
351,790
353,480
352,727

1000

Cooling Towers Total
2

Number of Capacityl Number of Capacity,

Generators (megawatts) Generators (megawatts)

1996 ..................................... . . . . .
1997 .......... ....... ..................................................... . ............

1998 ................. .................................................... ............
1999 ....................................................................................

2000 .......................................................................... .

477
480
474
505
505

166,749
166,886
166,896
175,520
175,520

1,299
1,301
1,294
1,343
1,336

377,144
377,195
377,117
387,192
386,438

I Nameplate capacity.
2 Components are not additive since some generators are included in more than one category and not all units have environmental equipment.

Notes: .Data for 2000 are final pending approval by the Environmental Protection Agency. Data for prior years are final. -These data are only for
plants with a fossil-fueled steam-electric capacity of 100 or more megawatts. -Historical data have been revised to reflect additional data reported by
respondents.

Source: Energy Information Administration, Form EIA-767, "Steam-Electric Plant Operation and Design Report"
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Table 23. Number and Capacity of Coal-Fired Steam-Electric Generators for U.S. Electric
Utility Plants with Environmental Equipment by Census Division and State, 2000

Generating Scrubbers Particulate Cooling Towers

Census Division units, Collectors

state Number of I Capacity2  
Number of Capacity2  

Number of Capacity 2  
Number of Capacity2

Generators (megawatts) Generators (megawatts) Generators (megawatts) Generators (megawatts)

New England ....................................... 14 2,373 0 0 14 2,373 0 0
Connecticut .................................. 0 0 0 0 0 0 0 0
M aine ....................................................... 0 0 0 0 0 0 0 0
Massachusetts .......................................... 9 1,764 0 0 9 1,764 0 0
New Hampshire ...................................... 5 609 0 0 5 609 0 0
Rhode Island ........................................... 0 0 0 0 0 0 0 0
Vermont . ... ...... 0 0 0 0 0 0 0 0

Middle Atlantic ..... .................. .. 87 2624 16 7,112 85 24,417 18 13,213
New Jersey ............... .. 6 1,685 1 163 6 1,685 0 0
New York ............................................... 25 3,721 2 810 25 3,721 0 0
Pennsylvania ........................................... 56 20,858 13 6,139 54 19,011 18 13,213

East North Central .................................. 294 81,915 26 12,043 291 81,011 44 21,393
llinois ................................................. 53 16,924 3 821 53 16,924 2 562

Indiana .................................................. 69 21,105 14 5,964 67 21,013 25 9,487
Michigan ................................................. 50 12,936 0 0 49 12,124 3 1,010
Ohio ................................ 85 24,047 7 5,097 85 24,047 11 8,854
Wisconsin ................................................ 37 6,903 2 160 37 6,903 3 1,479

West North Central ................................. 134 37,847 24 10,890 130 35,433 42 14,284
Iowa ........................................................ 31 6,307 1 176 30 5,709 7 2,278
Kansas ..................................................... 14 5,385 7 3,920 14 5,385 8 3,258
Minnesota ................ 24 6,917 8 3,333 21 5,099 12 5,604
Missouri .................................................. 38 11,448 2 455 38 11,448 7 789
Nebraska ................................................ 14 3,127 0 0 14' 3,127 4 430
North Dakota ............. 12 4,2=7 6 3,007 12 4,207 4 1,925
South Dakota .......................................... 1 456 0 0 1 456 0 0

South Atlantic ......................................... 215 70,945 24 12,393 215 70,945 66 37,648
Delaware.. ..... 6 1,034 0 0 6 1,034 1 442
District of Clumbia........ ... 0 0 0 0 0 0 0 0
Florida ................................................... 28 11,342 9 4,971 28 11,342 12 6,757
Georgia .................................................. 36 14,445 1 123 36 14,445 12 9,774
Maryland .............................................. 15 4,943 0 0 15 4,943 2 1,370
North Carolina ....................................... 45 12,494 0 0 45 12,494 6 3,126
South Carolina ....................................... 26 6,333 6 2,509 26 6,333 15 4,795
Virginia ................................................... 26 5,397 2 848 26 5,397 5 1,561
West Virginia ......................................... 33 14,958 6 3,942 33 14,958 13 9,822

East South Central ................................. 138 42,517 29 12,307 135 40,578 30 14,669
Alabama ................................................. 41 14,362 4 1,597 39 12,586 6 4,376
Kentucky ................................................. 54 15,985 21 7,710 53 15,822 21 9,394
Mississippi .............................................. 6 2,150 2 400 6 2,150 3 900
Tennessee . ....... 37 10,020 2 2,600 37 10,020 0 0

West South Ceral ......................... 59 33,713 16 10,571 59 33,713 32 17,262
Akansas ............................................... 5 3,958 0 0 5 3,958 4 3,400
Louisiana ................................................ 8 3,799 1 721 8 3,799 6 2,681
Oklahoma ................................................ 10 5,210 1 520 10 5,210 8 4,072
Texas ....................................................... 36 20,746 14 9,330 36 20,746 14 7,109

Mountain ...... .......... 88 30,712 57 24,360 88 30,712 75 26,165
Arizona .................................................... 14 5,749 12 5,287 14 5,749 12 5,347
Colorado ................................................ 26 4,984 9 2,648 26 4,984 23 4,480
Idaho ........................ ... 0 0 0 0 0 0 0 0
Montana .................................................. 5 2,518 4 2,327 5 2,518 4 2,327
Nevada. ................................................. 8 2,769 5 879 8 2,769 7 1,951
New Mexico ......................................... 10 4,375 10 4,375 10 4,375 5 2,105
Utah ....................................................... 10 4,461 7 3,826 10 4,461 10 4,461
Wyoming .............................................. 15 5,856 10 5,018 15 5,856 14 5,494

Pacific Contiguous .................................. 3 2,055 0 0 3 2,055 2 1,460
California ................ 0 0 0 0 0 0 0 0
Oregon ................................................. 1 595 0 0 1 595 0 0
Washington ......... . . . .... 2 1,460 0 0 2 1,460 2 1,460

Pacific Noncontiguous ............................ 0 0 0 0 0 0 0 0
Alaska................. . . .... 0 0 0 0 0 0 0 0
Hawaii ..................................................... 0 0 0 0 0 0 0 0

U.S. Total ................................................. 1,032 328,341 192 89,675 1,020 321,236 309 146,093

1 Components are not additive since some generators are included in most than one category and not all units have environmental equipment
2 Nameplate capacity.
Notes: -Data for 2000 are final pending final approval by the Environmental Protection Agency. .Totals may not equal sum of components because

of independent rounding. -These data are only for plants with a fossil-fueled steam-electric capacity of 100 or more megawatts.
Source: Energy Information Administration, Form EIA-767, "Steam-Electric Plant Operation and Design Repo-t"
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Table 24. Number and Capacity of Petroleum and Gas-Fired Steam-Electric Generators for U.S.
Electric Utility Plants with Environmental Equipment by Census Division and State, 2000

Generating Particulate Cooling Towers

Censu Division Unitsl Collectors

State Number of Capacity
2  

Number of Capacity
2  

Number of Capacity
2

Generators (megawatts) Generators (megawatts) Generators (megawatts)

New England .............................................. 29 6,570 27 6,060 2 510
Connecticut ............................................... 12 2167 11 1,752 1 415
M aine ....................................................... 7 953 7 953 0 0
Massachusetts .......................................... 9 3,037 8 2,942 1 95
New Hampshire ........................................ 1 414 1 414 0 0
Rhode Island ............................................ 0 0 0 0 0 0
Vermont ................................................... 0 0 0 0 0 0

Middle Atlantic .......................................... 32 10,476 30 8,775 3 1,877
New Jersey ............................................. 3 491 3 491 1 176
New York ................................................ 18 6,635 18 6,635 0 0
Pennsylvania ............................... 11 3,351 9 1,650 2 1,701

East North Central .................................... 14 2,702 10 1,158 4 1,544
llinois ..................................................... 1 210 0 0 1 210

Indiana ..................................................... 1 113 1 113 0 0
Michigan ................................................. 8 2,013 6 782 2 1,231
Ohio ............. ...................... 2 217 1 114 1 104
Wisconsin ................................................ 2 150 2 150 0 0

West North Central ................................... 21 1,767 6 343 15 1,425
Iowa .......................................................... 1 19 1 19 0 0
Kansas ...................................................... 15 1,526 3 161 12 1,364
Minnesota ........... . . ...... 2 163 2 163 0 0
Missouri .................................................. 3 61 0 0 3 61
Nebraska ................... 0 0 0 0 0 0
North Dakota ............................................ 0 0 0 0 0 0
South Dakota ........................................... 0 0 0 0 0 0

South Atlantic .......................................... 49 15,278 36 12,029 17 4,425
Delaware ................... 4 597 4 597 2 132
District of Columbia ................................. 2 580 0 0 2 580
Florida ...................................................... 31 9,975 22 8,625 9 1,351
Georgia. .................................................... 2 92 2 92 0 0
Maryland .................................................. 6 2,131 4 813 3 1,480
North Carolina .......................................... 0 0 0 0 0 0
South Carolina ............... 0 0 0 0 0 0
Virginia ............... ....... 4 1,902 4 1.902 1 882
West Virgin ........................................... 0 0 0 0 0 0

East South Central .......... 3 206 0 0 3 206
Alabama .................................................. 0 0 0 0 0 0
Kentucky ................................................... 0 0 0 0 0 0
Mississippi ............................................... 3 206 0 0 3 206
Tennessee .................................................. 0 0 0 0 0 0

West South Central ............ 94 14,484 4 2,258 92 13,325
Arkansas ................................................... 6 546 0 0 6 546
Louisiana ................................................... 14 2,433 2 1,184 13 1,841
Oklahoma .................. 19 4,350 1 567 18 3,783
Texas ........................................................ 55 7,155 1 507 55 7,155

Mountain .................................................... 35 3,233 2 101 35 3,233
Arizona ................................................... 16 1,501 0 0 16 1,501
Colorado .................................................. 3 437 2 101 3 437
Idaho ....................................................... 0 0 0 0 0 0
Montana ................................................. 0 0 0 0 0 0
Nevada .............................................. 4 243 0 0 4 243
New Mexico ............................................ 9 800 0 0 9 800
Utah .........-. . .... 3 252 0 0 3 252
Wyoming ............................................. 0" 0 0 0 0 0

Pacific Contiguous .................................... 26 2,981 5 367 25 2,881
California ................................................. 26 2,981 5 367 25 2,881
Oregon .................................................... 0 0 0 0 0 0
Washington .............................................. 0 0 0 0 0 0

Pacific Noncontiguous .............................. 0 0 0 0 0 0
Alaska ....................................................... 0 0 0 0 0 0
Hawaii ...................................................... 0 0 0 0 0 0

U.S. Total ............... 303 57,697 120 31,090 196 29,427

1 Components are not additive since some generators are included in more than one category and not all units have environmental equipment
2 Nameplate capacity.
Notes: -Data for 2000 are final pending final approval by the Environmental Protection Agency. -Totals may not equal sum of components because

of independent rounding. -These data are only for plants with a fossil-fueled steam-electric capacity of 100 or more megawatts.
Source: Energy Information Administration, Form EIA-767, "Stem-Electric Plant Operation and Design Report"
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Table 25. Average Quality of Fossil Fuels Burned at U.S. Electric Utilities by Census Division
and State, 1999 and 2000

Coal Petroleum Gas

1999 2000 1999 2000 1999 T 002O000

Census Division 1
State Average Sulfur Ash Average Sulfur Ash Average Sulfur Average Sulfur Average

Btu Percent Percent Btu Percent Percent Btu Percent Btu Percent Btu per
per by by per by by per by per by Cubic

Pound Weight Weight Pound Weight Weight Gafon Weight Gallon Weight Foot

New England ......................... 12,656 0.88 7.9
Connecticut .........................
Maine ............... ................... - -
Massachusetts ...................... 12,527 .72 8.1
New Harapshire .................. 13,077 1.39 7.1
Rhode Island ....................... - - -
Vermont ............................. ..- - -

Middle Atlantic .................... 12,616 2.04 10.6
New Jersey .......................... 12,862 1.24 9.5
New York ............................ 13,062 1.75 8.1
Pennsylvania ........................ 12,506 2.16 11.2

East North Central ............... 10,529 1.32 8.3
Illinois .................................. 9,648 1.01 6.9
Indiana ................................. 10,571 1.65 8.4
Michigan .............................. 10,392 .65 6.7
Ohio .................... 11,900 1.99 11.5
Wisconsin ............................ 9,075 .47 5.4

West North Central .............. 8310 A8 6.3
Iowa ..................... 8,558 .42 5.5
Kansas ................................ 8,602 .46 5.6
Minnesota ............................ 8,918 .50 6.3
Missouri .............................. 8,875 .37 5.1
Nebraska ............................... 8,500 .29 5.0
North Dakota ..................... 6,481 .77 9.4
South Dakota ....................... 8,614 .60 8.2

South Atlantic ...................... 12,288 1.28 9.9
Delaware .............................. 12,661 .99 8.9
District of Columbia ............ - - -
Florida ................................ 12,116 1.63 8.0
Georgia ................................ 11,632 .81 9.2
Maryland ............................. 12,905 1.37 9.2
North Carolina ..................... 12,415 .85 10.4
South Carolina ..................... 12,775 1.16 8.7
Virginia ............................... 12,729 1.05 10.3
West Virginia ....................... 12,362 1.86 12.0

East South Central ............... 11,433 1.55 9.6
Alabama ............................... 11,009 .98 9.4
Kentucky ............................. 11,679 2.10 10.8
Mississippi ........................... 10,971 .73 6.8
Tennessee ............................. 11,739 1.62 8.6

West South Central .............. 7,743 .55 9.3
Arkansas .............................. 8,592 .26 4.7
Louisiana .............................. 8,008 .53 7.0
Oklahoma ............................. 8,614 .33 5.2
Texas .................................... 7,403 .64 11.2

Mountain ............................... 9,781 .55 11.2
Arizona ................................ 10,225 .53 12.7
Colorado ............................... 9,776 .38 6.6
Idaho ............. --
Montana ............................... 8,437 .73 9.8
Nevada ............................ 11,958 .46 9.4
New Mexico ....................... 9,088 .80 22.9
Utah . ..... 11,642 .47 10.3
Wyoming ............................ 8,736 .52 7.5

Pacific Contiguous ............... 8,229 .64 10.7
California .. ... .............
Oregon ................................ 9,026 .38 6.1
Washington .......................... 7,935 .73 12.4

Pacific Noncontiguous .......... 7,675 .18 9.8
Alaska .................................. 7,675 .18 9.8
Hawaiir.. .......................... - - -

U.S. Average..................... 10,197 1.03 9.1

12,654 0.85 7.8
13,070 .54 7.3

12,464 .69 8.2
12,972 1.39 6.9

12,637 L98 10.5
12,915 1.19 8.8
13,024 1.78 8.1
12,532 2.08 11.2
10,422 1.18 8.0

9,431 .62 5.9
10,532 1.60 8.2
10,297 .60 6.4
11,739 1.86 11.5
9,148 .42 5.2
8,335 .44 6.1
8,636 .39 5.5
8,652 .44 5.4
8,884 .48 6.3
8,875 .31 4.9
8,608 .30 4.9
6,452 .74 9.6
8,440 .31 5.3

12,294 1.22 10.0
12,655 .96 9.1

12,140 1.59 8.3
11,746 .79 9.3
12,860 1.46 9.3
12,421 .83 10.7
12,724 1.10 8.5
12,752 .95 9.9
12,295 1.73 12.1
11,422 1.51 9.2
10,907 .89 8.6
11,703 2.11 10.5
11348 1.04 7.8
11,716 1.56 8.6
7,819 .53 8.7
8,541 .28 4.8
7,954 .53 7.3
8,705 .27 4.8
7,503 .62 10.3
9,833 .5S 10.9

10,231 .57 12.4
9,847 .38 6.7

8,391 .69 9.4
11,789 .47 9.5
9,176 .80 22.3

11,749 .46 9.5
8,765 .50 7.3
8,112 .64 10.9

8,517 .36 5.6
7,977 .73 12.6
7,534 .18 10.7
7,534 .18 10.7

10,207 .98 8.8

151,244 0.99 151,633 0.95
151,783 .90 151,915 .84
150,653 1.03 151,415 .99
151,055 .96 151,497 .98
150,751 1.58 151,845 1.65

136,000 .05 136,000 .05
149,848 .79 150,071 .75
150,210 .70 148,740 .55
149,803 .83 150,155 .79
149,993 .61 149,886 .62
144,449 .62 143,419 A6
143,121 .46 148,032 .57
137,202 .28 137,064 .30
147,970 .83 143,196 .52
138,008 .28 137,844 .26
139,999 .22 139,648 .24
144,187 .75 148,503 .97
138,522 .44 138,523 .43
147,939 1.00 152,885 1.25
137,792 .16 137,325 .16
138,282 .34 138,365 .27
142.010 .69 147,037 1.00
139,722 .49 140,743 .46
139.958 .39 139,897 .38
151,379 1.35 151,832 1.16
150,201 .68 148,691 .66
143.522 .87 143,132 .92
151,705 1.45 152,365 1.19
147,423 1.95 147,302 2.11
150,808 .99 150,405 .90
139,299 .20 139,562 .21
143,047 .77 145,650 1.23
151,935 1.15 150,708 1.10
138,933 .34 139,340 .34
147,099 2.20 142,119 2.38
139,111 .31 138,756 .30
138,106 .30 138,875 .29
148,129 2.43 142,569 2.65
138,039 .22 138,175 .25
148,135 1.01 143,803 .58
148,484 1.16 149,421 1.44
150,954 1.17 149,335 .89
138,834 .32 139,130 .41
138,038 .15 140,509 .30
139,018 .23 141,163 .33
139,549 .33 141,595 .36
135,178 .22 135,151 .30

141,000 .50 141,000 .50
144,874 .40 146,844 .59
134,722 .10 135,999 .10
139,220 .12 137,187 .11
139,088 .17 140,104 .15
139,915 .31 139,153 .52
145,548 .25 139,059 .60
138,800 .50 138,800 .50
139,900 .07 140,000 .05
149,M25 .60 149,715 .63
132,349 .29 135.310 .27
149,457 .61 149,716 .63
150,528 1.12 150,494 1.01

1,030
1,028

1,032
1,011

1,012
1,028
1,032
1,027

1,032
1,019
1,021
1,024
1,015
1,029
1,007
1,010
1,014
1,009

1,015
1,009

1,005

1,021
1,022
1,035

1,019
1,025
1,041
1,032
1,025
1,080
1,00D0
1,019
1,019
1,021
1,019

1,022

1,018
1,031
1,030
1.019
1,020
1,010

980

1,095
1,043
1,012
1,043
1,045
1,019
1,019

1,052

1,022

1,033
1,022

1,042
1,066

1,012
1,025
1,030
1.025
1.038
1,016
1,019
1,024
1,014
1,030
1,005
1,012
1,010
1,012
1,013
1,008
1,009

1,000
1,015
1,031

1,012
1,024
1,044
1,026
1,026
1,091
1,000
1,020
1,021
1,020
1,020

1,026
1,019
1,042
1,030
1,021
1,016
1,017

959

1,054
1,023
1.018
1,049
1,044
1,019
1,019

1,019

1,023

Notes: -Data for 2000 am final pending approval by the Environmental Protection Agency. Data for 1999 are final. .Totals may not equal sum of
components because of independent rounding.

Source: Energy Information Administration, Form EIA-767, "Steam--Electric Plant Operation and Design ReporLt"

Energy Information Administration/Electric Power Annual 2000 Volume I5 51



Table 26. Average Flue Gas Desulfurization Costs at US. Electric Utilities by Census Division
and State, 1996 Through 2000

Census Division
State[

Avernge O&M Costs [Average Installed Costs
(mills per kilowatthour) (dollars per kilowatt)

1"6 11997 1998 1199 2000 1996 1997 j 1S98 199 M0

New England .................................... -
Connecticut ................................ -
Maine..........
Massachussetts......................... -

New Hampshire ..............................
Rhode Island ...................................
Vermont .........................................

Middle Atlantic .............................. 2.25
New Jersey ..................................... 3.66
New York ....................................... 1.33
Pennsylvania .................................... 2.38

East North Central ........................ 1. 4
Illinois .............................................. 2.28
Indiana .................. ........ 1.68
Michigan ..........................................
Ohio ......................... 1.92
Wiscosin .................... .2.13

West North Central .............. -.53
Iowa .............................. ... 1.37
Kansas ............................................. .35
Minnesota ........................................ .39
Missouri ........................................... 1.36
Nebraska ......................................... -
North Dakota .................................. .72
South Dakota ................................... -

South Atlantic ................................... .91
Delaware ......................................... -
District of Columbia ...................... -
Florida .......... .............................. .96
Georgia ......................................... 4.82
Maryland ........................................ -
North Carolina .............................. -
South Carolina ................................ .59
Virgin.a ........... ................ .20
West Virginia ................................. 1.35( _ East South Central .......................... 1.09
Alabama.......................... ........ .62
Kentucky ........................................ 1.50
Mississippi ....................................... .50
Tennessee ........................................ .37

West South Central ........................ . .82
Arkansas .......................................... -
Louisiana ........................................ NM
Oklahoma ........................................ 1.14
Texas .............................................. .81

Mountain .......................................... .70
Arizona .......................................... . .72
Colorado ......................................... .60
Idaho ............................................. -
Montana ...................................... .92
Nevada ........................................... 1.07
New Mexico .................................... .92
Utah ............ .52
Wyoming . ............................. .62

Pacific Contiguous ...........................
CaliforniaL .............. . ........... -
Oregon ................... .............

Washington .................................. -
Pacific Nonconntguous .................... -

Alaska .......................................... -
Hawaii .........................................

U.S. Average ................ 1.07

2.21
3.24
1.35
2.36
3.39
3.54
1.59

5.47
.10
.56

1.39
.38
.37

1.05

.82

.£3

.90
4.85

.49

.02
1.28
1.00

.75
1.59
.68
.11
.81

NM
1.26
.79
.60
.33
.49

.97

.47

.90

.48

.63

1.09

2.19

4.85
1.19
2.35
2.68
3.08
1.51

3.79
.08
.63

1.41
.55
.46

NM

.83

1.00

.84
4.04

.64

.02
1.62
1.16
1.02
1.67

.45

.18
.86

NM
.91
.86
.57
.40
.40

.76

.66

.83

.47

.60

1.12

2.17 2.04
NM 5.00

1.02 1.31
2.42 2.13
3.07 1.8
3.16 2.39
1.79 1.66

4.43 2.08
.12 .07
.54 .47

1.21 1.43
.34 .19
.49 .43

NM NM

.75 .75

1.05 .88

.95 .97
3.61 4.45

.89 .84

.14 .13
1.48 .91
1.13 .94

.69 .53
1.63 1.32
.46 .59
.19 .31
.82 .87

.81 NM
1.10 .95

.81 .87

.59 .58

.52 .49

.43 .42

.80 NM

.72 .32

.74 .91

.47 .50

.64 .61
- NM

-- NM

1.13 .96

183
398
331
156
129
147
145

90
16
78

202
61
73
50

102

120

73
NM

43
NM

216
143
80

140

70
204
83

75
92
83

149
175
69

274
126
162
101
137

183
398
331
156
129
147
146

90
16
78

202
61
73
50

102

116

67
NM

43
NM

217
143

8o
140
70

204
86

75
92
87

152
180
64

274
126
162
101
137

129

183
398
331
157
125
112
145

90
16
78

202
61
73
50

101

117

72
NM

43
NM

224
143
8o

139
70

204
89

75
92
90

139
180
64

274
126
93

101
137

126

-7-

183
398
331
157
125
112
145

90
16
77

202
61
73
50

99

118

72
NM

43
NM

225
143
8o

139
70

2D4
91

75
92
92

135
175
70

267
126
93

101
137

125

183
398
331
157
126
112
146

90
16
77

202
61
73
50

99

111

60
NM

43
NM

225
143
80

139
70

204
92

75
92
93

135
175
70

267
126
93

101
137
103

103

124

O&M = Operation and Maintenance
NM = Not meaningful because these plants did not generate during the year.
Notes: -Data for 2000 are final pending approval by the Environmental Protection Agency. Data for Prior years are final. .Totals may not equal sum

of components because of independent rounding. -A mill is a monetary cost and billing unit equal to 1/1000 of the U.S. dollar (equivalent to 1/10 of I
cent).

Source: Energy Information Administration, Form EIA-767, "Steam-Electric Plant Operation and Design Report."
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Table 27. Flue Gas Desulfurization (FGD) Capacity in Operation at U.S. Electric Utility Plants
as of December 2000

utlity
Plant and FGD No.

Nameplate
Capacity

(megawatts)

by Unit
by with FGD

Plant System

Initial
Start up
Date of
FGD

System

Design
Coal

Sulfur
(Percent
by WT)

FGD Type Sorbent

Designed
S02

Removal
(Percent

Efficiency)

Alabama Electric Coop, Inc
Charles R Lowman 2
Charles R Lowman 3

Arizona Electric Pwr Coop, Inc
Apache Station 2
Apache Station 3

Arizona Public Service Company
Cholsa 1
Cholla 2
Cholla 4
Four Corners I
Four Corners 2
Four Corners 3
Four Corners 4
Four Corners 5

Atlantic City Electric Company
B L England 2

Basin Electric Power Coop
Antelope Valley FGDI
Antelope Valley FGD2
Laramie R Station 1
Laramie R Station 2
Laramie R Station 3

Black Hills Power Inc
Neil Simpson 1 2

Central Louisiana Elec Co Inc
Dolet Hills I

Cincinnati Gas & Electric Co
East Bend 2
W H Zimmer 1

Columbus Southern Power Co
Conesville 5
Conesville 6

Deseret Generation & Tran Coop
Bonanza 1-1

East Kentucky Power Coop, Inc
H L Spurlock 2

Georgia Power Company
Yaes YIFG

Golden Valley Elec Assn, Inc
Healy 2

Grand Haven City of
JB Sims 3

Grand River Dam Authority
GRDA 2

Great River Energy
Coal Creek I
Coal Creek 2
Elk River 1
Stanton 10

See footnotes at end of table.

538 236 7903
- 236 8005

464 195 7901
- 195 7901

1,105 114 7312
- 289 7806
- 414 8106
2,270 190 7201
- 190 7201
- 253 7201
- 818 8501
- 818 8501

476 163 9501

870 435 8307
- 435 8511

1,710 570 8007
- 570 8107
- 570 8405

- - 9511

721 721 8604

669 669 8103
1,426 1,426 9103

2,175 444 7705
- 444 7708

400 400 8605

814 508 8306

1,488 123 9210

- - 301

78 58 8308

1,010 520 8604

1,210 605 7908
- 605 8107
46 46 8903

172 172 8206

1.90
1.90

.70

.70

1.00
1.20
1.20

.80

.80

.80

.80

.80

3.20

1.20
1.20
.80
.80
.50

.90

.70

5.20
4.50

7.90
7.90

.50

3.60

2.50

.20

2.80

1.50

1.00
1.00

.70

Spray
Spray

Packed
Packed

Venturi
Venturi

Packed
Venturi
Venturi
Venturi
Tray
Tray

Spray

Spray Dry
Spray Dry
Spray
Spray

Spray Dry

Spray

Spray Dry
Spray

Spray
Spray

Spray

Spray Dry

Bubbling Reactor

Spray Dry

Tray

Spray Dry

Spray
Spray

Spray Dry
Spray Dry

Limestone
Limestone

Limestone
Limestone

Lime
Lime
lime
Lime
Lime
Lime

Dolomitic Limestone
Dolomitic Limestone

Limestone

Lime/Alkaline Fly Ash
Lime/Alkaline Fly Ash

Limestone
Limestone

Lime/Alkaline Fly Ash

Lime

Limestone

Lime
Lime

Lime
Lime

Limestone

Lime

Limestone

Limestone

Lime

Lime/Alkaline Fly Ash

Lime
Lime
Lime
Lime

85.0
85.0

85.0
85.0

80.0
90.0
95.0
72-0
72.0
72.0
72.0
72.0

93.0

81.0
81.0
90.0
90.0
85.0

92.0

76.0

99.0
99.0

89.7
89.7

95.0

90.0

90.0

70.0

90.0

85.0

90.0
90.0
90.0
70.0
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Table 27. Flue Gas Desulfurization (FGD) Capacity in Operation at U.S. Electric Utility Plants
as of December 2000 (Continued)

Utility
Plant and FGD No.

Nameplate
Capacity

(megawatts)

by Unit
by with FGD

P System

Initial
Start up
Date of

FGD
System

Design
Coal

Sulfur
(Percent
by WT)

FGD Type Sorbent

Designed
S02

Removal
(Percent

Efficiency)

Hamilton Dept of Public Utils
Hamilton 9

Hoosier Energy R E C, Inc
Merom 1FGD
Merom 2FGD

Indianapolis Power & Light Co
Petersburg 1
Petersburg 2
Petersburg 3
Petersburg 4

JEA
St Johns River Power 1
St Johns River Power 2

Kansas City Power & Light Co
Lacygne 1

Kentucky Utilities Company
Ghent 1
Green River 1

Lakeland City of
C D McIntosh Jr 3

Los Angeles Dept of Wtr & Pwr
Intermountain ICCC
lntermountain 2CCC

Louisville Gas & Electric Co
, Cane Run 4

Cane Run 5
Cane Run 6
Mill Creek 1
Mill Creek 2
Mill Creek 3
Mill Creek 4
Trimble County I

Lower Colorado River Authority
Sam Seymour 3

Marquette City of
Shiras 3

Michigan South Central Pwr Agy
Endicott Generating 1

Minnesota Power, Inc.
Clay Boswell AQCS2
Clay Boswell SCR3
Syl Laskin SCRI
Syl Laskin SCR2

Minnkota Power Coop, Inc
Milton R Young FGD2

Monongahela Power Company
Harrison I
Harrison 2
Harrison 3
Pleasants I
Pleasants 2

See footnotes at end of table.

111

1,080

1,873

1,358

1,579

2,226
264

593

1,640

645

17 17

566

1,703

40

55

1,073

116

734

2,052

1,368

51

540
540

253
471
574
574

679
679

893

557
75

364

820
820

163
209
272
356
356
463
544
566

475

40

50

558
365

58
58

477

684
684
684
684
684

9904

8309
8202

9605
9605
7711
8604

8703
8805

7306

9412
7510

8209

8607
8707

7612
7805
7904
8112
8012
8510
8207
9012

8804

8307

8305

8004
7302
7105
7105

7806

9411
9411
9411
7903
8012

3.40

3.00
3.00

4.50
4.50

2.20
2.20

5.40

3.50
3.80

1.80

.60

.60

3.50
3.50
3.50
6.00
6.00
5.00
6.30
4.50

1.70

.50

4.30

1.00
1.00
1.00
1.00

1.20

4.00
4.00
4.00
4.50
4.50

Olher

Spray
Spray

Spray
Spray
Tray

Spray

Spray
Spray

Venturi

Spray
Venturi

Spray

Spray
Spray

Spray
Spray
Tray

Spray
Spray
Spray
Spray
Spray

Spray

Spray Dry

Spray

Spray
Spray
Spray
Spray

Spray

Spray
Spray
Spray
Tray
Tray

Lime

Limestone
Limestone

Limestone
Limestone
Limestone
Limestone

Limestone
Limestone

Limestone

Limestone
Lime

Limestone

Limestone
Limestone

Other
Other
Other

Limestone
Limestone
Limestone
Limestone
Limestone

Limestone

Limestone

Limestone

Alkaline Fly Ash
Alkaline Fly Ash
Alkaline Fly Ash
Alkaline Fly Ash

Lime/Alkaline Fly Ash

Lime
Lime
Lime
Lime
Lime

90.0

90.0
90.0

95.0
95.0
85.0
95.0

90.0
90.0

80.0

95.0
80.0

85.0

90.0
90.0

85.0
85-0
90.0
90.0
90.0
90.0
90.0
90.7

90.0

80.0

90.0

83.2
25.4

77.9

98.0
98.0
98.0
90.0
90.0
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Table 27. Flue Gas Desulfurization (FGD) Capacity in Operation at U.S. Electric Utility Plants
as of December 2000 (Continued)

Nameplate
Capacity Initial Design Designed

Utility (megawatts) Start up Coal S02

Plant and FOD No. Date of Sulfur FGD Type Sorbent Removal

by by Unit FGD (Percent (Percent

Plant with FGD System by WT) Efficiency)
P__antSystem

Muscatine Power and Water
Muscatine Plant # 1 9

Nevada Power Company
Reid Gardner I
Reid Gardner 2
Reid Gardner 3
Reid Gardner 4

Northern Indiana Pub Serv Co
Bailly 78
R M Schalifer 17
R M Schahfer 18

Northern States Power Company
Red Wing I
Red Wing 2
Riverside 7
Sherburne Co I
Sherburne Co 2
Sherburne Co 3
Wilmarth I
Wilmarth 2

Ohio Power Company
GentJ M Gavin I
Gen J M Gavin 2

Orlando Utilifies Commission
Stanton Energy COr 1
Stanton Energy COr 2

,Otter Tall Power Company
Coyote FGDI

Owensboro Municipal Utilities
Elmer Smith POD

PacifiCorp
Dave Johnston SC44
Hunter I
Hunter 2
Hunter 3
Huntington 1
run Bridger SC71
Jim Bnidger SC72
Jim Bridger SC73
Jim Bridger SC74
Naughton 3
Wyodak SC91

Pennsylvania Power Company
Bruce Mansfield 1
Bruce Mansfield 2
Bruce Mansfield 3

Platte River Power Authority
. Rawhide 101

Public Service Co of Colorado
Arapahoe 4
Cherokee 1
Cherokee 4
Hayden HI
Hayden H2

See footnotes at end of table.

294

612

616
1.943

176

114
114
114
270

616
424
424

404 165
2,129 660
- 660
-- 809

2,600 1.300
- 1,300

929 465
- 465

450 450

445 445

817 360
1,339 446
- 446
- 446
893 446

2,260 561
- 561
-578

- 561
707 326
362 362

2,741 914
- 914
- 914

294 294

232 100
710 100

- 350
465 190

- 275

8306

7404
7404
7607
83T7

9206
8304
8602

12
104

8101
7605
7704
8711
9101
9101

9412
9503

8707

9606

8105

9411

7202
7806
8006
8306
7802
9009
8609
9809
7911
8110
8612

7604
7710
8009

8404

9306
9802
8905
9812
9906

3.20

.50

.50

.50

.90

3.20
3.20

1.30
.90
.90
.90

3.50
3.50

3.50
3.40

.80

3.50

.40

.60

.60

.60

.60
1.00
1.00
1.00
1.00
.80
.80

4.80
4.80
4.80

.30

.40

.40

.40
.40
.40

Spray

Spray
Spray
Spray
Spray

Packed
Spray
Spray

Spray
Spray

Spray Dry
Venturi
Spray

Spray Dry
Spray
Spray

Spray
Spray

Spray

Spray

Spray Dry

Spray

Venturi
Spray
Spray
Spray
Spray
Tray
Tray
Tray
Tray
Tray

Spray Dry

Venturi
Venturi
Spray

Spray Dry

Spray Dry
Spray Dry
Spray Dry
Spray Dry
Spray Dry

limestone

Sodium Carbonate
Sodium Carbonate
Sodium Carbonate
Sodium Carbonate

Limestone
Limestone
Limestone

Lime
Lime

Lime/Alkaline Fly Ash
Alkaline Fly Ash
Alkaline Fly Ash

Lime/Alkaline Fly Ash
Lime
Lime

Lime
Lime

Limestone
Limestone

Lime/AlDkine Fly Ash

Limestone

Lime
Lime
Lime

Limestone
Lime

Soda Liquor Waste
Soda Liquor Waste
Soda Liquor Waste
Soda Liquor Waste
Sodium Carbonate

Lime

Lime
Lime
Lime

Lime/Alkaline Fly Ash

Other
Other
Other

Lime/Alkaline Fly Ash
LimefAlkaline Fly Ash

96.0

90.5
90.5
90.5
85.0

90.0
90.0
90.0

75.0
75.0
70.0
50.0
50.0
72.3
70.0
70.0

95.0
95.0

90.0

95.0

70.0

96.0

80.0
80.0
90.0
80.0
86.4
86.4
86.4
91.0
70.0
75.2

92.1
92.1
92.1

80.0

20.0
50.0
26.0
85.0
85.0
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Table 27. Flue Gas Desulfurization (FGD) Capacity in Operation at U.S. Electric Utility Plants
as of December 2M00 (Continued)

Nameplate
Capacity Initial Design Designed

Utility (megawatts) Start up Coal S02
Ulit Date of Sulfur FGD Type Sorbent Removal

Plant and POD No. by Unit FGD (Percent (Percent

Plant with FGD System by WT) Eflfciency)
I Systemn

Public Service Company of NM
San Juan 1
San Juan 2
San Juan 3
San Juan 4

PECO Energy Company
Cromby I
Eddystone 1
Eddystone 2

PSI Energy, Inc
Gibson 4
Gibson 5

Reliant Energy HL&P
Limestone FGDI
Limestone FGD2
W A Parish FGD8

Richmond City of
Whitewater Valley LFC

Salt River Project
Coronado FGDl
Coronado FGD2
Navajo 1
Navajo 2
Navajo 3

San Antonio Public Service Bd
J K Spruce FGD1

•, San Miguel Electric Coop, Inc
San Miguel SM-I

Seminole Electric Coop, Inc
Seminole I
Seminole 2

Sierra Pacific Power Company
Valmy 2

Sikeston City of
Sikeston I

South Carolina Electr"&Gas Co
cope COPI

South Carolina Pub Serv Auth
Cross I
Cross 2
Winyah 2
Winyah 3
Winyah 4

South Mississippi El PIr Asan
R D Morrow I
R D Morrow 2

Southern Illinois Power Coop
Marion 4

Southern Indiana Gas & Elec Co
A B Brown I

See footnotes at end of table.

1,848

418
1,489

3,340

1,627

3,953

369
369
555
555

188
354
354

668
668

813
813
615

822 411
- 411

2,409 803
- 803
- 803

546 546

410 410

1,429 715
- 715

521 267

261 261

417 417

1,147 591
- 556

1,260 315
- 315
- 315

400 200
- 200

272 173

530 265

9810
9810
9810
9810

8212
8212
8212

9501
8210

8510
8610
8212

9410

7912
8011
9908
9811
9711

9212

8201

8402
8412

8507

8111

9511

9505
8312
7707
8006
8111

7809

7906

7904

7904

0.90
.90
.90
.90

2.60
2.60
2.60

3.50
4.40

3.10
3.10

.50

2.10

1.00
1.00
.60
.60
.60

.60

2.00

3.00
3.00

.50

2.80

1.90

1.10
1.60
1.10
2.30
1.70

1.50
1.50

4.40

4.50

Spray
Spray
Spray
Spray

Spray
Spray
Spray

Spray
Spray

Spray
Spray
Spray

Spray Dry

Spray
Spray
Spray
Spray
Spray

Spray

Spray

Spray
Spray

Spray Dry

Venturi

Spray Dry

Spray
Spray
Venturi
Spray
Spray

Spray

Spray

Venturi

Spray

Limestone
Limestone
Limestone
Limestone

Magnesium Oxide
Magnesium Oxide
Magnesium Oxide

Limestone
Limestone

Limestone
Limestone
Limestone

Limestone

Limestone
Limestone
Limestone
Limestone
Limestone

Limestone

Limestone

Limestone
Limestone

Lime

Limestone

Lime

Limestone
Limestone
Limestone
Limestone
Limestone

Limestone
Limestone

Limestone

Sodium Ash

75.0
75.0
75.0
75.0

95.0
92.0
92.0

92.0
86.0

90.0
90.0
85.0

72.5

82.5
82.5
92.0
92.0
92.0

70.0

86.0

90.0

90.0

70.0

75.5

95.0

90.0
81.4
45.0
90.0
90.4

52.7

52.7

89.4

85.0
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Table 27. Flue Gas Desulfurization (FGD) Capacity in Operation at U.S. Electric Utility Plants
as of December 2000 (Continued)

Utility
Plant and FGD No.

Nameplate
Capadty

(megawafts)

by Unit
by with FGD

system

Initial
Start up
Date or

FGD
System

Design
Coal

Sulfur
(Percent
by WT)

FGD Type Sorbent

Designed
S02

Removal
(Percent

Efficiency)

Southern Indiana Gas & Elec Co
A B Brown 2
F B Culley 2-3

Southwestern Electric Power Co
Pirkey 1

Soyland Power Coop Inc
Pearl Station IA

Springfield City of
Southwest Power St I

Springfield Water Light&Power
Dallman 33

Sunflower Electric Power Corp
Holcomb SDA1
Holcomb SDA2
Holcomb SDA3

SITHE Northeast Managment Co
Conemaugh I
Conemaugh 2

Tampa Electric Company
Big Bend FGD1
Big Bend P0-)4

Tennessee Valley Authority
Cumberland 1

SCumberland 2

Paradise 2
widows Cree7
wi~dows Creek8

Texas Municipal Power Agency
Gibbons Creek I

Tri-State G & T Assn, Inc
Craig Cl
Craig C2
Craig C3

Tucson Electric Power Company
Springea-ville I
Springerville 2

TXU Electric Company
Martin Lake I
Martin Lake 2
Martin Lake 3
Monticello 3
Sandow 4

Virginia Electric & Power Co
Clover 1
Clover 2
Mt Storm 3

West Texas Utilities Company
Oklaunion I

See footnotes at end of table.

415

721

22

194

388

349

1,872

1,823

2,600

2,558

1.969

454

1,339

850

2,380

1,980
591

848

1,662

720

265
369

721

22

194

207

349
349
349

936
936

891
932

1,300
1,300

704
704
575
550

454

446
446
446

425
425

793
793
793
793
591

424
424
522

720

8602
9501

8501

7611

7704

8012

9308
8308
9308

9412
9511

9912
8502

9501
9501
8309
8312
8112
7801

8310

8010
8005
8410

8506
9006

7705
7805
7904
7808
8105

9510
9603
9501

8612

4.50
3.80

1.50

3.40

3.20

330

1.00
1.00
1.00

2.70
2.70

3.30
3.50

4.00
4.00
3.20
3.20
4.00
4.50

.30

.60

.60

.70

.70

.70

.90

.90

.90
1.50
1.60

2.00
2.00
2.00

.40

Spray
Spray

Spray

Venturi

Tray

Packed

Spray Dry
Spray Dry
Spray Dry

Spray
Spray

Spray
Spray

Spray
Spray
Spray
Spray
Spray
Tray

Spray

Spray
Spray

Spray Dry

Spray Dry
Spray Dry

Spray
Spray
Spray
Spray
Spray

Spray
Spray
Spray

Spray

Sodium Ash
Limestone

Limestone

Other

Limestone

Limestone

Lime/Alkaline Fly Ash
Lime/Alkaline Fly Ash
Lime/Alkaline Fly Ash

Limestone
Limestone

Limestone
Limestone

Limestone
Limestone
Limestone
Limestone
Limestone
Limestone

Limestone

Limestone
Limestone

Lime

Lime/Alkaline Fly Ash
Lime/Alkaline Fly Ash

Limestone
Limestone
Limestone
Limestone
Limestone

Limestone
Limestone
Limestone

Limestone

90.0
95.0

85.0

11.8

87.0

95.0

80.0
80.0
80.0

95.0
95.0

95.0
95.0

95.0
95.0
84.2
84.2
83.4
80.0

90.0

85.0
85.0
85.0

61.3
61.3

91.0
91.0
91.0
74.0
73.9

90.0
90.0
90.0

86.8
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Table 27. Flue Gas Desulfurization (FGD) Capacity in Operation at U.S. Electric Utility Plants

as of December 2000 (Continued)

Nameplate

Capacity Initial Design Designed

Utility (muegwatts) Start up Coal SO2

Date of Sulfur FGD Type Sorbent Removal
Plant and FGD by Unit FGD (Percent (Percent

by with FGD System by WT) Efficiency)
System

Western Kentucky Energy Corp
D B Wilson Wi 509 509 8611 3.80 Spray Limestone 90.0

HMP&L Station 2 Hi 365 180 9506 4.20 Tray Lime 95.0

HMP&L Station 2 H2 - 185 9506 4.20 Tray Lime 95.0

R D Green GI 527 264 7912 4.00 Spray Lime 90.0

R D Green 02 - 264 8101 4.00 Spray Lime 90.0

Western Resources, Inc
Jeffrey EC 1 2,160 720 7807 .30 Spray Limestone 60.0

Jeffiry EC 2 - 720 8005 .30 Spray Limestone 60.0

Jeffrey EC 3 - 720 8305 .30 Spray Limestone 60.0

Lawrence EC 4N 604 114 6906 .90 Venturi Limestone 73.0

Lawrence EC 4S - 114 6906 .90 Venturi Limestone 73.0

Lawrence EC 5 - 403 7105 .90 Venturi Limestone 52.0

Wisconsin Electric Power Co
Port Washington 1 320 80 9308 1.20 Spray Sodium Carbonate 50.0

Port Washington 4 - 80 9408 1.20 Spray Sodium Carbonate 50.0

Notes: .Data for 2000 are final pending approval by the Environmental Protection Agency. - S02 = Sulfur Dioxide; WT--weight; FGD=Flue Gas Desul-

furization.
Source: Energy Information Administration, Form EIA-767, "Steam-Electric Plant Operation and Design Report."
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U.S. Electric Power Transactions

This chapter provides summary information for the
U.S. electric power industry on its operations and
wholesale electricity trade at the international
(Canada and Mexico), national, and North American
Electric Reliability Council (NERC) region levels."'
Generating capability, generation from utility and
nonutility sources, and end-user consumption are also
presented.

Background

An electric power system is a group of generation,
transmission, distribution, communication, and other
facilities that are physically connected and operated
as a single unit under one control. Transmission and
distribution lines and associated facilities are used to
transmit electricity from its point of origin (the gener-
ator) to the ultimate consumer. Although, due to its
physical characteristics, electricity flows along all

L available paths, it follows the path of least resistance.
The flow of electricity must be closely monitored to
ensure that sufficient generating capacity is available
and on-call to satisfy all demand (load) for electricity
placed on the power system. In addition, for system
standardization and reliability purposes, the flow is
maintained at a frequency of 60 cycles per second.

The flow of electricity within the system is main-
tained and monitored by dispatch centers having
control and security responsibilities. Historically, the
dispatch center inventoried and prioritized all gener-
ating capacity available to it, tracked transactions
involving the buying or selling of either electric
power or capacity, monitored current load, and antic-
ipated future load on the system. In the future, this
responsibility may be handled differently. How, is
now being determined by participants in the new elec-
tric power industry.

It is the responsibility of the dispatch center to match
the supply of electricity with demand. The demand for
electricity is not constant in nature. That is, load
requirements fluctuate continuously, based on such
factors as time of day, season of the year, and the
characteristics of territory served by the system.
Nonetheless, the dispatch center must be ready to

meet the highest level of load placed on the system.
The dispatch center must accommodate the loss of
generating facilities (both planned and unexpected).
In addition, the center must monitor transmission
lines to determine whether the flow of electricity is
approaching the carrying limits of the lines. In order
to carry out its responsibilities in a timely fashion, the
dispatch center is authorized to buy and sell elec-
tricity based on system requirements.

Authority for these transactions has been preapproved
under interconnection agreements (contracts) that
have been signed by all the electric utilities that are
physically interconnected and/or have coordination
agreements with other utilities not physically inter-
connected. (All these agreements are subject to regu-
latory approval.) These agreements include
transaction categories for purchases, sales for resale,
exchanges, and wheeling of energy. In the near future,
a competitive power market will address this allo-
cation of resources through the open buying and
selling of electricity and the independent pricing of
system operating costs which were bundled into the
total charges for electricity.

Purchase transactions involve buying power from
electric utilities and nonutility producers of elec-
tricity. Sales for resale transactions refer to power
sold by one electric utility or power marketer to other
electric utilities for distribution. (Direct interstate
wholesale sales to retail customers by power
marketers are not authorized.) Some transactions
involving the trade of electric energy are based on
availability of excess generating capacity or diversity
in load requirements. For example, if one electric
utility has its lowest load during the winter season, it
may arrange to offer its available excess generating
capacity in exchange for excess generating capacity
available at a facility with low summer load. This
type of arrangement is an exchange transaction.
However, the repayment or replacement of exchange
energy may have extended over several years. The use
of exchange transactions is disappearing. Spot and
futures markets will eventually replace this type of
transaction. Wheeling transactions are the movement
of electricity from one utility to another utility over
the transmission facilities of one or more intervening
utilities.

II The NERC is an organization established by the electric utility industry for maintaining, coordinating, and promoting reliability among
the interconnected systems of North America.
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Electric Utility Transactions

Electric power transactions (wholesale electricity
trade) allowed electric utilities to acquire power, to
share resources, and to provide mutual assistance in
times of potential and actual need. They allowed the
utility systems to provide lower cost service to their
consumers by taking advantage of the load diversity
of each utility. These transactions also allowed each
utility to conserve its own resources, to share the ben-
efits of reduced operating costs with its consumers, to
receive emergency energy support from other utilities,
and to reduce the cost of its own requirements for
operating reserve. Competitive markets (spot and
futures) are expected to be substituted as the electric
utility industry continues to change from a monopoly
based structure. However, due to the complexity of
electric power transactions involving the specifics of
contracts, simultaneous energy transactions, the unin-
tended receipt and delivery of energy (inadvertent
flow), and losses, the reporting of both the classifica-
tion and quantity of each transaction among utilities is
expected to be inconsistent in the future as well.

Electric utilities originally became interested in
energy transactions because of the savings gained
from reduced or avoided production costs. They
avoided building expensive additional capacity by
obtaining power from other sources. Purchasing
power from other utilities helped utilities meet peak
load without using expensive oil- or gas-fired tur-
bines. Similarly, utilities benefited from being able to
delay or stagger construction of additional baseload
plants. Electric utilities have also delayed or replaced

•,/ new plant construction by purchasing electricity from
nonutility generators under long-term contracts. Now,
opportunities are developing for price based deci-
sions.

Power Pool Transactions

In addition to dealing in one-time purchase and sale
transactions, many electric utilities have joined
together and formed power pools to achieve better
operating efficiencies and to gain additional support
for maintaining a functional electrical system. Thus,
they share the benefits achieved by joint planning,
coordinated use of generating and transmission facili-
ties, and/or common coverage of facility outages. This
coordination also provides the opportunity to achieve
short-term saving, largely from varying fuel prices
and the costs associated with different mixes of
capacity. The future of this type of agreement will
hinge on the full implementation of the Federal
Energy Regulatory Commission (FERC) Orders that
directed changes be made to these agreements.

Power pools can be made up of two electric utilities,
like the Michigan Electric Coordinated System
(Detroit Edison Company and Consumer Power
Company), include all the major investor-owned utili-
ties within a State (the New York Power Pool), or
cross State lines (the PJM Power Pool includes parts
or all of Pennsylvania, New Jersey, Maryland, and
Delaware).

Power pools may run under a single-system dispatch
to meet combined-load requirements and maintenance
programs, or they may just share the benefits of
planned or hourly wholesale sales of power and
energy among the member utilities. They may also
have responsibility for coordinating flow within the
geographic area of the interconnected systems. In any
case, they are bound by the operating standards estab-
lished by the electric power industry. These standards
require the coordination and maintenance of system
stability and reliable service on a regional basis.

NERC Profile

The North American Electric Reliability Council
(NERC) consists of 10 regional reliability councils
whose memberships comprise essentially all of the
electric utility systems in the contiguous United
States, Canada, and Baja California Norte, Mexico.
The regional councils are responsible for maintaining
and setting standards for the reliability and stability of
the electricity flowing within the three power grids
(the Eastern Power Grid, the Western Power Grid, and
the Electric Reliability Council of Texas Power Grid)
present in the contiguous United States. The data for
NERC regions in this publication are based upon the
assignment of all electric utilities to an individual
region and are for the U.S. portion of the regions only
(Figure 9).

Regulation of U.S. Electric Utility
Transactions

The Federal Energy Regulatory Commission (FERC)
is responsible for regulating interstate wholesale
transactions. U.S. electric utilities and potential power
marketers (registration and rate structure) file with the
FERC for approval of proposed rate schedules for
transmission services and charges, and for wholesale
transactions. Historically, transmission filings covered
the allocation of electric power flows on the trans-
mission line systems. Other categories described in
the filings usually include the responsibilities of the
utilities to one another during normal and emergency
conditions, operating-reserves, support, diversity
exchanges, and unscheduled or inadvertent-energy
flows. Authority was granted the FERC by the Energy
Policy Act of 1992 to ensure that any wholesale
generator--electric utility or nonutility--can access the
transmission grid to reach its markets. After applica-
tion, the FERC can order electric utilities to provide
transmission (wheeling) services, provided that the
proposed transaction is in the public interest and
meets key criteria related to pricing, reliability, and
self-dealing.

Wholesale transactions include capacity sales, energy
sales, and energy exchanges. Wholesale transactions
are further divided by duration of the sale and the
type of capacity and energy sold. The length of the
sale can be for an hour, a day, a week, a month (or
several months), a season, several years, or some
combination of these time periods.
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Capacity sales are usually considered firm sales (that
is, associated energy may be taken, or the capacity
must be paid for if the energy is not taken; and the
delivery is scheduled during normal system operating
conditions). This capacity may be made available
from the entire system or from an identified gener-
ating unit. The capacity offered in these transactions
may be available only during a set period of a given
season, for an off-peak time of the day, or from a gen-
erator fired by a particular fuel that is currently not
fully utilized. The energy associated with this
capacity sale, if required, has a separate cost schedule
from the capacity charge attached to each kilowatt of
power.

Nonfirm sales, sometimes called energy, economy, or
interruptible sales, do not include a demand or
capacity charge in the price of the transaction. These
transactions are subject to curtailment or cessation of
delivery by the supplier in accordance with prior
agreements or under specified conditions. The sales
are often based on splitting the benefits gained by the
parties involved. They are used to gain operational
savings, for example, by avoiding the use of more
expensive fuels, or by selling electricity generated by
the spillage of excess reservoir water.

Energy exchanges involve transfers of energy to other
systems at no monetary charge. The energy must be
returned in kind at a later date agreed upon by both
parties. Otherwise, the receiving party pays for the
energy received. The incidental miscellaneous transfer
of energy and inadvertent flow are also handled in the
same manner. In total, these wholesale transactions
have become very important tools used by the U.S.
electric utility industry to reduce costs and avoid
expensive new capacity.

Other Wholesale Electricity Trade
Concerns

Environmental issues associated with air, solid-waste
disposal, water quality, and aquatic habitat have
received increasing attention from utility and power
plant operators. Plant operating restrictions caused by
air and water emissions have altered or restricted the
dispatching of some facilities and in certain cases,
plant cooling water sources have been contaminated
or shut down due to aquatic organisms. Transmission
line right-of-way and projected line construction are
also being affected because of concerns linked to gen-
erated electromagnetic forces surrounding the trans-
mission lines. The issue of who will build new
transmission lines in the future is uncertain. Changing
responsibilities in the electric power industry may
make it difficult to justify new construction in one
State that address requirements for new transmission
capability or reliability support coming from another
State.

Legislative and regulatory initiatives have been
implemented to address emissions at power plants.

For example, the Clean Air Act Amendments of 1990
established emission allowances for nitrogen oxides,
sulfur dioxide, and carbon dioxide for power plants
based on historical levels. (The implementation occurs
in two phases: 1995 for an identified set of utility
plants and 2000 for all others.) The cost of compli-
ance is expected to change the cost of the output of
some existing plants, alter construction approaches to
new facilities, cause changes to the fuel use of other
power plants, and cause an reexamination by
powerplant operators of what can be done to reduce
emissions. The impact of the changes will affect the
future availability of power from power plants emit-
ting high levels of these gases and increase the attrac-
tiveness of acquiring power from other facilities and
electrical systems emitting low levels. In addition,
traditional wholesale trade patterns are going to be
altered by changing practices in the new electric
power industry. Cost issues will change to one of
price. Availability of electrical energy will change to
issues concerning more effective capacity utilization
and that may mean more use of high emission source
generators.

International Transactions

U.S. electric utilities and power marketers have taken
advantage of being able to enter into international
trade agreements to acquire energy from Canada and
Mexico. These trade agreements between Canadian
utilities and U.S. participants in the electric power
industry cover a variety of transaction options. The
options include purchasing nonfirm energy from rela-
tively inexpensive renewable resources (hydroelectric
from Canada and geothermal from Mexico); acquiring
additional generating capability to support contracted
requirements for supply; the holding of purchased
electricity (as reservoir water) to be reacquired when
needed; and sharing the benefits of coordinated oper-
ations planning for the electrical systems. In some
instances, consumers can be served more efficiently if
they are connected to foreign transmission lines,
because they are geographically closer to those lines.

Data Sources

Statistics on electricity transactions among U.S. elec-
tric utilities and on international electricity trade
(including the United States, Canada, and Mexico) are
presented in the following tables. These data were
obtained from the Form EIA-861, "The Annual Elec-
tric Utility Report"; the Form EIA-860A, "Annual
Electric Generator Report - Utility" for 1998 and
1999; For 1997 and prior: Form EIA-860, "Annual
Electric Generator Report"; the Form EIA-411,
"Coordinated Bulk Power Supply Program Report";
and the Department of Energy, Office of the Assistant
Secretary for Fossil Energy, Form FE-781R, "Annual
Report of International Electric Export/Import Data."
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Figure 9. North American Electric Reliability Council Regions for the Contiguous United States,
Alaska and Hawaii

F1
LŽi

ECAR -
ERCOT -
FRCC -
MAAC -
MAIN -
MAPP -
NPCC -
SERC -
SPP -
WSCC -

East Central Area Reliability Coordination Agreement
Electric Reliability Council of Texas
Florida Reliability Coordinating Council
Mid-Atlantic Area Council
Mid-America Interconnected Network
Mid-Continent Area Power Pool
Northeast Power Coordinating Council
Southeastern Electric Reliability Council
Southwest Power Pool
Western Systems Coordinating Council

Note: TheAlaska Systems Coordinating Council (ASCC) is an affiliate NERC member.
Source: North American Electric Reliability Council.
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Table 28. Sources and Disposition of Electricity at Traditional U.S. Electric Utilities, 1996
Through 2000
(Million Kilowatthours)

Item 1996 1997 1998 1999 200

Source
Net Generation ............................................................. ....................... 3,099,945 3,144,756 3,219,994 3,189,466 3,052,053
Purchases from Utilities ........................................................................ 1,465,174 .1,634,886 1,668,665 1,633,818 2,250,382
Purchases from Nonutilities.................................................................. 229,018 243,213 258,534 315,757 1 0
Net Exchange ......................................... . -11,677 -17,088 -858 1,787 8.557
Net W heeling .......................................................................... ..... . . . 7,324 7,135 8,076 8,361 7.599

Disposition
Sales to Ultimate Consumers ................................................................. 3,097,810 3,139,76i 3,239,818 3,235,899 3,309,550
Requirements and Nonrequirements Sales for Resale .......................... 1,431,179 1,616,318 1,664,081 1,635,614 1,715,582
Energy Furnished Without Charge ........................................................ 6,205 6,318 5,109 5,054 6,848
Energy Used by Utility Electric Department ........................................ 13,886 13,424 10,808 12,557 19,248
Energy Losses2 ...................................................................................... 238,695 234,926 232,112 250,193 257,057

1 Data on purchases from nonutilities were not collected on the Form EIA-861.
2 These values ae not measured; however, they represent losses and unaccounted for energy. These values are calculated in order that source and

disposition of energy are equivalent.
Notes: -Data are final. .Annual net generation data shown here should only be used in comparison with other Form EIA-861 data. Differences in

this net generation data and net generation reported on the Form EIA-759, "Monthly Power Plant Report." (Table I) occur due to the time frame in
reporting. Since the components of net generation are provided monthly by the Form EIA-759 by prime mover and energy source, the Form EIA-759 is
used as the official Energy Information Administration source for net generation. Totals may not equal sum of components because of independent
rounding. -"Sales to Ultimate Consumers" for the years 1996 through 2000 do not include sales by retail power marketers in state-level deregulated
markets. For further information on these transactions see Electric Sales and Revenue for those years. ,The source and disposition of electricity
represent the total volume of energy transactions between utilities. These data should not be summed as they are the aggregation of data reported for
each utility and could be double counted due to the nature and types of electricity trade. -Due to the complexity of electric power transactions that
involve specifics of contracts, simultaneous energy transactions, the unintended receipt and delivery of energy (inadvertent flow), and losses, uniformity in
reporting the classification and quantity of each transaction among utilities may not exist

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."

Table 29. Net Generation from U.S. Electric Utilities by North American Electric Reliability Council
Region and Hawaii, 1996 Through 2000
(Million Kilowatthours)

North American Electric
Reliability Council Region 1996 1997 1998 1999 2000

and Hawaii

ECAR ....................................................................................................... 528,214 530,896 528,252 529,712 527,751
ERCOT ................................................................................................... 218,497 221,407 237,176 232,726 236,673
FRCC ........................................................................................................ . - 146,217 167,910 165,058 168,229
MAAC ..................................................................................................... 200,669 204,269 222,509 217,624 137,459
M AIN ....................................................................................................... 231,315 216,732 221,883 237,971 212,593
MAPP(U.S.) ............................................................................................. 132,689 133,885 139,209 146,186 134,936
NPCC(U.S.) ............................................................................................... 185,521 188,063 178,096 138,380 110,169
SERC ....................................................................................................... 740,784 617,191 -747,031 748523 762,809
SPP .......................................................................................................... 276,205 278,701 184,483 179,774 184,667
WSCC(U.S.) ......................................................................................... 574,878 596,496 582,768 582,448 565,355
Contiguous U.S. ..................................................................................... 3,088,772 3,133,88 3,209,317 3,178,401 3,040,641
ASCC ................................................................................................... 5,178 5,013 4,719 4,949 5,165
Hawa til ................................................................................................ 5,994 5,886 5,958 6,115 6,247
U.S. Total .............. . . . . . .... ... 3,099,945 3,144,756 3,219,994 3,189,466 3,052,0S3

1 Net generation by NERC region is identified as in the region where a utility's administrative headquarters are located. Thesefore, all generation for
Citizens Utilities is in NPCC.

Notes: -Data are final. -Annual net generation data shown here should only be used in comparison with other Form EIA-861 data. Differences in
this net generation data and net generation reported on the Form EIA-759, "Monthly Power Plant Report," (Table 1) occur due to the time frame in
reporting. Since the components of net generation are provided monthly by the Form EIA-759 by prime mover and energy source, the Form ElA-759 is
used as the official Energy Information Administration source for net generation. -In 1998 several utilities realigned from SPP to SERC. -On January 1,
1997, FRCC became the tenth NERC region, separating from SERC. -Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."
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Table 30. U.S. Electric Utility Sales to Bundled Ultimate Consumers by Sector, North American
Electric Reliability Council Region, and Hawaii, 1996 Through 2000
(Million Kilowatthours)

North American Electric
Reliability Council Region AU Sectors Residential Commercial Industrial Other

1

and Hawaii

1996

ECAR ......................................................................................................... 483,750 149,381 117,924 206,397 10,048
ERCOT .................................................................................................... 235,780 87324 60,959 77,113 10,383
M AACC .............................................................................................. . 229,013 81141 87,597 57,336 2,939
M AAN .................................... ...... ............................................................. 229,9 86,013 63148 ,9597 57,36 29,390
MAIN.............................................................................. 219,978 66,015 63,919 80,655 9,390
M APP(U.S.) ............................................................................................. 137,767 48,099 30,233 55,600 3,835
NPCC(U.S.) ................................... 241,258 79,650 95,532 52,236 13,840
SERC ........................................................................................................ 714,441 288,556 178,815 227.381 19,689
SPP ............................................................................................................. 277,115 96,689 70,230 101.332 8,864
W SCC(U.S.) ............................................................................................ 544,937 181,329 177,304 167,988 18,316
Contiguous U.S...................................................................................... 3,084,040 1,078,184 882,513 1,026,039 97,304
ASCC ......................................................................................................... 4,779 1,766 2,250 584 179
Hawaii ........................................................................................................ 8,991 2,540 2,662 3,733 55
U S. Total ................................................................................................ 3,097,810 1082,491 987,425 1,030,356 " M,39

1997

ECAR ....................................................................................................... 485,244 146,537 119,440 209,236 10,030
ERCOT ..................................................................................................... 243,029 88,459 61,965 81,583 11,022
FRCC ........................................................................................................ 149,249 73,598 56,159 14364 5.128
M AAC ..................................................................................................... 228,115 79,143 88,156 57,952 2,864
M AIN ..................................................................................................... 222,714 65,456 64,920 82,790 9,548
M APP(U.S.) .............................................................................................. 141,200 48,375 30,738 58,069 4,019
NPCC(U.S.) ............................................................................................. 242,428 79,286 97,605 51,641 13,896
SERC ........................................................................................................ 571,424 208,635 152,495 195,263 15,030
S P ............................................................................................................ 282,082 97,417 71,826 103,442 9,398
W SCC(U.S.) ............................................................................................ 560,473 184,603 180,278 173,858 21,734
Contiguous U S. ...................................................................................... 3,125,958 1,071,510 923,%83 1,028,197 102,668
ASCC ........................................................................................................ 4,840 1,726 2,180 756 178
Hawaii ...................................................................................................... 8,963 2,531 2,677 3,701 55
U.S. Total ................................................................................................. 3,139,761 1,075,767 928,440 1,032,653 102,901

1998

ECAR ........................................................................................................ 494,942 149,895 124,956 210,679 9,411
ERCOT .................................................................................................. 258,684 96,749 66,654 83,395 11,886
FRCC ....................................................................................................... 175,214 89,614 63,480 16,384 5,736
M AAC .................................................................................................... 230,855 79,331 90,719 58,007 2,798
M AIN ......................................................................................................... 224,576 67,011 66,753 81,167 9,646
MAPP(U.S.) .................................. 143,942 48,651 31,625 59.725 3,941
NpCC(U. .) .............................................................................................. 243,180 79,623 97,862 51396 14,298
SERC ........................................................................................................ 723,580 266,502 187,200 251,340 18,538
SPP ......................................................................................................... 165351 58,274 48,405 51,991 6,680
W SCC(U.S.) ............................................................................................ 565,531 187,814 185,893 171,497 20,327
Contiguous U SS. .................................................................................... 3,225,854 1,123,463 963,546 1,035,5 83 103,261
ASCC ........................................................................................................ 5,095 1,768 2,307 818 202
Hawaii ........................................................................................................ 8,870 2,504 2,675 3,636 55
U.S. Total .................................................................................................. 3,239,818 1,127,735 968,528 1,040,038 103,518

See footnotes at end of table.
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Table 30. U.S. Electric Utility Sales to Bundled Ultimate Consumers by Sector, North American
Electric Reliability Council Region, and Hawaii, 1996 Through 2000 (Continued)
(Million Kilowatthours)

North American Electric
Reliability Council Region All Sectors Residential Commercial Industrial Other1

and Hawaii

1999

ECAR ...................................................................................................... 506,007 155,266 126,202 214,969 9,571
ERCOT .................................................................................................... 257,735 95,278 68,391 82,090 11,975
FRCC ....................................................................................................... 174,971 87.680 65,042 16,519 5,729
MAAC ...................................................................................................... 207,250 81,379 83,213 39,893 2,765
MAIN ........................................................................................................ 228,164 67,191 70,514 80,503 9,956
MAPP(U.S. .............................................................................................. 147,503 50,094 33,181 60,257 3,970
NPCC(U.S.) ............................................................................................ 244,211 84,779 94,474 50,674 14,284
SERC ......................................................................................................... 733,887 267,208 192,739 254,914 19,026
SPp ............................................................. 160,826 55,463 48,130 50.833 6,400
WSCC(U.S.) ........................................................................................... 561,067 192,006 183,548 162,689 22,824
Contiguous U . ...................................................................................... 3,221,621 1,136,345 965,434 1,013,341 106,502
ASCC ....................................................................................................... 5,293 1,866 2,385 844 198
Hawaii

2 
.....

. . . . . . . . . . . . . . .. . . .. .. . . .. . .. .. . .. . .  8 ,9 85  2 ,5 5 1  2, 7 82  3, 59 8  55

U.S. Total .................................................................................................. 3,235,899 1,140,761 970,601 1,017,783 106,754

2000

ECAR ......................................................................................................... 510.264 156,683 130,770 212,982 9,829
ERCOT ...................................................................................................... 270,770 102,626 71,699 83,876 12,570
FRCC ....................................................................................................... 182,796 92,391 68,007 16,646 5,752
MAAC ..................................................................................................... 201,993 81,614 78,974 38,760 2,644
MAIN ..................................................... . . .. 238,133 72,797 72,929 81,782 10,624
MAPP(U.S.) .............................................................................................. 137,203 47.583 31,310 54,020 4,291
NPCC(U.S.) .............................................................................................. 235,445 81,677 92,403 47,275 14,089
SERC ........................................................................................................ 762,609 282,116 202,371 258,562 19,560
SPP .......................................... 171,474 59,902 52,737 51,730 7,103
WSC U.S.) ..C.U......................................................................................... 584,282 201,265 194,506 167,385 21,126
Contiguous U.S. ...................................................................................... 3,294,968 1,178,655 995,705 1,013,019 107,588
ASCC ....................................................................................................... 5,310 1,855 2,236 1,037 182
Hawaii2 .................................................................................................. 9,272 2,627 2,923 3,667 54
U.S. Total .............................................................................................. 3X309,550 1,183,137 1,000,865 1,017,723 107,824

I Includes public street and highway lighting, other sales to public authoriies, sales to railroads and railways, and interdepartnental sales.
2 Sales by NERC region are identified as in the region where a utility's administrative headquarters are located. Therefore. all sales for Citizens

Utilities are in NPCC.
Notes: -Data are final. -In 1998 several utilities realigned from SPP to SERC. -On January 1, 1997. FRCC became the tenth NERC region,

separating from SERC. -Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report"
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Table 31. Net Summer Capacity at U.S. Electric Utilities by North American Electric Reliability
Council Region and Hawaii, 1996 Through 2000
(Megawatts)

North American Electric
Reliability Council Region 1996 1997 1998 1999 2000

and Hawaii

ECAR ...................................................... 103.360 102,518 101,115 102,942 98.247
ERCOT .......................................................... 53,903 53,711 54,018 54,184 54,322
FRCC ............................................................. 32,751 32,616 34,904 34,980 35.710
MAAC ........................................................... 53,163 53,588 53,168 42,944 11,959
MAIN .......................................................... 52,155 52,093 49,020 35,762 36,487
MAPP(U.S.) ................................................. 30,610 34,820 34,815 34,813 34,998
NPCC(U.S.) ................................................. 52,177 51,310 43,166 26,031 22,148
SERC ............................................................. 125,079 155,786 154,320 153,682 157,198
SPP ................................................................ 71,593 42,871 42,669 42,801 43,196
WSCC(U.S.) .................................................. 131,292 129,232 116,159 107,832 106.635
Contiguous U.S .......................................... 706,083 708,641 683,451 636,068 600,996
ASCC .................. 1,734 1,750 1,721 1,744 1,794
Hawaii ....................................................... 1,610 1,595 1,616 1,608 1,626
US. Total .................................................... 709,427 711,889 686,692 639,324 604,319

Notes: -Data me final. -The collection of data are as of January I of the following year. The 1996 data include the Florida Reliability Coordinating
Council created January 1, 1997. The 1997 data include the Entergy Corporation which became part of the SERC from the SPP effective January 1, 1998.
*In 1998 several utilities realigned from SPP to SERC. *On January 1, 1997, FRCC became the tenth NERC region, separating from SERC. .Totals may not
equal sum of components because of independent rounding.

Sources: Energy Information Administration, Data for 1998 and beyond. Form EIA-860A, "Annual Electric Generator Report - Utility"; Data for 1997 and
prior: Form EIA-860, "Annual Electric Generator Report".

Table 32. Noncoincident Peak Load, Actual and Projected, by North American Electric
Reliability Council Region and Hawaii, 1996 Through 2000
(Megawatts)

North American Electric
Reliability Council Region

and Hawaii 1996 1

Actual

1997 1998 1999 1 2000

Summer

ERCA ............................................................................
FRCC ..................................
MAAF C ...........................................................................
M AIN ...........................................................................

MAPI(US ........................ . . . . ............
NPCC(U.S.) .................................................................

wsCC(u.S.) .....................................................................SERCo ..... . ........................
spP .................... .............

WSCC(U........................................................................
Contiguous U.................................S................................
ASCCR .......................................................................
Hawaii ..........................................................................
U.S. Total.. ....................

MACAR ................................
ERCMA ..O.T.. ..................................
FRCC ..... .... ................................................................
MAACU..) .................................................................
MAIN .................. . . . . ............
MAPP..(U......................................................................
NPCC(U.S.) ....................................................................
SERC.. ......... ........... . . ... . .............
spIP...................................................- .....
WSCC(U.S.) .............. -............... .............
Contiguous U.S ............................................
A SCC .............................................................................
H awaii .............................................................................
U .S. Total ......................................................................

90,798
47,480
NA

44,302
46,402
28,253
45,094

145,650
60,072

108,739
616,790

(1)
(2)

616,790

93,492
50,541
35,375
49,464
45,887
29,787
49,269

137,382
36,479

110,001
637,677

(1)
(2)

637,677

93,784
54,666
38,730
48,445
47,509
30,722
49,566

143,226
37,724

115,921
660,293

(1)
(2)

660,293

99,239
55,529
37,493
51,645
51,535
31,903
52,855

149,012
38,609

113,629
681,449

(1)
(2)

681,449

97,557
54,817
37,728
51,206
51,271
32,899
53,450

151,065
39,383

116,440
68S,816

(1)
(2)

685,816

Winter

84,534
38,868
NA

40,468
37,162
24,251
41,208

143,060
49.095
95,435

554,081
(i)
(2)

554,081

75,760
37,966
33,076
37,217
34,973
25,390
41,338

122,649
27,437
94,158

529,874
(1)
(2)

529,874

84,401
41,876
39,975
36,532
37,410
26,080
44,119

127,416
27,847

101,822
567,S58

(I)
(2)

567,558

86,239
39,164
40,178
40,220
39,081
25,2M0
45,227

128,563
27,963
99,080

570,915
(1)
(2)

570,915

86,455
44,287
40,894
43,139
39,742
27,363
45,170

134,488
28375

102,435
592,348

(1)
(2)

592,348

See footnotes at end of table.
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Table 32. Noncoincident Peak Load, Actual and Projected, by North American Electric
Reliability Council Region and Hawaii, 1996 Through 2000 (Continued)
(Megawatts)

North American Electric Projected
Reliability Council Region 2001

and Hawaii 200 200 NO0 2004 2005

Summer

ECAR ............................................................................... 102,161 104,081 106,130 107,964 109,905
ERCOT ................... ..... 56,759 58,608 60,130 61,769 63,480
FRCC ................................................................................ 38,478 39,548 40,783 41,714 42,644
MAAC ............................................................................. 52,977 53,753 54,644 55,501 56,412
MAIN ............................................................................... 55,368 56,416 57,055 58,106 59,157
MAPP(U.S.) ..................................................................... 29,814 30,304 30,865 31,404 31,930
NPCC(U.S.) .................................................................... 54,2'70 55,283 56,107 56,884 57,694
SERC ............................................................................. 159,930 163,742 166,686 169,752 173,496
SPP .............................. 40,522 41,099 41,949 42,885 43,932
WSCC(U.S.) .................................................................... 118,887 121,407 123,946 126,534 129,199
Contiguous U.S ................................................................ 709,166 724,241 738,295 752,513 767,849AsCC ............................................................................... (1) (1) (1) (1) (1)
Hawaii .............................................................................. (2) (2) (2) (2) (2)
U.,. Total ....................................................................... 709,166 724,241 738,295 752,513 767,849

Winter

ECAR ..................... 90,041 91,684 93,170 94,689 95,601
ERCOT ............................................................................. 44,394 46,004 47,460 48,906 50,375
FR-C ........ ................. . ... 42,208 43,508 44,487 45,461 46,454
MAAC ............................................................................. 43,809 44,462 45,077 45,724 46,368
MAIN .............................................................................. 43,663 43,857 44,691 44,585 45,302
MAPP(U.S.) ................................................................... 24,661 25,083 25,468 25,857 26,288
NPCC(U.S.) ..................................................................... 45,650 46,388 47,120 47,846 48,498
SERC ............................................................................... 139,459 141,809 144,436 147,592 151,029
SPP .................................................................................. 29,804 30,132 30,789 31,509 32,150
WSCC(US.) .................................................................. 102,237 104,173 106,333 108,339 110,458
Contiguous U. ............................................................... 605,926 617,100 629,031 640,508 652,523
ASCC ....... ......... ......................... .................................... (i) (i) (i) (i) (I)
Hawaii ........................................................................... (2) (2) (2) (2) (2)
U.S. Total ........................................................................ 605,926 617,100 626,395 640,M08 652,523

(1) Data for ASCC (Alaska) were not filed beginning in 1996.
(2) Data for Hawaii are not submitted on this form.
Notes: -Actual data are final. -Projected data are updated annually. -In 1998 several utilities realigned from SPP to SERC. -On January 1,

1997, RFCC became the tenth NEPC region, separating from SERC. -Totals may not equal sum of components because of imdepent rounding. -Rep-
resents an hour of a day during the associated peak period. -The summer peak period begins on June 1 and extends through September 30. -The
winter peak period begins on December 1 and extends through March 31 of the following year. For example, winter 2000 begins December 1, 2000,
and extends through March 31, 2001. Thus, the winter referred to here would be the winter of 2000n2001.

Sources: Form EIA411, "Coordinated Bulk Power Supply Program"
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Table 33. U.S. Electric Utility Receipts by North American Electric Reliability Council
Region and Hawaii, 1996 Through 2000
(Million Kilowatthours)

North American Electric Total Purchased Exchange Wheeling
Reliability Council Region Receipts Power Received Received

and Hawaii 1 1

1996

ECAR .................................................................................................... 264,825 203,637 1,3.61 59,827
ERCOT ................................................................................................ 148,971 73,590 55,354 20,027
FRCC .............................................................................................. - -- -
MAAC ................................................................................................ 141,448 120,701 474 20,272
MAIN .................................................................................................. 75,234 67,287 252 7,695
MAPP(U.S.) .............-.......................................................................... 124,893 102,960 4,189 17,744
NPCC(U.S.) .......................................................................................... 276,773 209,271 3,799 63,703
SERC .................................................................................................... 454,193 384,930 31,998 37,264
SPP ........................................................................................................ 198,090 166,768 5,340 25,982
W SCC(U.S.) ....................................................................................... 574,451 358,142 51,859 164,449
Contiguous U S. ................................................................................ 2,258,877 1,687,286 154,627 416,964
ASCC .................................................................................................. 4,257 3,338 99 820
Hawaii ................................................................................................... 3,572 3,568 4 0
US. Total ................................. 2,266,707 1,694,192 154,731 417,784

1997

ECAR .................................................................................................... 319,495 259,081 1,764 58,650
ERCOT ................................................................................................ 134,715 78,170 56,545 0
FRCC .................................................................................................... 50,820 40,140 33 10,647
MAAC ......... . ...................................... .............................. 151,729 135,582 518 15,629
M AIN .................................................................................................. 105,159 88,743 294 16,121
MAPP(U.S.) ......................................................................................... 132,758 108,253 3,814 20,691
NPCC(U.S.) ........................................................................................ 290,015 201,349 4,879 83,786
SERC ........................................................................................ 425,460 343,939 29,589 51,932
SPP ....................................... 210,562 169,136 9,780 31,645
W SCC(U.S.) ........................................................................................ 645,818 446,733 47,919 151,166
Contiguous U.S ................................................................................. 2,466,530 1,871,127 155,135 440,268
ASCC ........................ ............. 4,267 3,348 79 840
Hawaii ................................................................................................. 3,627 3,625 2 0
U.S. Total ........................................................................................... 2,474,424 1,878,099 155,217 441,108

/

1998

ECAR ................................................................................................... 350,223 276,928 6,974 66,322
ERCOT ............................................................................................... 137,785 82,765 54,389 631
FRCC ........................................... 67,693 55,730 42 11,921
MAAC ................................................................................................. 158,175 145,124 733 12,318
MAIN .................................................................................................. 117,000 88,766 570 27,664
MAPP(U.S.) ..................... 136,784 109,152 4,222 23,409
NPCC(U.S.) ......................................................................................... 272,560 209,550 4,798 58,212
SERC ................................................................................................... 532,068 434,074 19,662 78,332
SP ...................................................................................................... 110,978 84,182 5,229 21,568
W SCC(U.S.) ....................................................................................... 622881 433,920 36,989 151,9 2
Contiguous Ua. ................................................................................ 2,506,147 1,920,191 133,607 452350
ASCC ................................................................................................. 4,064 3,570 115 379
Hawaii ................................................................................................ 3,440 3,437 3 0
U.S. Total .......................................................................................... 2,513,651 1,927,198 133,725 452,728

See footnotes at end of table.

68 Energy Information Administration/Electric Power Annual 2000 Volume II



Table 33. U.S. Electric Utility Receipts by North American Electric Reliability Council
Region and Hawaii, 1996 Through 2000 (Continued)• / (Million Kilowatthours)

Reliability Council Region Total Purchased Exchange Wheeling
Receipts Power Received Received

and Hawaii

1999

ECAR .................................................................................................... 337,502 265,186 1,326 70,991
ERCOT ............................................................................................... 120,461 84,138 35,991 1 631
FRCC ................................................................................................... 73,564 57,944 27 15,592
MAAC ................................................................................................. 136,548 122,286 3,419 10,843
M AIN .................................................................................................. 102,812 72,580 577 29,654
MAPP(U.S.) ......................................................................................... 141,133 109,527 3,505 28,101
NPCC(U.S.) ......................................................................................... 323,278 229,339 4,031 89,909
SERC .................................................................................................... 531,326 435,424 25,258 70,644
SPP ........................................................................................................ 120,514 87,651 4,586 28,277
WSCC(U.S.) ........................................................................................ 669,330 478,550 34,162 156,618
Contiguous US. ..................... 2 ,556,468 1,942,625 112,882 500,961
ASCC .................................................................................................. 3,840 3,562 108 170
Hawaii ................................................. . . ...... ............................. 3394 3,387 6 0
US. Total ........................... 2,563,702 1,949,574 112,997 501,131

2000

ECAR ................................................................................................... 417,395 332,295 1,926 83,175
ERCOT ........................................................................................... 135,505 93,877 41,603 1 25
FRCC .................................................................................................... 82,600 66.269 23 16,308
MAAC ................................................................................................. 193,954 178,728 6,623 8,603
MAIN ....................................... 178,319 121,057 565 56,697
MAPP(U.S.) ....................................................................................... 133,895 108,307 3,817 21,771
NPCC(U.S.) ......................................................................................... 399,947 271,363 5,812 122,771
SERC ................................................................................. ................. 591,578 467,047 25,833 98,698
SPP ...................................................................................................... 143,514 94,859 5,226 43,429
WSCC(U.S.) ..................................................................................... 715,248 509,865 44,062 161321
Contiguous U.S. ................................................................................ 2,991,955 2,243,667 135,491 612,797
ASCC ................................................................................................ 3,842 3,142 105 595
Hawaii .................................................................................................. 3,572 3,572 0 0
U.S. Total .. ........... 2,999,369 2,250,382 135,595 613,392

" "Wheeling Received" and "Wheeling Delivered" for ERCOT in 1997, 1998, 1999, and 2000 reflect enactment by the Public Utility Commission of
Texas (the Commission) of Substantive Rule 23.67 ("Open-access Comparable Transmission Service"), effective on September 12, 1996. SR 23.67
governs virtually all phases of transmission access in Texas and requires that wheeling services, provided by transmission facility operators under the
jurisdiction of the Commission, shall be reimbursed using the vector-absolute, megawatt/mile method. This method derives reimbursement rates utilizing
information on the total line-mileage under load, the maximum load in megawatts, and the fee per megawatt-mile. Use of this method does not require
transmission service providers to measure energy flows.

Notes: -Data ae final. -In 1998 several utilities realigned from SPP to SERC. 'On January 1, 1997, FRCC became the tenth NERC region,
separating from SERC. -Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility ReporL"
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Table 34. U.S. Electric Utility Deliveries by North American Electric Reliability Council
Region and Hawaii, 1996 Through 2000
(Million Kilowatthours)

North American Electric To Requirements and Exchange Wheeling
Reliability Coundi Region Deliveries Nonrequirements Delivered Delivered

and Hawaii Sales for Resale

ECAR..
ERCOT
FRJC...
MAAC.
LM A T?

........................................ . I .................... .......... I .....................

Mp~rrku.n.J)....................................................................
NPCC(U.S.) ............
SERC ................
SPP .........................
WSCC(U.S.) ..........
Contiguous U.S.
ASCC ....................
Hawaii .....................
ITS. Tntnl.... .

1996

274,275 213,373 1,381 59,522
115,163 39,924 55,230 20.009

93,421 73,221 22 20,177
69,301 61,421 330 7,550

104,835 82,899 5,479 16,457
201,223 135,832 1,991 63.400
429,948 352,216 42,307 35,425
174,435 143,548 5,017 25,870
541,181 325,405 54,546 161,230

2M03,783 1,427,839 166,304 409,640
4,257 3,340 97 820

7 0 7 0
2,008,047 1,431,179 166,407 410,460

1997

..............................................................................

.............................................................................

............................................................................
U.S TO ...............

ECAR .......................
ERCOT .............
FRCC ..................
M AAC ....................
M AIN .......................
M AFP(U.S.) . ....................................................................................
N C(U .S.) .........................................................................................
SERC ...............................................................................................
SPP ....................................................................................................
W SCC(U.S.) ...................................................................................
Contiguous U.S. ............................................ . .............
ASCC ...............................................................................................
Hawaii .............................................................................. ................
ITT Tanl

329,876
96,812
37,627

108,060
83,187

112,294
215,175
431,021
183,461
621,041

2,218,54
4,037

4
2,222,596

269.688
40,346
27,182
92,418
66,939
89,619

128,369
336,819
141,120
420,704

1,613,202
3,115

0
1,616,318

1,782
56,467

19
16

331
3,306
3,315

44,850
10,656
51,476

172,219
82
4

172,30S

58,406
0

10,426
15,626
15,918
19,370
83,491
49,352
31,685

148,860
433,133

840
0

433,973

Mgs
ECAR ......
ERCOT
FRCC.....
MAAC

.............................................................................................

..............................................................................................
A ....................................................................................................

M APP(U.S.) ....... ..................................................................................

NPCC(U.S.).....
SERC ................
SPP ................
WSCC(U.S.).
Contiguous U.S.

.................................................................................

.................................................................................

......... .............................. ...................... .... I .............

...............................................................................

............................................................................

347,326
98,143
47,955

131,873
99,397

117,460
198,205
503,114
115,035
591,499

2,24%,008

3,301
6

2,243,316

275,006
42,958
36,226

119,627
71,254
92,457

126,177
399,718
88,547

409,307
1,661,277

2,803
0

1,664,081

7,043
54,570

56
13

618
3,623
4,127

26,469
5,51

32,888
134,4S8

119
6

134,83

65.277
10

11,673
12,233
27,525
21,380
57,902
76,927
21,438

149,304
444,274

379
0

444,652

....... ............. ................................................................... ..... .....
Hawaii.
U.S. Total..

See footnotes at eod of table.
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Table 34. U.S. Electric Utility Deliveries by North American Electric Reliability Council
Region and Hawaii, 1996 Through 2000 (Continued)
(Million Kilowatthours)

North American Electric Total Requirements and Exchange Wheeling
Reliability Council Region Deliveries Nonrequirements Delivered Delivered

and Hawaii Sales for Resale

1999

ECAR.... .............
ERCOT ...............
FRCC .................
MAAC ...............
MAIN .................
MAPP(U.S.).
NPCC(U.S.).
SERC .................
SPP ....................
WSCC(U.S.).
Contiguous U.S.
A Cry

................................ I .................................................

........... I .................... .................................................

..................................................................................

...................................................................................

324,482 252,377 1,437 70,668
78,721 41,992 36,675 I 615
51,856 36,505 24 15,327

129,074 118,311 5 10.758
94,847 64,279 1,010 29,559

124,835 96,041 3,063 25,731
201,577 108,857 3,016 89,704
492,886 398,431 25,910 68,545
123,909 91,299 4,576 28,035
614,319 424,720 35,380 154.219

2,236,507 1,632,810 111,096 492,601
3,086 2,804 111 170

2 0 2 0
2,239,595 1,635,614 111,210 492,771

2000

Hawaii...
U.S. Total.

ECAR...............
ERCOT ................
FRCC .............
MAAC ..................
MAIN ...................
MAPP(US.) ..........
NPCC(U.S.) ..........
SERC ...............
SPP ...............
WSCC(U.S.).

396,250
83,943
54,888

106,304
132Z331
119,124
257,164
529,443
140,082
625,580

2,445,109
3,305

0
2,448,415

311,765
42,081
38,849
97,755
75,184
95,548

132,007
409,648

91,915
418,224

1,712,975
2,608

0
1,715,582

1,541
41,847

31
37

569
3,286
2,836

23,871
5,029

47,890
126,936

103
0

27,039

82.944
I 16

16,008
8,512

56,579
20,291

122,321
95,924
43,138

159A466
605,199

595
0

605,794

................................................................................

Contiguous U.& ..................................................................................
ASCC .......
Hawaii.
U.S. Total.

............................................................................................
..........................................................................................
........ .......................... ............. I ...................... ..................

1 "Wheeling Received" and "Wheeling Delivered" for ERCOT in 1997, 1998, 1999, and 2000 reflect enactment by the Public Utility Commission of
Texas (the Commission) of Substantive Rule 23.67 ("Open-access Comparable Transmission Service"), effective on September I2. 1996. SR 23.67
governs virtually all phases of transmission access in Texas and requires that wheeling services, provided by transmission facility operators under the
jurisdiction of the Commission, shall be reimbursed using the vector-absolute, megawatt/mile method. This method derives reimbursement rates utilizing
inforsation on the total line-mileage under load, the maximum load in megawatts, and the fee per megawatt-mile. Use of this method does not require
transmission service providers to measure energy flows.

Notes: -Data are final. -In 1998 several utilities realigned from SPP to SERC. -On January 1, 1997, FRCC became the tenth NERC region,
separating from SERC. 'Totals may not equal sum of components because of independent rounding. This is a summation of utility trade for utilities that
operate within the NERC Region. -Due to the complexity of electric power transactions that involve specifics of contracts, simultaneous energy
transactions, the unintended receipt and delivery of energy (inadvertent flow), and losses, uniformity in reporting the classification and quantity of each
transaction among utilities may not exist. -Includes utility, export, and nonutility transactions.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."
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Table 35. U.S. Electric Utility Net Energy Flow by North American Electric Reliability
Council Region and Hawaii, 1996 Through 2000
(Million Kilowatthours)

North American ElectricNeReliability Council Region Net
Reiblt oni einEnergy Flowl Receipts2 Deliveries3

and Hawaii E o

1996

ECAR .................
ERCOT ..............
FRCC ................
MAAC ...............
MAIN ................
MAPP(U.S.).
NPCC(U.S.).
SERC ................
SPP ..................
WSCC(U.S.).
Contiguous U.S.
ASCC .................
Hawaii .................
U.S. Total .-.

...................................................................................

...................................................................................

...................................................................................

..................................................................................

...................................................................................

..................................................................................

.................................................................................

-9,450 264,825 274,275
33,808 148,971 115,163

48,027 141,449 93,421
5,933 75,234 69,301

20,058 124,893 104,835
75,550 276,773 201,223
24,245 454,193 429,948
23,655 198,090 174,435
33,270 574,451 541,181

255,095 2,258877 2,003,783
0 4,257 4,257

3,565 3,572 7
258,660 2,266,707 2,008,047

1997

-10,381 319,495 329,876
37,903 134,715 96,812
13,192 50,820 37,627
43,669 151,729 108,060
21,971 105,159 83,187
20,463 132,758 112,294
74,840 290,015 215,175
-5,561 425,460 431,021
27,101 210,562 183,461
24,778 645,818 621,041

247,976 2,466,530 2,218,M54
230 4,267 4,037

3,623 3,627 4
251,828 2,474,424 2,222,596

ECAR ..................
ERCOT ...............
FRCC ....... ............

MAAC ................
MAIN ....... ...........

MAPP(U-S.).
NPCC(U.S.).
SERC .................
S ........... ...........

WSCC(U.S.).
Contiguous U.S.
ASwC ..................
Hawaii ...... ............
.1 . - -..

................................................................................

..................................................................................

..................................................................................

.................................................................................

.O*•. .. .l ............................................................................................

ECAR .........
ERCOT ..............
FRCC ....... ..........

MAAC ...............
MAIN .................
MAPP(U.S.)......
NPCC(U.S.) .....

SERC .................
SPP .......... .........
WSCC(U.S.).
Contiguous U.S.
ASCC .................
Hawaii ........
U.S. Total ..........

2,897
39,642
19,738
26,302
17,603
19,324
94,355
28,954
-4,057
31,382

266,139
763

3,434
270,336

1998

350,223
137,785
67,693

158,175
117,000
136,784
272,560
532,068
110,978
622,881

2,5W6,147
4,064
3,440

Ms13,651

347,326
98,143
47,955

131,873
99,397

117,460
188,205
503,114
115,035
591,499

2,20,008
3,301

6
2,243,316

Sec footnotes at end of table.
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Table 35. U.S. Electric Utility Net Energy Flow by North American Electric Reliability
Council Region and Hawaii, 1996 Through 2000 (Continued)
(Million Kilowatthours)

North American Electric
Reliability Council Region Net FlowI

and Hawaii Energy Flow i

1"99

ECAR ................................................................................................ 13,020 337,502 324,482
ERCOT ................................................................................................ 41,740 120,461 78,721
FRCC .................................................................................................... 21,708 73,564 51,856
MAAC ................................................................................................. 7,474 136,54 129,074
MAIN ................................................................................................. 7,964 102,812 94,847
MAPP(U.S.) ........................................................................................ 16,298 141,133 124,835
NPCC(U.S.) ......................................................................................... 121,701 323,278 201,577
SERC ................................ 38,440 531,326 492,886
SPP ..................................... -3,395 120,514 123,909
WSCC(U.S.) ...................................................................................... 55,011 669,330 614,319
Contiguous U.S. ................................................................................. 319,961 2,556,468 2,236,507
ASOC .................................................................................................... 755 3,840 3,086
Hawaii .................................................................................................. 3,392 3,394 2
U.S. Total ............................................................................................ 324,108 2,563,702 2,239,595

2000

ECAR ....................... ............ 33,714 574,584 540,871
ERCOT ............................................................................................. 63,045 1,2,218,053 1,155,008
FRCC ............................. . . ... 27,767 82,655 54,888
MAAC .................................................................................................. 92,423 681,425 589,002
MAIN ................................................................................................... 49,209 183,726 134,516
MAPP(U.S.) ......................................................................................... 17,036 157,152 140,116
NPCC(U.S.) .......................................................................................... 155,164 678,783 523,619
SERC .................................................................................................. 66,644 1,051,230 984,586
SPP ................................................................................................. 3,429 472,310 468,881
WSCC(U.S.) ....................................................................................... 104,999 878,079 773,080
Contiguous U.S. .............................. 613,431 5,977,997 5,364,566
ASCC ................................................................................................ 537 3,842 3,305
Hawaii ................................................................................................. 3,572 3,572 0
US. Total ............................................................................................ 617,540 5,985,411 5,367,872

I Equals receipts minus deliveries.
2 Equals purchased power plus exchange received plus wheeling received and imports.
3 Equals males for resale plus exchange delivered plus wheeling delivered and exports.
Notes: -Data are final. -In 1998 several utilities realigned from SPP to SERC. 'On January 1, 1907, FRCC became the tenth NERC region,

separating from SERC. -Totals may not equal sum of components because of independent rounding. 'This is a summation of all utility trade for utilities
that operate within the NERC Region. 'Due to the complexity of electric power transactions that involve specifics of contracts, simultaneous energy
transactions, the unintended receipt and delivery of energy (imadvertent flow), and losses, uniformity in reporting the classification and quantity of each
transaction among utilities may not exist -Includes utility. import, and nonutility transactions.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report"
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Table 36. U.S. Electric Utility Purchases of Nonutility Generated Electricity by North American
Electric Reliability Council Region and Hawaii, 1996 Through 2000
(Million Kilowatthours)

North American Electric Reliability 1996 197 1998 19 0Council Region and Hawaii 119 20001

ECAR ............................................................. 15,861 15,989 14,692 15,113 -
ERCOT ........................................................ 23,916 25,908 26,562 22,159 -
FRCC ............................................................. - 11,824 13,254 16,591 -
MAAC ........... 23,892 24,019 24,360 25,079 -
MAIN... ............................. 468 971 3,348 2,161 -
MAPP(U.S.) ........................... . 706 1,053 1,863 2,834 -
NPCC(U.S.) .................................................... 56,207 58,858 63,557 72,241 -
SERC ............................................................. 31,276 15,324 17,289 20,432 -
SPP ................................................................ 6,090 5,130 484 4,527 -
WSCC(U.S.) .................................................. 67,028 80,502 89,372 130,866 -
Contiguous US ............................................ 225,445 239,577 254,779 312,003 -
ASCC ............................................................. 5 10 317 366 -
Hawaii ............................................................ 3,568 3,625 3,437 3,387 -
U.S. Total . ............................................ 229,018 243,213 258,534 31577 -

1 Data on purchases from nonutilities were not collected on the Form EIA-861.
Notes: -Data are final. -In 1998 several utilities realigned from SPP to SERC. -On January 1, 1997, FRCC became the tenth NERC region, separating

from SERC. -Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."
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Table 37. Net Internal Demand, Planned Capacity Resources, and Capacity Margins by North
American Electric Reliability Council Region and Hawaii, 2001 Through 2005
(Megawatts)

North American Electric 2001 2002

RlabltCon ci Region Net Internal Planned Capacity Capacity Margin Net Internal Planned Capacity Capacity Margin
and Hawaii Demand Resources (percent) Demand Resources (percent)

Summer

ECAR ........................................................ 98,651 115,379 14.5 100,465 114,151 12.0
ERCOT .................................................... 53,649 69,622 23.0 57,001 79,782 28.5
FRCC .......... ....................... 35,666 43,083 17.2 36,779 44,317 17.0
MAAC ...................................................... 51,358 60,679 15.4 52,134 65,823 20.8
MAIN ....................................................... 51,845 64,170 19.2 52,827 67,964 22.3
MAPP(U.S) ............................................... 28,006 34,236 18.2 28,418 34,175 16.8
NPCC(U.S) ............................................... 54,270 63,376 14.4 55,283 68,793 19.6
SERC ........................................................ 151,527 169,760 10.7 155,329 176,234 11.9
SPP ................ 39,056 46,109 15.3 39,482 46,098 14.4
WSCC(U.S) ............................................. 116,913 141,640 17.5 120,116 150,068 20.0
Contiguous US. ............. . 680,941 808,054 16.5 697,834 847,405 18.3
ASCC ...... .................................................. (1) (1) (1) (1) (1) (1)
Hawaii .......................... . (2) (2) (2) (2)
US. T 680,941 808,054 16.5 697,834 847,405 18.3

2003 2005

Net Internal Planned Capacity Capacity Margin Net Internal IPlanned Capacity Capacity margin
Demand Resources (percent) Demand Resources (percent)

Summer

ECAR ........................................................ 102,489 114,993 10.9 106,213 117,950 10.0
ERCOT ..................................................... 58,514 81,544 28.2 61.827 83,242 25.7
FRCC ................................... * ................... 38,015 46,275 17.8 39,898 49,119 18.8
MAAC .................................................... 53,025 74.639 29.0 54,793 83,450 34.3
MAIN ...................................................... 53,569 69,409 22.8 55,656 70,896 21.5
MAPP(U.S) .. . . . . ... 28,914 34,276 15.6 29,892 34,402 13.1
NPCC(U.S) .............................................. 56,107 69,343 19.1 57,694 73,945 22.0
SERC . . 158,685 179,848 11.8 165,476 189,877 12.9
SPP ......................... ........ 40,311 47,097 14.4 42,279 47,684 11.3
WSCC(U.S) ........................ 122,648 159,624 23.2 127,895 187,209 31.7
Contiguous U.S. ............ 712,277 877,048 19.4 741,623 937,774 20.1
ASCC ..... ................................................... (1) (1) (1) (1) (1) (I)
Hawaii . ................................................. (2) (2) (2) (2) (2) (2)
US. Total -----------............... 712,277 377,048 19.5 741,623 937,774 20.1

ECAR .......................................................
ERCOT ..............................................
FRCC ................... . ............
MAAC ......................................
MAIN ...................................
MAPP(U.S) ...............................................
NPCC(U.................................................
SERC.. . ... ..................

sPPu.... ..........................................

Contiguous U.S ......................................
ASCC .....................................................
Hawaii ....... ... . . .............

US. Total . .... . .............

See footnotes at end of table.

2001 2002

Net Internal Planned Capacity Capacity Margin Net Internal Planned Capacity I Capacity Margin
Demand Resources (percent) Demand Resources (percent)

Winter

87,190 119,870 27.3 88,904 118,958 25.3
41,606 72,597 42.7 44,868 80,751 44.4
38,199 45,665 16.3 39,492 48,425 18.4
43,110 64,854 33.5 43,763 73,261 40.3
41,250 63,075 34.6 41,470 67,853 38.9
23,748 32Z777 27.5 24,145 33,475 27.9
45,650 68,173 33.0 46.388 71,790 35.4

131,779 169,850 22.4 133,714 174,815 23.5
28,761 45,501 36.8 28,942 45,494 36.4

101,270 144,185 29.8 103,401 155,918 33.7
582,563 826,547 30.4 595,087 870,740 32.4

(1) (!) (1) (1) (1) (I)
(2) (2) (2) (2) (2) (2)

582,563 826,547 30.4 595,087 870,740 32.4
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Table 37. Net Internal Demand, Planned Capacity Resources, and Capacity Margins by North

American Electric Reliability Council Region and Hawaii, 2001 Through 2005 (Continued)

(Megawatts)

North American Electric 2003 2005

Reliability Council Region Net Internal Planned Capacity Capacity Margin Net Internal Planned Capacity Capacity Margin

and Hawaii Demand Resources (Percent) Demand Resources (percent)

Winter

ECAR ....................................................... 90,451 119,832 24.5 92,872 123,110 24.6

ERCOT ................................. 46,309 82,060 43.6 49,221 83,761 41.2

FRCC ..................................................... 40.474 49,924 18.9 42,425 53,024 20.0

MAAC ...................................................... 44,378 82,693 46.3 45,669 88,433 48.4

MAIN ....................................................... 42,144 69,344 39.2 43,533 70,136 37.9

MAPP(U.S) ............................................... 24,506 34,034 28.0 25,223 33,628 25.0

NPCC(U.S) ............................................... 47,120 72,540 35.0 48,498 77,539 37.5

SERC ...................................................... 136,544 178,650 23.6 143,078 192,633 25.7

SPP .......................................................... 29,584 46,664 36.6 30,941 47,671 35.1

WSCC(U.S) ............................................. 105,553 173,147 39.0 109,670 192,723 43.1

Contiguous U.S ................................... 607,063 908,888 33.5 631,130 962,658 33.9
ASCC ............................. .......................... (1) (I) (I) (1) (1) (1)

Hawaii ...................................................... (2) (2) (2) (2) (2) (2)

U.S. Total ................................................ 607,063 908,888 33.5 631,130 962,658 33.9

(1) Data for ASCC (Alaska) were not filed.
(2) Data for Hawaii are not submitted on this form.

Notes: -Data are projected and updated annually. -In 1998 several utilities realigned from SPP to SERC. .Totals may not equal sum of components

because of independent rounding. -Represents an hour of a day during the associated peak period. -The summer peak period begins on June 1 and

extends through September 30. -The winter peak period begins on December 1 and extends through March 31 of the following year. For example, winter

2000 begins December 1, 2000, and extends through March 31, 2001. Thus, the winter referred to here would be the winter of 2000/2001.

Source: Form EIA-411, "Coordinated Bulk Power Supply Program".
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U.S. Electric Utility Demand-Side Management

U.S. electric utilities have come to realize that a flex-
ible and diverse management strategy provides the
greatest opportunity for success in the competitive
and uncertain environnient in which they operate. An
important component of this strategy has been the
reliance on demand-side management (DSM) pro-
grams to modify the growth in demand for energy use,
to cost-effectively meet customer energy service
requirements, to selectively expand customer services,
and to optimize the use of generating resources. This
chapter provides a brief description of the key ele-
ments of electric utility DSM programs in the United
States.

Background

DSM consists of electric utilities planning, imple-
menting, and monitoring activities that are designed
to encourage consumers to modify their level and
pattern of electricity usage. In the past, the primary
objective of most DSM programs was to provide cost-
effective energy and capacity resources to help defer
the need for new sources of power, including gener-
ating facilities, power purchases, and transmission
and distribution capacity additions. However, due to
changes that are occurring within the industry, electric
utilities are also using DSM as a way to enhance cus-
tomer service.

In States that are affected by deregulation, and com-
petition, a number of different strategies have been
undertaken. Strategies such as:

" energy service companies (ESCO's) that have
been created as non-regulated entities by electric
utilities. ESCO's are designed to help consumers
reduce the energy related charges.

" an increase in customer service programs as a way
to keep current customers, and attract new cus-
tomers. For residential customers, this includes
offering energy efficiency programs, that will
help to reduce consumer costs. For larger com-
mercial and industrial customers, this has
included offering interruptible rates, as well as
other ways to reduce electricity costs.

* State energy efficiency utilities or organizations
have been created in Vermont, California, and
New York. These utilities are designed to cen-
tralize and simplify energy efficiency and load
management programs.

In many states DSM programs are still a key compo-
nent of the integrated resource plans (IRP) of a

number of electric utilities. The IRP process differs
from traditional utility planning practices primarily in
its increased attention to DSM programs and its inte-
gration of supply- and demand-side resources into a
flexible resource portfolio. Utilities and some State
regulatory commissions use the IRP process to assess
a variety of resource options "that meet consumer
energy-service requirements, while being responsive
to external changes such as economic conditions,
resource prices, new technologies, and changes in reg-
ulatory and tax policy. In addition to balanced consid-
eration of supply- and demand-side options, the IRP
process includes consideration of risk and diversity of
supply, maintenance of system reliability, and in some
instances the application of specific values to reflect
environmental and other external impacts.

Identify Program Alternatives

The types of DSM programs that utilities select to
alter the timing and level of demand for electricity
varies depending on their overall organization and
market environment, strategic objectives, and system
operating characteristics. DSM programs generally
promote one of three basic objectives that differ in
their intended effects on electricity use (measured in
kilowatthours) and demand (measured in kilowatts);
energy efficiency, load management, and load
shifting.

Energy efficiency or conservation programs are aimed
at reducing the energy used by promoting high-
efficiency equipment and building design. Such high-
efficiency measures generally use less electricity to
provide consumers an equivalent or greater level of
electric energy services (light, heat, cooling, or drive
power).

Load management programs are aimed at reducing
demand at certain critical times (such as summer or
winter peak) and usually have only a minor effect on
annual energy consumption. For example, residential
and commercial air conditioners or water heaters may
be allowed to operate unimpeded during off-peak
demand hours, but are cycled on and off by the utility
during a few peak-demand hours.

Flexible load shape programs give consumers the
incentive to alter their consumption in response to
changes in the utility's cost of providing power. Real
time pricing is an example of this type of program.
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Planning and Selection of Programs

The main elements of the DSM program planning and
selection process are to evaluate consumer character-
istics that influence the acceptance of DSM programs
and utility considerations affecting resource require-
ments and the cost of alternative resource options.
Among the consumers' characteristics that influence a
program's success are demographics, income, know-
ledge and awareness, attitude and motivation, and dis-
count rate. External influences such as economic
conditions, energy prices, technologies, regulation,
and tax credits also influence consumer's decisions
regarding fuel and appliance choice, efficiency, and
use. The utility's considerations are usually focused
on the interaction of load shape changes and supply-
side resource options, transmission and distribution
effects, and regulatory compliance.

The inclusion of environmental externalities in plan-
ning generally affects DSM options favorably. For
example, if only traditional costs are considered in the
planning process, a supply-side option might appear
more attractive than a particular energy efficiency
program.

However, traditional costs seldom reflect the full cost
to society of utility activities that adversely affect the
environment. In assessing supply-side and demand-
side options for planning purposes, regulators have
been moving to consider broad impacts of utility
resource acquisition on society, including environ-
mental and other externalities. Environmental
externalities are real impacts on the production or

_, utility functions of others, including impacts on health
and property values which are not reflected in the
prices of goods and services.'1 Under traditional
command-and-control air quality regulation, the addi-
tional emissions associated with operating a polluting
facility for more hours do not increase the production
costs of the source. Thus, many residual air emissions

are classified as externalities. Externalities also may
include foreign oil or transition costs associated with
local economic dislocations. Environmental
externalities have become a part of the criteria for
comparison and selection of utility resource options in
26 States and the District of Columbia.3

Data Sources

The data in the following tables were collected on
Schedule V, "Demand-Side Management Information"
of the 2000 Form EIA-861,"Annual Electric Utility
Report." Schedule V collects utility information on
actual and potential peak load reductions and energy
savings for two program categories: Energy Effi-
ciency and Load Management programs, by four
major consumer sectors (residential, commercial,
industrial, and other). Utilities provide information
for the reporting year 2000.

Both annual and incremental energy savings and peak
load reductions are collected for the reporting year.
Annual effects are the total effects in energy use and
peak load caused by all new and 'prior-year partic-
ipants in the DSM programs that are in place during a
given year. It includes all participants in existing and
new programs (those implemented during the given
year). Incremental effects are the annual effects in
energy use and peak load caused by new participants
in DSM programs during a given year. Incremental
effects are annualized to indicate the program effects
that would have occurred had these participants been
in the program on January 1 of the given year. DSM
costs are reported in one of two categories. If the cost
can be tracked to a specific program category (energy
efficiency, or load management), it is reported as a
direct utility cost under that program category. If the
cost cannot be tracked to a program category, it is
reported as an indirect utility cost.

12 William J. Baumol and Wallace E. Oates, The Theory of Environmental Policy, 2nd Ed., (Cambridge University Press, New York, 1989)p. 17.

13 The Consumer Energy Council of America Research Foundation, Incorporating Environmental Externalities into Utility Planning
(Washington, D.C., 1993).
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Why the Numbers are Changing
Fluctuations in energy savings can be directly attributed to changes in New England, and California. In
California, the California Board for Energy Efficiency (CBEE) was created to fund energy efficiency programs
that had previously been funded by electric utilities. However, on the EIA-861 survey, utilities in California
have begun reporting the cost associated with the CBEE, as well as the energy savings resulting from these
programs. In Vermont and New York, utilities have taken the opposite approach. They are no longer reporting
the costs and energy savings resulting from state run programs.

The lack of major changes in potential peak load reductions continues to be an expected result. A number of
utilities continue to offer their interruptible and time-of-use rates to their commercial and industrial customers.
However, there have been major reductions in the installation of residential peak load shaving programs. Factors
other than restructuring such as weather variations, can influence fluctuations in actual peak load reductions.

Reminder: It is no longer possible to directly compare 1998 through 2000 with prior years as the threshold for
small and large utilities was changed. Small utilities beginning in 1998 are classified as having sales for resales,
and sales to ultimate consumers of less than 150 million kilowatthours. For 1997 and prior years, small utilities
were classified as having sales for resale and sales to ultimate consumers of less than 120 million kilowatthours.

Table 38. U.S. Electric Utility Demand-Side Management Program Energy Savings, Actual
and Potential Peak Load Reductions, and Cost, 1996 Through 2000

Item 1996 1997 1998 1999 2000

Esergy Savings (million kIlowatthours)l .............. 61,842 56,406 49,167 50,563 53,701
Actual Peak Load Reductions

(megawatts)
2 . . . . . . . . . . . . . . . . ... .... 29,893 25,284 27,231 26,455 22,901

Potential Peak Load Reductions
(megawatts) ........................................................ 48,344 41,237 41,430 43,570 41,369

Cost (thousand dollars)
3 .......................................... 1,902,197 1.636,020 1.420,920 1,423,644 1,564,901

I Represents the total annual effects caused by all participants in demand-side management programs in effect during a given year. Included are new
and existing participants in existing programs (those implemented in prior years that are in place during the reporting year) and all participants in new
pro (those Implemented during the reporting year).

Represents the actual reduction in annual peak load achieved by consumers, at the time of annual peak load, as opposed to the installed peak load
reduction capability (Potential Peak Reduction).

3 Data represent the sum of the direct and indirect utility costs for the year and reflect the total cash expenditures incurred for the year, reported in
nominal dollars, that flowed out to support demand-side management programs. Nonusility costs are excluded.

Notes: -Data are final. -Data for 1998 through 2000 are provided for electric utilities with sales to ultimate consumers or sales for resale greater than
or equal to 150 million kilowatthours, and for prior years greater than or equal to 120 million kilowatthours.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report."
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Table 39. U.S. Electric Utility Actual Peak Load Reductions by North American Electric
Reliability Council Region and Hawaii, by Demand-Side Management Program Category,
1996 through 2000
(Megawatts)

* North American Electric
Reliability Council Region

and Hawaii

Total Actual Direct Load Interruptible Energy Other Load Other Demand-
Peak Load Dirol Load Ency Managemend Side
Reduction I I Management

1996

ECAR .............................. 2,547 398 1,129 852 103 64
ERCOT ......................................................................... 2,002 27 91 1,571 309 4
FRCC ............................................................................ - - - - - -

MAAC .............................. 1 ..................................... 1,773 230 167 936 426 15
M AIN ....................................................................... .... 1,625 42 790 697 84 12
MAPP(U.S.) ..................... .... 3,106 1,205 853 797 235 15
NPCC(U.S.) .................................................................. 2,554 79 230 2,219 18 9
SERC ................... ...... 10,203 3,221 2,793 3,468 508 212
SPP ......................................................................... 924 165 387 176 182 13
WSCC(U.S.) ................................................................. 5,134 206 945 3,517 405 62
Contiguous U.S .......... . . . ... 29,869 S,573 7,387 14,233 2,270 405
ASCC ......................................................................... 7 3 3 2 0 0
Hawaii ......................................................................... 17 0 0 8 8 I
US. Total ............... . . . ... 29,893 s,575 7,390 14,243 2,278 407

See footnotes at end of table-

80 Energy Information Administration/Electric Power Annual 2000 Volume II



Table 39. U.S. Electric Utility Actual Peak Load Reductions by North American Electric
Reliability Council Region and Hawaii, by Demand-Side Management Program Category,
1996 Through 2000 (Continued)
(Megawatts)

North American Electric Total Actual Energy Lead
Reliability Council Region P tak Load Reduction Efficiency Management

and Hawaii

1997

ECAR ................................................................... 1,239 418 821
ERCOT ................................................................ 1,699 1,593 106
FRCC ................................................................... 3,439 1,909 1,531
M AAC ................................................................ 1,548 1,028 520
M AIN .................................................................. 1,390 377 1,013
M APP(U .S.) ......................................................... 2,502 902 1,600
NPCC(U.S.) ......................................................... 2,586 2,287 299
SERC ................................................................... 6,043 1,671 4,372
SiP ....................................................................... 709 215 493
WSCC(U.S.) ........................................ ............... 4,108 2,917 1,190
Contiguous US 25,263 13,318 11,945
ASCC ................................................................. 7 i 6
Hawaii .................................................................. 14 1,239 7
U.S. Total.- -. --- 25,2n4 13,326 11,958

Total Actual I Energy Load
Peak Load Reduction Efficiency Management

1998

ECAR ................................................................... 1,624 487 1,137
ERCOT ............................................................... 2,144 2,052 92
FRCC ................................................................... 3,983 2,109 1,874
M AAC ................................................................. 1,569 1,106 463
MAIN ..................... 2,890 1,373 1,517
MAPP(U.S.) ........................................................ 3,081 956 2,125
NPCC(U.S.) ........................................................ 2,270 1,977 293
SERC .................................................................. 4,329 1,123 3,205
Sip . .................................. .816 158 658
WSCC(U.S.) ...................................................... 4,477 2,34 2,244
Contiguous U.S. 27,184 13,576 13,608
ASCC .................................................................. 5 1 4
H aw aii .................................................................. 41 13 28
U S. Total-- -- - 27,231 13,591 13,640

Total Actual Energy Load
Peak Load Reduction Efficiency Management

1999

ECAR .................................................................. 1,716 550 1,166
ERCOT ............................................................... 1,931 1,795 136
FRCC ................................................................... 4,452 2,253 2 0
M AAC ............................................................... 1,518 1,105" 413
M AIN .................................................................. 3,274 1,849 1,424
M APP(U.S.) ........................................................ 3,354 1,017 2,336
NP C C(U.S.) .................................................... 1,063 973 90
SERC ......................... ...... ............................ 4,120 1,030 3,090
SPP .................................................................... 651 86 565
W SCC(U.S .) ...................................................... 4,342 2,784 1,557
Contiguous U .S. . ................................... 26,420 13,442 12,978
ASCC .......................................................... .. 5 2 4
Hawaii .............................................................. 29 8 21
U.S. Total ............... .......................... ............... 26,455 13,452 13,003

See ftotnotes at end of table.
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Table 39. U.S. Electric Utility Actual Peak Load Reductions by North American Electric
Reliability Council Region and Hawaii, by Demand-Side Management Program Category,
1996 Through 2000 (Continued)
(Megawatts)-,Continued

Total Actual Energy Load
Peak Load Reduction Effcency Management

2000

ECAR .................................................................. 1,054 493 561
ERCOT ............................................................... 1,992 1,896 96
FRCC ...................... 4,119 2,364 1,755
M AAC ................................................................. 1,533 1,127 406
M AIN .................................................................. 1,372 912 460
M APP(U.S.) ........................................................ 3,096 983 2,113
NPCC.U.S.) ......................................................... 1,114 967 146
SERC ................ 2,269 1,093 1,176
SI1 ................ 566 101 465
WSCC(U.S.) ........................................................ 5,750 2,926 2,824
Contiguous U.S ................................................. 22,864 12,863 10,002
ASCC ................................................................. 5 2 4
Hawaii .................................................................. 31 9 22
U.S. Total ................... 22,901 12,873 10,027

Notes: *Data are final. -In 1998 several utilities realigned from SPP to SERC. -On January 1, 1997, FRCC became the tenth NERC region,
separating from SERC. -Data for 1998 through 2000 are provided for electric utilities with sales to ultimate consumers or sales for resale greater than or
equal to 150 million kilowatthours, and for prior years greater than or equal to 120 million kilowatthours. 'These data reflect actual rea changes in the
demand for electricity at the time of annual peak load, as opposed to the installed peak load reduction capability (i.e., potential peak load reduction),
achieved by all program participants during the reporting year.

Source: Energy Information Administration, Form EIA-861, "Annual Electic Utility Report"

Table 40. U.S. Electric Utility Demand-Side Management Program Annual and Incremental Effects
by Program Category, 2000

Program Actual Peak Load Reductionsl Potential Peak Load Reductions
2  Energy Savings

r m(megawatts) (megawatts) (million kilowatthours)

Annual Effects
3

Large Uilities
4

Energy Efficiency
5 ................................. 12,873 12,873 52,827

Load Management
3 ............................... 10,027 28,495 875

US. Total ............................................... 22,901 41,369 53,701

Incremental Effects
6

Large UtiUties
4

Energy Efficiency
5 ............................. . .  720  7 20  3 ,28 4

Load Management
3 .............................. .  9 19  2,4 39  6 3

Total ................................................. 1,640 3,159 3,347
Small Utiities

7

Energy Efficiency5 ............................... 25 25 8
Load Management3 ....................... . .. . .. ..  137  190  9

Total ................................................. 162 215 17
U.S. Total........... 1,801 3,374 3,364

1 Represents the reduction in annual peak load achieved by consumers, at the time of annual peak load.
2 Represents the potential peak load reduction as a result of load management, and also includes the actual peak load reduction achieved by energy

efficiency programs.
3 Represents the total effects caused by all participants in demand-side management programs in effect during a given year. Included are new and

existing participants in existing programs (those implemented in prior years that are in place during the reporting year) and all participants in new programs
(those implemented during the reporting year).

4 Refers to electric utilities with sales to ultimate consumers or sales for resale greater than or equal to 150 million kilowatthours.
5 Includes programs aimed at reducing energy consumption over many hours during the year. These programs reduce load and if they coincide with

periods of peak usage they are included in the actual peak load reduction. However, these programs cannot be implemented specifically at the time of peak

uy'Represents the total effects caused by new participants in existing demand-side management programs and all participants in new programs during the
year. Incremental effects are annualized to indicate the program effects that would have resulted had participants been initiated into the program on January
I of the reportiag year.

7 Refers to electric utilities with sales to ultimate consumers and sales for resale less than 150 million kilowatthours.
Notes: -Data are final. -Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Report,"
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Table 41. U.S. Electric Utility Demand-Side Management Program Annual and Incremental
Effects by Sector, 2000

nActual Peak Load Reductonsl Potential Peak Load Reductions
2  Energy Savings

(megawatts) (megawatts) (mIinn Iilowatthours)

Annual Effects
3

Large Utilitle4
Residential ............................................. 9,446 12,970 16,288
Commerial ............................................ 6,987 9,114 25,660
Industrial .......... 6,141 18,775 9,160
Other ....................................................... 327 510 2,593
U.S. Total ................ .. 22,901 41,368 53,701

Incremental Effects
3

Large Utilities
4

Residential .............................................. 572 699 856
Commercial ............................................ 515 565 1,780
Industrial ................................................ 502 1,815 547
Other ................ 50 79 164

Total ............................................... 1,640 3,159 3,347
Small UtutieS

5

Residential ..... ............... 37 55 9
Commercial ............... 37 51 4
Industrial ................................................ 62 64 1
Other ........................................ .......... 26 44 3

Total ............................................... 162 215 17
U.S. Total .................................................. 1,801 3,374 3,365

1 Represents the reduction in annual peak load achieved by consumes, at the time of annual peak load.
2 Represents the potential peak load reduction as a result of load management, and also includes the actual peak load reduction achieved by energy

efficiency programs.
3 Represents the total effects caused by all participants in demand-side management programs in effect during 2000. Included are new and existing

participants in existing program (those implemented in prior years that were in place during 2000) and all participants in new programs (those implemented
during 2000).

4 Refers to electric utilities with sales to ultimate consumes or sales for resale greater than or equal to 150 million kilowatthours.
5 Refers to electric utilities with sales to ultimate consumers and sales for resale less than 150 million kilowatthors.
Notes: -Data are final. -Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Repor"

Table 42. U.S. Electric Utility Demand-Side Management Energy Savings by North American
Electric Reliability Council Region and Hawaii, 1996 Through 2000
(Million Kilowatthours)

North American Electric Historical Savings

ECAR ................. .................................................................................... 3,695 1,984 2.311 2,199 1,805
ERCOT .................................................................................................. 3,866 3,530 3,690 3,875 4,158
FRCC ...................................................................................................... -- 5,418 5,839 6,143 6,386
MAAC ................................................................................................ 3,620 4,003 4,531 4,780 5,492
M AIN .................................................................................................... 3,007 1,429 3,233 3,046 3,714
MAPP(U.S.)........................................................................................ 3,153 3,442 3,546 4,548 4,224
NPCC(U.S.) ............................................................................................ 10,022 9,125 6,928 4,131 4,920
SERC ...................................................................................................... 10,404 4,588 4,148 3,157 3,655
SPP ........................................................................................................ 358 253 240 198 330
WSCC(U.S.) ............................ . ................. . .......................................... 23,663 22,570 14,575 18374 18,897
Contiguous U.S. .................................................................................. 61,789 56,342 49,041 50,451 53,581
ASCC ............................ . . . . . . ...... 5 9 7 7 8
H awaii ..................................................................................................... 49 55 119 105 113
U.S. Total .............................................................................................. 61,842 56,406 49,167 50,563 53,701

Notes: -Data are final.-In 1998 several utilities realigned from SPP to SERC. -On January 1, 1997, FRCC became the tenth NERC region,
separating from SERC. -Totals may not equal sum of components because of independent rounding. -Data for 1998 through 2000 are provided for
electric utilities with sales to ultimate consumers or sales for resale greater than or equal to 150 million kilowatthours, and for prior years greater than or
equal to 120 million kilowatthoora.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Reposl"
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Table 43. U.S. Electric Utility Demand-Side Management Cost by North American Electric
Reliability Council Region and Hawaii, 1996 Through 2000
(Thousand Dollars)

North American Electric Existing
Reliability Council Region I 9 "M

and Hawaii 1996%1997 19981 999 j 2000

ECAR ........................................................................................................ 77,031 37,270 28,406 26h274 22,425
ERCOT ..................................................................................................... 54,120 41,839 30,158 28,022 26,428
FRCC ....................................................................................................... - 267,738 268,565 249,759 251,569
MAAC ...................................................................................................... 225,253 184,125 207.803 184,094 184,392
MAIN ....................................................................................................... 70,350 50,513 77,361 105,596 120,411
MAPP(U.S.) ............................................................................................... 156,688 125,804 129,462 120,772 99,331
NPCC(U.S.) .............................................................................................. 263,160 272,144 185,970 149,552 280,495
SERC ....................................................................................................... 551,038 245,385 175,585 158,993 155,545
SIP ........................................................................................................... 28,385 18,751 33,289 5,630 11,606
WSCC(U.S.) ............................................................................................ 471,759 384,197 273,095 385,854 401,444
Contiguous U.S ........................................................................................ 1,897,782 1,627,766 1,409,694 1,414,546 1,553,646
ASCC ....................................................................................................... 291 322 319 355 259
Hawaii ....................................................................................................... 4,124 7,932 10,907 8,743 10,996
Total Cost ............................................................................................... 1,902,197 1,636,020 1,420,920 1,423,644 1,564,901

1 Reflects the sum of the total incurred direct and indirect utility cost for the year. Utility cost reflect the total cash expenditures for the year, in nominal
dollars, that flows out to support demand-side management programs. Neoutility costs are excluded.

Notes: -Data are final. 'In 1998 several utilities realigned from SPP to SERC.. On Januasy 1, 1997, FRCC became the tenth NERC region,
separating from SERC. 'Totals may not equal sum of components because of independent rounding. 'These data refer to electric utility costs and
represent the total cash expenditures incurred during the year, in nominal dollars, that flows out to support demand-side management programs.

Source: Energy Information Administration, Form EIA-861, "Annual Electric Utility Repot"

Table 44. U.S. Electric Utility Demand-Side Management Direct and Indirect Cost,
1999 and 2000
(Thousand Dollars)

Program 1999 2000

Total Direct Cost ........................................................................................................ 1,250,689 1,384,232
Energy Efficiency ...................................................................................................... 820,108 938,666
Load Management ................................................................ . ................................. 430,581 445,566

Indirect Utility Cost
2 

........................................... . .. . .. . .. . . .. . .. . .. . . .. . .. . .. . .. . .. .. . . .. . .. . . .. . .. . .. . .  
172,955 180,669

Cost (thousand dollars) .............................................................................................. 1,423,644 1,564,901

1 Reflects electric utility cost inctired during the year that are identified with one of the demand-side program categories.
2 Reflects the sum of-the total incurred direct and indirect utlity cost for the year. Utility cost reflect the total cash expenditures for the year, in nominal

dollars, that flows out to support demand-side management programs.
Notes: -Data are final. 'Totals may not equal sum of components because of independent rounding. 'Data are provided for electric utilities with

sales to ultimate consumers or sales for resale greater than or equal to 150 million kilowatthosu.
Source: Ener Information Administration, Form EIA-861, "Annual Electric Utility Report."
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U.S. Nonutility Power Producers

This chapter provides an overview of U.S. nonutility
power producers, and their generating technologies,
together with statistical data on capacity, generation,
sales, consumption and emissions for 1996 through
2000. These data are aggregated at the U.S. Census
division level. Since nonutility data for 1995 through
1997 are confidential, the EIA implemented informa-
tion disclosure rules. (See "Nondisclosure of Data" in
Appendix A.)

In 1989, the Energy Information Administration (EIA)
began collecting nonutility electricity generation data
on the Form EIA-867, "Annual Nonutility Power Pro-
ducers Report" (renamed, Form EIA-860B, "Annual
Electric Generator Report - Nonutility" starting with
the 1998 collection). This survey enables the EIA to
supplement its data on electric utility production and
to fill the information gap on this growing source of
electric power. The initial survey was developed to
include capacity, fuel consumption, generation, and
deliveries of electricity to traditional utilities. Due to
the sensitivity of the data on costs and reliability
expressed by representatives of the nonutility power
producers, these data were excluded from the survey.

•' (See "Form EIA-860B" in Appendix A.)

Background

Early in the 20th century, more than half of all elec-
tricity produced in the United States came from indus-
trial firms. However, during the first half of the 20th
century, major changes occurred in the industry: econ-
omies of scale in generation, decreased rates, and
greatly improved reliability made electricity inexpen-
sive and demand soared. Most industrial plants shifted
away from generating their own power and opted to
purchase electricity from their local utilities. By 1950,
the electric utility industry was serving virtually all
electricity demand, except for a few industries that
generated small amounts for their own use. Electricity
was inexpensive, capacity growth appeared to be lim-
itless, and electric utilities were strictly regulated to
protect the consumers.

By the late 1970's changing economic conditions and
legislation made nonutility generation attractive again
for many industrial facilities and power project devel-
opers. During the 1970's, the electric utility industry
changed from one characterized by decreasing mar-
ginal costs to one of increasing costs. Inflation, theW energy crises, environmental concerns, and the rising
costs of nuclear power led to increased electricity
rates and reduced growth in capacity. The oil-price

shocks in the 1970's led to a dramatic rise in energy
prices, while high interest rates and stricter Federal
air quality regulations increased the cost of building
power plants. These factors led to a re-examination of
alternatives such as nonutility electric power.

Nonutility power producing facilities seeking to
establish interconnected operations with electric utili-
ties faced three major obstacles. First, utilities were
seldom willing either to purchase the electric power
output of nonutility producers or pay a fair rate for
that output. Second, some utilities charged high rates
for backup services to nonutility power producers.
Third, facilities that provided electricity to a utility
connected to the grid risked being considered a public
utility and subject to extensive State and Federal reg-
ulation.

Congress acted to relieve a nationwide energy crisis
by enacting the National Energy Act of 1978, which
encompassed the Public Utility Regulatory Policies
Act (PURPA) and four other laws: the National
Energy Conservation Policy Act, the Powerplant and
Industrial Fuel Use Act, the Natural Gas Policy Act,
and the Energy Tax Act. PURPA provided for
increased conservation of energy and increased effi-
ciency in the use of facilities and resources by electric
utilities. It called for State regulatory authorities to
encourage conservation and energy efficiency and to
provide for equitable rates. Some of the provisions of
PURPA were designed to encourage the development
of cogeneration and small power production by loos-
ening the economic, regulatory, and institutional bar-
riers that discouraged cogeneration and the use of
renewable energy resources.

PURPA makes a distinction between facilities that
qualify for benefits, referred to as qualifying facilities
(QFs), and other generating facilities. QF's include
cogenerators and small power producers.
Cogeneration is an energy efficient technology, while
small power production is defined in PURPA as a
technology that primarily uses renewable energy
sources. Other generating facilities include industrial
and commercial generators and independent power
producers without a designated franchised service
area. The. Federal Energy Regulatory Commission
(FERC) is responsible for the implementation of
PURPA and has established rules to encourage the
development of cogenerators and small power pro-
duction facilities. In addition, each State regulatory
authority is required to implement such rules for each
electric utility .under its rate-making authority. The
rules for the FERC program that define QF's are pub-
lished in the Code of Federal Regulations, Title 18,
Part 292.
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Under FERC rules, cogeneration and small power pro-
duction facilities may be designated as QF's if they
meet specific ownership,1 4 operating, and efficiency( criteria. A facility may file an information report,
known as a "self qualifying notice," with the FERC if
it meets the requirements of FERC published rules, or
it may apply to the FERC for certification as a QF
under PURPA. QF's are guaranteed that electric utili-
ties will purchase their output at the utilities' avoided
cost, which is the incremental cost that an electric
utility would incur to produce or purchase an amount
of power equivalent to that purchased from QF's.
Additionally, QF's are guaranteed that electric utilities
will provide back up service at prevailing (non
discriminatory) rates.

PURPA became a catalyst for competition in the elec-
tricity supply industry because it opened generation
markets to facilities that met certain ownership, oper-
ating, and efficiency criteria, established by the
FERC. Utilities initially did not welcome this compe-
tition, but some utilities soon discovered that buying
generation from a QF has certain advantages over
adding to their own capacity, especially because of
the increasing uncertainty of recovering capital costs.

Nonutilities are not subject to 'rate base' as the basis
of the price setting process and, therefore, the eco-
nomic regulation regarding recovery of the invest-
ments of nonutilities is generally established on a
different basis from that of a regulated public utility
that is subject to 'avoided cost' based pricing, pricing
that is a direct result of negotiations between the
parties, 'market-based' pricing and others. As a result

*/ of this exception, a shorter lead time exists for the
types of contracts signed by the nonutilities with their
contractors (turnkey and other incentive based con-
struction contracts). This type of contract had not
been the historical practice of the utility industry, but
under current conditions, clearly utilities and nonutili-
ties alike will avail themselves of whatever provisions
will allow the shortest lead time and lowest cost. The
utility and nonutility are both looking at the need for
and timing of new capacity in very similar ways. The
NERC Reliability Assessment 1996-2005 states that
in the later years of the ten-year assessment period, a
number of Regions and subregions are no longer
reporting generation capacity additions needed to
satisfy regional criteria, although they do recognize
such needs. However, it does signal an increased reli-
ance on short lead-time resources that allow commit-
ments to be delayed until required and reflects a shift
toward a market-driven supply where customers
choose the quantity and level of supply appropriate
for their purposes.

The growth of nonutilities was further advanced by
the Energy Policy Act of 1992 (EPACT). EPACT
expanded the nonutility markets by creating a new
category of power producers called exempt wholesale
generators (EWG), which are exempt from the corpo-
rate and geographic restrictions imposed by the Public

Utility Holding Company Act of 1935 (PUHCA)."5

EWG's are defined as businesses that own and/or
operate a facility exclusively for the generation of
electric energy for sale at wholesale. Exempting
EWG's from PUHCA regulation removed obstacles to
wholesale power competition by allowing utilities and
nonutilities to form EWG's without triggering the
restrictions of PUHCA. EWG's differ from QF's in
several ways. They are not required to meet PURPA's
cogeneration or renewable fuels limitations, utilities
are not required to purchase their power, and they
may charge market-based rates.

While the passage of PURPA opened generation
markets to nonutility power producers of electricity,
EPACT expanded the wholesale generation markets
by opening access to the transmission system. In
1996, the FERC issued rules for implementing open
access to the transmission network. Marketing of
EWG wholesale power is being facilitated by trans-
mission provisions that gave FERC the authority to
order utilities to provide access to their transmission
systems at nondiscriminatory rates.

With increasing competition in the electric power
industry, PURPA in under review for repeal or mod-
ification. Several bills were introduced in Congress in
1996 and 1997 that would either repeal or amend
PURPA. Proponents of repeal or reform contend that
its QF power purchase mandate is anticompetitive and
costly, and its environmental and fuel diversification
goals will be maintained by the workings of a free
market. Opponents of PURPA's repeal maintain the
mandate is a necessary check against utility monopoly
power.

Nonutility Classifications

Cogeneration. The major technology used in nonu-
tility generation is known as cogeneration.
Cogeneration is the combined production of electric
power and another form of useful energy (such as heat
or steam) through the use of one energy source. The
process can begin either with heat or steam production
or with electricity generation. The unused energy
from the first process is used as input to the second
process. The primary energy source is generally a
fossil fuel (coal, petroleum, or natural gas), although
renewables are also used, particularly wood and
waste. To receive QF status under PURPA from
FERC, a cogenerating facility must meet the operating
criteria by producing electric energy and "another
form of useful thermal energy through the sequential
use of energy." In addition, depending on the tech-
nology of the cogeneration facility, it must meet spe-
cific efficiency criteria.

Cogeneration uses a number of technologies to
produce electric power and another form of useful
energy. The technology selected depends on the
requirement for processed steam. Cogenerating tech-

14 FERC rules require that QF's be less than 50 percent owned by electric utilities.
I5 PUCHA was designed to discourage holding companies from structuring their operations in ways that would prevent effective State

regulation.
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nologies are classified as "topping-cycle" and
"bottoming-cycle" systems, depending on whether
electrical or thermal energy is produced first. In a
typical topping-cycle system (Figure 14), the energyQ,•. input to the system is first transformed into electricity
by using high-temperature, high-pressure steam from
a boiler to drive a turbine to generate electricity. The
waste heat, or the lower pressure steam exhausting
from the turbine, is used as a source of processed
heat. Topping-cycle systems are the most common
and are used in commercial, rural, and industrial
applications. The two configurations in Figure 10 rep-
resent most topping-cycle facilities.

In a bottoming-cycle system (Figure 11), high-
temperature thermal energy is produced first for appli-
cations such as reheat furnaces, glass kilns, or
aluminum metal furnaces. Heat is extracted from the
hot exhaust stream and transferred (through one or
more mediums) to drive a turbine. Bottoming-cycle
systems are generally used by industrial processes that
require very high temperature heat, thus making it
economical to recover the waste heat.

Fossil-fueled steam turbine systems are used in most
industrial cogenerating processes, while gas-turbine
systems are used in most processes. Gas-turbine
systems use combustion gases to drive a turbine to
produce electricity and recover heat from the exhaust
gases for waste-heat boilers. Compared with gas
turbine systems, diesel engine systems are limited in
application since they provide less useable processed
heat per unit of electric power output. In a diesel
system, the engine is cooled with water. The heated

•, water is then used for processed steam, heat, or hot
water applications. Exhaust gases can be used in a
similar manner. Diesel systems are attractive to small
cogenerating applications that need an instantaneous
supply of electricity where the electric power require-
ment is generally greater than the heat requirement.
With diesel systems, unlike some technologies, boiler
warmup time is not necessary.

Small Power Production. To be designated as a
small power producer under the 1978 PURPA regu-
lations, a facility was limited to a capacity no greater
than 80 megawatts and had to generate electricity
using renewable energy as a primary source. In 1990,
for specific energy sources (biomass (waste), solar,
geothermal, and wind), the size restriction to qualify
as a small power producer was removed. Fossil fuels
can be used, but 75 percent or more of total energy
consumption must be derived from renewable
resources. The aggregate of fossil fuel usage cannot
exceed 25 percent of total energy input during any
calendar year. Reliance on these technologies can
reduce the need to consume fossil fuels to generate
electric power.

Renewable energy includes solar, wind, biomass,
geothermal, and water (hydraulic). Solar thermal tech-
nology converts solar energy through high concen-
tration and heat absorption into electricity or process
energy and is mainly used in the Pacific Contiguous

SCensus Division. Wind generators produce mechan-
ical energy directly through shaft power. Windmills
rotating parallel or perpendicular to the ground are the

most common harnesses used in wind technology and
are mainly concentrated in the Pacific Contiguous and
West South Central Census Divisions. Biomass energy
is derived from a variety of sources. The biomass
resource base potentially includes hundreds of plant
species, various agricultural and industrial residues
and processing wastes, municipal solid waste and
sewage, and animal wastes. Industrial wood and wood
waste is the form of biomass energy most commonly
used by nonutilities. When economic to do so, the
industries that produce paper, wood, and agricultural
products are increasing their use of biomass to
improve efficiency of their operations and to con-
tribute to their on-site energy requirements. These
industries are indigenous to the South Atlantic and
Pacific Contiguous Census Divisions. Geothermal
technologies convert heat naturally present in the
earth into energy and electricity by tapping into high-
and low-temperature fluids and by extracting steam.
Hydropower is derived by converting the potential
energy of water to electrical energy using a hydraulic
turbine connected to a generator. Hydropower and
geothermal technologies are mainly concentrated in
the Pacific Contiguous Census Division.

Other Nonutility Generators. In addition to facili-
ties that are classified as qualifying cogenerators and
small power producers, other nonutility companies
produce electric power for their own use and for sale
to electric utilities. They include independent power
producers (IPP's), nonqualifying cogenerators, and
other commercial and industrial establishments. These
nonutility companies are built mainly to supply and
sell power to electric utilities. They do not qualify
under PURPA because of the ownership, operating, or
efficiency criteria established by FERC. IPP's are
defined by FERC as producers of electric power other
than QF's that are unaffiliated with franchised utilities
in the IPP's market area and that for other reasons
lack significant market power. IPP's may lack market
power due to restrictions imposed by their site or
transmission access.

Nonutility Operations

Business Classification. The nonutility power
producing industry operates in various sectors of the
U.S. economy and is classified according to the
Standard Industrial Classification (SIC) Manual of the
Office of Management and Budget. In 1997, the SIC
Manual name was changed to North American
Industry Classification System (NAICS). The main
classifications are:

Agriculture, Forestry, and Fishing
Mining
Construction
Manufacturing
Transportation and Public Utilities
Wholesale and Retail Trade
Finance, Insurance, and Real Estate
Services
Public Administration
Other.
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A list of the categories of primary business activity
within each classification is contained in Appendix A.

The nonutility power producing industry includes(business entities that transform materials or sub-
stances into new products using mechanical or chem-
ical processes. In some processes, the energy is
transformed into steam for generating both electricity
and another useful thermal output. This thermal
output can be used directly in a manufacturing process
such as paper production and indirectly for heating
buildings or by other end users. The manufacturing
sector uses the most energy (i.e. is the most energy
intensive) because it creates new products using
mechanical or chemical processes. It is therefore more
cost-effective to produce one's own energy in this
sector than in sectors that only require energy for
space conditioning and lighting, such as the nonmanu-
facturing sectors.

Energy Sources. Most nonutility power producers
use fossil fuels in their production processes. Many of
them are able to switch from one fossil fuel to another
when fuel supply is interrupted or when there is a
price advantage in switching to another fuel. For
example, they may switch from gas to oil in winter
when their gas supplies are diverted to residential use,
or from oil to coal when oil prices rise. Other nonu-
tility power producers use various renewable energy
sources. Increasingly, many facilities are able to
switch from fossil fuels to renewable fuels. Many
nonutility power producers use combustors that are
able to burn two or more different fuels simultane-
ously, in varying combinations, to generate the
desired heat output. Other nonutility power producersycan only burn one fuel at a time, but their combustors
can be converted to bum different fuels. Finally,
many producers have multiple combustors that use
different fuels to supply heat or power. Thus, the
adaptability of nonutility power producers to using
multiple fuel sources depends primarily on the type of
generating equipment available and economic condi-
tions. A nonutility power producer with many options
for fuel choice has an economic advantage over a pro-
ducer tied to only one fuel source.

Data Sources

Summary statistics on nonutility capacity, generation,
sales, consumption, and emissions in the United
States are provided in the following tables. Data for
1996 through 2000 are final. These data were obtained
from the Form EIA-860B, "Annual Electric Generator
Report - Nonutility" (prior Form EIA-867, "Annual
Nonutility Power Producer Report.") The Form

EIA-860B is a mandatory survey of all existing and
planned nonutility electric generating facilities in the
United States with a total generator nameplate
capacity of 1 or more megawatts. In 1992, the
reporting threshold of the Form EIA-867 was lowered
from 5 megawatts to 1 megawatt to include all facili-
ties with a combined nameplate capacity of I or more
megawatts. Previously, data were collected from facil-
ities with a nameplate capacity between 1 and 5 mega-
watts every 3 years. Planned generators are defined as
a proposal by a company to install electric generating
equipment at an existing or planned facility. The pro-
posal is based on the owner having obtained (1) all
environmental and regulatory approvals, (2) a signed
contract for the electric energy, or (3) financial
closure of the facility. Nonutilities generally install
small, turn-key packaged generating facilities with
minimal regulatory requirements which result in con-
siderably less lead time to finance and build, as com-
pared to traditional electric utility facilities.

Some nonutility power producers of 1 or more mega-
watts use only fossil fuels; some use only renewable
energy; and some use a combination of both fossil
fuels and renewable energy sources. Although the
majority of nonutility power producers generate elec-
tric power using fossil energy, those using renewable
energy represent a large portion of capacity. Because
of the consumption of multiple energy sources by
some generating units, capacity and generation were

* allocated by energy source. The algorithms used to
allocate installed capacity and generation by energy
source are discussed in the Technical Notes
(Appendix A).

The other energy sources in Tables 45, 47, 48, 51, and
52 include hydrogen, sulfur, batteries, chemicals, and
purchased steam.

The number of facilities shown for 2000 includes
operational facilities in 1999 and new facilities or
planned facilities that became operational during that
year.

The total capacity for 1998 through 2000 (Table 45)
includes all operable generating units including units
not normally used but on standby with little or no
generation, and units out of service for the entire
reporting year that are expected to be returned to
service in the future. Units on standby, test,
maintenance/repairs, out of service, and indefinite
shutdown represented 43 percent of the total nonu-
tility generating capacity in 2000.
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Figure 10. Two Topping-Cycle Plant Configurations
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to
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1. A boiler produces steam to power a
turbine-generator to produce electricity.
The turbine steam leaving the turbine Is
used in thermal applications such as space
heating or food preparation.

2. A combustion turbine or diesel engine burns fuel
to spin a shaft connected to a generator to
produce electricity. Waste heat from the burning
fuel is recaptured in a waste-heat recovezy boiler
and is used for direct heating or Is used to
produce steam for thermal applications.

Source: Federal Energy Regulatory Commission, Cogeneration, 1985.
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Figure 11. Bottoming-Cycle Plant Configuration

Fuel

Hot Exhaust
Gases

A furnace Is used in a smelting or forming
process. A waste-heat recovery boiler recaptures
the unused energy and uses It to produce steam to
drive a steam turbine generator to produce
electricity.

Source: Federal Energy Regulatory Commission, Cogeneration, 1985.
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Table 45. Summary Statistics for U.S. Nonutility Generating Facilities, 1998 Through 2000

temn 199 SR 2000

Installed Capacity (megawatts)l 
9 8, 2 13  160, 52 5  2 28, 59 4

Coal
2 . . . . . . . . .

... 17,217 40,580 59,196
Petroleum Only ................................. 2,472 4,161 1!,015
Natural Gas

5 ...................................... 39,795 47,516 73,186
Other Gas

3 ........................................ 1,560  1, 8 13  1,7 23

Dual Fired4 ...................................... 18.171 41,190 47,534
Hydroelectric Pumped Storage .......... - 600 1,453
Hydroelectric (conventional) ............. 4,340 5,403 5,761.
Geothermal ......................................... 1,424 2,719 2,683
Solar .................................................... 864 963 410
W ind .................................................. 1,711 2,222 2,323
Biomass6 ..........

.. . .. . .. . .. . .. . .. . .. . .. . . .. . .. . .. .  
10,545 10,510 10,144

Nuclear ............................................... - 2,527 12,622
Other7 ................................................ 114 322 545

Gross Generation (million
kilowatthouts) .................................. 422,985 544,561 828,325
Coal2 ................................................... 70,014 121,072 287,141
Petroleum 4 

........
. . .. . .. .. . . .. .. . . .. . .. . . .. . .. . .. .  

19,519 33,087 41,249
Natural Gas5 ............... ..... 227,719 268,237 323,143
Other G=a3 ....................................... 13,893 14,632 14,620
Hydroelectric Pumped Storage .......... -. -. 1,655
Hydroelectric (conventional) ..................... 14,713 20,147 22,644
Geothermal ........................................ 9,932 13.638 14,461
Solar .............................. 529 518 526
Wind ................................................ 3,053 4,510 5,621
Biomass6 ..........

.. . .. . .. . .. . . .. .. . .. . .. . . .. . . .. . ..  
59,894 61,211 62,288

Nuclear ............................................... - 3,318 49,959
Other

7 
............

. .. .. . .. . .. . .. . . .. .. . .. . .. . . .. . .. . . ..  
3,718 4,191 5,017

Consumption
8

Coal (thousand short tons) ...................... 56,850 76,063 156,066
Petroleum (thousand barrels)

9 . . . . . . . . .. . . . . . . . . . .  
78,858 85,016 93,474"

Natural Gas (million cubic feet) ........ .2,666,430 3,191,523 3,633,650
Other Gas (million cubic feet)

3 . . . . . . . . . .
873,107 1,473,207 1,666,166

Supply and Disposition (million
kilowatthours)
Gross Generation ............................. 422,985 544,561 828,325
ReceiptslO .... ... . . ...... 90,675 90,395 95,158
Sales to Utilitiesl I ... . . .. . .. . .. . .. . .. . .. . .. . . ..  

249,496 342,138 607,130
Sales to Other End Users

1
2 ...................... 25,777 41,422 53,059

Facility Use ....................................... 236,775 251,413 263,302

1 There is a discontinuity in capacity estimates between 1999 and earlier years due to a change in reporting practices. In 1999 for the first time respond-
ents self identified the facility's primary energy source resulting in a reclassification compared to earlier years in some cases.

2 Includes coal, anthracite calin, bituminous gob, coke breeze, fine coal, liqnite waste, tar coal, and waste coal
3 Includes butane, propane, and other gas.
4 Includes petroleum, petroleum coke, diesel, kerosene, light oil, liquid butane, liquid propane, oil waste, sludge oil, and tar oil
5 Includes natural gas and waste heat.
6 Includes black liquor, peat, railroad ties, red liquor, sludge wood, spent sulfite liquor, utility poles, and wood/wood waste, agricultural byproducts, digester

gas, fish oil, liquid acetonitrile waste, landfill gas, medical waste, methane, municipal solid waste, paper pellets, sludge waste, solid byproducts, straw, tires,
tall oil, and waste alcohol

7 Includes batteries, chenicals, hydrogen, pitch, purchased steam, and sulfur.
8 Includes all combustible fuels burned at generating facilities (not just for the production of electricity).
9 Includes petroleum coke consumption of 4,427 thousand short tons for 1998, 2,915 thousand short tons for 1999, and 3,537 thousand short tons for

2000.
10 Includes purchases, interchanges, and exchanges of electric energy with utilities and other nonutilities.
11 Includes sales, interchanges, and exchanges of electric energy with utilities.
12 Includes tales, interchanges, and exchanges of electric energy with other nonutilities. The disparity in this data and data reported on other EIA surveys

occurs due to differences in the respondent universe. The Form EIA-860B (prior, Form EIA-867) is filed by nonutilities reporting the energy delivered, while
other data sources ae filed by electric utilities reporting energy received. Differences in terminology and accounting procedures attribute to she disparity.

R = Revised data.
Notes: - The installed capacity is determined by the primary energy source even if multiple energy sources are indicated by the respondent -All data

are for I megawatt and greater. -Data are final. -Totals may not equal sum of components because of independent rounding. 'Percent change is calculated
before rounding. 'See the Technical Notes for the methodology for allocating capacity and generation by energy sources, respectively.

Sources: Energy Information Administration, Form EIA-S6OB, "Annual Electric Generator Report - Nonutility".
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Table 46. Installed Capacity at U.S. Nonutility Generating Facilities by Fossil Fuels, Renewable
Energy Source, and Census Division, 1998 Through 2000
(Megawatts)

Census Division Fossil Fuelsl Renewables/ Both Fossil Fuels and
Other/ Nuclear

2  
Renewables/ Other/ Nuclear

New England ................................. 8,304 3,102 434
Middle Atlantic .............................. 10,726 854 1,226
East North Central ......................... 6,659 822 910
West North Central ....................... 1,199 250 237
South Atlantic ............................... 8,631 4,120 899
East South Central ........................ 2,705 238 1,430
West South Central ......................... 12,869 993 1,943
Mountain ...... ................ 2,032 563 291
Pacific ..... ... ......... 20,981 5,244 489
US. Total ....................................... 74,347 17,705 6,160

1999R

New England ............................... 14,882 4,319 307
Middle Atlantic .............................. 31,355 3,027 718
East North Central .......................... 20,491 1,762 3,423
West North Central ......................... 1,227 719 126
South Atlantic ............................... 9.224 4,285 907
East South Central ......................... 4,422 1,216 433
West South Central ......................... 14,028 1,769 2,073
Mountain ....................................... 5,252 1,287 5
Pacific. 26,077 6,790 399
US. Total...126,960 25,173 8,392

2000

New England ............................... 17,869 5,330 196
Middle Atlantic ......................... 51,556 11,531 952
East North Central ....... ..... 29,323 1,871 600
West North Central ......................... 1,252 736 118
South Atlantic ................................ 22,881 5,831 1,171Q East South Central .......................... 5,746 1.011 710

,/West South Central. ....................... 22,214 1,321 4,327
Mountain ........................................ 5,521 1,387 210
Pacific. .......... 25,758 6,882 2,289
U.S. Total . 182,121 35,900 10,573

1 Includes petroleum, natural gas, coke breeze, fine coal and/or coal as energy sources.
2 Includes hydroelectric, geothermal, solar, wind, wood/wood waste, agriculture byproducts, black liquor, digester gas, fish oil, landfill gas, liquid

acetonitrile waste, medical waste, methane, municipal solid waste, paper pellets, peat, purchased gas, railroad ties, red liquor, sludge waste, solid byprod-
ucts, sludge wood, straw, tires, tall oil, utility poles, waste alcohol, other (batteries, chemicals, hydrogen, peat, purchased steam and sulfur), and/or nu-
clear as energy sources.

R = Revised data.
Notes: -All data are for 1 megawatt and greater. -Data are final. -See Technical Notes for a description of allocating capacity. -Total may not

equal sum of components because of independent rounding.
Sources: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Table 47. Installed Capacity at U.S. Nonutility Generating Facilities by Energy Source and Census
Division, 1998 Through 2000

(Megawatts)

CessIllinCa 1  
Natural Gas/ Petroleum3  

Hydroelectric/ od Wse6 Ohe!/ula oaCensus Division Coall Other Gas
2  

only / and Geothermal! Wood5 /Waste
6  

Other
7 

jNoclear Total

Dual Fired4  
Solar / Wind

1998R

New England ............ 2,257 1,271 5,085 1,666 1,559 3 11,841
Middle Atlantic .................................. 2,561 4,334 4,472 477 958 22 12,824
East North Central............................. 3.661 3,142 765 104 711 8 8,390
West North Central ............................ 794 110 423 202 187 - 1,715
South Atlantic .................................. 3,656 2,436 3,187 1,019 3,353 - 13,650
East South Central ....... ... 2,463 492 146 212 1,063 - 4,376
West South Central ............................ 829 12,021 1,569 251 1,053 82 15,805
Mountain ........................................... 255 1,491 421 581 150 - 2,899
Pacific ............................................... 740 16,058 4,576 3,828 1,512 - 26,713
U.S. Total . ............................ .... 17,217 41,355 20,643 8,339 10,545 114 98,213

1999R

New England ..................................... 2,883 1,048 11,258 2.070 1,576 673 19,508
Middle Atlantic .................................. 13,070 3,959 15.045 1,170 963 894 35,101
East North Central ............................. 13,410 9,214 1,291 101 669 992 25,676
West North Central ........................... 818 105 430 532 188 - 2,073
South Atlantic ................................... 3,835 1,068 5,223 1,052 3,239 - 14,417
East South Central ............................ 2,397 2,226 145 212 1,091 - 6,070
West South Central ............................ 829 13,619 1,652 390 1,089 290 17,870
Mountain ............................................ 2,593 2,110 554 1,135 152 - 6,543
Pacific ................................................. 745 15,979 9,752 5,245 1,545 - 33,267
US. Total .......................................... 40,580 49,328 45,351 11,907 10,510 2,849 160,525

2000

New England ...................... 2,256 4,218 11,591 3,092 1,568 670 23,395
Middtle Atlantic .................................. 22,171 7,076 23,260 1,338 1,037 9,156 64,039
East North Central ............................. 14,268 9,992 5,663 101 785 985 31,795
West North Central ........................... 831 209 330 536 200 - 2,106
South Atlantic .................................... 9,539 3,422 11,091 649 2,926 2,256 29,883
East South Central ............ 2,556 3,786 114 172 800 40 7,467
West South Central ............................ 2,732 21,690 2,078 368 965 29 27,862
Mountain ............................................ 2,614 2,454 664 1,192 168 27 7,118
Pacific ................................................. 2,229 22,061 3,758 5,182 1,696 4 34,929
U.S. Total ......................................... 59,196 74,908 58,550 12,629 10,144 13,167 228,594

1 Includes coal, anthracite ulem, bituminous gob, coke breeze, fine coal, lignite waste, tar coal, and waste coal.
2 Includes natural Mat, waste heat, butane, other gas, and propane.
3 Includes petroleum, petroleum coke, diesel, light oil, kerosene, liquid butane, oil waste, sludge oil, liquid propane, and ter oiL
4 Includes petroleum and natural gas used as a fuel combination.
5 Includes black liquor, peat, railroad ties, red liquor, sludge wood, spent sulfite liquor, utility poles, and wood/wood waste.
6 Includes agricultural byproducts, digester gas, fish oil, landfill gas, municipal solid waste, sludge waste, straw, tires, waste alcohol, solids, tall oil.
7 Includes batteries, chemicals, hydrogen, pest, sulfur, purchased steam, and other.

R . Revised data.
Notes: * The installed capacity is determined by the primasy energy source even if multiple energy sources are indicated by the respondent. -All data

are for 1 megawatt and greater. -Data are final. -Totals may not equal sum of components because of independent rounding
Sources: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Noantility".
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Table 48. Installed Capacity at U.S. Nonutility Generating Facilities by Energy Source and
State, 2000
(Megawatts)

Coal
1  Natural Gast

State Other Gas
2

Alabama . ... ..............
Alaska ..............................................
Arizona ........................
Arkansas .........................................
California ........................................
Colorado ......................... .............
Connecticut ....................................
Delaware ..........................................
District of Columbia .......................
Florida . ... ..............
Georgia ............................................
Hawaii ........................................
Idaho ................................................
Illinois ..............................................
Indiana .............................................
Iowa .................................................
Kansas ............................................
Kentucky .........................................
Louisiana .........................................
M aine ...............................................
M aryland .........................................
M assachusetts .................................
M ichigan ..........................................
M innesota ........................................
M ississippi .....................................
M issouri ....................... * ..................
M ontana ...........................................
Nebraska .........................................
Nevada . .................
New Ham pshire ..............................
New Jersey .....................................
New M exico ...................................
New York .........................
North Carolina ....
North Dakota ............................
Ohio . ................

Oklahom a .......................................
Oregon .............................................
Pennsylvania .............................
Rhode Island ...................................
South Carolina ...............................
South Dakota ......... ........
Tennessee . ................
Texas .................. ...........
Utah .................................................
Vermont ...........................................
Virginia. .......... ........... ..................

W ashington. ....................................
W est Virginia .................................
W isconsin .................... ...... ............

W yoming .....................................
U.S. Total . ........ ...........

117
90
71

436
35

588
282

740
279
228
19

11.597
708
319

2,048
1.903

102
5,109
1,566

353
382

100
2.351

8

1,823

3,515
990

21
1,142

464
14

16,834

109

391
365
108

1,702
1,462

328
467

30
59,196

658
158
70

9
20,740

1,190
840
420

856
700

9
27

3,438
2,757

48
27

4,501
1,189

698
1,377
2,513

147
1,965

6

2
1,014

5
2,057

90
4,322

20
8

1,139
282
719
697
807
118

1,136
16,898

4

488
435
123
144
59

74,908

Petroleum3

only / and
Dual Fired

4

5
104
47
40

3,084
35

2.725
875
868

1,490
1.769

385

4,393
282

83
4

99
637

1,808
2,766
6,465

36
231

6
7

65
5

210
40

8,823
301

10,518
1,079

154
10
6

3,919
553
597

5
1,393

2

1,648
179

798
4

58"50

HydroelectrilW
Geothermal/ Wood

5 
jWaste 6  

Other
7 

/Nuclear Total
Solar / Wind I

1
4,882

32
140

12
68

264
21

198
3

192
720

19
1,659

28
335

588

214
382

13

1,050
375

126
275

3
27

172
175

4
187
21

105
196
52
9D

12,629

493

368
1,099

20
262

1,213
520
155
133
138

33
10

4
322
733
138
378
499
176
279

11
4

154
215

2
410
202
10
20
80

190
412

15
247

24
195

2
26

606
252

96

10,144

- 1,273
- 352
- 187
- 418

4 30,244
- 1,312
- 4,556
- 1,577
-- 868
387 4,686

- 3,280
- 844

16 460
985 20,573

- 3,780
- 611
-- 54
-- 2,178

22 7,577
- 4,552
1,829 10,558

670 12,114
- 3,430
- 1,272
- 2,250
- 113
- 3,014
- 18
- 1,438
- 582
4,151 17,082
- 393
1,780 21,595

40 2,706
- 39
- 2,456
- 835
- 1,054
3,226 25,362
- 1,378
-- 1,098

40 1,766
7 19,031

- 120
- 213
- 4,465
- 2,434
- 646
- 1,556

12 194
13,167 228,94

1 Includes coal, anthracite culm, bituminous gob, coke breeze, fine coal, lignite waste, tar coal, and waste coal.
2 Includes natural gas, waste heat, butane, other gas, and propane.
3 Includes petroleum, petroleum coke, diesel, light oil, kerosene, liquid butane, oil waste, dudge oil, liquid propane, and tar oiL
4 Includes petroleum and natural gas used as a fWel combination.
5 Includes black liquor, peat, railroad ties, red liquor, sludge wood, spent sulfite liquor, utility poles, and wood/wood waste.
6 Includes agricultural byproducts, digester gas, fish oil, landfill gas, municipal solid waste, sludge waste, straw, tires, waste alcohol, solids, tall oil.
7 Includes batteries, chemicals, hydrogen, peat, sulfur, purchased steam, and other.

R = Revised data.
Notes: * The installed capacity is determined by the primary energy source even if multiple energy sources are indicated by the respondent .All data

are for I megawatt and greater. -Data are final. 'Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Table 49. Installed Capacity at U.S. Nonutility Generating Facilities by Qualifying Facility Status
and Census Division, 1998 Through 2000
(Megawatts)

QF Capacity Non-QF Capacity Total Capacity

Census Division No. of Capacity No. of Capacity No. or Capacity

Facilities (megawatts) Facilities (megawatts) Facilities (megawatts)

199e
New England ............................................. 18 2945 206 8,896 224 11,841
Middle Atlantic .......................................... 51 7,531 245 5,293 296 12,824
East North Central ..................................... 11 780 227 7,610 238 8,390
West North Central ................................. .1 287 85 1,428 86 1,715
South Atlantic .......................................... 14 3,118 261 10,533 275 13,650
East South Central ..................................... 1 12 64 4,364 65 4,376
West South Central ................................... 35 8,883 141 6,922 176 15,805
Mountain .................................................... 14 1,126 112 1,773 126 2,899
Pacific ........................................................ 49 4,605 477 22,108 526 26,713
U.S Total .................................................. 194 29,287 1,818 68,926 2,012 98,213

New England ............................................. 18 3,125 263 16,383 281 19,508
Middle Atlantic .......................................... 51 7,522 347 27,579 398 35,101
East North Central ................................... 9 739 249 24,937 258 25,676
West North Central .................................. 1 287 90 1,786 91 2,073
South Atlantic ......................................... 14 3,118 261 11,299 275 14,417
East South Central ................................... 1 12 67 6,058 68 6,070
West South Central .................................. 41 10.381 142 7,489 183 17,870
Mountain ................................................... 16 1,809 126 4,735 142 6,543
Pacific .......... . . . .... 48 5,818 480 27,449 528 33,267
U.S. Total ................................................. 199 32,811 2,025 127,714 2,224 160,525

2000

New England ........................................ 21 4,631 280 18,764 301 23,395
Middle Atlantic ........................................ 51 10,840 396 53,199 447 64,039
East North Central ..................................... 10 789 279 31,006 289 31,795
West North Central ................................... 3 316 92 1,790 95 2,106
South Atlantic . . . . .... 15 3,446 286 26,438 301 29,883
East South Central ..................................... 4 1,134 67 6,334 71 7,467
West South Central .................................... 48 17,478 149 10,383 197 27,862
Mountain ................................................... 15 1,792 135 5,326 150 7,118
Pacific ....................................................... 47 5,387 480 29,542 527 34,929
US. Total ............................................... 214 45,813 2,164 182,781 2,378 228,594

QF = Nouutility generating facilities that have obtained status as qualifying facilities under the Public Utility Regulatory Policies Act of 1978 (qualifying
cogen, qualifying small power producers, and exempt wholesale generators).

Non-QF = Cogenerators and other nonutility generators that have not obtained qualifying status.
Notes: o The installed capacity Is determined by the primary energy source even if multiple energy sources are indicated by the respondent -All data

ae for I megawatt and greater. -Data are final. -'The number of facilities shown includes operational, new, and planned facilities. -Totals may not equal sum
of components because of independent rounding.

Sources: Energy Information Administration, Form EIA-860B "Asnual Electric Generator Report - Nonutility".
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Table 50. Installed Capacity at U.S. Nonutility Generating Facilities Attributed to Major Industry
Group and Census Division, 1998 through 2000
(Megawatts)

Transportation Public Other
Census Division Manufacturing and Services Mining Industry Total

Public Utilities Administration Groups

199SR

New England ......................................... 2,635 5,072 142 - - 3,992 11,841
Middle Atlantic ...................................... 9,411 2,200 569 205 222 218 12,824
East North Central ................................ . 5.033 2,604 677 - 58 18 8,390
West North Central ................................ 1,109 217 172 203 - 15 1,715
South Atlantic ........................................ 9,329 3,604 169 6 63 480 13,650
East South Central .................................. 2149 2,176 14 26 11 - 4,376
West South Central .......... .. 14,567 959 197 68 - 14 15,805
Mountain ................................................. 943 952 134 241 9 620 2,899
Pacific .................................................... 6,047 6,573 431 2,526 494 10,643 26,713
U.S. Total .............................................. 51,223 24,356 2,504 3,275 856 1 ",999 98,213

1999R

New England . ...... 2.746 7,754 143 - - 8,865 19,508
Middle Atlantic ...................................... 9,389 20,079 562 207 220 4.644 35,101
East North Central ................................. 5,392 18,313 669 - 6 1,296 25.676
West North Central ............................... 1,136 524 172 203 - 38 2,073
South Atlantic ........................................ 8,958 4,123 172 6 63 1,095 14,417
East South Central ................................ 2,176 2,213 14 26 11 1,630 6,070
West South Central ............................... 15,642 1,939 197 67 - 25 17,870
Mountain ................................................. 946 4.084 164 243 - 1,106 6,543
Pacific .................................................. 6,124 13,181 424 2,520 206 10,812 33,267
US. Total ............. . .. 52,508 72,210 2,517 3,273 505 29,511 160,525

2000

New England ......................................... 3,018 10,327 140 - - 9.910 23,395
Middle Atlantic ..................................... 9,257 49,081 564 205 220 4,711 64,039
East North Central ................................. 5,407 22,677 691 - 6 3,014 31,795
West North Central ............................... 1,149 545 171 203 - 38 2,106
South Atlantic ....................... 8,989 17,882 170 6 63 2,772 29,883Y /East South Central... ..................... 2,195 3,179 14 26 H 2,043 7,467
West South Central ............................... 16,841 10,577 197 67 - 180 27,862
Mountain .............................................. 924 4,809 163 224 - 998 7,118
Pacific ............................... .............. 6,138 14,797 419 2,567 240 10,768 34,929
US. Total ............................................. . 53,918 133,874 2,530 3,299 539 34,435 228,594

R = Revised data.
Notes: * The installed capacity is determined by the primary energy source even if multiple energy sources are indicated by the respondent. -Ali data

are for 1 megawatt and greater. -Data are final. -See Technical Notes for North American Industry Classification System for these industry groups. -Totals
may not equal sumn of components because of independent rounding,

Sources: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Table 51. Gross Generation for U.S. Nonutility Generating Facilities by Energy Source and Census
Division, 1998 Through 2000
(Million Kilowatthours)

Census Division CoaI, Petroleum2  
Natural Gas! I Hydro- Geothermal! Wood

4 
I Other 6 I Total

iOther Gas3 Electric Solar/Wind Waste5  
Nuclear

S199g

New England .................... 5,427 6,425 16,936 3,311 - 9,177 - 41,277
Middle Atlantic *............ 14,588 1,080 41,929 1,970 - 7,059 62 . 66,688
East North Central ........... 9749 801 17,723 436 - 5,215 41 33,964
West North Central ......... 3,569 57 1,330 294 148 901 - 6,299
South Atlantic ................... 17,315 2,857 13,534 2,619 - 16,080 2,425 54,830
East South Central ............ 7,099 580 2,965 807 - 6,625 105 18,181
West South Central .......... 6,368 3,335 77,621 1,083 81 6,370 894 95,751
Mountain ........................... 1,642 457 8,090 1,180 1,589 611 175 13,744
Pacific .............................. 4,257 3,927 61,484 3,013 11,696 7,858 16 92,252
U.S. Total ......................... 70,014 19,519 241,612 14,713 13,514 59,894 3,718 422,985

1"99
New England ................... 12,941 18,846 19,558 5,963 - 9,289 2,668 69,265
Middle Atlantic ............... 42,437 2,389 48,616 3,918 - 7,420 331 105,111
East North Central ............ 16,971 711 19,883 436 - 5,215 448 43,664
West North Central .......... 3,619 65 1,254 352 819 965 - 7,073
South Atlantic ................... 17,723 3,066 13,677 1,986 - 16,406 2,418 55,277
East South Central ............ 14,100 216 3,595 658 - 6,888 122 25,579
West South Central .......... 6,392 3,331 83,515 815 323 6.151 1,335 101,861
Mountain ........................... 2,439 534 8,112 3,467 1,472 612 163 16,799
Pacific ............................... 4,449 3,930 84,660 2,552 16.052 8,265 24 119,932
U.S. Total ......................... 121,072 33,087 282,869 20,147 18,666 61,211 7,509 544,561

2000

New England ................... 14,856 19,272 24,359 8,360 - 9,668 5,837 82,353
Middle Atlantic ................ 112,125 6,708 51,603 5,798 20 7,408 29,461 213,123
East North Central ........... 65,615 1,144 21,854 429 - 5,638 7,128 101,809
West North Central ......... 3,842 64 1,119 327 1,226 1,068 - 7,647
South Atlantic ................. 30,991 5,081 16,067 1,942 - 15,940 10,116 80,136
East South Central ............ 14,548 197 4,473 525 - 6,966 114 26.822
West South Central .......... 15.460 3,305 99,690 541 497 6,186 2,107 127,787
Mountain .......................... 18,486 646 11,424 4,379 1,698 608 190 37,432
Pacific .............................. 11,218 4,832 107,175 1,997 17,166 8,807 23 151,217
U.S. Total ..................... 287,141 41,249 337,763 24,299 20,608 62,288 54,976 828,325

I Includes coal, anthracite cail, bituminous gob, coke breeze, fine coal, lignite waste, tar coal, and waste coal.
2 Includes petroleum, petroleum coke, diesel, kerosene, light oil, liquid butane, liquid propane, oil waste, sludge oil, and tar oil.
3 Includes natural gas, waste heat, butane, other gas, and propane.
4 Includes black liquor, peat' railroad ties, red liquor, sludge wood, spent sulfite liquor, utility poles, and woodiwood waste.
5 Includes agricultural byproducts, digester gas, fish oil, landfill gas, municipal solid waste, sludge waste, straw, fires, waste alcohol, solids, tall oil.
6 Includes batteries, chemicals, hydrogen, peat, sulfur, purchased steam, and other.

R = Revised data.
Notes: -All data ae for I megawatt and greater. -Data are final. -Totals may not equal sum of components because of independent rounding.

Sources: Energy Infonnation Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Table 52. Gross Generation for U.S. Nonutility Generating Facilities by Energy Source and State, 2000
(Million Kilowatthours)

state I Coail 
I

Petroleum 2 Natural Gas/
Other Gas

3

Hydro- Geother.m I Wo.d4 
/ Other 6 

I
Electric Solar/Wind Waste5 Nuclear Total

Alaska ............................
Alabama .........................
Arkansa 7 ........................
Arizona - ............
California ......................
Colorado ........................
Connecticut ...............
District of Columbia ......
Delaware ........................
Florida ...........................
Georgia ........................
Hawaii ...........................
Iowa ..............................
Idaho ........................
Illinois .....................
Indiana . ................
Kansas ...........................
Kentucky .......................
Louisiana .......................
Massachusetts ................
Maryland ........................
Maine ............................
Michigan ........................
Minnesota .....................
Missouri .........................
Mississippi ....................
Montana .........................
North Carolina ...............
North Dakota .................
Nebraska .....................
New Ham pshire .............
New Jersey ....................
New Mexico .................
Nevada ....................
New York ....................

. Ohio .............................
Oklahoma ......................
Oregon ...................
Pennsylvania .................
Rhode Island ..............
South Carolina ...............
South Dakota ................
Tennessee ......................
Texas ............................
Utah .............
Virginia .........................
Vermont .........................
Washington ....................
Wisconsin ......................
West Virgnia ................
W yoming ......................

U.S. Total .........................

378
625
101
355

2,517
300

3,372

821
5,926
1,166
1,693
1,287

74
55,387
4,032

12,273
9,377

10,791
9,480

693
1,375
2,102

298

17,045
4,517

120
35

5,051

22,253
3,497
3,012

18
84,820

574

1,650
2,971

478
6,208

6,612
1,325
2,299

235
287,141

85
134
16
1

2,834
18

7,123
50

474
1,469
1,039
1,622

6
4

517
131

28
1,557
9,054

911
2,981

209
37
5

11
558
380
14

1
63

826
60

3,644
13
7

17
2,238

51
189

24
1,725

I
559

274
274

9
3

41,249

798
1,668

724
489

97,068
3.778
4,256

625
7,525
2,595

43
118
319

5,020
4,196

36
158

21,951
10,771
1,098
3,199

10,527
879

18
2,099

50
301

54
14
65

16,290
1,125
4,950

32,102
721

1,248
4,807
3,211
6,044

770

549
75,767

340
2,947

24
4,459
1,390

206
372

337,763

1,305 16,806
126
383

26 -
89 293
13 495

864 -
84

15

538 -
Z428 -

19 -
3,624 -

101 -
299 732

3,367
976

1,111
14

14 1,449
5,114 10

337 67
670 10

5
37

525 -
4 497
8

63
809 -
266 -
244 -
821 -

-- 248
24,299 20,6o8

4,344
1,704

5
6,373

20
1,784

19
6,056
3,306

571
75

518
833
134

13
2,965
2,348

877
4,073
3,059

957
10

1,775
48

1,896
8

17
1,162
1,450

9

3,054
673
158
673

2,904
118

1,504

835
1,359

9
2,283

183
1,190

939

62,288

8

23

2,138
2

89
7,128

470
5,683
7,735

154

241

10,729

22
1,670

17,062

113
1,629

79
K4,976

1,261
6,771
2,553

849
126,925

4,242
16,918

50
1,940

23,114
8,134
4.310
1,993
1,868

68,969
8,494

52
12,471
36,858
41,076
20,120
14,724
15,271
5,005

332
3,885

21,068
8,311

197
67

2,401
34,361

1,194
6,436

67,847
4,903
4,424
5,920

110,915
6,218
3,074

3.695
83,952

837
12,059

1,016
12,800
4,172
3,336

938
828,325

1 Includes coal, anthracite culir bituminous gob, coke breeze, fine coal, lignite waste, tar coal, and waste coal.
2 Includes petroleum, petroleum coke, diesel, kerosene, light oil, liquid butane, liquid propane, oil waste, sludge oil, and tar oiL
3 Includes natural gas, waste heat, butane, other gas, and propane.
4 Includes black liquor, peal, railroad ties, red liquor, sludge wood, spent sulfite liquor, utility poles, and wood/wood waste.
5 Includes agricultural byproducts, digester gas, fish oil, landfill gas, municipal solid waste, sludge waste, straw, fires, waste al6ohol, solids, tall oil.
6 Includes batteries, chemicals, hydrogen, peat, sulfur, purchased steam, and other.

R = Revised data.
Notes: -All data are for 1 megawatt and greater. 'Data are final. -Totals may not equal sum of components because of independent rounding.

Source: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Table 53. Gross Generation at U.S. Nonutility Generating Facilities by Qualifying Facility Status
and Census Division, 1998 Through 2000
(Million Kilowatthours)

QF Generation Non-QF Generation Total Generation

Census Division No. of Generation No. of Generation No. of Generation

Facilities] (million Facilities
1  (million FacilitiesI (million

kilowatthours) kilowatthours) Idlowatthours)

1998R

New England ............................................ 116 21,761 99 19,515 215 41,277
Middle Atlantic ....................................... 245 64,240 42 2,448 287 66,688
East North Central ..................................... 112 22,185 110 11,778 222 33,964
West North Central .................................. 26 3,239 58 3,060 84 6,299
South Atlantic ........................................... 157 43,508 105 11,322 262 54,830
East South Central ................................... 27 7,550 37 10,631 64 18,181
West South Central ................................... 114 86,562 61 9,189 175 95,751
Mountain .................................................... 84 11,291 36 2,453 120 13,744
Pacific ......................................................... 380 69.050 130 23,201 510 92,252
U.S. Total ................................................. 1,261 329,387 678 93,598 1,939 422,985

1999R

New England ............................................ 117 21,689 152 47,576 269 69,265
Middle Atlantic .......................................... 230 61,440 156 43,671 386 105,111
East North Central ..................................... 113 22,566 132 21,098 245 43,664
West North Central .................................... 26 3,396 63 3,677 89 7,073
South Atlantic ........................................... 154 44,581 108 10,697 262 55,277
East South Central ..................................... 26 7,715 40 17,864 66 25,579
West South Central .................................... 116 92,256 64 9,605 180 101,861
Mountain .................................................... 80 11,179 56 5,620 136 16,799
Pacific ......................................................... 368 68,789 150 51,143 518 119,932
U.S. Total .................................................. 1,230 333,610 921 210,951 2,151 544,561

2000

New England ........................................... 123 22,502 169 59,851 292 82,353
Middle Atlantic ................................. 226 61,240 214 151,884 440 213,123
East North Central ........ ... 128 22,208 145 79,601 273. 101,809
West North Central ................................... 26 3,435 65 4,212 91 7,647
South Atlantic ........................................... 157 57,420 130 22,716 287 80.136
East South Central ........ ... 26 7,237 44 19,585 70 26,822
West South Central ................................... 116 97,911 77 29,876 193 127,787
Mountain . ..... 85 11,610 61 25,822 146 37,432
Pacific ....................................................... 366 70,554 153 80,663 519 151,217
U.S. Total . ...... .......................... 1,253 354,116 1,058 474,210 2,311 828,325

1 The number of facilities with no generation that were not retired were 80 in 1998, 65 in 1999, 13 in 2000.
QF = Nonutility generating facilities that have obtained status as qualifying fcilities under the Public Utility Regulatory Policies Act of 1978 (qualifying

cogen, qualifying snall power producers, and exempt wholesale generators).
Non-QF = Cogenerators and other nonutility generators that have not obtained qualifying status.
R•- Revised data.

Notes: -All data are for 1 megawatt and greater. -Data are final. 'Totals may not equal sum of components because of independent rounding.
Sources: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Table 54. Gross Generation at U.S. Nonutility Generating Facilities Attributed to Major Industry
Group and Census Division, 1998 Through 2000
(Million Kilowatthours)

Transportation Pbi te
Census Division Manufacturing and Services Mining Industy Total

Public Utilities Administration Groups

New England ..................... 15,327 19,959 432 - - 5,559 41,277
Middle Atlantic .................. 46,197 13,024 3,584 1,517 890 1,476 66,688
East North Central ............ 25.000 6,498 2,366 - 56 44 33,964
West North Central ........... 4,045 660 427 1,146 - 21 6,299
South Atlantic ................... 42,161 10,482 756 2 31 1,398 54,830
East South Central ............ 12,753 5,155 92 124 56 - 18,181
West South Central ............ 88,975 5,718 585 396 - 77 95,751
Mountain ............................ 5,589 4,287 868 492 57 2,451 13,744
Pacific ....... .... 34,035 23,401 2,657 18,030 1,562 12,567 92,252
U.S. Total ......................... 274,083 89,185 11,766 21,707 2,650 23,593 422,985

199?

New England ...................... 15,178 26,709 528 - - 26,850 69,265
Middle Atlantic .................. 45,792 49,166 3,131 1,483 1,333 4,206 105,111
East North Central ............. 25,758 15,065 2,315 - 17 509 43,664
West North Central ............ 4,237 1,286 472 1,024 - 54 7,073
South Atlantic .................... 40,285 12,250 745 2 25 1,970 55,277
East South Central ............. 12,975 11,882 96 117 53 455 25,579
West South Central ............ 94,296 6,546 572 362 - 85 101,861
Mountain ........................... 5,603 7,680 870 539 - 2,108 16,799
Pacific ............................... 34,994 39,343 2,645 17,231 1,424 24,296 119,932
U.S. Total ......................... 279,116 169,928 11,374 20,758 2,852 60,534 544,561

2000

New England ...................... 15,617 28,341 535 - - 37,860 82,353
*Middle Atlantic .................. 46,604 148,427 2,836 1,461 1,138 12,658 213,123
East North Central ............. 24,569 67,707 2,156 - 17 7,361 101,809
West North Central ............ 4,168 1,725 526 1,148 - 79 7,647
South Atlantic .................... 42,345 33,220 781 2 30 3,757 80,136
East South Central ............. 12483 13,602 74 115 57 491 26,822
West South Central ............ 100,627 26,060 562 356 - 182 127,787
Mountain ............................ 5,758 26,155 861 664 - 3,994 37.432
Pacific ................................. 37,644 50,396 2,609 17,482 1,541 41,545 151.217
U.S. Total .......................... 289,814 395,633 10,939 21,228 2,783 107,928 828,325

R = Revised Data.
Notes: -All data are for I megawatt and greater. -Data ae final. -See Technical Notes for North American Industry Classification System for these in-

dustry groups. -Totals may not equal sum of components because of independent rounding.
Source: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Table 55. Consumption of Fossil Fuels at U.S. Nonutility Generating Facilities by State, 2000

Coal Petroleum Gas
(thousand short tons) (thousand barrels) (thousand Mc!)

State Petroleum

Anthracitel Bituminous
2  Lignite Total Heavy Light Total Coke Natural Other

Oil Oil (thousand Gas Gas
short tons)

Alaska ...................................
Alabam a ...............................
Arkansas ...............................
Arizona ...........................
California .............................
Colorado .........................
Connecticut ..........................
District of Columbia ............
Delaware ..............................
Florida . ... .............
Georgia ........... . ............
Hawaii ..................................
Iowa ......................................
Idaho ...............................
Illinois ..................................
Indiana ..................................
Kansas .................................

Kentucky ............................
Louisiana ............................
M assachusetts .......................
M aryland ............................
M aine .................................
M ichigan ............................
M innesota ...........................
M issouri .............................
M ississippi .........................
M ontana ...........................
North Carolina ...................
North Dakota ......................
Nebraska .............................
New Hampshire ...................
New Jersey ...........................
New M exico ........................
Nevada ........... . ............
New York ............................
Ohio ......................................
Oklahom a ............................
Oregon .................................
Pennsylvania ........................
Rhode Island ........................
South Carolina .....................
South Dakota .......................
Tennessee ..........................
Texas ...............................
Utah ...................................
Virginia ..........................
Verm ont ...........................
Washington ............
Wisconsin. ...............
W est Virginia ......................
W yoming ............................

U.S. Total ....................... .

3

251

44

7,751

476

854

9,380

589
834
178
350

1,768
339

1.473

352
2,730
1,494

768
2,114

171
31,786
2,250

5,150
5,763
4,083
3,999

356
1,291
1,934

420

9,817
2,831

336
81

2,114

8,958
2,090
1,568

47
31,359

605

2,238

14
4,391

4,229
1,718

771
510

143,872

- 589 - 197 197
117 951 386 454 839
- 178 104 8 112
- 350 - 3 3
- 1,771 1,005 646 1,651
- 339 2 173 175
- 1,473 11,474 155 11,628
- - - 106 106
- 352 1,310 69 1,379
- 2,730 3,535 110 3,645
- 1,494 2322 584 2,906
- 768 2,525 303 2,828
- 2,114 - 9 9
- 171 32 - 32
- 31,786 654 274 928
- 2,250 583 38 621
- - - 2 2
- 5,150 - 48 48
- 5,763 110 32 142
- 4,083 14,168 549 14,717
- 3,999 1,557 166 1,723
- 356 7,163 265 7,429
- 1,291 168 50 218
- 1,934 51 55 105
- 420 - 12 12
- - 34 33 67
- 10,068 8 46 54
- 2,831 2,178 243 2,422
- 336 99 - 99
- 81 - 3 3
- - 149 76 225
- 2,114 519 1,240 1,758
- - - 113 113

- 9,002 6,042 1,000 7,042
- 2,090 126 35 161
- 1,568 92 - 92
- 47 46 22 68
- 39,109 1,834 3,117 4,951
- - 364 21 385
- 605 729 68 797

- 2,238 66 1 67
2,697 2,697 627 365 992

- 490 - 3 3
- 4391 831 763 1,594

- - 3 - 3
- 4,229 502 336 838
- 1,718 483 131 614
- 1,625 117 - 117
- 510 94 5 99

2,814 156,066 62,091 11,929 74,021

- 10,745 -
- 49,609 72,529
- 28,712 2,188
- 4,421 103

1,001 966,658 96,702
- 37,581 681
- 41,586 3,516

73 4,035 7,223
- 75,352 48,818

276 38,088 4,587
- - 1,681

6 9,554 1,529
- 8,535 633

124 75,088 24,089
- 38,380 706,749
- 2,034 -
- 2,918 54

554 273,202 58,576
- 97,327 7,998
- 10.615 14,668
28 29,202 6,150

215 102,184 15,825
- 16,424 4,226
- 544 473
- 33,199 1,638

271 2,876 934
- 4,220 3,376
- 93 2,292
- 637 423
- 2.903 4,099
- 152.934 22,090
- 17,492 142
- 41,017 -
53 299,560 16,976
- 15383 105,345
- 20,359 5,234
- 37,182 777

107 36,374 85,128
- 48,989 2,720
- 7,728 1,626

- 13,474 5,805
709 862,084 183,449
- 2,374 44,154
- 30,543 5,192
- - 441

- 47,504 5,847
120 21,143 5,679
- 7,879 81,826
- 4,910 1,975

3,537 3,633,650 1,666,166

1 Includes anthracite silt stored off-site.
2 Includes subbituminous coal.

Notes: * Data are final. * Totals may not equal sum of components because of independent rounding. - Mcf = Thousand Cubic Feet.
Source: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Table 56. U.S. Nonutility Electricity Supply and Disposition for Generating Facilities by Census
Division and State, 1999 and 2000
(Million Kilowatthours)

Gross Reeps ae3Facility
Census Division Generation Receipts

2  
Sales

3  Use
and 199 9R 2000 199 9 R 200000 2000

New England ................................ 69,265 82,353 3,399 3,042 58,712 71,691 13,953 13,704
Connecticut ................................ 8,585 16,918 321 489 7,590 13,110 1,316 4,297
Maine .......................................... 12,064 14,724 1,343 1,298 8,670 10,708 4,737 5,314
Massachusetts ............................ 38,703 41,076 1,399 838 33,212 38,881 6,890 3,033
New Hampshire .......................... 2,378 2,401 228 273 1,952 1,987 654 687
Rhode Island .............................. 6,547 6,218 104 115 6,346 6,025 304 308
Vermont ......... .......... ........ 989 1,016 5 30 941 980 52 66

Middle Atlantic ............................ 105,111 213,123 4,487 5,382 93,450 196,855 16,181 21,651
New Jersey ................................ 18,568 34,361 913 862 16,590 31,898 2,913 3,325
New York .................................. 51,505 67,847 1,486 1,465 47,706 63,089 5,297 6,224
Pennsylvania ............................ 35,039 110,915 2,088 3,055 29,154 101,868 7,972 12,102

East North Central ...................... 43,664 101,809 17,976 19,262 27,395 32,620 34,246 38,451
Illinois ....................................... 14,252 68,969 5,446 6,407 10,110 61,674 9,589 13,702
Indiana ........................................ 7,996 8,494 4,618 5,141 2,783 3,681 9,831 9,955
Michigan ..................................... 15,877 15,271 1,832 1,568 13,244 12,606 4,466 4,232
Ohio . ..... 1507 4,903 3,184 3,246 74 3,307 4,617 4,842
Wisconsin ................................... 4,032 4,172 2,895 2,901 1,184 1,352 5,744 5,720

West North Central .................... 7,073 7,647 5,744 5,436 3,031 3,662 9,785 9,421
lowa ........................................... 1,858 1,993 2,020 2,063 556 712 3,323 3,345
Kansas ........................................ 69 52 1,092 1,133 22 15 1,139 1,170
Minnesota .................................. 4,569 5,005 2,207 1,820 2,428 2,907 4,348 3,918
Missouri .................................... 332 332 259 258 25 27 566 563
Nebraska .................................... 78 67 58 68 - - 136 135
North Dakota ............................ 166 197 108 95 1 1 273 291
South Dakota .............................. - - - - - - -

South Atlantic .............................. 55,277 80,136 16,267 16,475 32,406 56,876 39,138 39,735
Delaware ..................................... 657 1,940 376 673 27 1,372 1,007 1,241
District of Columbia .................. - 50 - - - 46 - 4
Florida ......................................... 21,410 23,114 2.002 2,014 13,954 15,526 9,459 9,602
Georgia ....................................... 7,206 8,134 3,143 2,895 1,365 2,272 8,984 8,756
Maryland .................................... 2,480 20,120 1,818 1,727 1,814 18,559 2,484 3,287
North Carolina ........................... 7,916 8,311 3,722 3,880 5,631 6,353 6,007 5,837
South Carolina ........................... 3,069 3,074 582 599 1,295 1372 2,357 2,302
Virginia ...................................... 9,352 12,059 3,086 3,098 7,035 9,949 5,403 5,207
West Virginia ............................ 3.186 3,336 1,536 1,590 1,284 1,428 3,438 3,498

East South Central ...................... 25,579 26,822 8,971 9,022 13,168 14,486 21,381 21,357
Alabama ...................................... 7,165 6,771 3,629 3,247 1,023 774 9,772 9,244
Kentucky ..................................... 11,804 12,471 - 7 10,851 11,313 952 1,165
Mississippi .................................. 2,776 3,885 2,111 2,179 288 1,467 4,598 4,597
Tennessee ................................... 3,833 3,695 3,231 3,589 1,006 932 6,058 6,351

West South Central ..................... 101,861 127,787 21,843 22,170 41,124 64,513 82,522 85,444
Arkansas ..................................... 2,566 2,553 860 856 46 35 3,380 3,374
Louisiana .................................... 25,893 36,858 7,727 7,636 4,300 13,823 29,312 30,671
Oklahoma ................................... 4,875 4,424 1,249 1,389 3,614 2,891 2,509 2,923
Texas ........................................... 68,528 83,952 12,007 12,288 33,164 47,764 47,321 48,476

Mountain ..................................... 16,799 37,432 4,101 3,837 14,039 33,823 6,861 7,453
Arizona ...................................... 832 849 256 267 434 444 654 673
Colorado ................................... 3,444 4,242 160 155 3,262 4,007 342 390
Idaho .......................................... 2,043 1,868 1,146 1,137 1,906 1,718 1,283 1,286
Montana ..................................... 3,959 21,068 403 416 3,710 20,279 652 1,206
Nevada ........................................ 4,158 6,436 2 1 3,823 6,060 337 378
New Mexico ............................... 891 1,194 1393 960 497 645 1,786 1,515
Utah . ...... 763 837 464 583 389 419 838 1,001
Wyoming .................................... 709 938 277 318 18 252 968 1,004

Pacific ............................................ 119,932 151,217 7,607 10,531 100,236 135,662 27,346 26,097
Alaska ......................................... 1,231 1,261 121 103 337 232 1,014 1,131
California .................................... 104,089 126,925 3,492 3,851 88,144 112,735 19,473 18,042
Hawaii ......................................... 4,146 4,310 29 27 3,473 3,648 702 689
Oregon ........................................ 5,286 5,920 695 669 4,619 5,217 1,362 1,372
Washington ................................. 5,181 12,800 3,270 5,881 3,662 13,829 4,795 4,852

U.S. Total ...................................... 544,561 828,325 90,395 95,158 383,560 660,189 251,413 263,302

1 R = Revised data.
2 Includes purchases, interchanges, and exchanges of electric energy with utilities and other nonutilities.
3 Includes sales, interchanges, and exchanges of electric energy with utilities and other nonutilities. The disparity in this data and data reported on other

EIA surveys occurs due to differences in the respondent universe. The Form EIA-860B is filed by nonutilities reporting the energy delivered, while other
data sources are filed by electric utilities reporting energy received. Differences in terminology and accounting procedures attribute to the disparity.

Notes: -All data are for I megawatt and greater. -Data are final. -Totals may not equal sum of components because of independent rounding.
Sources: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Appendix A

Technical Notes

Sources of Data

The Electric Power Annual Volume 11 is prepared by
the Electric Power Division; Office of Coal, Nuclear,
Electric and Alternate Fuels; Energy Information
Administration (EIA); U.S. Department of Energy
(DOE). Data published in the Electric Power Annual
Volume II are compiled from seven forms filed annu-
ally by electric utilities and one form filed annually
by nonutility power producers. Those forms are: the
Form EIA-861, "Annual Electric Utility Report"; the
Federal Energy Regulatory Commission (FERC) Form
1, "Annual Report of Major Electric Utilities,
Licensees, and Others"; the Form EIA-412, "Annual
Report of Public Electric Utilities"; the Form
EIA-767, "Steam-Electric Plant Operation and Design
Report"; the Form EIA-860A, "Annual Electric Gen-
erator Report - Utility"; the Form EIA-860B, "Annual

. Electric Generator Report - Nonutility"; the Depart-
ment of Energy, Office of Emergency Planning Form
EIA-4 11, "Coordinated Bulk Power Supply Program
Report"; and the Department of Energy, Office of
Fuels Programs, Fossil Energy Form FE-781R,
"Annual Report of International Electric
Export/Import Data." Each form is summarized
below.

Form EIA-861

The Form EIA-861 is a mandatory census of electric
utilities in the United States, its territories, and Puerto
Rico. The Form EIA-861 data contained in this publi-
cation are for the United States only. The survey is
used to collect information on power production and
sales of electricity and demand-side management
information from approximately 3,300 electric utili-
ties. The data collected are used to update the electric
utility frame data base maintained by the EIA. This
data base supports queries from the Executive Branch,
Congress, other public agencies, and the general
public. Summary data from the Form EIA-861 are also
contained in the Electric Power Monthly; the Electric
Sales and Revenue; the Financial Statistics of Major
U.S. Publicly Owned Electric Utilities; the Annual
Energy Outlook; Electric Trade in the United States,

./ and, for 1994 through 1996, Financial Statistics of
Major U.S. Investor-Owned Electric Utilities, and U.S.
Electric Utility Demand-Side Management. These

reports present aggregate totals for electric utilities on
national, State, and regional levels by ownership type.

Instrument and Design History. The Form EIA-861
was implemented in January 1985 to collect data as of
year-end 1984. The Federal Energy Administration
Act of 1974 (Public Law 93-275) defines the legisla-
tive authority to collect these data.

Data Processing. The Form EIA-861 is mailed to
the respondents to collect data as of the end of the
calendar year. The completed forms are to be returned
to the EIA by April 30. The data are entered into the
interactive on-line system. Internal edit checks are
performed to verify that current data total across and
between schedules and are comparable to data
reported the previous year. Edit checks are also per-
formed to compare data reported on the Form
EIA-861 and similar data reported on the Forms
EIA-826, "Monthly Electric Utility Sales and Revenue
Report with State Distributions," the FERC Form 1,
and the Form EIA-412. These are utility-level checks.
Respondents are telephoned to obtain clarification of
reported data and to obtain missing data.

FERC Form 1

The FERC Form 1 is a mandatory restricted-universe
census of major investor-owned electric utilities in the
United States having, in each of the last three consec-
utive years, sales or transmission service that exceeds
one or more of the following: (1) 1 million
megawatthours of total annual sales, (2) 100
megawatthours of annual sales for resale, (3) 500
megawatthours of annual power exchanges delivered,
or (4) 500 megawatthours of annual wheeling for
others (deliveries plus losses). All major U.S.
investor-owned electric utilities, licensees, or others
subject to the Federal Power Act of 1935 must submit
this form annually to the FERC. Classification of such
entities is provided in the FERC Uniform System of
Accounts Prescribed for Public Utilities and Licensees
Subject to the Provisions of the Federal Power Act.
Approximately 179 electric utilities are classified as
major. Excluded from the summary data are the inde-
pendent power producers and cooperatives jurisdic-
tional to the FERC.

The FERC Form 1 is used to collect data on income
and earnings, taxes, depreciation and amortization,
distribution of salaries and wages, electric operating
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revenues, electric maintenance expenses, generating
plant statistics, planned construction data, year-end
balance sheets, and general corporate information.
Respondents are required to report data on historical

(•., plant cost and power production expenses for their
hydroelectric plants with a generator nameplate
capacity of 10 or more megawatts; each steam-electric
plant with a generator nameplate capacity of 25 or
more megawatts; and each gas-turbine plant with a
generator nameplate capacity of 10 or more mega-
watts. Less detailed data are required for other plants.

This data base supports queries from the Executive
Branch, Congress, other public agencies, and the
general public. Summary and detailed data from the
FERC Form I are also contained in the State Energy
Data Report; the Financial Statistics of Major U.S.
Investor-Owned Electric Utilities (through 1996 only);
the State Energy Price and Expenditure Report; the
Annual Energy Review; and the Electric Trade in the
United States. These reports present aggregate totals
for electric utilities on a national level, by State, and
by ownership type.

Instrument and Design History. The Federal Power
Commission's (FPC) Form 1, the predecessor of the
FERC Form 1, was implemented in 1935 by the FPC.
When the FPC was merged with the DOE in October
1977, the processing of data on the survey became the
responsibility of the EIA. In 1991, the collection
responsibility reverted to the FERC. This mandatory
survey is conducted in accordance with the FERC

•/ Uniform System of Accounts Prescribed for Private
Utilities and Licensees.

Data Processing. The completed surveys, both hard
copy and diskettes, are returned to the FERC on or
before April 30, containing data for the preceding cal-
endar year. A copy of each survey and diskette is for-
warded to the EIA for processing. Manual editing of
the reported data is completed prior to data entry.
Additional edit checks of the data are performed
through computer programs. The program edits
include both deterministic checks, in which records
are checked for the presence of data in required fields,
and statistical checks, in which the data are checked
against a range of values based on historical data
values and for logical or mathematical consistency
with data elements reported in the survey. Discrepan-
cies found in the data, as a result of these checks, are
resolved either by the processing office or by further
information obtained from a telephone call to the
respondent company. Effective for 1997 through
1999, FERC Form I data have been edited by
Navigant Consulting, Inc.

Form EIA-412

The Form EIA-412 is a restricted-universe census
used annually to collect accounting, financial, and
operating data from major publicly owned electric
utilities in the United States. Those publicly owned
electric utilities engaged in the generation, trans-
mission, or distribution of electricity which had
150,000 megawatthours of sales to ultimate con-
sumers and/or 150,000 megawatthours of sales for
resale for the 2 previous years, as reported on the
Form EIA-861, "Annual Electric Utility Report," must
submit the Form EIA-412. The 1996-1997 data repres-
ents those electric utilities meeting a threshold of
120,000 megawatthours ultimate consumers' sales and
or resales. The criteria used to select the respondents
for this survey results in approximately 500 publicly
owned electric utilities.

Federal electric utilities are required to file the Form
EIA-412. The financial data for the U.S. Army Corps
of Engineers (except for Saint Mary's Falls at Sault
Ste. Marie, Michigan); the U.S. International
Boundary and Water Commission; and the U.S.
Department of Interior, Bureau of Reclamation were
collected on the Form EIA-412 from the Federal
power marketing administrations.

Instrument and Design History. The FPC created
the FPC Form IM in 1961 as a mandatory survey. It
became the responsibility of the EIA in October 1977
when the FPC was merged with DOE. In 1979, the
FPC Form 1M was superseded by the Economic Regu-
latory Administration (ERA) Form ERA-412, and in
January 1980 by the Form EIA-412.

This data base supports queries from the Executive
Branch, Congress, other public agencies, and the
general public. Summary and detail data from the
Form EIA-412 are also contained in the Financial Sta-
tistics of Major U.S. Publicly Owned Electric Utilities;
the State Energy Price and Expenditure Report; the
and the Electric Trade in the United States. These
reports present aggregate totals for electric utilities on
a national level, by State, and by ownership type.

Data Processing. The processing of data reported
on this survey is the responsibility of the Electric
Power Division within the Office of Coal, Nuclear,
Electric and Alternate Fuels. The completed surveys
are due in this office on or before April 30. Nonre-
sponse follow-up procedures are used to attain
100-percent response. Manual editing of the reported
data is completed prior to data entry. Additional edit
checks of the data are performed through computer
programs. The program edits include both
deterministic checks, in which records are checked for
the presence of data in required fields, and statistical
checks, in which the data are checked against a range
of values based on historical data values and for
logical or mathematical consistency with data ele-
ments reported in the survey. Discrepancies found in
the data, as a result of these checks, are resolved
either by the processing office or by further informa-
tion obtained from a telephone call to the respondent
company.
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Form EIA-767 Form EIA-860A

The Form EIA-767 is a mandatory restricted-universe
census of all electric power plants with a total
existing or planned organic- or nuclear-fueled steam-
electric generator nameplate rating of 10 or more
megawatts. The entire form is filed by approximately
700 power plants with a nameplate capacity of 100 or
more megawatts. An additional 200 power plants with
a nameplate capacity between 10 and 100 megawatts
submit information only on fuel consumption/quality,
boiler/generator configuration, and flue-gas
desulfurization equipment, if applicable. The Form
EIA-767 is used to collect data annually on plant
operations and equipment design (including boiler,
generator, cooling system, flue gas desulfurization,
flue gas particulate collectors, and stack data). Data
from the Form EIA-767 are used for economic, regu-
latory, and environmental analyses conducted by the
DOE and the Environmental Protection Agency.

This data base supports queries from the Executive
Branch, Congress, other public agencies, and the
general public. These reports present aggregate totals
for electric utilities on a national level, by State, and
by ownership type.

Instrument and Design History. The Federal
Energy Administration Act of 1974 (Public Law
93-275) defines the legislative authority to collect
these data. The predecessor form, FPC-67, "Steam-

'Electric Plant Air and Water Quality Control Data,"
was used to collect data from 1969 to 1980, when the
form number was changed to Form EIA-767. In 1982,
the form was completely redesigned and given the
name Form EIA-767, "Steam-Electric Plant Operation
and Design Report." In 1986, the respondent universe
of 700 was increased to 900 to include plants with
nameplate capacity from 10 megawatts to 100 mega-
watts. Respondents for these 200 additional plants
complete only pages 1, 5, 6, and, if applicable, 13,
and 14.

Data Processing. The Form EIA-767 is mailed to
respondents in January to collect data as of the end of
the preceding calendar year. The completed forms are
to be returned to the EIA by May 1. Equipment design
data for each respondent are preprinted from the
applicable data base. Respondents are instructed to
verify all preprinted data and to supply missing data.
The data are manually reviewed before being keyed
for automatic data processing. Computer programs
containing additional edit checks are run. Respondents
are telephoned to obtain correction or clarification of
reported data and to obtain missing data, as a result of
the manual and automatic editing process.

The Form EIA-860A is a mandatory census of electric
utilities in the United States that operate power plants
or plan to operate a power plant within 5 years of the
reporting year. The survey is used to collect data on
existing power plants from the electric utilities and
their 5-year plans for constructing new plants, and
modifying and retiring existing plants. Data on the
survey are collected at the generating unit level.
These data are then aggregated by energy source,
geographic area, and prime mover. Final data from the
Form EIA-860A are also summarized in the Inventory
of Electric Utility Power Plants in the United States.

Instrument and Design History. The Form
EIA-860A was implemented in January 1999 to
collect data as of January 1, 1999. Form EIA-860A
replaced Form EIA-860. The Federal Energy Admin-
istration Act of 1974 (Public Law 93-275) defines the
legislative authority to collect these data.

Data Processing. The Form EIA-860A is mailed to
approximately 900 respondents in December of each
year and the completed forms are to be returned to the
EIA by February 15 containing data as of January 1 of
the following year. Respondents have the option of
filing Form EIA-860A directly with the EIA or
through an agent such as the respondent's regional
electric reliability council. Data reported through the
regional electric reliability councils are submitted to
the EIA electronically from the North American Elec-
tric Reliability Council (NERC). Data for each
respondent are preprinted from the applicable data
base. Respondents are instructed to verify all pre-
printed data and to supply missing data. The data are
manually edited before being keyed for automatic data
processing. Computer programs containing additional
edit checks are run. Respondents are telephoned to
obtain correction or clarification of reported data and
to obtain missing data, as a result of the manual and
automatic editing process. After EIA approval, the
data are made available for public use.

Form EIA-411

The Form EIA-411 is filed annually as a voluntary
report. The information reported includes: (1) actual
energy and peak demand for the preceding year and 5
additional years; (2) existing and future generating
capacity; (3) scheduled capacity transfers; (4)
projections of capacity, demand, purchases, sales, and
scheduled maintenance; and (5) bulk power system
maps. These data support queries from the executive
branch, Congress, other public agencies, and the
general public. These reports present various council
aggregate totals for their member electric utilities,
with some nonmember information included.
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Instrument and Design History. The Form EIA-411
program was initiated under the Federal Power Com-
mission Docket R-362, reliability and adequacy of
electric service, and Orders 383-2, 383-3, and 383-4.

/The Department of Energy, established in October
1977, assumed the responsibility for this activity. This
form is considered voluntary under the authority of
the Federal Power Act (Public Law 88-280), The
Federal Energy Administration Act of 1974 (Public
Law 93-275), and the Department of Energy Organ-
ization Act (Public Law 95-91). The responsibility for
collecting these data had been delegated to the Office
of Emergency Planning and Operations within the
Department of Energy and was returned to EIA for the
reporting year 1996.

Data Processing. The Form EIA-411 is filed annu-
ally on June 1 by the 10 North American Electric
Reliability Councils. The forms are compiled from
data furnished by electric utilities and nonutilities
(members, associates, and for nonmembers) within the
council areas.

Form FE-781R

The Form FE-781R, "Annual Report of International
Electrical Export/Import Data" is used to collect on an
annual basis, monthly information on the gross
amounts of electrical energy received and delivered
and the costs and revenue associated with these trans-
actions. The use of the format contained in Form

,i FE-781R is optional for reporting purposes; however,
submission of the data is mandatory.

Instrument and Design History. The authority to
issue presidential permits pursuant to Executive Order
Number 10485 was transferred to the Secretary of
Energy by Executive Order Number 12038 (43 FR
4957 February 7, 1987). This responsibility was
delegated by the Secretary to the Economic Regula-
tory Administration (DOE Delegation Order Number
0204-04, October 1, 1977). The authority was redele-
gated (DOE Delegation Order Number 127) to the
Office of Fuels Programs, Fossil Energy, (54 FR
11436 March 20, 1990). The survey universe is
defined under Title 10 of the Code of Federal Regu-
lations, Sections 205.308 and 205.325 to include all
public utilities or other entities subject to the Depart-
ment of Energy jurisdiction under Part II of the
Federal Power Act engaged in the export of electric
energy across the international borders of the United
States with Canada and Mexico. It also includes those
engaged in the transmission of electrical energy
across these borders who hold a presidential permit.

The methodology has been modified for calculating
import and export data for Canada by basing on
metered energy and include both firm and interrup-
tible energy. Originally collected from presidential
permits, the data are now obtained from the National
Energy Board of Canada. This became effective in
1998. However, the methodology was adapted to 1995
through 1997 data. The methodology for Mexico
remains the same.

Data Processing. The Form FE-781R is mailed to
the respondents to collect annually, the monthly data
for the preceding calendar year. The completed forms
are to be returned to the DOE by February 15. The
receipts are manually edited and the data used for the
Presidential Permit Program are entered into a
machine readable format.

Form EIA-860B

In 1998, the Form EIA-867, "Annual Nonutility
Power Producer Report," was renamed Form
EIA-860B, "Annual Electric Generator Report - Non-
utility." The Form EIA-860B is a mandatory survey of
all existing and planned nonutility electric generating
facilities in the United States with a total generator
nameplate capacity of I or more megawatts. In 1992,
the reporting threshold of the Form EIA-867 was
lowered to include all facilities with a combined
nameplate capacity of 1 or more megawatts. Previ-
ously, data were collected every 3 years from facili-
ties with a nameplate capacity between 1 and 5
megawatts. Planned generators are defined as a pro-
posal by a company to install electric generating
equipment at an existing or planned facility. The pro-
posal is based on the owner having obtained (1) all
environmental and regulatory approvals, (2) a contract
for the electric energy, or (3) financial closure on the
facility. The Form consists of Schedules I, "Identifi-
cation and Certification;" Schedule II, "Facility Infor-
mation"; Schedule III, "North American Industry
Classification System"; Schedule IVA, "Facility Fuel
Information"; Schedule IVB, "Facility Thermal and
Generation Information"; Schedule V, "Facility Envi-
ronmental Information"; and Schedule VI, "Electric
Generator Information."

Submission of the Form EIA-860B is required from
all facilities that have a combined facility nameplate
capacity of I megawatt or more. Schedule V, "Facility
Environmental Information" is only required of those
facilities of 25 megawatts or more.

The form is used to collect data on the installed
capacity, energy consumption, generation, and electric
energy sales to electric utilities and other nonutilities
by facility. Additionally, the form is used to collect
data on the quality of fuels burned and the types of
environmental equipment used by the respondent.

Instrument and Design History. The Form EIA-867
was implemented in December 1989 to collect data as
of year-end 1989. In 1998, the Form EIA-867 "Annual
Nonutility Power Producer Report," form number and
name has been changed to Form EIA-860B, "Annual
Electric Generator Report - Nonutility." The Federal
Energy Administration Act of 1974 (Public Law
93-275) defines the legislative authority to collect
these data.

Data Processing. The Form EIA-860B is mailed to
the respondents in January to collect data as of the
end of the preceding calendar year. Static data for
each respondent are preprinted from the previous
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year, and the respondents are instructed to verify all
preprinted information and to supply the missing data.
The completed forms are to be returned to the EIA by( April 30. The response rate for all facilities for which
addresses were confirmed was 100 percent. The data
are manually edited before being keyed for automated
data processing. Computer programs containing addi-
tional edit checks are run. Respondents are telephoned
to obtain corrections or clarifications of reported data
and to obtain missing data as a result of the manual
and automated editing.

Data Quality. The Manufacturing Energy Consump-
tion Survey (MECS) produces detailed estimates of
manufacturing electricity generation by industry and
Census Division on a triennial basis. The data are
published in the Manufacturing Energy Consumption
Survey, Consumption of Energy. Gross generation by
nonutility power producers by major industry groups,
and Census division, for 1996 through 1999 presented
in this report, are reasonable given the growth in man-
ufacturing on site generation.

Data for the Form EIA-860B are collected from all
existing and planned nonutility generating facilities in
the United States with a total generator nameplate
capacity of 1 or more megawatts. These data are
aggregated to provide geographic totals for selected
States and at the Census division and national levels.
The Form EIA-867 data are considered confidential
(1996 through 1997). Therefore, suppression of some
data is necessary to protect the confidentiality of the
individual respondent data. See "Confidentiality of
the Data" in this section for further information on the

• ' nondisclosure of data. In 1998 and 1999, the Form
EIA-860B data that are confidential are planned units
that have sales to other end-users.

Allocating Capacity. The installed capacity for non-
utility generating units is allocated to one energy
source using the following algorithms:

* For generating units using a single fossil energy
source, the capacity is allocated totally to that
energy source.

For generating units that use hydraulic,
geothermal, solar, biomass, or wind energy, the
capacity is allocated to that energy source (even if
a secondary fuel is burned).

For generating units using a combination of fossil
energy and renewable energy sources, capacity is
classified as fossil or renewable based on the
greatest percentage of Btu consumed when
summed.

* To allocate capacity by fuel, within the fossil
energy and renewable energy sources, the single

fuel within that energy source with the greatest
percentage of Btu consumed is used.

Allocating Generation. The generation for nonu-
tility facilities is allocated to one energy source using
the following algorithms:

" For generating units that use energy sources that
are not burned (hydraulic, geothermal, nuclear,
solar, or wind energy), the generation is allocated
to that energy source.

" For facilities having generating units using energy
sources that are burned, the generation is allo-
cated based on the percentage of Btu consumed.
This algorithm assumes that unit efficiency is the
same for all energy sources.

Gross-to-Net Generation Conversion
Methodology. Gross electricity generation data from
the Form EIA-860B, reported by generator, are aggre-
gated to provide totals by energy source and
geographic area. Nonutility power producers report
gross electricity generated on the Form EIA-860B,
unlike electric utilities that report net generation on
various EIA and FERC forms. Nonutilities generally
do not measure and record electrical consumption
used solely for the production of electricity. Nonu-
tility generators and associated auxiliary equipment
are often an integral part of a manufacturing or other
industrial process and individual watthour meters are
not generally installed on auxiliary equipment.

Estimated values for net generation from nonutility
power producers were developed by EIA using gross
generation, prime mover, fuels, and type of air pol-
lution control data reported on the Form EIA-860B.
The difference between gross and net generation--
sometimes called parasitic load--is the electricity con-
sumed by auxiliary equipment and environmental
control devices such as pumps, fans, coal pulverizers,
particulate collectors, and flue gas desulfurization
(FGD) units. In smaller power plants rotating auxilia-
ries are almost always electric motors. In large power
plants that produce steam, rotating auxiliaries can be
powered by either steam turbines or electric motors
and sometimes both because of cold startup require-
ments.

This methodology for estimating net generation from
gross generation is based on determining typical
energy consumption for auxiliary electrical equipment
associated with electrical generators. For instance,
wind turbines have none of the auxiliaries common to
a coal-burning power plant such as coal pulverizers,
fans, and emission controls. On the other hand,
windfarms consume electricity since automatic,
computer-based systems control blade pitch and
speed, thereby affecting generator electricity output.
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Shown below are the conversion factors used to estimate
net generation by nonutility generators. The factors are
typical of a modern electric power plant but could vary
significantly between individual plants. Net generation is
calculated by multiplying the appropriate conversion factor
by the reported gross electrical generation.

Gross-to-Net
Geleation

Prime Mover Type Conversion Factor

Gas (Combustion) Turbine) .98
Steam Turbine ...................... .. 974
Internal Combustion .................... 98
W Ind Turbine ....................... .. 99
Solar-P hotovoltaic .................... .. 99
Hydraulic Turbine .................... .. 99
Fuel Cell ........................... .. 99
O ther ............................... 97

'Factor reduced by .01 If the facility has flue gas particulate collectors
and another .03 if the factity has flue gas desulfuization (FGD)
equipment. Facilities under 25 megawatts and burning coal In traditional
boilers (e.g., not fluldized bed boilers) are assumed to have particulate
and FGD equipment.

These conversion factors were estimated by the staffofthe
Office ofCoal,Nuclear, Electric and Alternate Fuels,Energy
Information Administration. The primary reference used in

developing the conversion factors was Steam, Its Generation
and Use, 40th Edition, Babcock & Wilcox, Barberton, Ohio.

Emissions for the Production of Electricity Methodology.
Emissions for nonutility power producers include emis-
sions from cogeneration facilities that produce electric
power as an integral part of a manufacturing or other
thermal consuming process. Emissions are directly propor-
tional to the quantities of fuels consumed. To calculate
emissions for the production of electricity, a methodology
was developed to estimate the consumption of fuel
associated for the production of electricity by cogeneration
facilities. The methodology is based on the following:

I. A steam boiler efficiency rate of 80 percent was
assumed."6

2. The reported or estimated value for useful thermal
output (in Btu) was divided by0.8to estimate the fuel
used to generate this amount of thermal output.

3. This value was subtracted from total fuel con-
sumption and the remainder was assumed to be the
amount used for electric generation.

Net generation heat rates by primary fuel and prime mover
are as follows:

Heat Rate (BtulkWh - net) By Primary Fuel

Prime Mover Coal Petroleum I Natural Gas I Other

Gas (Combustion Turbine)
Single Cycle .................. ..... N/A 14,000 14,500 N/A

Combined Cycle ................... N/A 8,100 8,200 NIA

Steam Turbine
Single Cycle ...................... 10,200 9,600 9,600 16,500
Combined Cycle ................... 9,000 9,000 9,000 10,500

Internal Combustion ................. N/A 11,700 11,700 N/A

Other ............................. 10,200 11,700 11,700 10,500

Nameplate Capacity to Summer Capability Conversion
Methodology. Form EIA-860B, "Annual Electric Generator
Report - Nonutility," collects nameplate capacity for
electric generating units. Estimated values for net summer
capability from nameplate capacity are aggregated to
provide a U.S. total. The methodologyused for estimating
summer capability from nameplate capacity is based on
data submitted for the Form EIA-860A.

Business Classificadon.The nonutility industry consists of
all manufacturing, agricultural, forestry, transportation,
finance, service and administrative industries,based on the
Office of Management and Budget's Standard Industrial
Classification (SIC) Manual." In 1997,the SIC Manual name
was changed to North American Industry Classification
System (NAICS). The following is a list from the Form
EIA-860B of the main classifications and the category of
primary business activity within each classification.

16 Arthur D. Little, Report to the Energy Information Administration, Industrial Model: Update on Energy Use and Industrial Characteristics

' (September 2001), Appendix C, "Average Boiler Efficiencies."
17 Office of Management and Budget, Standard Industrial Classification Manual, 1972 (Washington, DC, 1987).

110 Energy Information Administration/ Electric Pow er Annual 2000 Volume II



Agriculture, Forestry, and Fishing
11 1 Agriculture production-crops
112 Agriculture production, livestock and animal
specialties
115 Agricultural services
113 Forestry
114 Fishing, hunting, and trapping

Mining
2122 Metal mining
2121 Coal mining
21 1 Oil and gas extraction
2123 Mining and quarrying of nonmetallic
minerals except fuels

Construction
23

Manufacturing
311 Food and kindred products
3122 Tobacco products
314 Textile and mill products
315 Apparel and other finished products made
from fabrics and similar materials
321 Lumber and wood products, except furniture
337 Furniture and fixtures
322 Paper and allied products (other than 322122
or 32213)

322122 Paper mills, except building paper
32213 Paperboard mills

323 Printing and publishing
325 Chemicals and allied products (other than

S 325188, 325211, 32512, or 325311)
325188 Industrial Inorganic Chemicals
325211 Plastics materials and resins
32512 Industrial organic chemicals
325311 Nitrogenous fertilizers

324 Petroleum refining and related industries
(other than 32411)

32411 Petroleum refining
326 Rubber and miscellaneous plastic products
316 Leather and leather products
327 Stone, clay, glass, and concrete products
(other than 32731)

32731 Cement, hydraulic
331 Primary metal industries (other than 331111
or 331312)

331111 Blast furnaces and steel mills
331312 Primary aluminum

332 Fabricated metal products, except machinery
and transportation equipment
333 Industrial and commercial equipment and
components except computer equipment
335 Electronic and other electrical equipment and
components except computer equipment
336 Transportation equipment
3345 Measuring, analyzing, and controlling
instruments, photographic, medical, and optical
goods, watches and clocks
339 Miscellaneous manufacturing industries

S Transportation and Public Utilities
482 Railroad transportation

485 Local and suburban transit and interurban
highway passenger transport
484 Motor freight transportation and warehousing
491 United States Postal Service
483 Water transportation
481 Transportation by air
486 Pipelines, except natural gas
487 Transportation services
513 Communications
22 Electric, gas, and sanitary services

2212 Natural gas transmission
2213 Water supply
22132 Sewerage systems
562212 Refuse systems
22131 Irrigation systems

Wholesale Trade
421 to 422

Retail Trade
441 to 454

Finance, Insurance, and Real Estate
521 to 533

Services
721 Hotels
812 Personal services
514 Business services
8111 Automotive repair, services, and parking
811 Miscellaneous repair services
512 Motion pictures
713 Amusement and recreation services
622 Health services
541 Legal services
611 Education services
624 Social services
712 Museums, art galleries, and botanical and
zoological gardens
813 Membership organizations
561 Engineering, accounting, research, manage-
ment, and related services
814 Private households
514199 Miscellaneous services

92 Public Administration
92

Other (explain):

Historically, (Tables 49 and 53) show cogeneration
facilities reporting the Standard Classification Code
(SIC) that identified the user of the electric and/or
thermal energy. Beginning in 1993, the SIC code was
broadened to include the SIC code(s) of the producing
facility based on the facilities consumption. This
revision provides an alternative method of comparing
power needs and utilization within the nonutility
power industry. Since 1998, all the tables are based on
North American Industry Classification System.
Tables Al and A2 show the installed capacity and
gross generation of electricity by the producing
energy group, respectively.
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Quality of Data

( The Office of Coal, Nuclear, Electric and Alternate
Fuels (CNEAF) is responsible for routine data
improvement and quality assurance activities. All
operations in this office are done in accordance with
formal standards established by the EIA. These stand-
ards are the measuring rod necessary for quality sta-
tistics. Data improvement efforts include verification
of data-keyed input by automatic computerized
methods, editing by subject matter specialists, and
follow up on nonrespondents. The CNEAF office sup-
ports the quality assurance efforts of the data collec-
tors by providing advisory reviews of the structure of
information requirements, and of proposed designs for
new and revised data collection forms and systems.
Once implemented, the actual performance of working
data collection systems is also validated. Computer-
ized respondent data files are checked to identify
those who fail to respond to the survey. By law, non-
respondents may be fined or otherwise penalized for
not filing a mandatory EIA data form. Before
invoking the law, the EIA tries to obtain the required
information by encouraging cooperation of nonre-
spondents.

Completed forms received by- the CNEAF office are
sorted, screened for completeness of reported infor-
mation, and keyed onto computer tapes for storage
and transfer to random access data bases for computer
processing. The information coded on the computer
tapes is manually spot-checked against the forms to
certify accuracy of the tapes. To ensure the quality
standards established by the EIA, formulas that use
the past history of data values in the data base have
been designed and implemented to check data input
for errors automatically. Data values that fall outside
the ranges prescribed in the formulas are verified by
telephoning respondents to resolve any discrepancies.

Data Editing System

Data from the form surveys are edited using auto-
mated systems. The edit includes both deterministic
checks, in which records are checked for the presence
of required fields and their validity; and statistical
checks, in which estimation techniques are used to
validate data according to their behavior in the past
and in comparison to other current fields.

Confidentiality of the Data

In general, the 1998 and 1999 data collected on the
forms used for input to this report are not confiden-
tial. However, data from the Form EIA-867, "Annual
Nonutility Power Producer Report, (1996-1997)" are
considered confidential and must adhere to EIA's
"Policy on the Disclosure of Individually Identifiable
Energy Information in the Possession of the EIA" (45

Federal Register 59812 (1980)). In order to protect
the confidentiality of individual respondent's data, a
procedure was developed to suppress the data for pub-
lication. The procedure is described as follows.

Disclosure of Data

Certain data reported on the Form EIA-860B, "Annual
Electric Generator Report - Nonutility," are confiden-
tial. In order to protect the confidentiality of data for
an individual respondent, a policy was implemented to
ensure that the reporting of survey data would not
associate those data with a particular company. The
final phase in the data quality assurance and control
procedures is to determine which data must be sup-
pressed (withheld) during publication to provide the
necessary confidentiality for respondents that operate
in small reporting areas. These procedures, are per-
formed as follows:

• Primary Withholding Based on the Number of
Respondents in a Cell--All cells with three or
fewer respondents are suppressed.

" Residual Withholding Dominance Rule--All cells
containing four or more respondents are tested
using a linear sensitivity rule.

" Complementary Suppression--All tables are
reviewed to identify cells that should have data
withheld to prevent disclosure of already sup-
pressed cells. An example of this concept, when
U.S. totals are available, would be the comple-
mentary suppression of a second State in order to
prevent the derivation of an initially suppressed
State.

The withholding/suppression of data is performed as
an adjunct to Quality Assurance (QA) procedures. The
work is performed by survey editors and the QA staff
and is reviewed by the survey manager before being
submitted to the division level QA review.

All sensitive cells identified in the withholding anal-
ysis are denoted with the symbol/letter "W." The use
of the symbol/letter applies to primary, complemen-
tary and inter-table suppressions as well as all with-
held data.

Rounding Rules for Data

Given a number with r digits to the left of the decimal
and d+t digits in the fraction part, with d being the
place to which the number is to be rounded and t
being the remaining digits which will be truncated,
this number is rounded to r+d digits by adding 5 to
the (r+d+l)th digit when the number is positive or by
subtracting 5 when the number is negative. The t
digits are then truncated at the (r+d+l)th digit. The
symbol for a rounded number truncated to zero is (*).
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CNEAF Data Revision and Policy

The Office of Coal, Nuclear, Electric and Alternate
Fuels has adopted the following policy with respect to
the revision and correction of recurrent data in energy
publications:

1. Annual survey data collected by this office are
published either as preliminary or final when first
appearing in a data report. Data initially released
as preliminary will be so noted in the report.
These data will be revised, if necessary, and
declared final in the next publication of the data.

2. All monthly and quarterly survey data collected
by this office are published as preliminary. These
data are revised only after the completion of the
12-month cycle of the data. No revisions are made
to the published data before this unless approved
by the Office Director.

3. The magnitude of changes due to revisions experi-enced in the past will be included in the data
reports, so that the reader can assess the accuracy
of the data.

4. After data are published as final, corrections will
be made only in the event of a greater than one
percent difference at the national level. Cor-
rections for differences that are less than the
before-mentioned threshold are left to the dis-
cretion of the Office Director.

The Electric Power Annual Volume H presents the
•, most current annual data available to the EIA. The

statistics may differ from those published previously
in EIA publications due to corrections, revisions, or
other adjustments to the data subsequent to its ori-
ginal release. On a chapter basis, the status (prelimi-
nary versus final) of the data contained in the EPA
follows:

U.S. Electric Utility Retail Sales and Revenue
Data on sales, revenue, and average revenue per
kilowatthour from the Form EIA-861 for 1999 are
final.

U.S. Electric Utility Financial Statistics
Financial data from the Federal Energy Regula-
tory Commission Form 1 for 1999 are preliminary
and the Form EIA-412 for 1999 are final.

U.S. Electric Utility Environmental Statistics
Data from the Form EIA-767 for 1999 are final
pending approval of the Environmental Protection
Agency.

* U.S. Electric Power Transactions
All data from the Forms EIA-41 1, EIA-860A, and
EIA-861 are final. Data from the Form FE-781R
are final.

U.S. Electric Utility Demand-Side Management
All data on demand-side management from the
Form EIA-861 are final.

U.S. Nonutility Power Producers Data from the
• Form EIA-867 for 1996 through 1997 are final.

Data from Form EIA-860B for 1998 through 2000
are final.

Formulas and
Calculations

Average Heat Content

In order to determine the Btu value per unit of con-
sumption for each of the fossil fuels collected on the
Form EIA-759, the heat content values contained on
the FERC Form 423 were used. Data on the FERC
Form 423 represent approximately 85 percent of the
total generator nameplate capacity for all electric util-
ities.

Percent Difference
The following formula is used to calculate percent
differences.

Percent Difference = ( x(t2)-(tI) -X0) X 100,

where x(t1 ) and xQ2) denote the quantity at year t, and
subsequent year t2 .

Form EIA-861

Data for the Form EIA-861 are collected at the utility
level from all electric utilities in the United States, its
territories, and Puerto Rico. Form EIA-861 data in
this publication are for the United States only. These
data are then aggregated to provide geographic totals
at the State, NERC region, Census division, and
national level. Sources and disposition of data are also
provided by utility class of ownership and retail con-
sumer class of service. Average revenue (nominal
dollars) per kilowatthour of electricity sold is calcu-
lated by dividing total annual retail revenue (nominal
dollars) by the total annual retail sales of electricity.

Average revenue per kilowatthour is defined as the
cost per unit of electricity sold and is calculated by
dividing retail electric revenue by the corresponding
sales of electricity. The average revenue per
kilowatthour is calculated for all consumers and for
each sector (residential, commercial, industrial, and
other sales).

Electric utilities typically employ a number of rate
schedules within a single sector. These alternative rate
schedules reflect the varying consumption levels and
patterns of consumers and their associated impact on
the costs to the electric utility for providing electrical
service. The average revenue per kilowatthour
reported in this publication by sector represents a
weighted average of consumer revenue and sales
within that sector and across sectors for all con-
sumers.

The electric revenue used to derive the average
revenue per kilowatthour is the operating revenue
reported by the electric utility. Operating revenue
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includes energy charges, demand charges, consumer
service charges, environmental surcharges, fuel
adjustments, and other miscellaneous charges.

Electric utility operating revenues cover, among other
costs of service, State and Federal income taxes and
taxes other than income taxes paid by the utility. The
Federal component of these taxes are, for the most
part, "payroll" taxes. State and local authorities tax
the value of plant (property taxes), the amount of
revenues (gross receipts taxes), purchases of materials
and services (sales and use taxes), and a potentially
long list of other items that vary extensively by taxing
authority. Taxes deducted from employees' pay (such
as Federal income taxes and employees' share of
social security taxes) are not a part of the utility's "tax
costs," but are paid to the taxing authorities in the
name of the employees. These taxes are included in
the utility's cost of service (for example, revenue
requirements) and are included in the amounts recov-
ered from consumers in rates and reported in oper-
ating revenues.

Electric utilities, like many other business enterprises,
are required by various taxing authorities to collect
and remit taxes assessed on their consumers. In this
regard, the electric utility serves as an agent for the
taxing authority. Taxes assessed on the consumer,
such as a sales tax, are called "pass through" taxes.
These taxes do not represent a cost to the utility and
are not recorded in the operating revenues of the
utility. However, taxing authorities differ as to
whether a specific tax is assessed on the utility or the
consumer--which, in turn, determines whether or not

,/ the tax is included in the operating revenue of the
electric utility.

EIA collects Demand-Side Management (DSM) infor-
mation from all utilities with DSM programs. Utilities
with sales to ultimate consumers or sales for resale
greater than or equal to 150,000 megawatthours
(120,000 megawatthours prior to 1998) report their
incremental peak load reductions, energy savings,
direct and indirect utility costs attributable to DSM
programs, annual peak load reductions, and energy
savings for the reporting year. Annual and incre-
mental effects for the reporting year are reported by
consumer sector (residential, commercial, industrial,
other) for each program category (energy efficiency
and load management). Utilities with sales to ultimate
consumers and sales for resale less than 150,000
megawatthours (120,000 megawatthours prior to
1998) report incremental peak load reductions and
energy savings. They also report total utility cost for
the reporting year.

FERC Form 1

Composite Financial Indicators for Major
Investor-Owned Electric Utilities

All financial monetary data in this report are
expressed in nominal terms. The following formulas
are used to calculate composite financial indicators.

Electric Fixed Asset (Net Plant) Turnover =

X (EOR1 )
i

i

where EOR. is the Electric Operating Revenue for the
iph major utility, and U, is the Electric Utility Plant

-- Net for the iph major utility.

Total Asset Turnover =

i

X(A,)
i

where ORj is the Operating Revenue for the irh major
utility, and A are the Total Assets for the i'h major
utility.

Current Assets to Current Liabilities =

X(CAAi)
i

Y(CAII.)
i

where CAA. are the Current and Accrued Assets
for the P*h major utility, and CAL are the Current and
Accrued Liabilities for the pth major utility.

Long-term Debt to Capitalization =

X (LTDi)
i X 100,

i

where LTDj is the Long-term Debt for the iph
major utility, and Ci is the Capitalization for the
ith major utility.
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Preferred Stock to Capitalization =

(PSi)
(•. __X 1 00,

1(cxi)

i

where PS, is the Preferred Stock for the i'h major
utility, and C, is the Capitalization for the ith
major utility.

Common Stock Equity to Capitalization =

X (CSEi)
i X 100,

i

where CSE, is the Common Stock Equity of the
ith major utility; and, Ci is the Capitalization for
the ith major utility.

Total Debt to Total Assets =

X (LTDi + STDi)
i y - X 100,

X (TAi)

i

/' where LTD1 is the Long-term Debt of the ith major
utility; STD, is the Short-term Debt of the ifh major
utility; and, TA1 are the Total Assets of the ith major

utility.

Common Stock Equity to Total Assets =

J(CSEi)
i _x 100,

_J(TAi)
i

where CSI is the Common Stock Equity of the
ith major utility; and, TA, are the Total Assets of the jth

major utility.

Interest Coverage Before Taxes
Without AFUDC =

IB1i + E1T + GIT1
+ OUITi + TOIDi - ACiJ

S( IEi)

i

where IBIN is Total Income Before Interest Charges
for the ith major utility; EITi are the Electric Income
Taxes for the 0i4 major utility; GIT are the Gas Income

~'Taxes for the ph major utility; OUIT, are the Other
Utility Income Taxes for the ith major utility; TOIDiare

the Taxes for Other Income and Deductions for the iPh
major utility; ACj is the Allowance for Other Funds
Used During Construction for the ifh major utility;
and, IE& is the Interest Expense for the Ph major utility.

Profit Margin =

_(Nli)
i x 100,

X_(OR1 )

where NI, is the Net Income of the Ph major utility;
and,
ORA is the Operating Revenue for the Ph major utility.

Return on Average Common Stock Equity =

I(Ni,)
S/2x 100,

(7.(CSEB 1 ) + 7X(CSE&-))

where NI, is the Net Income of the Ph major utility;
CSEBi is the Common Stock Equity at Beginning
of Year, for the i'h major utility, and CSEE,
is the Common Stock Equity at End of Year
for the ith major utility.

Return on Investment =

O(NIO)
i -x 100,

X (TA5 )
i

where NIj is the Net Income of the Ph major utility;
and,
TA are the Total Assets of the Ph major utility.

Form EIA-412

Composite Financial Indicators for Major
Publicly Owned Electric

Utilities

Electric Utility Plant per Dollar of Revenue =

X(EUP5 )

_(EORi)
i

where EUP is the Electric Utility Plant for the the Ph

public utility; and, EOR is the Electric Operating
Revenue for the Ph public utility.
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Current Assets to Current Liabilities =

Sd_(CA1 )

j C ')

i

where CA, are the Current and Accrued Assets for the
ih public utility; and, Ch are the Current and Accrued
Liabilities for the i'h public utility.

Electric Utility Plant as a Percent of Total Assets =

X(EUP,)
i - X 100,

I(TAi)
i

where EUP, is the Electric Utility Plant for the ifh
public utility; and, TA, are the Total Assets for the ih
public utility.

Net Electric Utility Plant as a Percent of
Total Assets =

X(NEUP,)
SX 100,

(TAd)

where NEUP, is the Net Electric Utility Plant for the
ith public utility; and, TA, is the Total Assets for the ith

public utility.

Debt as a Percent of Total Liabilities =

i _ x100,

where D, is the Debt for the iph public utility; and, T14
is the Total Liabilities for the Pih public utility.

Accumulated Provision for Depreciation as a
Percent of Electric Utility Plant =

Y,(APD8 )
i x 100,

X(EUPi)
i

where APD8 is the Accumulated Provision for Depre-
ciation for the iPh public utility; and, EUP, is the Elec-

ts. tric Utility Plant for the Pih public utility.

Electric Operation and Maintenance Expenses as
a Percent of Electric Operating Revenue =

X(EOMEi)
i X 100,

j (EOR,)
i

where EOME& is the .Electric Operation and Mainte-
nance Expenses for the Pth public utility; and, EOR, is
the Electric Operating Revenue for the ith public
utility.

Electric Depreciation and Amortization as a
Percent of Electric Operating Revenue =

E(EDAi)
i X 100,

X(EOR3 )
i

where EDA, is Electric Depreciation and Amortization
for the ith public utility; and, EOI, is the Electric
Operating Revenue for the i:h public utility.

Taxes and Tax Equivalents as a Percent of Electric
Operating Revenue

Y(TTEi)
i X 100,

X(EORi)
i

where TTE are the Taxes and Tax Equivalents for the
ith public utility; and, EOR, is the Electric Operating
Revenue for the Ph public utility.

Interest Expense as a Percent of Electric Operating
Revenue =

j(IEj)
X X 100,

X(EORi)
i

where I& is the Interest Expense for the jfh public
utility; and, EOR, is the Electric Operating Revenue
for the 0h public utility.

Net Income as a Percent of Electric Operating
Revenues=

X 100,
X(EOR,)

i
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where NI1 is the Net Income of the ith public utility;
and, EOR1 is the Electric Operating Revenue for the i:h
public utility.

Purchase Power Cents Per Kilowatthour

Y,(TGCi)
X ×T 10,
,(TGKi)

i

(A2)

X(PPC1 )
i ×x 10,

X(PPK,)
i

where TGCj is the Total Generation Costs (in cents)
for the ith public utility; and, TGIK is the Total Gener-
ated Kilowatthours for the ith public utility.

Total Power Supply Per Kilowatthour Sold =(Al).

X(TPCi)
i x 10,j(TPKi)

i

(A3)

where PPC1 is the Purchase Power Costs (in cents) for
the i'h public utility; and, PPK. is the Purchased Power
Kilowatthours for the ith public utility.

Generated Cents Per Kilowatthour =

where TPC, is the Total Generation and Purchase
Power Cost for the ith public utility; and, TPI4 is the
Total Generated and Purchased Power Kilowatthours
Sold for the ijh public utility.
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Table Al. Installed Capacity at U.S. Nonutility Generating Facilities by Producing Energy Group
and Census Division, 1998 Through 2000
(Megawatts)

Transportation Public Other
Census Division Manufacturing and Services Mining Administration Industry Total

Public Utilities I Groups

1998

New England ....................................... 1,171 10,603 67 - - - 11,841
Middle Atlantic .................................... 1,706 10,994 105 -1 18 12,824
East North Central ............................... 2,813 5,157 344 - 58 18 8,390
West North Central ............................. 753 613 135 203 - 11 1,715
South Atlantic ..................................... 4,830 8,565 86 6 63 100 13,650
East South Central .............................. 2,042 2,282 14 26 11 - 4,376
West South Central ............................ 10,043 5,498 197 68 - - 15,805
Mountain .............................. 407 2,070 53 241 9 118 2,899
Pacific .................................................. 2,277 23,216 169 650 351 51 26,713
U.S. Total ............................................ 26,041 69,000 1,170 1,193 493 316 98,213

New England ...................... 969 18,481 58 - - - 19,508
Middle Atlantic .................................... 1,335 33,672 73 2 - 18 35,101
East North Central ............................... 2,861 21,584 173 - 1,041 18 25,676
West North Central ............................ 546 1,204 109 203 - 11 2,073
South Atlantic ........... . 4,180 9,371 80 6 671 108 14,417
East South Central ............................... 1,733 4,286 14 26 11 - 6,070
West South Cetral ............................. 10,197 7,517 74 70 - 11 17,870
Mountain ............................................. 326 5,904 51 237 9 17 6,543
Pacific .................................................. 1,866 30,801 99 170 317 is 33,267
U.S. Total ............................................ 24,012 132,821 730 714 2,049 198 160,525

2000

New England ................ ... . 1,312 22,018 65 - - - 23,395
Middle Atlantic .................................. 1,731 62,188 102 - - 18 64,039
East North Central ............. 2,949 28,514 311 - 6 15 31,795
West North Central ............ 791 967 135 203 - 11 2,106
South Atlantic ..................................... 4,781 24,844 83 6 63 107 29,883
East South Central ............................... 2,060 5,357 14 26 11 - 7,467
West South Central ............................ 11,262 16,324 197 67 - 11 27.862
Mountain ........................................... 410 6,432 52 224 - - 7,118
Pacific ............................................... 2,423 31,653 158 628 29 38 34.929
U.S. Total .......................................... 27,719 198,297 1,115 1,154 108 200 228,594

R = Revised data.
Notes: -Ali data are for I megawatt and greater. -Data are final; -See Technical Notes for North American Industry Classification System for these

industry groups. -Totals may not equal sum of components because of independent rounding.
Sources: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutlhity".
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Table A2. Gross Generation of U.S. Nonutility Generating Facilities by Producing Energy Group
and Census Division, 1996 Through 2000

(K..,..' (Million Kilowatthours)

Transportation Public OIndusry o

Census Division Manufacturing and Services Mining Administration
Public Utilities

New England ..................... 5,997 35,057 223 - - - 41,277
Middle Atlantic .................. 9,312 56,854 444 - 7 71 66,688
East North Central ............ 13,365 19,191 1,309 - 56 44 33,964
West North Central ........... 3,375 1,436 322 1,146 - 21 6,299
South Atlantic .................... 25,403 29,002 221 2 31 171 54,830
East South Central ............. 11,886 6,022 92 124 56 - 18,181
West South Central ............ 60,804 33,967 585 396 - - 95,751
Mountain ............................ 2,139 10,424 237 492 57 395 13.744
Pacific ................................. 12,281 74,453 850 4,100 410 157 92,252
U.S. Total .......................... 144,562 266,406 4,283 6,261 615 858 422,985

1999R
New England.................... 4,674 64,366 220 - - - 69,260
Middle Atlantic .................. 7,181 95,239 314 - - 69 102,803
East North Central ............. 13,021 29,607 596 - 440 (*) 43,664
West North Central ............ 2,454 3,276 298 1,024 - 20 7,073
South Atlantic .................... 22,191 32,476 195 2 217 196 55,277
East South Central ............. 10,581 14,736 96 117 53 - 25,584
West South Central ............ 58,678 42,666 153 369 - (N) 101,865
Mountain .......................... 1,565 16,757 235 498 57 - 19,112
Pacific ................................. 9,203 108,995 409 1,099 187 31 119,924
U.S. Total .......................... 129,547 408,118 2,517 3,109 955 317 544,561

2000

New England ..................... 5,856 76,246 252 - - - 82,353
Middle Atlantic ................. 9,411 203,163 478 - - 70 213,123
East North Central ............. 13,325 87,329 1,138 - 17 1 101,809
West North Central ............ 3,590 2,494 402 1,148 - 13 7,647
South Atlantic .................... 23,825 55,872 214 2 30 192 80,136
East South Central ............. 11,899 14,676 74 115 57 - 26,822
West South Central ............ 67,163 59,705 562 356 - (*) 127,787
Mountain ........................... 2,068 34,473 226 664 - - 37,432
Pacific ............................. 12,326 134,006 730 3,877 138 140 151,217
U.S. Total .......................... 149,463 667,966 4,076 6,162 242 417 828,325

(*) Denotes less than one-half the unit of measure.
R- = Revised data.

Notes: -Ali data are for I megawatt and greater. -Data are final; -See Technical Notes for North American Industry Classification System for these in-
dustry groups. -Totals may not equal sum of components because of independent rounding.

Sources: Energy Information Administration, Form EIA-860B "Annual Electric Generator Report - Nonutility".
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Table A3. Sulfur Dioxide, Nitrogen Oxide, and Carbon Dioxide Emission Factors

Boiler Type/ Emission Factors

CoFuel Firing Sulfur !Nitogen CarbonConfiguration DioxdelOides 2
Dioxide3

Utility ..................................................................

Coal and Other Solid Fuels .... ............

Bitum inous
4 

....................................................

Subbitmminous4 ................................................

LIgnite
4 .............................. .. . . .. . .. . .. . .. . .. . .. . .. . ......

Petroleum Coke
6 . . . . . . . . . .

... ............

Refuse ...............................................................

cyclone
fluidized bed

5

spreader stoker
tangential
all others

cyclone
fluidized bed

5

spreader stoker
tangential
all others

cyclone
fluidized bed

froottopposed
spreader stoker

tangential
all others

fluidized bed5
all others

all types

all types

tangential
vertical

all others

all types

an types

all types

all types

tangential

all others

an types

lbs per ton

38.00 x S
31.00 x S
38.00 x S
38.00 x S
38.00 x S

35.00 x S
31.00 x S
38.00 x S
35.00 x S
35.00 x S

30.00 x S
10.00 X S
30.00 x S
30.00 x S
30.00 x S
30.00 x S

39.00 x S
39.OD x S

3.90

0.08

lbs per 103 gal

157.00 x S
157.00 x S
157.00 x S

150.00 x S

See Table A5

86.5

See Table A5

Ibs per 106 cf

0.60

0.60

950.00

lbs per ton

33.0
5.0

11.0
15.0(14)
22.0(31)

17.0
5.0
8.8
8.4

12.0(24)

15.00
3.60

13.00
5.80
7.10

7.10(13)

21.00
21.00

5.00

1.50

lbs per 103 gal

32.00
47.00
47.00

24.00

See Table A5

19.00

See Table A5

lbs per 106 cf

170.00

280.00

280.00

Petroleum and Other Liquid Fuels .................

Residual Oil7 . .. . .. .. . .. . . .. ....................................

Distillate Oi7 . . . . . . . . . .. . . . . . . . . .. .
......

Methanol ............... . ............

Propane (liquid) ...............................................

Coal-Oil Mixture ....................

Natural Gas and Other Gaseous Fuels ...........

Natural Gas .....................................................

Blast Furnance Gas ..........................................

Nonttillty ...........................................................

Coal and Other Solid Fuels ...........................

Anthracite Cun ..... .................. ............
Bituminous4 .............. ............
Bituminous Gob ...............................................
Subituminous ..................................................
Lignite4 . . . . . . . . . .

. . . ............
Lignite Waste ................................................
pest . . . ......... ..... .... ..............

Agricultural Waste .. ... . ............
Black quor .. ... .................
Chemicals ................................................
Closed Loop Biomass ......................................
Internal ............................................................

lbs per 106 Btn

See Table A4
See Table A4
See Table A4
See Table A4
See Table A4

See Table A4
See Table A4
See Table A4
See Table A4
See Table A4

See Table A4
See Table A4
See Table A4
See Table A4
See Table A4
See Table A4

225.13

225.13

199.82

0.00

lbs per 106 Btu

173.72
173.72
173.72

161.27

138.15

139.04

173.72

Ibs per 106 Btu

116.38

116.38

116.38

lbs per 106 Btu

See Table A4
See Table A4
See Table A4
See Table A4
See Table A4
See Table A4

0
0
0
0
0
0

all types
an types
all types
all types
all types
all types
all types
all types
all types
all types
all types
all types

lbs per ton

39.00 x S
38.00 x S
38.00 x S
35.00 x S
30.00 x S
30.00 x S
30.00 x S

See Table A5
See Table A5
See Table A5
See Table A5
See Table AS

lbs per ton

1.80
22.00
22.00
12.00
12.00
12.00
12.00

See Table AS
See Table AS
See Table A5
See Table A5
See Table A5

See footnotes at end of table.
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Table A3. Sulfur Dioxide, Nitrogen Oxide, and Carbon Dioxide Emission Factors (Continued)

Boiler Type/ Emission Factors

Fuel Firing Sulfur Nitrogen Carbon
Configuration Dioxidel Oxides

2  
Dioxide

3

Coal and Other Solid Fuels (Continued) lbs per ton lbs per ton lbs per 106 Btu

Liquid Acetoniltoe Waste ................................ all types See Table A5 See Table A5 150.76
Liquid Waste .................................................... all types 2.80 2.30 163.29
Municipal Solid Waste ..................................... all types 1.70 5.90 •189.48
Petroleum Coke

6 
..................

.. . .. . .. . .. . .. . . .. . .. . . .. . ..  
all types 39.00 x S 14.00 225.13

Pitch .................................................................. all types See Table A5 See Table A5 See Table A5
Railroad Ties .................................................... all types See Table A5 See Table AS 0
Red Liquor ........................................................ all types See Table A5 See Table A5 0
Sludge ............................................................... all types 2.80 5.00 0
Sludge Waste .................................................... all types 2.80 5.00 0
Sludge Wood .................................................... all types 2.80 5.00 0
Spent Sulfite Liquor ......................................... all types See Table A5 See Table A5 0
Straw ................................................................. all types See Table A5 See Table AS 0
Sulfur ............................................................... all types 7.00 0.00 0
Tar Coal .......................................................... all types See Table AS See Table A5 See Table A5
Itns ................................................................. all types See Table A5 See Table A5 189.54
Waste Byproducts .................... ...................... all types 1.70 2.30 163.29
Waste Coal ...................................................... all types See Table A5 See Table A5 See Table A5
Wood/Wo Waste .......................................... all types 0.08 1.50 0

Petroleum and Other Liquid Fuels ................. lbs per 103 gal lbs per 103 gal lbs per 106 Btu

Heavy OiI7 ...................................................... all types 157.00 x S 47.00 173.72
Light Oil7 ........................ . . . .. .. . .. .. . . .. . . . . .. . .. . .. . . ..  

all types 142.00 x S 20.00 159A1
Diesel ............................................................... all types 142.00 x S 20.00 161-27
Kerosene ........................................................... all types 142.00 x S 20.00 159.41
Butane (liquid) ................................................. all types 0.09 21.00 • 14320
Fish Oil ............. . . . . ... all types See Table A5 See Table A5 0
Methanol .......................................................... all types See Table A5 See Table A5 138.15
Oil Waste . ....................................... all types 147.00 x S 19.00 163.61
Propane (liquid) .............................................. all types 0.50 19.00 139.04
Sludge Oil ........................................................ all types 147.00 x S 19.00 0
Tar Oil ............................................................ all types See Table A5 See Table A5 0
Waste Alcohol ................................................. an types See Table A5 See Table A5 138.15

Natural Gas aad Other Gaseous Fuels lbs per 106  f lbs per 10 6 
d lbs per 106 

Btu

Natural Gas .......... all types 0.60 280.00 116.97
Butane (gas) ...................................................... all types 0.60 21.00 143.20
Hydrogen .......................................................... all types See Table A5 550.00 0
Landfill Gas ..................................................... all types See Table A5 550.00 115.12
Methane .......................................................... all types See Table A5 550.00 115.11
Other Gas ............................................... al types See Table A5 550.00 141.54
Propane (gas) .................................................... all types 0.60 19.00 139.04

1 Uncontrolled sulfur dioxide emission factors. -x S" indicates that the constant must be multiplied by the percentage (by weight) of sulfur in the fuel.
Sulfur dioxide emission estimates from facilities with flue gas desulfurization equipment are calculated by multiplying uncontrolled emission estimates by one
minas the reported sulfur removal efficiencies. Sulfur dioxide emission factors also account for small quantities of sulfur trioxide and gaseous sulfates.

2 Parenthetic values are for wet bottom boilers; otherwise dsy bottom boilers. If bottom type is unknown, dry bottom is assumed. Emission factors are for
boilers with a gross beat rate of 100 million Bta per hour or greater. See Table A6 for nitrogen oxide reduction factors used to calculate controlled nitrogen
oxide emission estimates.

3 Uncontrolled carbon dioxide emission estimates ae reduced by 1 percent to account for unburned carbon.
4 Coal types ae categorized by Btu content as follows: bituminous (greater than or equal to 9,750 Btu per pound), subbiosminous (equal to 7,500 to 9,750

Btu per pound, and lignite (less than 7,500 Btu per pound).
5 Sulfur dioxide emission estimates from fluidized bed boilers assume a sulfur removal efficiency of 90 percenL
6 Emission factors for petroleum coke are assumed to be the same as those for anthracite. If the sulfur content of petroleum coke is unknown, a 6

percent sulfur content is assumed.
7 Oil types we categorized by Btu content as follows: heavy (greater than or equal to 144,190 Bta per gallon), and light (less than 144,190 Bta per gallon).
cf = Cubic Feet
gal = Gallons.
lbs = Pounds.

Sources: -For sulfur dioxide and nitrogen oxide factors: Environmental Protection Agency, Compilation ofAir Pollutant Emission Factors, Volume 1:
Stationary Point and Area Sources, Fifth Edition (through Supplement E), Research Triangle Park, North Carolina, July, 1999. -For carbon dioxide factors:
Energy Information Administration, "Emissions of Greenhouse Gases in the United States 1998," November 1999.
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Table A4. Carbon Dioxide Emission Factors for Coal by Rank and State of Origin

Rank State of Origin
I

Factors
(Pounds per Million Btu)

227.38Anthracite ..............................................................

Bituminous ....................................
Bitum inous ...........................................................
Bitum inous .............................................................
Bitum inous ...........................................................
Bitum inous ..............................................................
Bituminous ............. . .............
Bitum inous ..............................................................
Bituminous ............. . .............
Bituminous ......................................... ; ....................
Bitum inous ..............................................................
Bituminous .................. .............
Bitum inous ..............................................................
Bitum inous ..............................................................
Bitum inous ..............................................................
Bitum inous ............................................................
Bitum inous ..............................................................
Bituminous . ...................
Bituminous ............ . . .............
Bitum inous .............................................................
Bituminous ..............................................................
Bituminous ........................... . . ...........
Bituminous .......... . . .............
Bituminous .............................................................
Bituminous ............ . . .............

Subbitum inous ........................................................
Subbitum inous ........................................................
Subbitum inous ......................................................
Subbituminous ......................................................
Subbituminous .... .................................................
Subbituminous ........... . . . ............
Subbituminous ........................................................
Subbitum inous ........................................................
Subbituminous ......................................................

Lignite ..............................................................
Lignite ...................................
Lignite .....................................................................
Lignite ....................................................................
Lignite .....................................................................
Lignite ...................................................................
Lignite ...................................................................
lignlite ................................................... .................

Lignite ................................................................... .

Pennsylvania

Alabama
Arizona
Arkansas
Colorado
Illinois
Indiana
Iowa
Kansas
Kentucky: East
Kentucky: West
Maryland
Missouri
Montana
New Mexico
Ohio
Oklahoma
Pennsylvania
Tennessee
Utah
Virginia
Washington
West Virginia
Wyoming
Texas

Alaska
Colorado
Iowa
Missouri
Montana
New Mexico
Utah
Washington
Wyoming

Arkansas
California
Louisiana
Montana
North Dakota
South Dakota
Texas
Washington
Wyoming

205.46
209.68
211.60
206.21
203.51
203.64
201.57
202.79
204.80
203.23
210.16
201.31
209.62
205.71
202.84
205.93
205.72
204.79
204.08
206.23
203.62
207.10
206.48
204.39

214.00
212.72
200.79
201.31
213.42
208.84
207.09
208.69
212.71

213.54
216.31
213.54
220.59
218.76
216.97
213.54
211.68
215.59

Source: Energy Information Administration, Quastesly Coal Report, Jan.-Mar. 1994, DOE-EIA-0121(94/QI) (Washington, D.C, August 1994), pp. 1-8.)
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Table AS. Sulfur Dioxide and Nitrogen Oxide Factors for Specific Fuels

Fuel
Boiler Type/

Firing
Configuration

SuDlur
Dioxidei

Emission Factors

I -

Utility .......................................................................

Methanol ............................

Coal-Oil Mixture . .................

Nonutility .................................................................

Agricultural Waste ................................................

Black Liquor .........................................................

Chemicals .............. . . . .............

Closed Loop Biomass ...........................................

Internal ..............................................................

Liquid Acetonisrile Waste .....................................

Pitch ...................................................................

Railroad Ties .........................................................

Red Liquor ...........................................................

Spent Sulfite Liquor ............................................

Straw ....... ................

'r. v'..

all types

all types

all types

all types

all types

all types

all types

an types

all types

all types

all types

all types

all types

all types

all types

all types

all types

all types

all types

all types

all types

all types

all types

all types

lbs per 103 gal

0.05

185.00 x S

lbs per ton

0.08

7.00

7.00

0.08

0.08

7.00

30.00 x S

0.08

7.00

7.00

0.08

30.00 x S

38.00 x S

38.00 x S

lbs per 103 gal

0.50

0.50

162.70 x S

0.50

lbs per 106 cf

0.00

0.60

0.60

0.60

Nitrogen
Oxides

2

gal

12.40

50.00

lbs per ton

1.20

1.50

1.50

1.50

1.50

1.50

11.10

1.50

1.50

1.50

1.50

11.10

21.70

21.70

lbs per 103 gal

12.40

12.40

67.00

12.40

lbs per 106 cf

550.00

550.00

550.00

550.00

Tires ........ . . ... . ............

Waste Coal ............ ................................ .

Fish Oil .... .... . . . . ............

Methanol . ..................

Tar Oil ....... ...I....................... ..........................

Waste Alcohol ................ .........

Hydrogen .............. . . ............

Landfill Gas ............ . . ............

Methane . ...................

Other Gas .......................................................

1 Uncontrolled sulfur dioxide emission factor. "x S" indicates that the constant must be multiplied by the percentage (by weight) of sulfur in the fuel.
Sulfur dioxide emission estimates from facilities with flue gas desulfurization equipment ae calculated by multiplying uncontrolled emission estimates by one
minus the reported sulfur removal efficiencies. Sulfur dioxide emission factors also account for small quantities of sulfur irioxide and gaseous sulfatet.

2 If bottom type is unknown, dry bottom is assumed. Emission factors are for boilers with a gross beat rate of 100 million Btu per hour or greater. See
Table A6 for nitrogen oxide reduction factors used to calculate controlled nitrogen emission estimates.

Sources: Nitrogen Oxide emission factors from Hydrogen, Landfill Gas, Methane, and Other Gas calculated from Environmental Protection Agency,
Compilation of Air Pollutant Emission Factors, Volume I: Stationary Point and Area Sources, Fifth Edition (through Supplement E), Research Triangle Park,
North Carolina, July, 1999. All other fuels calculated by the Office of Integrated Analysis and Forecasting.
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Table A6. Nitrogen Oxide Reduction Factors -

Nitrogen Oxide
Control Technology

EIA-767 Code(s) EIA-860B Cede(s) Reduction Factor
(Percent)

Advanced Overfire Air ................................................... AA 301
Alternate Burners ............................................................ BF 20
Flue Gas Recirculation ................................................... FR FG 40
Fluidized Bed Combust ............................................... CF 20
Fuel Reburning ......................... FU 30
Low Excess Air .............................................................. LA LE 20
Low Nitrogen Oxide Burners ......................................... LN LN 301
Other (or Unspecified) .................................................... OT OT 20
Overfire Air ...................................................................... OV OA 201
Selective Catalytic Reduction .......................................... SR CC 70
Selective Catalytic Reduction

With Low Nitrogen Oxide Burners . ..-.. ............ SR and LN CC and LN 90
Selective Noncatalytic Reduction ................................... SN 30
Selective Noncatalytic Recuction

With Low Nitrogen Oxide Burners ............................. SN and LN 50
Slagging . ............. SC 20
Steam or Water Injection ................................................ SW 20

1 Starting with 1995 data, reduction factora for advanced overnre air, low nitrogen oxide burners, and overfire air were reduced by 10.
Source: Babcock and Wilcox, Steamn Its Generation and Use, 40th Edition, 1992.

Table A7. Unit-of-Measure Equivalents

Unit Equivalent

Mq.owau V'w) .. ................................................................... ............... ...
Megawatt (MW)..
Gigawatt (GW) ..........
Terawatt (TW) ...........

...........................................................................

, Gigawatt ...........
Thousand Gigawatts

...............................................................................
.............................................................................

HIuOwaMURouxs tj wu) ..............................................................................

i1,0,0 (One MflOlsaio)
1,000,000 (One million)

1,000,000,000 (One Billion)
1,000,000,000,000 (One Trillion)

1,000,000 (One Million)
1,000,O00,00O (One Billion)
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waus
Watts

Watts
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Kilowatts
Kilowatts

Watthours
Watthours
Watthours
Watthours

Megawatthours (MWh)
Gigawatthours (GWh)..
Terawasinours (71WW) .................................... . ................

Gigawatthours ........................................................ ......

Thousand Gigawarthonrs;...........................................

U.S. Dollar . -....- ......... ....................................
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Kilowatthours
Kilowatthours

Mills
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Source: Energy information Administration, Office of Coal, Nuclear, Electric and Alternate fuels.
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Glossary

Acid Rain: Also called acid precipitation or acid
deposition, acid rain is precipitation containing
harmful amounts of nitric and sulfuric acids formed
primarily by nitrogen oxides and sulfur oxides
released into the atmosphere when fossil fuels are
burned. It can be wet precipitation (rain, snow, or fog)
or dry precipitation (absorbed gaseous and particulate
matter, aerosol particles or dust). Acid rain has a pH
below 5.6. Normal rain has a pH of about 5.6, which
is slightly acidic. The term pH is a measure of acidity
or alkalinity and ranges from 0 to 14. A pH measure-
ment of 7 is regarded as neutral. Measurements below
7 indicate increased acidity, while those above indi-
cate increased alkalinity.

Actual Peak Reduction: The actual reduction in
annual peak load (measured in kilowatts) achieved by
consumers that participate in a utility DSM program.
It reflects the changes in the demand for electricity
resulting from a utility DSM program that is in effect
at the same time the utility experiences its annual
peak load, as opposed to the installed peak load
reduction capability (i.e., Potential Peak Reduction).
It should account for the regular cycling of energy
efficient units during the period of annual peak load.

Allowance for Funds Used During Construction
(AFUDC): A noncash item representing the esti-
mated composite interest costs of debt and a return on
equity funds used to finance construction. The allow-
ance is capitalized in the property accounts and
included in income.

Ampere: The unit of measurement of electrical
current produced in a circuit by 1 volt acting through
a resistance of 1 ohm.

Annual Effects: The total effects in energy use
(measured in megawatthours) and peak load (meas-
ured in kilowatts) caused by all participants in the
DSM programs that are in effect during a given year.
It includes new and existing participants in existing
programs (those implemented in prior years that are in
place during the given year) and all participants in
new programs (those implemented during the given
year). The effects of new participants in existing pro-
grams and all participants in new programs should be
based on their start-up dates (i.e., if participants enter
a program in July, only the effects from July to
December should be reported). If start-up dates are
unknown and cannot be reasonably estimated, the
effects can be annualized (i.e., assume the participants
were initiated into the program on January 1 of the
given year). The Annual Effects should consider the

• useful life of efficiency measures, by accounting for
building demolition, equipment degradation and attri-
tion.

Anthracite: A hard, black lustrous coal, often
referred to as hard coal, containing a high percentage
of fixed carbon and a low percentage of volatile
matter. Comprises three groups classified according to
the following ASTM Specification D388-84, on a dry
mineral-matter-free basis:

Fixed
Carbon Volatile
Limits Matter

GE LT GT LE
Meta-Anthracite 98 - - 2
Anthracite 92 98 2 8
Semianthracite 86 92 8 14

Appliances: Energy Efficiency program promotion
of high efficiency appliances such as dishwashers,
ranges, refrigerators, and freezers in the residential,
commercial, and industrial sectors. Includes programs
aimed at improving the efficiency of refrigeration
equipment and electrical cooking equipment,
including replacement. It also includes the promotion
and identification of high efficiency appliances in
retail stores using a labeling system different from the
federally-mandated Energy Guide. Energy Efficiency
program promotion of high efficiency cooling and
heating appliances are included under Cooling System
and Heating System, respectively.

Ash: Impurities consisting of silica, iron, alumina,
and other noncombustible matter that are contained in
coal. Ash increases the weight of coal, adds to the
cost of handling, and can affect its burning character-
istics. Ash content is measured as a percent by weight
of coal on an "as received" or a "dry" (moisture-free,
usually part of a laboratory analysis) basis.

Asset: An economic resource, tangible or intangible,
which is expected to provide benefits to a business.

Available but not Needed Capability: Net capa-
bility of main generating units that are operable but
not considered necessary to carry load, and cannot be
connected to load within 30 minutes.

Average Revenue per Kilowatthour: The average
revenue per kilowatthour of electricity sold by sector
(residential, commercial, industrial, or other) and
geographic area (State, Census division, and national),
is calculated by dividing the total annual revenue by
the corresponding total annual sales for each sector
and geographic area.

Barrel: A volumetric unit of measure for crude oil
and petroleum products equivalent to 42 U.S. gallons.
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Base Bill: A charge calculated through multipli-
cation of the rate from the appropriate electric rate
schedule by the level of consumption.

Baseload: The minimum amount of electric power
delivered or required over a given period of time at a
steady rate.

Baseload Capacity: The generating equipment
normally operated to serve loads on an around-the-
clock basis.

Baseload Plant: A plant, usually housing high-
efficiency steam-electric units, which is normally
operated to take all or part of the minimum load of a
system, and which consequently produces electricity
at an essentially constant rate and runs continuously.
These units are operated to maximize system mechan-
ical and thermal efficiency and minimize system oper-
ating costs.

Bbl: The abbreviation for barrel.

Bcf: The abbreviation for I billion cubic feet.

Bituminous Coal: The most common coal. It is
dense and black (often with well-defined bands of
bright and dull material). Its moisture content usually
is less than 20 percent. It is used for generating elec-
tricity, making coke, and space heating. Comprises
five groups classified according to the following
ASTM Specification D388-84, on a dry mineral-
matter-free (mmf) basis for fixed-carbon and volatile
matter and a moist mmf basis for calorific value.

period of time without exceeding approved limits of
temperature and stress.

Capacity: The amount of electric power delivered or
required for which a generator, turbine, transformer,
transmission circuit, station, or system is rated by the
manufacturer.

Capacity (Purchased): The amount of energy and
capacity available for purchase from outside the
system.

Capacity Charge: An element in a two-part pricing
method used in capacity transactions (energy charge is
the other element). The capacity charge, sometimes
called Demand Charge, is assessed on the amount of
capacity being purchased.

Capital (Financial): The line items on the right side
of a balance sheet, that include debt, preferred stock,
and common equity. A net increase in assets must be
financed by an increase in one or more forms of
capital.

Census Divisions: The nine geographic divisions of
the United States established by the Bureau of the
Census, U.S. Department of Commerce, for the
purpose of statistical analysis. The boundaries of
Census divisions coincide with State boundaries. The
Pacific Division is subdivided into the Pacific Contig-
uous and Pacific Noncontiguous areas.

Circuit: A conductor or a system of conductors
through which electric current flows.

Coal: A black or brownish-black solid combustible
substance formed by the partial decomposition of veg-
etable matter without access to air. The rank of coal,
which includes anthracite, bituminous coal,
subbituminous coal, and lignite, is based on fixed
carbon, volatile matter, and heating value. Coal rank
indicates the progressive alteration from lignite to
anthracite. Lignite contains approximately 9 to 17
million Btu per ton. The contents of subbituminous
and bituminous coal range from 16 to 24 million Btu
per ton and from 19 to 30 million Btu per ton, respec-
tively. Anthracite contains approximately' 22 to 28
million Btu per ton.

Cogenerator: A generating facility that produces
electricity and another form of useful thermal energy
(such as heat or steam), used for industrial, commer-
cial, heating, or cooling purposes. To receive status as
a qualifying facility (QF) under the Public Utility
Regulatory Policies Act (PURPA), the facility must
produce electric energy and "another form of useful
thermal energy through the sequential use of energy,"
and meet certain ownership, operating, and efficiency
criteria established by the Federal Energy Regulatory
Commission (FERC). (See the Code of Federal Regu-
lations, Title 18, Part 292.)

Coincidental Demand: The sum of two or more
demands that occur in the same time interval.

Coincidental Peak Load: The sum of two or more
peak loads that occur in the same time interval.

Fixed Volatile Calorific
Carbon Matter Value
Limits Limits Limits

Btu/lb
GE LT GT LT GE LE

LV 78 86 14 22
MV 69 78 22 31
HVA - 69 31 - 14000 -
HVB - . - . 13000 14000
HVC - - - 10500 13000

LV = Low-volatile bituminous coal
MV - Medium-volatile bituminous coal
HVA = High-volatile A bituminous coal
HVB = High-volatile B bituminous coal
HVC = High-volatile C bituminous coal

Boiler: A device for generating steam for power,
processing, or heating purposes or for producing hot
water for heating purposes or hot water supply. Heat
from an external combustion source is transmitted to a
fluid contained within the tubes in the boiler shell.
This fluid is delivered to an end-use at a desired pres-
sure, temperature, and quality.

Btu (British Thermal Unit): A standard unit for
measuring the quantity of heat energy equal to the
quantity of heat required to raise the temperature of 1
pound of water by 1 degree Fahrenheit.

Capability: The maximum load that a generating
unit, generating station, or other electrical apparatus
can carry under specified conditions for a given
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Coke (Petroleum): A residue high in carbon content
and low in hydrogen that is the final product of
thermal decomposition in the condensation process in
cracking. This product is reported as marketable coke
orcatalyst coke. The conversion factor is 5 barrels
(42 U.S. gallons each) per short ton.

Combined Cycle: An electric generating technology
in which electricity is produced from otherwise lost
waste heat exiting from one or more gas (combustion)
turbines. The exiting heat is routed to a conventional
boiler or to a heat recovery steam generator for utili-
zation by a steam turbine in the production of elec-
tricity. This process increases the efficiency of the
electric generating unit.

Combined Cycle Unit: An electric generating unit
that consists of one or more combustion turbines and
one or more boilers with a portion of the required
energy input to the boiler(s) provided by the exhaust
gas of the combustion turbine(s).

Combined Pumped-Storage Plant: A pumped-
storage hydroelectric power plant that uses both
pumped water and natural streamflow to produce elec-
tricity.

Commercial: The commercial sector is generally
defined as nonmanufacturing business establishments,
including hotels, motels, restaurants, wholesale busi-
nesses, retail stores, and health, social, and educa-
tional institutions. The- utility may classify
commercial service as all consumers whose demand or

• annual use exceeds some specified limit. The limit
may be set by the utility based on the rate schedule of
the utility.

Commercial Operation: Commercial - operation
begins when control of the loading of the generator is
turned over to the system dispatcher.

Connection: The physical connection (e.g. trans-
mission lines, transformers, switch gear, etc.) between
two electric systems permitting the transfer of electric
energy in one or both directions.

Conservation and Other DSM: This Demand-Side
Management category represents the amount of con-
sumer load reduction at the time of system peak due
to utility programs that reduce consumer load during
many hours of the year. Examples include utility
rebate and shared savings activities for the installation
of energy efficient appliances, lighting and electrical
machinery, and weatherization materials. In addition,
this category includes all other Demand-Side Manage-
ment activities, such as thermal storage, time-of-use
rates, fuel substitution, measurement and evaluation,
and any other utility-administered Demand-Side Man-
agement activity designed to reduce demand and/or
electricity use.

Construction Work In Progress (CWIP): The
balance shown on a utility's balance sheet for con-
struction work not yet completed but in process. This
balance line item may or may not be included in the
rate base.

Consumption (Fuel): The amount of fuel used for
gross generation, providing standby service, start-up
and/or flame stabilization.

Contract Price: Price of fuels marketed on a con-
tract basis covering a period of I or more years. Con-
tract prices reflect market conditions at the time the
contract was negotiated and therefore remain constant
throughout the life of the contract or are adjusted
through escalation clauses. Generally, contract prices
do not fluctuate widely.

Contract Receipts: Purchases based on a negotiated
agreement that generally covers a period of 1 or more
years.

Cooling System: Energy Efficiency program pro-
motion aimed at improving the efficiency of the
cooling delivery system, including replacement, in the
residential, commercial, or industrial sectors.

Cooperative Electric Utility: An electric utility
legally established to be owned by and operated for
the benefit of those using its service. The utility
company will generate, transmit, and/or distribute
supplies of electric energy to a specified area not
being serviced by another utility. Such ventures are
generally exempt from Federal income tax laws. Most
electric cooperatives have been initially -financed by
the Rural Electrification Administration, U.S. Depart-
ment of Agriculture.

Cost: The amount paid to acquire resources, such as
plant and equipment, fuel, or labor services.

Current (Electric): A flow of electrons in an elec-
trical conductor. The strength or rate of movement of
the electricity is measured in amperes.

Demand (Electric): The rate at which electric
energy is delivered to or by a system, part of a
system, or piece of equipment, at a given instant or
averaged over any designated period of time.

Demand-Side Management: The planning, imple-
mentation, and monitoring of utility activities
designed to encourage consumers to modify patterns
of electricity usage, including the timing and level of
electricity demand. It refers only to energy and load-
shape modifying activities that are undertaken in
response to utility-administered programs. It does not
refer to energy and load-shape changes arising from
the normal operation of the marketplace or from
government-mandated energy-efficiency standards.
Demand-Side Management (DSM) covers the com-
plete range of load-shape objectives, including stra-
tegic conservation and load management, as well as
strategic load growth.

Demand-Side Management Costs: The costs
incurred by the utility to achieve the capacity and
energy savings from the Demand-Side Management
Program. Costs incurred by consumers or third parties
are to be excluded. The costs are to be reported in
nominal dollars in the year in which they are incurred,
regardless of when the savings occur. Program costs
include expensed items incurred to implement the
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program, incentive payments provided to consumers
to install Demand-Side Management measures, and
annual operation and maintenance expenses incurred
during the year. Utility costs that are general, admin-

,,istrative, or not specific to a particular Demand-Side
Management category are to be included in "other"
costs.

Direct Load Control: Refers to program activities
that can interrupt consumer load at the time of annual
peak load by direct control of the utility system oper-
ator by interrupting power supply to individual appli-
ances or equipment on consumer premises. This type
of control usually involves residential consumers.
Direct Load Control excludes Interruptible Load and
Other Load Management effects. (Direct Load
Control, as defined here, is synonymous with Direct
Load Control Management reported to the North
American Electric Reliability Council on the volun-
tary Office of Energy Emergency Operations Form
OE-411, "Coordinated Regional Bulk Power Supply
Program Report," with the exception that annual peak
load effects are reported here and seasonal (i.e.,
summer and winter) peak load effects are reported on
the OE-411.)

Direct Utility Cost: A utility cost that is identified
with one of the DSM program categories (i.e. Energy
Efficiency, Direct Load Control, Interruptible Load,
Other Load Management, Other DSM Programs, Load
Building).

Distillate Fuel Oil: A general classification for one
of the petroleum fractions produced in conventional
distillation operations. It is used primarily for space
heating, on-and-off-highway diesel engine fuel
(including railroad engine fuel and fuel for agriculture
machinery), and electric power generation. Included
are Fuel Oils No. 1, No. 2, and No. 4; and Diesel
Fuels No. 1, No. 2, and No. 4.

Distribution System: The portion of an electric
system that is dedicated to delivering electric energy
to an end user.

Diversity Exchange: An exchange of capacity or
energy, or both, between systems whose peak loads
occur at different times.

Electric Plant (Physical): A facility containing
prime movers, electric generators, and auxiliary
equipment for converting mechanical, chemical,
and/or fission energy into electric energy.

Electric Rate Schedule: A statement of the electric
rate and the terms and conditions governing its appli-
cation, including attendant contract terms and condi-
tions that have been accepted by a regulatory body
with appropriate oversite authority.

Electric Utility: A corporation, person, agency,
authority, or other legal entity or instrumentality that
owns and/or operates facilities within the United

,/ States, its territories, or Puerto Rico for the gener-
ation, transmission, distribution, or sale of electric
energy primarily for use by the public and files forms

listed in the Code of Federal Regulations, Title 18,
Part 141. Facilities that qualify as cogenerators or
small power producers under the Public Utility Regu-
latory Policies Act (PURPA) are not considered elec-
tric utilities.

Energy: The capacity for doing work as measured by
the capability of doing work (potential energy) or the
conversion of this capability to motion (kinetic
energy). Energy has several forms, some of which are
easily convertible and can be changed to another form
useful for work. Most of the world's convertible
energy comes from fossil fuels that are burned to
produce heat that is then used as a transfer medium to
mechanical or other means in order to accomplish
tasks. Electrical energy is usually measured in
kilowatthours, while heat energy is usually measured
in British thermal units.

Energy Charge: That portion of the charge for elec-
tric service based upon the electric energy (kWh) con-
sumed or billed.

Energy Deliveries: Energy generated by one electric
utility system and delivered to another system through
one or more transmission lines.

Energy Effeets: The changes in aggregate electricity
use (measured in megawatthours) for customers that
participate in a utility DSM program. Energy Effects
should represent changes at the consumer meter (i.e.
exclude transmission and distribution effects) and
reflect only activities that are undertaken specifically
in response to utility-administered programs,
including those activities implemented by third parties
under contract to the utility. To the extent possible,
Energy Effects should exclude non-program related
effects such as changes in energy usage attributable to
nonparticipants, government-mandated energy-
efficiency standards that legislate improvements in
building and appliance energy usage, changes in con-
sumer behavior that result in greater energy use after
initiation in a DSM program, the natural operations of
the marketplace, and weather and business-cycle
adjustments.

Energy Efficiency: Refers to programs that are
aimed at reducing the energy used by specific end-use
devices and systems, typically without affecting the
services provided. These programs reduce overall
electricity consumption (reported in megawatthours),
often without explicit consideration for the timing of
program-induced savings. Such savings are generally
achieved by substituting technically more advanced
equipment to produce the same level of end-use ser-
vices (e.g. lighting, heating, motor drive) with less
electricity. Examples include high-efficiency appli-
ances, efficient lighting programs, high-efficiency
heating, ventilating and air conditioning (HVAC)
systems or control modifications, efficient building
design, advanced electric motor drives, and heat
recovery systems.

Energy Receipts: Energy generated by one electric
utility system and received by another system through
one or more transmission lines.
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Energy Source: The primary source that provides
the power that is converted to electricity through
chemical, mechanical, or other means. Energy sources
include coal, petroleum and petroleum products, gas,
water, uranium, wind, sunlight, geothermal, and other
sources.

Equity Capital: The sum of capital from retained
earnings and the issuance of stocks.

Expenditure: The incurrence of a liability to obtain
an asset or service.

Facility: An existing or planned location or site at
which prime movers, electric generators, and/or
equipment for converting mechanical, chemical,
and/or nuclear energy into electric energy are situated,
or will be situated. A facility may contain more than
one generator of either the same or different prime
mover type. For a cogenerator, the facility includes
the industrial or commercial process.

Federal Energy Regulatory Commission (FERC):
A quasi-independent regulatory agency within the
Department of Energy having jurisdiction over inter-
state electricity sales, wholesale electric rates, hydro-
electric licensing, natural gas pricing, oil pipeline
rates, and gas pipeline certification.

Federal Power Act: Enacted in 1920, and amended
in 1935, the Act consists of three parts. The first part
incorporated the Federal Water Power Act adminis-
tered by the former Federal Power Commission,
whose activities were confined almost entirely to
licensing non-Federal hydroelectric projects. Parts II
and III were added with the passage of the Public
Utility Act. These parts extended the Act's jurisdic-
tion to include regulating the interstate transmission
of electrical energy and rates for its sale as wholesale
in interstate commerce. The Federal Energy Regula-
tory Commission is now charged with the adminis-
tration of this law.

Federal Power Commission: The predecessor
agency of the Federal Energy Regulatory Commis-
sion. The Federal Power Commission (FPC) was
created by an Act of Congress under the Federal
Water Power Act on June 10, 1920. It was charged
originally with regulating the electric power and
natural gas industries. The FPC was abolished on Sep-
tember 20, 1977, when the Department of Energy was
created. The functions of the FPC were divided
between the Department of Energy and the Federal
Energy Regulatory Commission.

FERC: The Federal Energy Regulatory Commission.

Firm Gas: Gas sold on a continuous and generally
long-term contract.

Firm Power: Power or power-producing capacity
intended to be available at all times during the period
.covered by a guaranteed commitment to deliver, even
under adverse conditions.

•"< Flue Gas Desulfurization Unit (Scrubber): Equip-
ment used to remove sulfur oxides from the com-

bustion gases of a boiler plant before discharge to the
atmosphere. Chemicals, such as lime, are used as the
scrubbing media.

Flue Gas Particulate Collectors: Equipment used to
remove fly ash from the combustion gases of a boiler
plant before discharge to the atmosphere. Particulate
collectors include electrostatic precipitators, mechan-
ical collectors (cyclones), fabric filters (baghouses),
and wet scrubbers.

Fly Ash: Particule matter from coal ash in which the
particle diameter is less than 1 x 10-4 meter. This is
removed from the flue gas using flue gas particulate
collectors such as fabric filters and electrostatic
precipitators.

Forced Outage: The shutdown of a generating unit,
transmission line or other facility, for emergency
reasons or a condition in which the generating equip-
ment is unavailable for load due to unanticipated
breakdown.

Fossil Fuel: Any naturally occurring organic fuel,
such as petroleum, coal, and natural gas.

Fossil-Fuel Plant: A plant using coal, petroleum, or
gas as its source of energy.

Fuel: Any substance that can be burned to produce
heat; also, materials that can be fissioned in a chain
reaction to produce heat.

Fuel Expenses: These costs include the fuel used in
the production of steam or driving another prime
mover for the generation of electricity. Other associ-
ated expenses include unloading the shipped fuel and
all handling of the fuel up to the point where it enters
the first bunker, hopper, bucket, tank, or holder in the
boiler-house structure.

Full-Forced Outage: The net capability of main
generating units that is unavailable for load for emer-
gency reasons.

Gas: A fuel burned under boilers and by internal
combustion engines for electric generation. These
include natural, manufactured and waste gas.

Gas Turbine Plant: A plant in which the prime
mover is a gas turbine. A gas turbine consists typi-
cally of an axial-flow air compressor, one or more
combustion chambers, where liquid or gaseous fuel is
burned and the hot gases are passed to the turbine and
where the hot gases expand to drive the generator and
are then used to run the compressor.

Generating Unit: Any combination of physically
connected generator(s), reactor(s), boiler(s), com-
bustion turbine(s), or other prime mover(s) operated
together to produce electric power.

Generation (Electricity): The process of producing
electric energy by transforming other forms of energy;
also, the amount of electric energy produced,
expressed in watthours (Wh).
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Gross Generation: The total amount of electric energy
produced by the generating units at a generating
station or stations, measured at the generator termi-
nals.

•%,Net Generation: Gross generation less the electric
energy consumed at the generating station for station
use.

Generator: A machine that converts mechanical
energy into electrical energy.

Generator Nameplate Capacity: The full-load con-
tinuous rating of a generator, prime mover, or other
electric power production equipment under specific
conditions as designated by the manufacturer.
Installed generator nameplate rating is usually indi-
cated on a nameplate physically attached to the gener-
ator.

Geothermal Plant: A plant in which the prime
mover is a steam turbine. The turbine is driven either
by steam produced from hot water or by natural steam
that derives its energy from heat found in rocks or
fluids at various depths beneath the surface of the
earth. The energy is extracted by drilling and/or
pumping.

Gigawatt (GW): One billion watts.

Gigawatthour (GWh): One billion watthours.

Greenhouse Effect: The increasing mean global
surface temperature of the earth caused by gases in
the atmosphere (including carbon dioxide, methane,

'Z-/ nitrous oxide, ozone, and chlorofluorocarbon). The
greenhouse effect allows solar radiation to penetrate
but absorbs the infrared radiation returning to space.

Grid: The layout of an electrical distribution system.

Gross Generation: The total amount of electric
energy produced by a generating facility, as measured
at the generator terminals.

Heating System: Energy Efficiency program pro-
motion aimed at improving the efficiency of the
heating delivery system, including replacement, in the
residential, commercial, or industrial sectors.

Heavy Oil: The fuel oils remaining after the lighter
oils have been distilled off during the refining
process. Except for start-up and flame stabilization,
virtually all petroleum used in steam plants is heavy
oil.

Hydroelectric Plant: A plant in which the turbine
generators are driven by falling water.

Incremental Effects: The annual effects in energy
use (measured in megawatthours) and peak load
(measured in kilowatts) caused by new participants in
existing DSM programs and all participants in new
DSM programs during a given year. Reported Incre-
mental Effects should be annualized to indicate the
program effects that would have occurred had these

•~-'- participants been initiated into the program on
January 1 of the given year. Incremental effects are

not simply the Annual Effects of a given year minus
the Annual Effects of the prior year, since these net
effects would fail to account for program attrition,
degradation, demolition, and participant dropouts.

Indirect Utility Cost: A utility cost that may not be
meaningfully identified with any particular DSM
program category. Indirect costs could be attributable
to one of several accounting cost categories (i.e.,
Administrative, Marketing, Monitoring & Evaluation,
Utility-Earned Incentives, Other). Accounting costs
that are known DSM program costs should not be
reported under Indirect Utility Cost, rather those costs
should be reported as Direct Utility Costs under the
appropriate DSM program category.

Industrial: The industrial sector is generally defined
as manufacturing, construction, mining agriculture,
fishing and forestry establishments Standard Indus-
trial Classification (SIC) codes 01-39. The utility may
classify industrial service using the SIC codes, or
based on demand or annual usage exceeding some
specified limit. The limit may be set by the utility
based on the rate schedule of the utility.

Inoperable Capacity: Utility-owned or operated
capacity that is totally or partially out of service for
reasons such as: environmental restrictions, legal or
regulatory restrictions, extensive modifications or
repair, or capacity specified as being in a mothballed
state.

Interdepartmental Service (Electric): Interdepart-
mental service includes amounts charged by the elec-
tric department at tariff or other specified rates for
electricity supplied by it to other utility departments.

Intermediate Load (Electric System): The range
from base load to a point between base load and peak.
This point may be the midpoint, a percent of the peak
load, or the load over a specified time period.

Internal Combustion Plant: A plant in which the
prime mover is an internal combustion engine. An
internal combustion engine has one or more cylinders
in which the process of combustion takes place, con-
verting energy released from the rapid burning of a
fuel-air mixture into mechanical energy. Diesel or
gas-fired engines are the principal types used in elec-
tric plants. The plant is usually operated during
periods of high demand for electricity.

Internal Demand: Peak hour integrated megawatt
demand is defined as the sum of the demands of all
customers that a system serves, including the demands
of the organization providing the electric service, plus
the losses incidental to that service. Total Internal
Demand is the sum of the metered (net) outputs of all
generators within the system and the metered line
flows into the system, less the metered line flows out
of the system. The demand of station service or auxil-
iary needs (such as fan motors, pump motors, and
other equipment essential to the operation of the gen-
erating units) is not included.

Internal Demand includes adjustments for utility indi-
rect demand-side management programs such as con-
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servation programs, improvements in efficiency of
electric energy use, rate incentives, and rebates.
Internal Demand should not be reduced by Direct
Control Load Management or Interruptible Demand.

(•' Interruptible Demand: The magnitude of customer
demand that, in accordance with contractual arrange-
ments, can be interrupted at the time of the NERC
Council or Reporting Party seasonal peak by direct
control of the System Operator or by action of the
customer at the direct request of the System Operator.
In some instances, the demand reduction may be
effected by direct action of the System Operator
(remote tripping) after notice to the customer in
accordance with contractual provisions. For example,
demands that can be interrupted to fulfill planning or
operating reserve requirements normally should be
reported as Interruptible Demand. Interruptible
Demand as reported here does not include Direct
Control Load Management.

Interruptible Gas: Gas sold to customers with a
provision that permits curtailment or cessation of
service at the discretion of the distributing company
under certain circumstances, as specified in the
service contract.

Interruptible Load: Refers to program activities
that, in accordance with contractual arrangements, can
interrupt consumer load at times of seasonal peak load
by direct control of the utility system operator or by
action of the consumer at the direct request of the
system operator. It usually involves commercial and
industrial consumers. In some instances the load

,< reduction may be affected by direct action of the
system operator (remote tripping) after notice to the
consumer in accordance with contractual provisions.
For example, loads that can be interrupted to fulfill
planning or operation reserve requirements should be
reported as Interruptible Load. Interruptible Load as
defined here excludes Direct Load Control and Other
Load Management. (Interruptible Load, as reported
here, is synonymous with Interruptible Demand
reported to the North American Electric Reliability
Council on the voluntary Office of Energy Emergency
Operations Form OE-41 1, "Coordinated Regional
Bulk Power Supply Program Report," with the excep-
tion that annual peak load effects are reported on the
Form EIA-861 and seasonal (i.e., summer and winter)
peak load effects are reported on the OE-41 1).

Kilowatt (kW): One thousand watts.

Kilowatthour (kWh): One thousand watthours.

Leverage Ratio: A measure that indicates the finan-
cial ability to meet debt service requirements and
increase the value of the investment to the stock-
holders. (i.e. the ratio of total debt to total assets).

Liability: An amount payable in dollars or by future
services to be rendered.

Light Oil: Lighter fuel oils distilled off during the
refining process. Virtually all petroleum used in
internal combustion and gas-turbine engines is light
oil.

Lignite: A brownish-black coal of low rank with
high inherent moisture and volatile matter (used
almost exclusively for electric power generation). It is
also referred to as brown coal. Comprises two groups
classified according to the following ASTM Specifi-
cation D388-84 for calorific values on a moist
material-matter-free basis:

Limits Btu/lb.

GE LT
Lignite A 6300 8300
Lignite B - 6300

Load (Electric): The amount of electric power deliv-
ered or required at any specific point or points on a
system. The requirement originates at the energy-
consuming equipment of the consumers.

Load Building: Refers to programs that are aimed at
increasing the usage of existing electric equipment or
the addition of electric equipment. Examples include
industrial technologies such as induction heating and
melting, direct arc furnaces and infrared drying;
cooking for commercial establishments; and heat
pumps for residences. Load Building should include
programs that promote electric fuel substitution. Load
Building effects should be reported as a negative
number, shown with a minus sign.

Marketing Cost: Expenses directly associated with
the preparation and implementation of the strategies
designed to encourage participation in a DSM
program. The category excludes general market and
load research costs.

Monitoring & Evaluation Cost: Expenditures asso-
ciated with the planning, collection, and analysis of
data used to assess program operation and effects. It
includes the activities such as load metering, customer
surveys, new technology testing, and program evalu-
ations that are intended to establish or improve the
ability to monitor and evaluate the impacts of DSM
programs, collectively or individually.

Maximum Demand: The greatest of all demands of
the load that has occurred within a specified period of
time.

Mcf: One thousand cubic feet.

Megawatt (MW): One million watts.

Megawatthour (MWh): One million watthours.

MMcf: One million cubic feet.

Natural Gas: A naturally occurring mixture of
hydrocarbon and nonhydrocarbon gases found in
porous geological formations beneath the earth's
surface, often in association with petroleum. The prin-
cipal constituent is methane.

Net Capability: The maximum load-carrying ability
of the equipment, exclusive of station use, under spec-
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ified conditions for a given time interval, independent
of the characteristics of the load. (Capability is deter-
mined by design characteristics, physical conditions,
adequacy of prime mover, energy supply; and oper-

/ ating limitations such as cooling and circulating water
supply and temperature, headwater and tailwater ele-
vations, and electrical use.)

Net Generation: Gross generation minus plant use
from all electric utility owned plants. The energy
required for pumping at a pumped-storage plant is
regarded as plant use and must be deducted from the
gross generation.

Net Internal Demand: Internal Demand less Direct
Control Load Management and Interruptible Demand.

Net Summer Capability: The steady hourly output,
which generating equipment is expected to supply to
system load exclusive of auxiliary power, as demon-
strated by tests at the time of summer peak demand.

Net Winter Capability: The steady hourly output
which generating equipment is expected to supply to
system load exclusive of auxiliary power, as demon-.
strated by tests at the time of winter peak demand.

New Construction: Energy-efficiency program pro-
motion to encourage the building of new homes,
buildings, and plants to exceed standard government-
mandated energy efficiency codes; it may include
major renovations of existing facilities.

Noncoincidental Peak Load: The sum of two or
k more peak loads on individual systems that do not
occur in the same time interval. Meaningful only
when considering loads within a limited period of
time, such as a day, week, month, a heating or cooling
season, and usually for not more than 1 year.

Non-Firm Power: Power or power-producing
capacity supplied or available under a commitment
having limited or no assured availability.

Nonutility Power Producer: A corporation, person,
agency, authority, or other legal entity or
instrumentality that owns electric generating capacity
and is not an electric utility. Nonutility power pro-
ducers include qualifying cogenerators, qualifying
small power producers, and other nonutility genera-
tors (including independent power producers) without
a designated franchised service area, and which do not
file forms listed in the Code of Federal Regulations,
Title 18, Part 141.

North American Electric Reliability Council
(NERC): A council formed in 1968 by the electric
utility industry to promote the reliability and ade-
quacy of bulk power supply in the electric utility
systems of North America. NERC consists of 10
regional reliability councils and one affiliate member
and encompasses essentially all the power regional of
the contiguous United States and Alaska, Canada, and

_/ Mexico. The NERC Regions are:

ASCC - The Alaska Systems Coordinating Council
(affiliate NERC member)

ECAR - East Central Area Reliability Coordination
Agreement

ERCOT - Electric Reliability Council of Texas

FRCC - Florida Reliability Coordinating Council

MAAC - Mid-Atlantic Area Council

MAIN - Mid-America Interconnected Network

MAPP - Mid-Continent Area Power Pool

NPCC - Northeast Power Coordinating Council

SERC - Southeastern Electric Reliability Council

SPP - Southwest Power Pool

WSCC - Western Systems Coordinating Council

North American Industry Classification System
(NAICS): A set of codes developed by the Office of
Management and Budget, which categorizes business
into groups with similar economic activities. Formerly
called the Standard Industrial Classification (SIC)
prior to 1997.

Nuclear Fuel: Fissionable materials that have been
enriched to such a composition that, when placed in a
nuclear reactor, will support a self-sustaining fission
chain reaction, producing heat in a controlled manner
for process use.

Nuclear Power Plant: A facility in which heat
produced in a reactor by the fissioning of nuclear fuel
is used to drive a steam turbine.

Off-Peak Gas: Gas that is to be delivered and taken
on demand when demand is not at its peak.

Ohm: The unit of measurement of electrical resist-
ance. The resistance of a circuit in which a potential
difference of I volt produces a current of I ampere.

Operable Nuclear Unit: A nuclear unit is
"operable" after it completes low-power testing and is
granted authorization to operate at full power. This
occurs when it receives its full power amendment to
its operating license from the Nuclear Regulatory
Commission.

Other Cost: A residual category to capture the Indi-
rect Costs of DSM programs that cannot be meaning-
fully included in any of the other cost categories
listed and defined herein. Included are costs such as
those incurred in the research and development of
DSM technologies.

Other DSM Programs: A residual category to
capture the effects of DSM programs that cannot be
meaningfully included in any of the program catego-
ries listed and defined herein. The energy effects
attributable to this category should be the net effects
of all the residual programs. Programs that promote
consumer's substitution of electricity by other energy
types should be included in Other DSM Programs.
Also, self-generation should be included in Other
DSM Programs to the extent that it is not accounted
for as backup generation in Other Load Management
or Interruptible Load categories.
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Other* Incentives: Energy Efficiency programs that
offer cash or noncash awards to electric energy effi-
ciency deliverers, such as appliance and equipment
dealers, building contractors, and architectural and
engineering firms, that encourage consumer partic-
ipation in a DSM program and adoption of recom-
mended measures.

Other Load Management: Refers to programs other
than Direct Load Control and Interruptible Load that
limit or shift peak load from on-peak to off-peak time
periods. It includes technologies that primarily shift
all or part of a load from one time-of-day to another
and secondarily may have an impact on energy con-
sumption. Examples include space heating and water
heating storage systems, cool storage systems, and
load limiting devices in energy management systems.
This category also includes programs that aggres-
sively promote time-of-use (TOU) rates and other
innovative rates such as real time pricing. These rates
are intended to reduce consumer bills and shift hours
of operation of equipment from on-peak to off-peak
periods through the application of time-differentiated
rates.

Other Sales to Public Authorities: Public authority
service includes electricity supplied and services ren-
dered to municipalities or divisions or agencies of
State or Federal governments, under special contracts
or agreements or service classifications applicable
only to public authorities.

Outage: The period during which a generating unit,
transmission line, or other facility is out of service.

Peak Demand: The maximum load during a speci-
fied period of time.

Peak Load Plant: A plant usually housing old, low-
efficiency steam units; gas turbines; diesels; or
pumped-storage hydroelectric equipment normally
used during the peak-load periods.

Peaking Capacity: Capacity of generating equip-
ment normally reserved for operation during the hours
of highest daily, weekly, or seasonal loads. Some gen-
erating equipment may be operated at certain times as
peaking capacity and at other times to serve loads on
an around-the-clock basis.

Percent Difference: The relative change in a quan-
tity over a specified time period. It is calculated as
follows: the current value has the previous value sub-
tracted from it; this new number is divided by the
absolute value of the previous value; then this new
number is multiplied by 100.

Petroleum: A mixture of hydrocarbons existing in
the liquid state found in natural underground reser-
voirs, often associated with gas. Petroleum includes
fuel oil No. 2, No. 4, No. 5, No. 6; topped crude;
Kerosene; and jet fuel.

Petroleum Coke: See Coke (Petroleum).

•'< Petroleum (Crude Oil): A naturally occurring, oily,
flammable liquid composed principally of

hydrocarbons. Crude oil is occasionally found in
springs or pools but usually is drilled from wells
beneath the earth's surface.

Planned Capacity Resources: Utility- and
IPP-owned generating capacity that is existing or in
various stages of planning or construction, less inop-
erable capacity, plus planned capacity purchases from
other resources, less planned capacity sales.

Planned Generator: A proposal by a company to
install electric generating equipment at an existing or
planned facility or site. The proposal is based on the
owner having obtained (1) all environmental and reg-
ulatory approvals, (2) a signed contract for the elec-
tric energy, or (3) financial closure for the facility.

Plant: A facility at which are located prime movers,
electric generators, and auxiliary equipment for con-
verting mechanical, chemical, and/or nuclear energy
into electric energy. A plant may contain more than
one type of prime mover. Electric utility plants
exclude facilities that satisfy the definition of a quali-
fying facility under the Public Utility Regulatory Poli-
cies Act of 1978.

Plant Use: The electric energy used in the operation
of a plant. Included in this definition is the energy
required for pumping at pumped-storage plants.

Plant-Use Electricity: The electric energy used in
the operation of a plant. This energy total is sub-
tracted from the gross energy production of the plant;
for reporting purposes the plant energy production is
then reported as a net figure. The energy required for
pumping at pumped-storage plants is, by definition,
subtracted, and the energy production for these plants
is then reported as a net figure.

Potential Peak Reduction: The potential annual
peak load reduction (measured in kilowatts) that can
be deployed from Direct Load Control, Interruptible
Load, Other Load Management, and Other DSM
Program activities. It represents the load that can be
reduced either by the direct control of the utility
system operator or by the consumer in response to a
utility request to curtail load. It reflects the installed
load reduction capability, as opposed to the Actual
Peak Reduction achieved by participants, during the
time of annual system peak load.

Power: The rate at which energy is transferred. Elec-
trical energy is usually measured in watts. Also used
for a measurement of capacity.

Power Pool: An association of two or more intercon-
nected electric systems having an agreement to coor-
dinate operations and planning for improved
reliability and efficiencies.

Power Marketers: Power marketers are business
entities engaged in buying and selling electricity, but
do not own generating or transmission facilities.
Power marketers, as opposed to Brokers, take owner-
ship of the electricity and are involved in interstate
trade. These entities file with FERC for status as a
power marketer.
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Price: The amount of money or consideration-in-
kind for which a service is bought, sold, or offered for
sale.

(../ Prime Mover: The engine, turbine, water wheel, or
similar machine that drives an electric generator; or,
for reporting purposes, a device that converts energy
to electricity directly (e.g., photovoltaic solar and fuel
cell(s)).

Process Heating: Energy Efficiency program pro-
motion of increased electric energy efficiency appli-
cations in industrial process heating.

Profit: The income remaining after all business
expenses are paid.

Public Street and Highway Lighting: Public street
and highway lighting includes electricity supplied and
services rendered for the purposes of lighting streets,
highways, parks, and other public places; or for traffic
or other signal system service, for municipalities, or
other divisions or agencies of State or Federal govern-
ments.

Pumped-Storage Hydroelectric Plant: A plant that
usually generates electric energy during peak-load
periods by using water previously pumped into an ele-
vated storage reservoir during off-peak periods when
excess generating capacity is available to do so. When
additional generating capacity is needed, the water
can be released from the reservoir through a conduit
to turbine generators located in a power plant at a
lower level.

Purchased Power Adjustment: A clause in a rate
schedule that provides for adjustments to the bill
when energy from another electric system is acquired
and it varies from a specified unit base amount.

Pure Pumped-Storage Hydroelectric Plant: A
plant that produces power only from water that has
previously been pumped to an upper reservoir.

Qualifying Facility (QF): A cogeneration or small
power production facility that meets certain owner-
ship, operating, and efficiency criteria established by
the Federal Energy Regulatory Commission (FERC)
pursuant to the Public Utility Regulatory Policies Act
(PURPA). (See the Code of Federal Regulations, Title
18, Part 292.) Part 292.

Railroad and Railway Services: Railroad and
railway services include electricity supplied and ser-
vices rendered to railroads and interurban and street
railways, for general railroad use, including the pro-
pulsion of cars or locomotives, where such electricity
is supplied under separate and distinct rate schedules.

Rate Base: The value of property upon which a
utility is permitted to earn a specified rate of return as
established by a regulatory authority. The rate base
generally represents the value of property used by the
utility in providing service and may be calculated by
any one or a combination of the following accounting
methods: fair value, prudent investment, reproduction
cost, or original cost. Depending on which method is

used, the rate base includes cash, working capital,
materials and supplies, and deductions for accumu-
lated provisions for depreciation, contributions in aid
of construction, customer advances for construction,
accumulated deferred income taxes, and accumulated
deferred investment tax credits.

Ratemaking Authority: A utility commission's legal
authority to fix, modify, approve, or disapprove rates,
as determined by the powers given the commission by
a State or Federal legislature.

Receipts: Purchases of fuel.

Regulation: The governmental function of control-
ling or directing economic entities through the process
of rulemaking and adjudication.

Reserve Margin (Operating): The amount of
unused available capability of an electric power
system at peak load for a utility system as a per-
centage of total capability.

Residential: The residential sector is defined as
private household establishments which consume
energy primarily for space heating, water heating, air
conditioning, lighting, refrigeration, cooking and
clothes .drying. The classification of an individual
consumer's account, where the use is both residential
and commercial, is based on principal use. For the
residential class, do not duplicate consumer accounts
due to multiple metering for special services (water,
heating, etc.). Apartment houses are also included.

Residual Fuel Oil: The topped crude of refinery
operation, includes No. 5 and No. 6 fuel oils as
defined in ASTM Specification D396 and Federal
Specification VV-F-815C; Navy Special fuel oil as
defined in Military Specification MIL-F-859E
including Amendment 2 (NATO Symbol F-77); and
Bunker C fuel oil. Residual fuel oil is used for the
production of electric power, space heating, vessel
bunkering, and various industrial purposes. Imports of
residual fuel oil include imported crude oil burned as
fuel.

Restricted-Universe Census: This is the complete
enumeration of data from a specifically defined subset
of entities including, for example, those that exceed a
given level of sales or generator nameplate capacity.

Retail: Sales covering electrical energy supplied for
residential, commercial, and industrial end-use pur-
poses. Other small classes, such as agriculture and
street lighting, also are included in this category.

Revenue: The total amount of money received by a
firm from sales of its products and/or services, gains
from the sales or exchange of assets, interest and divi-
dends earned on investments, and other increases in
the owner's equity except those arising from capital
adjustments.

Running and Quick-Start Capability: The net
capability of generating units that carry load or have
quick-start capability. In general, quick-start capa-
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bility refers to generating units that can be available
for load within a 30-minute period.

Sales: The amount of kilowatthours sold in a given
period of time; usually grouped by classes of service,
such as residential, commercial, industrial, and other.
Other sales include public street and highway
lighting, other sales to public authorities and railways,
and interdepartmental sales.

Sales for Resale: Energy supplied to .other electric
utilities, cooperatives, municipalities, and Federal and
State electric agencies for resale to ultimate con-
sumers.

Scheduled Outage: The shutdown of a generating
unit, transmission line, or other facility, for inspection
or maintenance, in accordance with an advance
schedule.

Short Ton: A unit of weight equal to 2,000 pounds.

Small Power Producer (SPP): Under the Public
Utility Regulatory Policies Act (PURPA), a small
power production facility (or small power producer)
generates electricity using waste, renewable (water,
wind and solar), or geothermal energy as a primary
energy source. Fossil fuels can be used, but renewable
resource must provide at least 75 percent of the total
energy input. (See Code of Federal Regulations, Title
18, Part 292.)

Spinning Reserve: That reserve generating capacity
running at a zero load and synchronized to the electric
system.

Spot Purchases: A single shipment of fuel or
volumes of fuel, purchased for delivery within 1 year.
Spot purchases are often made by a user to fulfill a
certain portion of energy requirements, to meet unan-
ticipated energy needs, or to take advantage of low-
fuel prices.

Stability: The property of a system or element by
virtue of which its output will ultimately attain a
steady state. The amount of power that can be trans-
ferred from one machine to another following a dis-
turbance. The stability of a power system is its ability
to develop restoring forces equal to or greater than the
disturbing forces so as to maintain a state of equilib-
rium.

Standard Industrial Classification (SIC): A set of
codes developed by the Office of Management and
Budget, which categorizes business into groups with
similar economic activities (see North American
Industry Classification System).

Standby Demand: The Demand specified by con-
tractual arrangement with a customer to provide
power and energy to that customer as a secondary
source or backup for an outage of the customer's
primary source. Standby Demand is intended to be
used infrequently by any one customer.

Standby Facility: A facility that supports a utility
system and is generally running under no-load. It is

available to replace or supplement a facility normally
in service.

Standby Service: Support service that is available,
as needed, to supplement a consumer, a utility system,
or to another utility if a schedule or an agreement
authorizes the transaction. The service is not regularly
used.

Steam-Electric Plant (Conventional): A plant in
which the prime mover is a steam turbine. The steam
used to drive the turbine is produced in a boiler where
fossil fuels are burned.

Stocks: A supply of fuel accumulated for future use.
This includes coal and fuel oil stocks at the plant site,
in coal cars, tanks, or barges at the plant site, or at
separate storage sites.

Subbituminous Coal: Subbituminous coal, or black
lignite, is dull black and generally contains 20 to 30
percent moisture. The heat content of subbituminous
coal ranges from 16 to 24 million Btu per ton as
received and averages about 18 million Btu per ton.
Subbituminous coal, mined in the western coal fields,
is used for generating electricity and space heating.

Substation: Facility equipment that switches,
changes, or regulates electric voltage.

Sulfur: One of the elements present in varying quan-
tities in coal which contributes to environmental
degradation when coal is burned. In terms of sulfur
content by weight, coal is generally classified as low
(less than or equal to 1 percent), medium (greater than
1 percent and less than or equal to 3 percent), and
high (greater than 3 percent). Sulfur content is meas-
ured as a percent by weight of coal on an "as
received" or a "dry" (moisture-free, usually part of a
laboratory analysis) basis.

Switching Station: Facility equipment used to tie
together two or more electric circuits through
switches. The switches are selectively arranged to
permit a circuit to be disconnected, or to change the
electric connection between the circuits.

System (Electric): Physically connected generation,
transmission, and distribution facilities operated as an
integrated unit under one central management, or
operating supervision.

Total DSM Cost: Refers to the sum of total utility
cost and nonutility cost.

Total DSM Programs: Refers to the total net effects
of all the utility's DSM programs. For the purpose of
this survey, it is the sum of the effects for Energy
Efficiency, Direct Load Control, Interruptible Load,
Other Load Management, Other DSM Programs, and
Load Building. Net growth in energy or load effects
should be reported as a negative number, shown with
a minus sign.

Total Nonutility Cost: Refers to total cash expendi-
tures incurred by consumers and trade allies that are
associated with participation in a DSM program, but
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that are not reimbursed by the utility. The nonutility
expenditures should include only those additional
costs necessary to purchase or install an efficient
measure relative to a less efficient one. Costs are to

,ibe reported in nominal dollars in the year in which
they are incurred, regardless of when the actual
effects occur. To the extent possible, provide the best
estimate of nonutility costs if actual costs are unavail-
able.

Total Utility Cost: Refers to the sum of the total
Direct and Indirect Utility Costs for the year. Utility
costs should reflect the total cash expenditures for the
year, reported in nominal dollars, that flowed out to
support DSM programs. They should be reported in
the year they are incurred, regardless of when the
actual effects occur.

Transformer: An electrical device for changing the
voltage of alternating current.

Transmission: The movement or transfer of electric
energy over an interconnected group of lines and
associated equipment between points of supply and
points at which it is transformed for delivery to con-
sumers, or is delivered to other electric systems.
Transmission is considered to end when the energy is
transformed for distribution to the consumer.

Transmission System (Electric): An interconnected
group of electric transmission lines and associated
equipment for moving or transferring electric energy
in bulk between points of supply and points at which
it is transformed for delivery over the distribution

L system lines to consumers, or is delivered to other
electric systems.

Turbine: A machine for generating rotary mechan-
ical power from the energy of a stream of fluid (such
as water, steam, or hot gas). Turbines convert the
kinetic energy of fluids to mechanical energy through
the principles of impulse and reaction, or a mixture of
the two.

Uniform System of Accounts: Prescribed financial
-rules and regulations established by the Federal

Energy Regulatory Commission for utilities subject to
its jurisdiction under the authority granted by the
Federal Power Act.

Useful Thermal Output: The thermal energy made
available for use in any industrial or commercial
process, or used in any heating or cooling application,
i.e., total thermal energy made available for processes
and applications other than electrical generation.

Utility-Earned Incentives: Costs in the form of
incentives paid to the utility for achievement in con-
sumer participation in DSM programs. These financial
incentives are intended to influence the utility's con-
sideration of DSM as a resource option by addressing
cost recovery, lost revenue, and profitability.

Voltage Reduction: Any intentional reduction of
system voltage by 3 percent or greater for reasons of
maintaining the continuity of service of the bulk elec-
tric power supply system.

Water Heating: Energy Efficiency program pro-
motion to increase efficiency in water heating,
including low-flow shower heads and water heater
insulation wraps. Could be applicable to residential,
commercial, or industrial consumer sectors.

Watt: The electrical unit of power. The rate of
energy transfer equivalent to 1 ampere flowing under
a pressure of 1 volt at unity power factor.

Watthour (Wh): An electrical energy unit of
measure equal to I watt of power supplied to, or taken
from, an electric circuit steadily for 1 hour.

Wheeling Service: The movement of electricity from
one system to another over transmission facilities of
intervening systems. Wheeling service contracts can
be established between two or more systems.

Wholesale Sales: Energy supplied to other electric
utilities, cooperatives, municipals, and Federal and
State electric agencies for resale to ultimate con-
sumers.
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