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Table ll.A. Receipts and Average Delivered Cost of Petroleum Liquids and Petroleum Coke by Type, Census Division
and State: Total (All Sectors), 2004

Distillate Fuel Oil' Residual Fuel Oilf Total Petroleum liquids3  Petroleum Coke
Census Division Cost Heat Cost Heat Cost

a Receipts Hau (cents Receipts Vea (cents Receipts Value (cents Heat ValueCendu DvStatecept Value Value t VleReceipts (cu e nt per
(1,000 (Btu per per (1,000 per (1,000 r 00 tons)(Btu per millionbmillion barrels) sper million barrels) (illion pound)barrels) gallon) B gallon) Bt ganon) I Btu)

Connecticut ......... ..... 98 138,681 - 3,069 148,145 - 3,210 147,602 568 - - -
31 137,719 - 1,983 152,057 - 2,026 151,731 504 - - -

Muassachusett............... 855 138,331 633 12,223 149,621 459 13,087 148,871 450 - - -
New Hanpshire............. 108 133,624 827 3,019 153,571 393 3,127 152,883 W - - -
Rhode Island.... ...... 8 140,562 - - - - 8 140,562 W - - -Vermont.... ............. ... .. . .. , -.. - -_ _ _ _ - -_ -_ .- ..._--

Newluety ..-............ 395 138,729 743 761 149,952 342 1,684 13S,095 602 - - --
New Vork......................... 685 137,252 899 34,591 1.50,312 450 35,538 149,919 504 398 13,971 1219VNsyvn. ..... 08 3,8 82,,607 112 ,,, . 13 14,45233 1 ,3__ 6

U231 137,893 909 734 150,000 - 965 147,107 594 74 14,110 113
Indiana ........ 266 137,124 718 35 150,000 531 301 138,636 W 96 13,981 95
Michigan ........................ 303 138,631 830 1,125 152,305 455 1,429 149,402 W 55 13,829 W
Ohio ............ . ..... 553 137,986 765 - - - 553 137,986 W - -
Wisconsin 71 139,202 724 - - - 72 139,193 750 302 14,164 W

owa. ..........................- 98 139,250 709 - - 98 139,250 709 14 14,084 87
Kansas.............. 74 137,895 885 1,499 158,000 389 1,573 157,050 409 3 14,315 93
Minnesota ......................... 118 139.405 695 10 151,533 470 128 140,352 W 241 14,111 43
Missouri ........................ 118 137,924 838 - - - 118 137,924 838 62 14,680 68Nebrasa.................... 17 136,976 712 - - 17 136,976 712 - - -
North Dakota ................... 66 138,410 863 - - - 66 138,410 863 - -
South Dakota ............. .. 5 138,536 822 - Af _- - 5 138,536 822 -j - , -

Delaware .......................... 246 138,640 820 854 151,093 528 1,294 146,312 611 - -
District of Columbia.......... 118 141,352 - - - - 118 141,352 W - - -
Florida ............................... 1,148 137,779 859 46,279 152,607 463 47,447 152,224 472 2,870 14,156 94
Georgia ................ 318 138,417 877 387 144,733 449 704 141,883 W 300 14,072 W
Maryland ....................... 354 139,333 - 1,561 151,876 - 1,944 149,417 552 - - -
North Carolina.................. 409 138,690 831 198 151,683 - 627 141,338 715 - - -
South Carolina .............. 265 137,860 801 469 151,686 507 734 146,700 W 244 14,092 84
Virginia- .............. .......... 1,238 138,724 773 12,306 151,969 471 13,544 150,757 497 - - -
West Virginia .......... 513 139,052 860 58 157,540 - 571 140,943 785 - -,4 --

Alabama. ............-........ 318 142,757 777 - - - 318 142,757 W - - -
Kentucky ...... ........ 234 139,626 898 - - - 234 139,626 W 592 13,793 65
Mississippi.._-........... ...... 343 140,164 677 4,750 156,757 451 5,093 155,638 465 - - -
Tennessee .................. 233 139,357 942 - - - 233 139,357 842 -

Arkansas ................. 85 140,214 729 I 151,452 472 85 140,321 726 - -
Louisiana ......... 79 140,852 670 3,519 154,921 480 3,598 154,610 W 677 14.668 W
Oklahoma .......................... 1i 138,671 745 10 151,862 475 21 145,071 609 - - -
Texas ............................... 388 138,600 717 434 150,576 M 49t .822 144,924 W 526 14,221 W

74: ____
Arizona.................... ...... 113 132,552 885 8 151,910 458 132 133,595 W - - -
Colorado ................... 14 125,519 1,158 ' 151,824 474 14 126,438 1,129 - - -

Mon tna. 52 140,986 948 - - - 57 137,064 W - - -
Nevada ............................. 24 138,286 742 247 151,050 447 271 149,914 473 - - -
New Mexico ...................... 61 136,007 959 - - - 61 136,007 W - - -
Utah .............................. 58 139,512 924 - - - 58 139,512 924 - - -
Wyoming .................... 97 139,338 950 - - - 97 139,338 950 - - -!-lico . ,- .. .i .ý".7" .- 4M4 " 11
California ........ .. 143 138,424 925 - - - 250 129,936 837 174 14,278 141
Oregon........... . ............. 34 141,074 870 - - - 34 141,074 870 - -
Washington...... 139,524 - 330 139,331 W - - -

ll-'irr.¼ 
-oer..i,.-40

Alska -- -- --. .... ..........
Hawaii .................... 13 131,557 - 1,974 140,686 - 1,987 140,629 W - -
U. to ....... m.. 00 131..A12,9 V 4..,38,476,'' .. ,,43- :.1,--... 4'.-51 , . , 1,..• 5 ,. .. 14M10 , ..

Distillate fuel oil includes all diesel, No. I, No. 2, and No. 4 fuel oils.
2 Residual fuel oil includes No. 5 and No. 6 fuel oils and bunker C fuel oil.

Also includes jet fuel, kerosene, and waste oil.
= Value is less than half of the smallest unit of measure (e.g., for values with no decimals, the smallest unit is "I" and values under 0.5 are shown as "*")

W - Withheld to avoid disclosure of individual company data.
Notes: - Receipts, bear value, and total average delivered cost offuel reflect data supplied via both the Form EIA-423 and the FERC Form 423. Average delivered cost for distillate and

residual fuel oil reflect data supplied via the FERC Form 423 only., Totals may not equal sum of components because of independent rounding. , Receipts data for regulated utilities are
compiled by EIA from data collected by the Federal Energy Regulatory Commission (FERC) on the FERC Form 423. These data are collected by FERC for regulatory rather than
statistical and publication purposes. The FERC Form 423 data published by EIA have been reviewed for consistency between volumes and prices and for their consistency over time.
However, EIA does not attempt to resolve any late filing issues in the FERC Form 423 data. • Data for Independent Power Producers and plants in the Commercial and Industrial Sectors
include fuel delivered to electric generating plants with a total fossil-fueled nameplate generating capacity of 50 or more megawatts; utility data include fuel delivered to plants whose total
fossil-fueled steam turbine electric generating capacity and/or combined-cycle (gas turbine with associated steam turbine) generating capacity is 50 or more megawatts. -Monetary values
are expressed in nominal terms.
Sources: Energy Information Administration, Form EIA-423, "Monthly Cost and Quality of Fuels for Electric Plants Report" Federal Energy Regulatory Commission, FERC Form 423,

"Monthly Report of Cost and Quality of Fuels for Electric Plants."
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Table 14.A. Receipts and Average Delivered Cost of Natural Gas by Type of Purchase, Census Division and State: Total
(All Sectors), 2004(Continued)

Unclassifled/Other TotalCensus Division cost Heat Value ost
and State Receipts (cents per Receipts (Btu per

(1,000 Mt) million Btu) ( per Mc) ,000 Cubic Foot) pe million Btu) "per M. w

Cnctiut- - - - 58,681 1,008 W W
Maine ......- - - 76,481 1,044 628 6.55

28 590 6.11 169,095 1,035 639 6.61
New Hampshire1....................... 1 680 7.11 37,776 1,045 W W
Rhode lsland............ .......... - - - 59,672 1,036 680 7.04

New Jersey ................. -... - - - 86A052 1,031 69 7J8
New York.......-....... 8,694 633 6.47 238,512 1,021 653 6.66

-• 83,101 i,723 7.47
Illinis . .... ........... ..--- 3 ,.6101 3 6.463,142 641 6.50 21,771 1,011 621 6.28

471 442 4.51 126,298 1,018 436 4.44
-----------... ... 13 707 7.28 8,083 1,034 648 6.70Wisconsin . .. . ... ............. 2,417 627 6.29 13,926 !,002 _ 639 640

Kansas . .............. 4,277 545 5.48 8,112 1,008 546 5.50
M.. 99 667 6.74 9,769 1,008 W W

Missouri .................... ........ ...... 3,956 554 5.63 16,326 1,016 W W
Nebraska ................................. 39 629 6.16 497 995 654 6.51
North Dakota...... _ .......................... 1 653 6.70 3 1,034 778 8.05South Da.kot ..a......•- - •- - -• • =•

Delaware ........................ ...... - - - 14,045 1,036 W WDistrict of Columbia .....................
Florida .. ............................... 13,405 626 6.46 501,449 1,032 629 6.49
Go a . ....... 3,377 704 7.26 41,263 1,031 665 6.85
Maryland ................................. - - - 7,672 1,048 553 5.79
North Carolina ........................... . .. . 270 638 6.60 5,173 1,036 658 6.82SouthCarolna ...................... 2,258 451 4.66 8,283 1,035 W W

2,546 679 7.02 48,750 1,032 665 6.8w,,MVi i - - - 6,395 1,028 633

Alabama ................................... 6,580 580 5.97 118,651 1,035 606Kehc ki .............................. - - - 889 1,017 W W
Mssissippi....................................... 6,387 630 6.51 88,140 1,033 594 6.14
Teee ........... ................... - - - 735 1 035 W W

Arkiras 201 602 6.18 39,618 1,029 602 6.19
Louisiana ............................................... 21,601 641 6.61 458,568 1,031 633 6.53
Oklahoma ................................... . .... 3,995 623 6.43 199,401 1,031 594 6.13
Texas ........ 35,119 577 5.92 1,763,239 1,026 577 5.92

Arizona............................... 1,458 568 5.79 217,204 1,021 572 5.84
Colorado ............................................ 408 531 5.40 81,946 1,021 554 5.65
Idaho ............. ...... - - 9,793 1.024 W W
Montana. ................... ... 7 682 7.53 is 1,09I 5 W W
Nevada ................................................... 6,324 568 5.89 135,380 1,036 556 5.76
New Mexico . ..................... - - - 34,805 1,000 W W
Utah ................................................ 1,278 579 6.02 4,237 1,049 W W
Wyoming - - - 137 1,060 341 3.62

California. ................................... . 12,527 587 6.02 719,647 1,027 589 6.05
Oregon ....................................... ....... 918 488 4.98 99,969 1,021 500 5.10
Washington ...... ............. .... . 745 431 4.43 52,392 1,029 457 4.70

fic. . .. 21.. . 2 '.1 1 9...," : '79Alaska.......................................... 20,758 1,000 279 2.79

W - Withheld to avoid disclosure of individual company dam.
Notes: * Natural gasM including a small amount of supplemnatal gaseous furls that cannot be identified separately. Natural gas values do not include blast furnace gas or other gas.,

Receipts, heat value, and total average delivered cost of fuel reflect data supplied via both the Form EIA-423 and the FERC Form 423. Average delivered cost for firm, intemaptible, spot
and unclassified/other purchase types reflect data supplied via the FERC Form 423 only. - Totals may not equal sum of components because of independent rounding. - Receipts data for
regulated utilities are compiled by EIA from data collected by the Federal Energy Regulatory Commission (FERC) on the FERC Form 423. These data are collected by FERC for
regulatory rather than statistical and publication purposes. The FERC Form 423 data published by EIA have been reviewed for consistency between volumes and prices and for their
consistency over time. However, EIA does not attempt to resolve any late filing issues in the FERC Form 423 data. • Data for Independent Power Producers and plants in the Commercial
and Industrial Sectors include fuel delivered to electric generating plants with a total fossil-fieled nameplate generating capacity of 50 or more megawats; utility data include fuel
delivered to plants whose total fossil-fueled steam turbine electric generating capacity and/or combined-cycle (gas turbine with associated steam turbine) generating capacity is 50 ire
megawatts. - Mef- thousand cubic feet • Monetary values are expressed in nominal terms.
Sources: Energy Information Administration, Form EIA-423, "Monthly Cost and Quality of Fuels for Electric Plants Report;" Federal Energy Regulatory Commission, FERC F4 ,"Monthly Report of Cost and Quality of Fuels for Electric Plants."
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.. (1,000 M•e) (cents per (S per Mc-) (1,000 "4 *- (Btu per (cents per ]million Btu) ( f M Cubic Foot) million Btu) (per,.,,

Connecticut..... ................ . .. 58,681 1,008 W W
Maine....... - - - 76,481 1,044 628 6.55
Massachusetts.................................... 28 590 6.11 169,095 1,035 639 6.61
New Hampshire. ............ ................ I 680 7.11 37,776 1,045 W W
Rhode Island . .- - .59,672 1,036 680 7.04

New Jersey.-------------...... ....... - - - 86,052 1,031 696 7.18
New York ..................................... 8,694 633 6.47 238,512 1,021 653 6.66
Pennsylvania. ..... ......................... - - - 83,101 1 033 723 7.47

Ii _- - - 39,2t6 1,013 638 6.46
.. 3,142 641 6.50 21,771 1,011 621 6.28

Mchigan ............................. 471 442 4.51 126,298 1,018 436 4.44
....................... 13 707 7.28 8,083 1,034 648 6.70

Wisconsin . ...... .... 2,417 627 6.29 13,926 1,002 639 6.40
_______6_40

-,a...._........... 178 660 6.61 2,125 ......-- 1,003 712 7.15
................. ... 4,277 545 5.48 8,112 1,008 546 5.50

----------........... 99 667 6.74 9,769 1,00I W W
Missouri . .. . ......... 3,956 554 5.63 16,326 1,016 W W
Nebraska ................................. 39 629 6.16 497 995 654 6.51
North Dakota ..... . ..................... 1 653 6.70 3 1,034 778 8.05
South Dakot .................................. - - - - - -][:• =.•_ •,:•,--•:,= .•7.,.T•.• .• .:•-•_. •t• - " ""•- '" " .• "-• • .... '•" " " ......"......-..5 .--- ........ ....

S....... - - - 14,045 1,036 W W
District of Columbia . ...... . - - -..
Florida ................................................. 13,405 626 6.46 501,449 1,032 629 6.49
Georgia... .... ............................ 3,377 704 7.26 41,263 1,031 665 6.85
Maryland ........................................... - - - 7,672 1,048 553 5.79
North Carolina .......... ...... 270 638 6.60 5,173 1,036 658 6.82
South Carolina .............. 2,258 451 4.66 8,283 1,035 W W
Virginia. ............................ 2,546 679 7.02 48,750 1,032 665 6.87
West Virginia ....................... - - - 6,395 1,028 633 6.51

. .......... ....... . . ... 6,580 580 5.97 118,651 1,035 606 6.27
Kentucky ......................................... - - - 889 1,017 W W
Mississippi....................- ........ 6,387 630 6.51 88,140 1,033 594 6.14
Tennessee ...... ...... 75- 7 ,035 w W

Arkansas .......................................... 201 602 6.18 39,618 1,029 602 6.19
Louisiana ......................................... 21,601 641 6.61 458,568 1,031 633 6.53
Oklahoma ................................. 3,99S 623 6.43 199,401 1,031 594 6.13
Tom I .. I . . 35,119 $77 5.92 1,763,239 1,026 .577 592

-4 5~7~ 77 5.92
Anzona .................. 1,458 568 5.79 217,204 - 1,021 572 5.84
Colorado. .............. . 408 531 5.40 81,946 1,021 554 5.65
Idaho ..................................................... - - - 9,793 1,024 W w
Montana........ 7 682 7.53 18 1,095 W W

N6,324 568 5.89 135,380 1,036 556 5.76
New Mexico ............................ - - - 34,805 1,000 W W

Utah..... 1,278 579 6.02 4,237 1,049 W W
Wyorning ...... ... ....... ...... - - - 137 1,060 341 3.62PacifieCoa tlguom :2'? ..... .... ....L : 49.:: :.-.:u•7,, •= .• .f•..:,-,'•• !T,08:o ,, ,'.•••a27: ••,. '•51•.';•:,.;.•

California ................................ . 12,527 587 6.02 719,647 1,027 589 6.05
Oregon ............................................ 918 488 4.98 99,969 1,021 500 5.10
Washington ........... ............. ........ 745 431 4.43 52,392 1,029 457 4.70

Noeon 06 - r -. .. .. .- -.. ' " " .- :-- .. -0 .. .. 79.

Alaska.....-- ----..... ........................ 20,758 1,000 279 2.79
Hawaii .......................... . ...............

.s, t .. . .601~s73e4'~ -- 9

W - Withheld to avoid disclosure ofindividual company dam.
Notes: * Natura gas, including a small amount of supplemental gaseous fuels that cannot be identified separately. Natunal gas values do not include blast furnace gas or other gsa.•

Receipts, best value, and total average delivered cost of fuel reflect data supplied via both the Form EIA.423 and the FERC Form 423. Average delivered cost for firm, interruptible, spot
and unclassifiedfother purchase types reflect data supplied via the FERC Form 423 only. • Totals may not equal sum ofcomponents because of independent rounding. • Receipts data for
regulated utilities are compiled by EIA from data collected by the Federal Energy Regulatory Commission (FERC) on the FERC Form 423. These data are collected by FERC for
regulatory rather than statistical and publication purposes. The FERC Form 423 data published by EIA have been reviewed for consistency between volumes and prices and for their
consistency over time. However, EIA does not attempt to resolve any late filing issues in the FERC Form 423 data. - Data for Independent Power Producers and plants in the Commercial
and Industrial Sectors include fuel delivered to electric generating plants with a total fossil-fueled nameplate generating capacity of 50 or more megawatts; utility data include fuel
delivered to plants whose total fossil-fueled steam turbine electric generating capacity and/or combined-cycle (gas turbine with associated steam turbine) generating capacity is 50 or more
megawatts. Mcf- thousand cubic feet . Monetary values am expressed in nominal terms.
Sources: Energy Information Administration, Form EIA-423, "Monthly Cost and Quality of Fuels for Electric Plants Report;' Federal Energy Regulatory Commission, FERC Form 423,

"Monthly Repon of Cost and Quality of Fuels for Electric Plants."
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Table 14.A. Receipts and Average Delivered Cost of Natural Gas by Type of Purchase, Census Division and State: Total
(AU Sectors), 2004

Firm Interruptible Spot
Census Division Cost Cost cost

and State Receipts (cents per ($ per Receipts (cents per (S per Receipts (cents per $
(1,000 Mct) million Mcf) (1,000 Mci) million McI) (1,000 Mcf) (iSon pMer

Btu) Btu) Btu) I "

Connectcut- ........ 23,109 - - 3,852 - 31,720 - -

Massausetts .....................................
58,177 .- - - 1s,304 - -
45,336 - - 879 673 6.90 122,851 769 7.92

New 17,991 .... . 19,784 - -
RhodeIsland. 58,946 .... . 726 - -

21,480 - - 33,914 - - 30,658 - -
New York..................................... 106,536 - - 8,430 589 6.05 114,852 705 7.22pmnyta..a...•,.............. .. ........ 35,924 - - 534 - - 46,643 --

Hlinioi .......................... 14,725 - - 4,659 660 6.92 19,832 - --

...... 6,987 - - 2,858 691 7.04 8,785 654 6.62
Michigan .............................................. 77,782 622 6.27 5,159 538 5.47 42,886 798 8.12
Ohio .................................................. 73 700 7.21 992 765 7.87 7,006 82S 8.46
Wisconsin .............. ...... 4397 - 2,280 645 6.47 4,832 666 6.69

ow ......................... ......... 49 810 8.20 883 754 7.58 1,014 681 6.81
Kansas ................. 657 589 5.88 3,051 537 5.44 127 558 5.62
Minnesota .................................... 4,036 644 6.49 4,751 654 6.59 884 675 6.80
Missouri ................................-. ... 10,542 610 6.28 1,705 608 6.11 122 - -
Nebraska ......... .......... ................. 145 616 6.14 313 675 6.73 - - -
North Dakota ..... ........................... - - - 2 820 8.50 - - _
S o u th D al ta ................... ... .. . . . . .... _- ........

Delaware ................... 12,675 631 6.54 1,370 620 6.43 - -- -
D istrict of C olu m bia ............ ........... ..... - ........
Florida ................. 389,032 641 6.62 15,140 681 7.08 83,872 760 7.66
Georgia ... .......... 11,282 - - 5,534 667 6.87 21,070 562 5.81
Maryland . ............................... 4,162 - - 430 - - 3,081 - -
North Carolina ......................... ..... 887 - - 646 712 7.37 3,369 - -
South Carolina ....................................... 2,295 - - 60 2,683 27.58 3,671 - -
Virginia ....................................... 13,784 - - 4,635 - - 27,786 681
West Virginia.... .................................. 4,683 - - 440 724 7.27 1,272 -

Alabama. ........................................... 21,470 651 6.75 53,583 608 6.37 37,017 707 7.32
Kentucky ................................ . .....- - - - - - 889 747 7.64
Mississippi. 29,380 509 5.31 192 - - 52,182 595 6.14
Tenness .e........e....................... 470 - - 130 - - -

Arkasasi~i ..... i . ~ ' .'2 ...... .... ........ ._ .. U MM
Arkansas .............. ......... . 22,791 ... . . . . -16,626 655 6.66
Louisiana . . .- 259,690 609 6.44 9,863 627 6.43 167,414 644 6.66
Oklahoma-................................ 123,732 634 6.56 163 603 6.02 71,512 585 6.02
Texas . ......................................... 891,433 560 5.72 72,522 531 5.44 764,166 581 5.98

Arizonao . . ... 12.5,134 592 6.02 31,602 616 6.28 59,011 638 6.53
Colorado ....................... 41,082 546 5.46 124 547 5.84 40,332 - -
Idaho ..... ......... .................. 9,793 - - -... .
Montana.......................................... - - - 1 982 10.69 I1 - -
Nevada................................... 42,025 719 7.45 - - - 87,031 603 6.22
New Mexico ................................ 421 609 6.10 14,331 576 5.89 20,053 580 5.91
Utah ............ ... ... ........- - - - - - 2,959 324 3.41
Wyoming.......... .. ....... ...... ...... 137 342 3.62 - - - - -
California.............................................. 354,857 420 4.20 60,560 583 5.98 291,704 624 6.38

O79,584 - - 4,306 527 5.38 15,161 524 5.35
Washington ........................................... 39,882 395 4.05 1,382 - - . . 10,382 563 5.77
.ka7iflLNnot&o . . ,.,, .26;7!4 ,
Alaska ...... ........... . . ...... .. 20,758 279 2.79 . . ...
Hawaii ...................... ... ...

Notes: • Natural gas, including a small amount of supplemental gaseous fuels that cannot be identified separately. Natural gas values do not include blast firnace gas or other gas.•

Receipts, heam value, and total average delivered cost of fuel reflect data supplied via both the Form EIA-423 and the FERC Form 423. Average delivered cost for frmn, interple, spot

and unclassified/other purchase types reflect data supplied via the FERC Form 423 only. Totals may not equal sum of components because of independent rounding. Receipts data for
regulated utilities am compiled by EIA from dat collected by the Federal Energy Regulatory Coinmission (FERC) on the FERC Form 423. These data are collected by FERC for
regulatory rather than statistical and publication purposes. The FERC Form 423 data published by EIA have been reviewed for consistency between volumes and prices and for their
consistency over time. However, EIA does not attempt to resolve any late filing issues in the FERC Form 423 damt - Data for Independent Power Producers and plants in the Commercial
and Industrial Sectors include fuel delivered to electric generating plants with a total fossil-fueled nameplate generating capacity of 50 or more megawatts; utility data include fuel
delivered to plants whose total fossil-fueled steam turbine electric generating capacity and/or combined-cycle (gas turbine with associated steam turbine) generating capacity is 50 o re
megawatts. - Mcf= thousand cubic feet • Monetary values are expressed in nominal terms.
Sources: Energy Information Administration, Form EIA-423, "Monthly Cost and Quality of Fuels for Electric Plants Report;" Federal Energy Regulatory Commission, FERC FoW,

"Monthly Report of Cost and Quality of Fuels for Electric Plants."
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Table 15.A. Destination and Origin of Coal for Electricity Generation By State: Total (All Sectors) 2004
Average Quality Average Delivered Cost

Destination Quantity Sulfur Sulfur Ash
OuHeat Value (percent (pounds per (percent (cents per (dollars per
(Btu per Pound) by weight) Millon Btu) by weight) million Btu) ton)

Alabama ..................................... .... 10,027 12,114 1.17 .97 12.33 165 40.04Colordo ............................ 343 11.379 .57 .50 9.97 157 35.70llinois ......................... ...... 2,555 11,834 1.25 1.05 9.12 161 38.14
Indiana ...... ..................................... 97 11,489 .82 .72 5.38 203 46.58Kentucky .. ............. 676 11,682 3.36 2.88 12.57 125 2924

.......... .. 5 12,500 1.03 .82 11.00 198 49.50
W..... 11,009 8,796 .25 .28 5.00 125 21.99Imported... ... 3,994 i1,562 .52 .45 5.19 157 3628Unclassified-_ ...- 5098 11,771 1.22 1.04 9.89 158 37.28

pg_ý I __ tf1.FI RI -

8,389 10,899 .51 .47 9.38 116 25.33Colorado ................................ 981 10,684 .42 .39 7.43 152 32.58Montana. ................. ....................... 71 9,348 .34 .37 3.94 132 24.66New Mexico .... ........ 10,081 9,681 .65 .67 I5.85 137 26.41Wyoming...................................... 466 8,714 .42 .49 5-53 133 23.13
S....... 328 9,842 .56 .57 13.58 141 27.77

13,914 8,761 .28 .32 4.85 122 21.45Unclassified . ..... ........ 691 8,768 .30 .34 4.92 127 22.19

Colorado..........31 12,230 .84 .69 8.5
Oldahom a .......................................... I 11,800 .48 .41 9.00 - -Utah . ................. 1,306 12,205 .75 .61 9.23. ...... ... ý N R- ..., .... .- ._ ..x.•• • ..• • .• .. ._ ._ ._ ., .

o. 10,845 10,588 .45 .43 8.96 106 22.45Wyoming .................... 7,458 8,674 .27 .31 4.73 1I 14.09Unclassified ....................... 531 10,377 .46 AS 9.83 100 20.65

West Viin.................................. 697 12,273 1.32 1.08 12.39 - _1 ................. ..... ....... . ... .... I'M2 9,371 .09 .10 .. 1.09--

Kentucky ............................................. 648 12,633 .70 .55 8.47 - -Pennsylvania ... . .......... 525 12,730 1.22 .96 8.95 - -Virginia .......................................... 21 12,504 .52 .42 12.90 - -West Virginia . ... ....... 869 12,705 .77 .61 10.65 -
Wyoming ................................ 85 8,731 .32 .37 5.28 - -

Colorado ...................................... 56 12,005 .83 .69 8.81 163 39.22Illinois........................ . 4,340 11,800 2.10 1.78 7.42 171 40.39Indiana ............................................. .80 11,162 .80 .71 9.40 230 51.26Kenuicky .............. ...... ......... 7,637 12,509 1.69 1.35 9.14 185 46.21Ohio ...................................... . ..... 352 12,626 4.46 3.54 8.71 146 36.78Pennsylvania. ................................... 281 13,007 2.47 1.90 8.28 211 54.97Virginia .................................................. 19 12,916 .99 .77 10.24 195 50.41
West Virginia .......... ........ 2,020 12,529 1.09 .87 10.62 208 53.29Wyoming .......................... ...... 26 8,939 .21 .23 4.20 171 30.57lInporte d ... ~ 5,614 12,028 .60 .50 6.61 193 46.46Unclassified ................... .......... 11,859 12,287 1.39 1.13 8.47 194 47.73•:... ... ,.!.•. ..... ...... 1. ssL.•_u••,• s-. ... .• •
Alabama......... 911 12,174 1.68 1.38 12.32 178 43.28Colorado_.-. ............ . 12 12,204 .47 .39 7.50 212 51.72lllinois.. ......... 668 12,012 1.18 .98 6.79 188 45.10

S. 14,423 12,376 1.04 .84 10.48 185 45.83
Tennessee . .............. 437 12,775 1.13 .89 8.62 192 49.14Vginia... ........ ......... 5,122 12,620 1.04 .82 11.41 187 47.07West Virginia ........................................ 681 12.296 .91 .74 11.58 238 58.63Wyoming... ................... . 10,690 8,785 .32 .37 5.11 162 28.54Imported...... ... 490 12,570 .86 .69 8.50 164 41.38

Ue4,018 9,074 -37 .40 5.45 166 30.15
641 ý', A9 4 ~ Q 4j~1mp-on.d ........................................ 647 11,097 .49 .44 4.74 - -

Colorado ................................................. I,158 1 1,942 Al .34 7.6 1 176 41.99
Illinois .................................................. 8,077 10,533 2.29 2.17 8.70 138 29.04
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Table 15A.. Destination and Origin of Coal for Electricity Generation By State: Total (All Sectors) 2004
(Continued)

Average Quality Average Delivered Cost

Destination Quantity Sulfur AshOrigin (thousand tons) Heat Value Sulfur Scenutf per (peraent
(percent (pounds per (percent (centup (ol)(Btu per pound) Fby eiht)j Million Btu) Iby weight) millilon Btu) ton)

490 10,842 1.76 1.62 9.18 -
Kent ky ... .... .................. ... 81i 11,090 2.60 235 11.98 113 18.48
Montana-.-------- 85 8,825 .38 .43 5.24 - -
Oklahoma ......................................... 6 12,602 .90 .71 7.45 - -

W.. 47,677 8,761 .33 .38 5.08 95 16.49
2,120 9,796 1.27 1.29 7.28 126 24.71

~~L4
-ol o; o... .............. . . . .... 62 12,122 .44 .37 8.4 183 44.34
llinois. ............................ 5,091 11,157 2.08 1.86 8.50 129 28.70
Indiana-................. ......-.... 26,685 11,182 2.19 1.96 8.57 114 25.39
Kentucky..................................... 445 12,030 1.88 1.57 9.73 176 42.36
Montana1................... ,794 9,539 .34 .36 4.03 149 27.55
Obio ..................... ....... .... 254 11,652 2.74 2-35 10.66 154 35.79
Pennsylvania ................ ... 416 12,809 2.37 1.85 9.11 139 35.58
Virginia-....._.. ............................... 251 13,694 .79 .58 6.32 168 46.09
West Virginia ................... 2,804 12,483 1.89 1.51 9.87 139 34.78

................ 14,131 8,856 .22 .25 4.69 120 21.29
Unclassified ................. ......... . 1,624 10,258 1.24 1.21 6.85 124 25.37

.. ..... 9 . K. xColorsdo ................................... 166 "10,545 1.17 1.11 8.17 122 25.73
..... 643 10,859 3.21 2.96 9.42 143 32.06

Utah ............................... . 59 11,105 1.42 1.28 9.22 154 34.25
14,641 8,545 .32 .38 4.94 89 15.15

Unclassified . . ................... 4,296 8,67 .40 .46 5.05 90 15.53

Kans ..........................a..................... 14 11,230 3.70 3.29 14.97 107 24.11
Missouri ........... . 365 10,797 4.43 4.10 16.27 133 28.80
Montona. ......... 350 8,979 .33 .37 6.90 109 19.54

O20 13,140 3.11 2.37 8.35 126 33.20
Wyoming ......................................... 19,162 8,572 .36 .42 5.22 102 17.55
Unclassified ........................................ 1,067 8,616 .36 .42 5.36 95 16.45

Colorado ....... . .................. 3,052 11,763 .61 .52 9.43 149
llinois............. ... 139 11,929 2.62 2.20 8.75 141

Indiana ................. 1,831 11,135 2.94 2.64 9.67 121 2
Kansas.......................... ..... 5 11,815 3.98 3.37 10.90 - -
Kentucky . . ..................... 19,132 11,506 2.47 2.15 12.24 138 31.92
Ohio ............................................. . 487 11,686 3.22 2.76 12.70 117 27.42
Pennsylvania ........................................ 243 12,880 2.14 1.67 8.51 137 35.32
Tennessee ....................... 65 12,269 1.49 1.21 10.31 234 57.37
West Virginia .................................... 5,091 12,205, 1.48 1.22 11.37 144 35.19

.................... 1,165 8,802 .33 .37 5.47 125 22.03
Unclassified................. 6,66 11,602 2.12 1.82 11.77 140 32.44

* 12,5060 .9.71.8--Kentucky ........................................ .89 .71 11.18 -
Wyoming.................................. 11,678 8,584 .34 .40 5.19 133 23.22
Unclassified .......................................... 3,835 6,809 1.03 1.51 13.27 143 19.41

Kentucky ............................................. 96 03,013 .95 .73 7.68 - -
lmported . ............. .... 175 12,767 .66 .52 6.11 - --

Us _1and _

Kentucky ......... 390 12,745 .84 .66 8.92 --
Maryland ...................... ... 5,286 12,627 1.58 1.25 9.79 -
Penosylvnia. ................................-..... 655 12,847 1.72 1.34 8.90 -
Virginia.... . .............................. 33 12,712 1.24 .97 10.98 -
West Virginia ..... ......................... 6,110 12.668 1.04 .82 10.45 --
Imported ............ ............... 344 12,290 A49 .40 9.04 -

Colorado................ 142 11,882 .50 .42 6.86 244 57.73
Kentucky ............ ...... 46 12.654 .72 .57 8.01 - -
West Virginia ................ ........ 649 12,319 .65 .53 8.90 - -
Imported ...... . ...... 3,283 11,663 .54 .46 5.78 206 50.51

S. 271 11,917 .55 .47 5.99 184 43.89

Colorado ................................................ 779 12,079 .65 .54 8.75 180 43.37
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Table 15.A. Destination and Origin of Coal for Electricity Generation By State: Total (All Sectors) 2004(Continued) _____

Average Quality 
Average Delivered Cost

Destinationi Quantity Sulfur Sulfur Ash
Origin (thousand tons) Heat Value (percent (pounds per (percent (cents per (dollars per

(Btu per pound) by weight) Nlon Btu) by weight) million Btu) ton)

Illinois .................. ........... 46 12,025 1.30 1.08 6.19 -
Indiana ............................................. 23 11,678 1.67 1.43 7.00 -
Kentucky ..... ...... 3,368 12,784 1.15 .90 S.05 172 44.00
Montana ........ ........ ......... 7,124 9,373 .37 .40 4.67 127 23.76Ohio .............................................. 218 11,833 3.10 2.62 11.26 175 41.92Pennsylvania. ................... 689 12,995 1.53 1.17 7.51 149 38.79
Utah .............-.................. 102 12,608 1.30 1.03 8.03 - -
West Virginia .......... ................ 2,806 12,617 1.12 .89 10.48 180 45.27

. ... 13,795 8,854 .25 .29 5.05 117 20.73-&=;- - aCCA AC A7 CC 9t III qt

Illinois... . .......... 11 12,150 1.05 .86 6.60 18L 44.02
Indiana . .. .. . . .................... 35 10,575 .81 .76 8.74 202 42.77
Montana ..................... . 11,658 8,921 .55 .62 7.50 101 17.92
Wyoming ........... . 8,034 8,848 .28 .31 4.93 110 19.40
Unclassified ........ ............................... 132 11,542 1.02 .88 7.78 192 44.21

......... 2,421 11,775 .53 .45 9.60 163 38.49
Illinois .................................................. 12 11,983 1.06 .88 6.50 298 71.35

45 11,135 1.56 1.40 9.77 186 41.33
Kentucky ........... ....... 984 12,561 1.13 .90 11.33 213 53.44
Mississippi ........................................... 3,572 5,106 .48 .94 1538 - -
Wyoming ............................................. 584 8,824 .30 .34 5.43 163 28.81
Imported ............... ....... 1,718 11,376 .56 .49 6.78 166 37.69
Unclassified ....................................... 288 10,454 .51 .49 7.28 162 " 33.95

Illinois ............................................... 839 11,557 2.87 2.48 6.95 146 34.22
Kansas .................................................... 53 11,673 3.12 2.67 12.17 - 147 - 34.37Kentucky ................................................ 29 12,302 1.93 1.57 8.34 194 47.74
Missouri ................................ 205 11,174 2.51 2.24 11.14 158 35.25Oklahoma .................................. 14 12,541 3.03 2.42 9.71 133 33.44Utah ..................... 365 12,032 .86 .72 10.40 156 37.64Wyoming4................... 41,535 8,738 .31 .35 5.06 90 15.70Unclassified ......... .... .... ......... ............... i,859 8,793 .34 .38 5.08 90 15.99

Montana ..................... ...................... ..... 10,351 8,512 .66 .77 9.01 63 10.67Wyoming. ........ ?..................7 764 8,400 .24 .28 4.47 - -

Wyoming ...................-...................... 12,261 8,575 32 .38 5.02 66 11.30Unclassified ....................................... 255 8,565 33 .38 5.01 • 66 11.34

Arizona..... ........ 4,652 10,979 .50 .46 10.11 135 29.56
Colorado ............................................ 187 12,030 .67 .55 9.36 144 34.70
Utah ...................................... 1,840 11,449 .65 .56 10.14 139 31.79
Wyoming ................................................ 187 9,487 .42 .45 8.16 129 24.51
Unclassified ......................................... 1,624 11,225 .54 .48 9.73 137 30.79

Pennsylvania ...........------ 150 12,949 1.87 1.44 7.89 215 55.59Virginia ........................................... 157 14,049 .68 .48 4.68 198 55.60West Virgiia........... ..... 58 13,155 1.36 1.03 6.93 233 61.41
I237 12,979 .92 .71 6.74 221 57.37Unclassified ................ ...................... 1,091 13,161 1.18 .90 6.58 194 51.07

Kentuck y . . 41 12,912 .75 .58 7.31 - -Pennsylvania. ......... . 933 12,831 1.75 1.36 7.62 317 82.05
West Virginia ....................................... 1,252 12,895. 1.50 1.16 9.20 220 58.28
Imported ...... 43 12,874 1.28 .99 7.85 207 53.25
Unclassified ............................................ 4 12,666 1.45 1.14 9.40 226 57.20

1NO3. <;.,.9,22M* ,~. J'72 .if.3i:l .24 A 148 ..
New Meico ........ ............... 16,632 9,225 .72 .78 20.74 148 27.25
New'York ... " ... .. I....1. 1.. 66-, •-.. 176. . ..42.36
Illinois ............. ........... 7 11,005 3.05 2.77 7.80 - -Indiana ............................................... 88 11,531 2.23 1.93 6.59 - -Kentucky. ............. ............... 50 12,128 1.81 1.49 12.71 - -
Ohio ....... ............. .......... 154 13,001 4.44 3.42 7.98 - -
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Table 15.A. Destination and Origin of Coal for Electricity Generation By State: Total (All Sectors) 2004
(Continued)

Average Quality Average Delivered CostDestination Quantity Sulfur Sulfur Ash aOrigin (thousand tons) Heat Value (percent (pounds per (percent (cents per (dollarspe

(Btu per pound) by weight) Million Btu) by weight) maillion Btu) ton)

Pennsylvania .............. 3,725 12,934 2.16 1.67 8.53 157 40.68WestVirginia.. ............. 2,604 12,934 2.20 1.70 8.66 156 41.42W..... 2,006 8,825 .27 31 5.13 -Imported ............................... 940 12,972 .63 .49 6.77 - -Unclassified .............. 47 12,873 1.99 1.55 8.21 173 44.49
ndina.. ................... ........... 7 13,703 .77 .56 8.50 224 61.50Kentucky ......... ... ........... . 10,371 12,449 .98 .78 10.26 202 50.06Tennessee.. 65 12,241 .97 .79 10.46 271 66.42V rginia......... 1,867 12,198 .96 .79 12.14 198 48.35West Virginia ..................................... 14,375 12,292 .78 .64 11.80 196 48.04imported . ................. .... 609 12,385 .62 .50 6.66 244 60.39Unclasifed ...... . .......... 2,815 12,324 .87 .70 11.11 204 50.30

348 9,072 .42 .46 6.21 99 1i7.97North Dakota.... 22,900 6,553 .70 1.08 9.51 77 10.07Wyoming. . ... 223 7,972 .42 .53 5.38 87 13.87Unclassified ............... ................ 1,562 6,576 .70 1.06 9.17 75 9.92
Colorado. .... . 44 11,547 .51 .44 10.03 175 40.46Illinois..... 373 12,034 2.03 1.68 8.02 139 33.47Indiana ..................... 234 10,908 .55 .51 8.99 172 37.48Kentucky . ............. .......... .- 8,579 11,656 .91 .78 13.49 160 37.19Ohio ...... .... 19,212 12,252 3.32 2.71 9.26 115 28.18Pennsylvania.. . . ........ ....... 1,768 12,900 2.14 1.66 8.45 125 32.19Virginia .......... . . ....... ... 143 11,380 1.02 .76 7.93 132 35.27West Virginia ..................................... 9,286 12,059 1.41 1.17 12.30 143 34.33Wyoming ..................... .. . ..... - 61, 8,784 .29 .33 5.71 144 25.33Unclassified ............................................ 4,117 . . 12,121 2.25 1.86 10.77 133 32.18
Arkansas ...................... 18 9,418 1.38 1.47 26.43 - -
Colorado.... ............................ 93 12,000 .49 .41 9.16 - -Okllorna... ............................ 921 11,669 2.44 2.09 17.23

. ...... 19,355 8,705 .30 .34 5.07 101
Wyoming.............2,251 8,402 .33 .39 4.91 118 1991
Colorado....................... 32 11,114 .45 .41 8.05 -Indianat... .... ..... .------ 161 10,945 .40 .37 7.92 - -ientucky ............. .. 102 12,603 1.26 1.00 8.90 - -Ohio ....... ...................... 558 12,499 2.84 2.27 9.15 - -
Pennsylvania. ....... ........... .. 26,522 11,177 2.02 1.81 18.06 123 31.79Utah. ........... .................... 12 12,428 .59 .47 7.69 - -V irginia. ..................... .... .. 21 12,550 2.20 1.75 .. 0 - -WestVirgin .... . . ......... 6,695 12,665 1.63 1.29 9.66 123 31.84Wyoming ............................................... 40 8,926 .25 .28 4.54 183 32.59Imported . ..... ... ...... 284 13,167 .72 .55 6.37 - -
Unclassified ......................................... 8,581 12,054 2.25 i.87 13.43 - -

IlIlinois... .......... ................. I10 I 1,7S0 1.W..3 .60 180 2.1
Kentuckyl... .................... 9,158 12,587 1.27 1.01 9.56 188 47.35Pennsylvanias ............................... ... ..... 100 13,158 2.25 1.71 8.26 199 52.45Tennessee ................ ......... 203 12,745 1.28 1.00 9.43 196 49.85Virginia. ........................................ 31 12,452 .89 .72 21.07 269 66.99West Virgnia................................... 829 12,319 .98 .79 12.16 193 47.01Imported .................................................. 88 11,803 .66 .56 5.64 302 71.27Unclassified ............................................. 4,496 12,563 1.23 .98 9.81 194 48.68South Dakota1.7j3
Wyoming ....... .... 2,148 M8,s23 .34 ..40 470 139 23.61
Colorado .............. .. 5,108 11,826 .63 .54 9.92 140 33.12
Illinois . .............. .... . ......... . .. 5,986 12,014 2.08 1.73 8.01 I16 27.95Kentucky .................................................... 8,093 11,903 1.84 1.54 I0.52 141 33.27Montana. .............................................. 243 9,296 .32 .35 5.75 114 21.27Pennsylvania. .. ... ......................... 76 13,134 2.24 1.71 7.95 121 31.73
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Table 15.A. Destination and Origin of Coal for Electricity Generation By State: Total (All Sectors) 2004
(Continued)

Average Quality Average Delivered Cost

Destination Quantity Sulfur Sulfur Ash
atu per poune (percent (pounds per (percent Million Btu) ton)

I by weight) Million Btu) by weight)

Tennessee........ ...... ............... 119 12,396 .86 .69 9.62 172 41.49
Utah . ........... 722 12,174 .74 .61 9.88 139 33.78

S.................... 2,882 12,524 .88 .71 10.14 157 38.45
West Virginia ................................ 939 12,131 .99 .82 11.75 179 43.38
Wyomn. ............... 6,204 8,840 .28 .32 5.31 I10 19.40

Unclassified-.................--- 6,125 12,021 1.57 1 ....n.. . 33.0t-

Colorado ..................................... 862 10470 38 37 6.20
Texas ....... ................. 46,073 6,494 1.29 1.99 16.64 124 14.94
Wyoming ............. .................. 39,736 8,587 .33 .39 5.03 138 23.86

i3,435 8,595 .33 .38 5.10 134 22.98... :-7' 
111W

lorado.......... 642 9,74 S A9 11.6 156 30.49
Ut................................................ 10,157 10,937 .55 .50 14.60 106 23.99

Wyoming ............. .......... .......... 346 9,204 .43 .47 7.27 125 22.97
Unclassified ................................... ....- 3,393 10,943 .49 .45 12.43 108 23.54

Kentucky ...................................... 5762 12,704 1.02 .80 9.38 216 54A6
Tennessee ..................................... 32 12,306 .89 .72 9.70 287 70.44
Virginia ....... ......................................... 5,153 12,726 .91 .71 10.99 166 41.99
West Virginia ....................................... 1,878 12,706 .76 .60 9.58 180 45.26
Unclassified .................... ......... 2,225 t2,722 .93 .73 10.08 189 48.11•..r...•.•,•_',•++• •.•t,' 'fp+•:.•:m ffia-MI .+E "•+•.:.- ++ ';-ý.",• • •, ++ ;.- '147"'•'• " •"''; ''"' +.•.e ...

Montana ........................................... 915 9,350 .34 .36 4.30 -
Washington......... 5,642 7,957 . 1.03 .29 15.09 -

Colorado .................................... 7 11,185 .90 .80 7.15 186 41.61
Kentucky ........................................... 1,248 11,867 .93 .78 12.40 152 36.03
Maryland ..................... . . 2,977 11,940 1.84 1.54 16.70 118 28.14
Montana ......................................... 10 11,549 1.41 1.22 8.15 174 40.18
Ohio ................ .................. 2,479 12,402 4.19 3.38 8.74 113 27.96O Pennsylvania ..................................... 4,845 12,695 1.71 1.34 9.06 123 30.86
Virginia ............................ ......... 50 12,796 1.15 .90 12.13 184 47.20
Wed Virginia ...................................... 23,645 11,962 1.56 1.31 13.41 148 35.93
Wyoming ............................................. 352 9,205 .37 .40 5.01 136 25.11
Unclassified ........................................ 76 12,127 1.88 1.55 11.91 141 34.10

Colorado ................. 792 11,978 .61 .51 8.60 175 42.43
Illinois ...................................... 3 10,700 1.42 1.33 8.30 210 45.03
Indiana . . . ... ...... 310 10,996 1.36 1.24 8.63 175 38.29
Kentucky ............................................... 194 12,056 1.98 1.64 9.01 211 51.81
Montana ............................................ 396 8,833 .30 .34 4.71 108 19.17
Pennsylvania ........ ............................ 23 12,650 1.36 1.08 7.40 163 41.35
Utah .......... . ............................. 477 12,193 1.14 .93 8.90 165 40.24
West Virginia .......................................... 115 13,069 2.44 1.86 7.67 - -
Wyoming ......................... .. ....... 19,797 8,669 .30 .35 4.92 107 18.61
Unclassified ...... ................. 1,803 9•929 .58 .58 6.30 140 27.87

iWyominng...... ..... 8A2 *-*.0* 4-. . - ~ ~ A I 5
Wyomingc .................................. .......... 25,501 8,826 .48 .55 6.89 87 15.28
Unclassified. .. ...................... 41 8,706 .44 .51 7.40 85 14.80

. r ." +p---O'p17 V'2.o , .-. A ý :•W' :. 2

= -Value is less than half of the smallest unit of measure (e.g., for values with no decimals, the smallest unit is "i and values under0. are shown as"'.)
W = Withheld to avoid disclosure of individual company data. 0

Notes: • Includes anthracite, bituminous coal, subbitumninous coal, lignite, waste coal, and synthetic coal. Receipt heat value, sulfur, ash and average delivered cost of fuel at the
destination reflect data supplied via both the Form EIA-423 and the FERC Form 423. Average delivered cost of fuel at the origin reflects data supplied via the FERC Form 423 only.'
Totals may not equal sum of components because of independent rounding. • Receipts damn for regulated utilities are compiled by EIA from data collected by the Federal Energy
Regulatory Commission (FERC) on the FERC Form 423. These data are collected by FERC for regulatory rather than statistical and publication purposes. The FERC Form 423 data
published by EIA have been reviewed for consistency between volumes and prices and for their consistency over time. However, EIA does not attempt to resolve any late filing issues in
the FERC Form 423 data. - Data for Independent Power Producers and plants in the Commercial and Industrial Sectors include fuel delivered to electric generating plants with a total
fossil-fueled nameplate generating capacity of 50 or more megawatts; utility data include fuel delivered to plants whose total fossil-fueled steam turbine electric generating capacity and/or
combined-cycle (gas teisne with associated steam turbine) generating capacity is 50 or more megawatts. * The cost of coal receipts displayed for the States of Alabama, Florida,
Kentucky, and Tennessee does not ree-se-nt the total average delivered cost of coal for these States and their respective Census Divisions. in some instances, coal is delivered to a transfer
facility prior to being delivered to the power plant. The costs presented in this table reflect the initial delivery costs, not any additional costs incurred to deliver the coal from the transfer
facility to the power plant site.- Monetary values are expressed in nominal terms.
Sources: Energy Information Administration, Form EIA-423, "Monthly Cost and Quality of Fuels for Electric Plants Report," Federal Energy Regulatory Commission, FERC Form 423,

"Monthly Report of Cost and Quality of Fuels for Electric Plants."
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Executive Summary and Key Results

* The 2002 Florida Legislature directed the Florida Public Service Commission, in consulta-
tion with the Florida Department of Environmental Protection, to do an assessment of re-
newable energy in Florida and its potential for electric generation. The statutory language
defined renewable energy as electricity generated from any method or process that uses
one or more of the following sources of energy, but not limited to: biomass; municipal solid
waste; geothermal energy; solar energy; wind energy; wood waste; ocean thermal gradient
power; hydroelectric power; landfill gas; and agricultural products and by-products. Using
only the specific enumerated categories of renewables, Florida has approximately 680
megawatts of renewable capacity.' However, under the "not limited to" rubric, Florida has
an additional 340 megawatts of generation capacity from phosphate manufacturers who
use waste heat to produce electricity. This results in a total net summer generating capac-
ity of 1028 MWs. Discussions with the phosphate industry indicate an additional 90 MWs
of capacity are off-line or being redeveloped. The vast majority of this waste heat is used to
serve internal electric loads for this industry. The combined capacity of these resources
(exclusive of capacity used to serve internal loads) provides about 2.4 percent of the 2002
summer generating capacity of the State.

* There is no nationally accepted definition of renewable resources. While almost all states
treat solar and wind as renewables, some states exclude municipal solid waste facilities
and some types of hydroelectric. It is the purview of each state legislature to determine
what resources constitute "renewables" within that state.

* For the year 2000, the renewable resources as defined in the statute provided approximately
3 percent of Florida's net electric generation, with a minimal contribution from hydro-electric
sources. By comparison, on a national level, the vast majority of renewable energy is provided
by hydro-electric sources. Excluding hydro-electric energy, approximately 2 percent of
national energy production is attributed to the remaining types of renewable generation
resources. 2 Florida's renewable electric production is largely derived from municipal solid
waste (MSW), biomass materials such as agricultural waste products and wood residues
which are used as fuel in boilers, and waste heat recovered from industrial manufacturing
processes. Florida has some 50 MWs of hydro-electric generation in the Panhandle of the
state. There are a number of photovoltaic installations but their total generating capacity is
insignificant since most of these are only a few kilowatts in size.

1 A megawatt (MW = 1000 kilowatts) is a measure of real power at any instant in time or, in other words, a
measure of demand on the grid at any moment in time. Megawatt hours (MWhs) are a measure of the MWs
demanded aggregated over some time interval and thus represents the amount of electric energy consumed.
A typical Florida house will consume about one MWh per month, but the house demand for electricity at
any given moment would average about .0014 MW (1.4 kW).

2 US DOE/EIA Renewable Energy Annual 2001. Table C 13, p.58. By 2001, Florida's renewable contribution
had declined to approximately 2% of net generation.
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EXECUT'VE SUPAMARY AMD K•EY RESULTS

* Renewables vary in cost and technical readiness. Florida has a number of feasible renew-
able resources where feasible is defined as technologies that are deployable in the near
future (through 2008) and commercially mature technologies. These include, in no par-
ticular order, biomass derived fuels, MSW, landfill and digester gas, hydro-electric, solar
photovoltaic, and certain industrial plants that involve the use of waste heat to cogenerate
electricity. Phosphate production is the notable example of the latter.

* The following table provides a summary of some of the estimates of potential and
commercially feasible, near term, and new renewable capacity that could be developed in
Florida. These estimates were derived from information provided by stakeholders and
industry representatives, preliminary discussions by developers with permitting agencies,
and some technical assessments. With respect to wood/bark fuel, it is assumed that up to
4 percent co-firing of biomass with traditional fossil fuels is possible. In total, these resources
amount to an additional 651 MW of generating capacity, bringing Florida's renewable total
to approximately 1679 MWs.

Feasibility of Renewable Technologies

Type of Renewable Energy Potential Incremental Capacity (MW)

Municipal Solid Waste/Refuse Derived Fuel 60*
Wood/Bark 225**
Landfill Gas 32
Bagasse 150
Hydro-electric 43
Solar Photovoltaic 1 (assumed)
Waste Heat 140 to 440***

Information provided by the Integrated Waste Services Association indicates that within a ten year period some
250-300 MWs of new capacity is potentially available from expanded facilities.

** Information provided by Gus Cepero of Florida Crystals suggested that an additional 75 MWs of urban wood
waste facilities are possible and a 15,000 acre dedicated eucalyptus crop could support a 50 MW facility.

This estimate was provided by the Florida Industrial Cogeneration Association. The 140 MW potential exists
from retrofitting existing plants with the latest heat recovery technology. An additional 300 MWs of potential exists
from replacement plants as the industry migrates from current locations to other areas of phosphate rock deposits.

* Table 1 indicates that municipal solid waste and biomass derived fuels offer the most fea-
sible near term options for expanding the deployment of renewables in Florida.

* With respect to future technologies, in the long term opportunities may exist for ocean
conversion systems using current flows and tidal flow, gasification of certain hydrogen rich
feedstocks, and perhaps some meteorologically unique off-shore wind locations. Estimates
of potential capacity and costs are not available for these less developed technologies.
Florida does not have geothermal resources or identified wind resources.
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EXECUTIVE SUMMARY AMD KEY RESULTS

Electricity produced from renewable technologies is usually more expensive than tradi-
tional technologies on a production cost basis. The following table portrays a relative
ranking of the levelized production cost for various technologies using the costs per kilo-
watt hour as the benchmark metric. Except for the traditional generating technologies,
these numbers largely reflect national averages and do not account for individual siting and
construction parameters that. may be unique to Florida. Detailed engineering analyses,
siting issues, transmission impact analyses, interconnection costs, and a host of other
variables would ultimately be needed to accurately assess the site specific cost of any
given technology.

Levelized Costs
Plant Type (cents/kilowatt hour)

Municipal Solid Waste 3.5-15.30-
Biomass (direct combustion) 6.3-11.00
Landfill Gas 2.4-6.30
Hydro-electric No Data
Solar Photovoltaic 19.4-470
Waste heat facilities using exothermic processes Zero fuel cost**
Natural Gas Combined Cycle 3.9-4.40
500 Megawatt Pulverized Coal 5.2-5.50

This assumes a $25 per ton tipping fee. Information presented by Integrated Waste Services Association
indicates that for Florida plants, a $50 per ton fee is more typical and thus production costs could be closer to 20.

Zero fuel costs when part of a manufacturing process. Capital cost for retrofit of existing plants (up to 140 MW)
estimated at $2,300 per kW. Capital cost for replacement plant incremental generating capacity not available but
substantially less than above.

Almost all of the existing fleet of renewable based generators were constructed during the
1980's and early 1990's as a result of the 1978 Public Utilities Regulatory Policy Act which
required utilities to purchase energy from certain qualified facilities at a price equivalent to
a utility's cost of building and operating its own generation (i.e. the avoided cost standard).
Current utility construction and operating costs for new combined cycle technologies are
declining due to improved operational efficiencies. Therefore, it is unlikely that very many
new renewable facilities will be constructed based on the current avoided cost payment
levels.

All energy production systems have environmental impacts. It is extremely difficult to
quantitatively rank order the magnitude of such impacts since there is no single metric
which can be agreed upon. A qualitative assessment is also difficult to perform since
different stakeholders will assign different weights to the impacts. For example, renewable
materials used as fuel inputs into combustion processes may have similar air emission
profiles as traditional generation, but such facilities may have offsetting positive impacts
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such as reduction in waste volumes to be landfilled. In addition, if electric generating
equipment is added at existing manufacturing facilities, waste heat cogeneration has minimal
incremental impacts beyond the primary industry process itself.

* Many states in the U.S. have adopted strategies to encourage greater deployment of
renewable resources. Generally, three broad strategies have been employed. 'States
have employed what this report characterizes as market driven programs. These include
utility-sponsored green pricing which allows customers to voluntarily purchase certain defined
renewable resources. Other market driven state initiatives include establishing licensing
and contractor standards, incorporating certain renewable technologies into building codes,
and establishing trading and labeling procedures to allow purchasers and sellers to have
renewables certified to enhance commercial transactions. Other strategies that have been
adopted include non-by-passable surcharges imposed on utility bills or the allocation of
specific tax revenue. These assignable charges are generally referred to as system benefit
charges (SBC) and have been used to fund activities such as energy efficiency, low income
assistance, research and development, in addition to the funding of renewable activities.
Finally, some states have mandated programs like renewable portfolio standards (RPS),
which dictate that a percentage of a state's electric production must be derived from defined
renewable resources.

* Generally, market driven programs have the least impact on utility rates and have the least
adverse income distribution consequences between classes of utility customers. System
benefit charges or other fee systems ensure a more reliable funding source, but have the
undesirable effect of increasing electric rates, even minimally. They also cause some
inter-class equity issues between different utility customer classes. Finally, mandated
renewable goals potentially have the most powerful impact on deploying renewables.
However, RPS standards also can have the most dramatic economic impacts with respect
to electric costs. Such strategies must carefully weigh the cost of renewables and their
commercial and technical feasibility against the cost of traditional utility generation and find
the appropriate balance that achieves the policy goals that a state wants to achieve. For
example, if the state policy goal was to increase jobs in Florida, a RPS standard that
directed certain levels of biomass energy be obtained would tend to increase employment
within the state since collecting, preparing and delivering biomass fuels is a labor intensive
process.

• Thirteen states have some type of RPS standards. The recent development of RPS
standards seems to be a result of the movement toward deregulating electric markets by
allowing retail choice for end use electric customers. Some 41 percent of states with active
retail choice restructuring have implemented RPS programs, while only eleven percent of
states without retail choice restructuring have found these initiatives necessary. Likewise,
sixty-four percent of the states with active retail choice restructuring have implemented
SBC programs, while only fifteen percent of the states with no retail choice restructuring
have found these initiatives necessary to maintain public benefit programs.
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CHAPTER I

The 2002 Florida legislature passed HB 1601 (SB 1142) which was signed by the Governor on
May 23, 2002. This Act modified 366.8255, F.S., to allow certain costs resulting from agreements
entered into between regulated electric utilities and the Florida Department of Environmental Pro-
tection (FDEP) or the U.S. Environmental Protection Agency to be subject to recovery under the
Environmental Cost Recovery Clause. As part of this revision to Chapter 366, F.S., the legislature
added the following language:

Section 2. (1) The Florida Public Service Commission in consultation with the Florida
Department of Environmental Protection is directed to perform a study for the purpose
of defining public policy with respect to the use of renewable resources in Florida. At a
minimum, the study shall assess cost, feasibility, deployment schedules, and impacts
on the environment of increased use of renewables. In addition, the study shall describe
options and mechanisms to encourage the increased deployment of renewables within

our state. The results of this study shall be submitted to the President of the Senate
and the Speaker of the House by February 1, 2003.

(2) As used in this section, the term: (a) "Biomass" means a power source that is
comprised of, but not limited to, combustible residues or gasses from forest products
manufacturing, agricultural and orchard crops, waste products from livestock and poultry
operations and food processing, urban wood waste, municipal solid waste, municipal
liquid waste treatment operations, and landfill gas. (b) "Green energy" means renewable

energy. (c) "Renewable energy" means electricity generated from any method or process
that uses one or more of the following sources of energy, but not limited to: biomass;
municipal solid waste; geothermal energy; solar energy; wind energy; wood waste;
ocean thermal gradient power; hydroelectric power; landfill gas; and agricultural products
and by-products.

Thus, the Florida Public Service Commission (FPSC) in consultation with the FDEP was charged
to perform a study for the purpose of defining public policy with respect to the use of renewable
resources to generate electricity. This report is the work product of that charge. The report
discusses current policies and the limitations of such policies to the development of new renew-
able resources, contains descriptions of specific renewable technologies, provides estimated costs,
describes likely environmental attributes of these technologies, and offers summaries of various
options and mechanisms that other states have adopted to encourage renewables.

Having said what the report does, it is also important to identify what this report does not do.
There are no specific recommendations for what policy options, if any, should be adopted in
Florida. The report provides technical descriptions of the types of initiatives that Florida could
adopt. Such initiatives are largely taken from the experiences of other states. At this time how-
ever, renewables are typically more costly than traditional fossil and nuclear based technologies
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and therefore any public policy initiatives will likely impose additional costs on some or all of
Florida's citizens, or electric ratepayers. This report is meant to provide information to assist the
Florida legislature's deliberations in case the legislature is interested in exploring possible new
initiatives to promote renewable technologies.

The report does not attempt to forecast technological changes that could affect the ultimate timing
and commercial status of various technologies. Research and development, both private sector
and publicly funded, continues to be devoted to renewable energy. The United States Department
of Energy (DOE) has for decades funded high end R&D for a variety of technologies but with
special interest in solar applications. More recently, substantial private sector funding has been
devoted to the development of fuel cells for both stationary and mobile applications. While fuel
cells in themselves are not renewable, some efforts are being made to fuel them with hydrogen
fuel derived from potential renewable resources. Most of the large automakers now have active
fuel cell development teams in hopes of developing cleaner burning engines. In addition, there
are exciting new concepts being investigated with respect to utilizing ocean currents to produce
electricity. At this time, it is nearly impossible to predict the ultimate installed cost and widely
accepted commercialization dates for these kinds of cutting edge technologies.

Finally, the report recognizes that no single point cost estimate is possible for many renewable
technologies. For the most part, the cost estimates will always be embedded in a range of
estimates. This is necessary due to the lack of standardization of technologies, limited experi-
ence siting and constructing certain technologies within Florida, and the difficulty of estimating
future, in-service costs for less mature technologies.

Process
The FPSC and FDEP conducted three public workshops to solicit input from various stakeholders,
utilities, and citizens on the content of this report. Prior to the first workshop, a questionnaire was
sent to all known stakeholders who operate or have information about potential renewable facilities
inFlorida. The questionnaire mined for information about specific performance characteristics of
renewable facilities, operating ranges, size ranges, and non-proprietary operating cost information.
Much of this data was used to develop the cost estimates presented in Chapter 111. Staff of the
FPSC/FDEP conducted the first workshop in Tallahassee on July 2, 2002; over 70 people attended
the July 2 workshop. Some 27 people made presentations to the staff. A second workshop was
held in Jacksonville on August 28 which was attended by all five FPSC Commissioners. Here
again, about 50 people attended and some 25 speakers offered information and technical data on
the characteristics of various technologies and various policy options to encourage additional
deployment. Finally, after making a draft of this report available on November 1, 2002, staff
conducted a third and final workshop on November 14, 2002, in Tallahassee, and received direct
input and written comments on this draft from interested parties.
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Background Information
Using the enumerated list of renewables in the statute, Florida has approximately 1028 MWs of
net summer generating capacity. For the purposes of this report, included in this number are 340
MWs of waste heat cogeneration which was considered a renewable resource since these facili-
ties are listed as operating plants in the current 2002 Regional Load and Resource Plan prepared
by the Florida Reliability Coordinating Council. Discussions with the phosphate industry indicate
an additional 90 MWs of waste heat is currently off-line or being redeveloped. The vast majority
of the waste heat generation is used within the industry to serve internal process loads which
results in a reduced demand on the utilities. This 1028 MWs represents about 2.4 percent of the
2002 summer installed capability. Of this 1028 MWs of capacity, some 512 MWs are either
owned or delivered to utilities under firm contracts for distribution to end use customers. The
other 516 MWs have the capability to generate energy to the grid based on individual operational
constraints at the facilities and the hourly, spot market cost of energy. (See Appendix A for a
listing of larger, interconnected, renewable generators).

I FIGURE 1 1

Florida's Renewable Capacity

Fuel inputs to these generators
largely come from MSW, including
refuse derived fuel (RDF), biomass
materials, waste heat from manufac-
turing, and a very small amount of
hydroelectric capacity. Figure 1
shows the relative contribution of
each of these renewable capacity
resources.

Bmyaso 5O5Ms2%sp/(5%) As might be imagined, these

numbers pale in comparison to the
capacity of fossil and nuclear fueled

Waste heat 340 MWs (33%)] electric generators. Florida currently
has some 43,000 megawatts of

installed summer capacity and some

45,500 megawatts of winter capacity.
During the last 10 years, Florida has

added an average of approximately 900 megawatts of new generating capacity per year. Based
on the latest planning documents, Florida is expected to add some 1,500 megawatts per year for
the next ten years. This capacity is meant to replace long term purchase contracts and to serve
new load growth.3

Figure 2 shows the relative contribution of renewables in the overall generation output produced
by Florida's electric generators. As evidenced by this pie chart, Florida has a diversified mix of
fuel inputs. Some 53 percent of the year 2000 net generation was derived from coal and nuclear.4

3 Florida Reliability Coordinating Council, 2002 Regional Load & Resource Plan, July 2002, p. S-10.

I Data for Figure 2 and 3 was taken from the Energy Information Administration's Electric Power Annual
2000. EIA reports that this data is based upon all reported kilowatt-hours generated by utility and non-
utility generators.
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Natural gas provided 23 percent, but that figure is expected to increase to almost 50 percent by
2011. It is worthwhile to note that some 19 percent of the electric industry's fuel input in Florida
was petroleum, or approximately 56 million barrels of oil in 1999. By 2011, total electric industry
oil use is projected to decline to about 25 million barrels of oil. However, the use of natural gas is
projected to triple during that period.

F IIG 2 F I G URE 3

YR 2000 Florida Net Generation YR 2000 US Net Generation

Figure 3 shows similar data for the United States. Notice that while Florida gets an insignificant
amount of its electric energy from hydroelectric, for the United States in year 2000 approximately
7 percent of net generation is hydro production. Notice also that Florida uses significantly more
petroleum than the national average.

Focusing specifically on reported renewable generation, and excluding hydro, the various types of
renewables that comprise these percentages are of interest. At the national level some 2 percent
of electric production is derived from renewables. Of this amount, biomass accounts for 77 per-
cent, geothermal some 15 percent, wind about 6 percent, and solar is less than 1 percent. Florida,
on the other hand, gets about 3 percent of its net generation from renewables. While it is difficult
to get exact data on production on some in-state renewable generators since much of the output
is used to serve interhal loads at the plant site, the most recent DOE report indicates that some 53
percent comes from MSW plants and some 46 percent comes from biomass fueled facilities.5

Finally, mention must be given to the transmission system in Florida. Florida has limited interties
with the southeastern states. Currently, the bulk transmission system will allow, under normal
operating conditions, some 3600 MWs of import into the state, or about 8 percent of our installed
generating capacity. Of this amount, some 2600 MWs are committed purchases from facilities in
Georgia or under firm contract. Thus, opportunities to import substantial amounts of renewables
- if they existed - from other southeastern states is somewhat limited.

5 DOE/EIA Renewable Energy Annual 2001 with Preliminary Data for 2001, November, 2002. Table C.6
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Catalysts for Renewables
Almost the entire fleet of renewable generators were developed as a result of the federally man-
dated Public Utility Regulatory Policy Act of 1978 (PURPA). The PURPA was one of the most
significant actions in fostering the development of facilities to generate electricity from renewable
energy sources. This Act required utilities to buy electricity from qualifying facilities (QF's). Un-
der PURPA, QF's are defined as non-utility facilities that produce electric power using cogenera-
tion technology, or power plants with no greater than 80 megawatts of capacity that use renewable
energy sources. PURPA empowered the Federal Energy Regulatory Commission (FERC) to
establish rules requiring that electric utilities purchase power from QF's at an "avoided cost" price
based on energy and capacity costs that the utility would otherwise incur by generating the power
itself or purchasing it elsewhere.

Generators that avail themselves of PURPA can sell their electric output to the utility under a
variety of options. If the generator can meet certain deliverability or capacity factor requirements,
then they can be paid both a capacity and energy component for the output of their facilities under
firm contract. The majority of these contracts in Florida were entered into over ten years ago.

Many facilities have seasonal or operational constraints such that they cannot commit to meeting
certain deliverability requirements. In this situation, generators can sell the energy they produce
on an "as-available" basis to the utility. The as-available energy price is defined as the next
increment of power cost that the utility would have incurred if it either produced or purchased the
power. In most cases, the price paid for as-available energy is less than the payment under a full
avoided cost contract.

At this time, Florida has a number of generators that produce waste heat through exothermic
reactions in the production of phosphate fertilizers. The net capability of these facilities is over
430 MWs. Much of the power produced is used to self-serve the electrical needs at the phos-
phate plant site, thereby significantly reducing demand on the electric utility system. In addition,
some 29 MWs are committed under PURPA contracts with Florida utilities as firm capacity. See
Chapter II for a further discussion of the specific exothermic production technologies.

Another catalyst for renewables is the public interest in investing in solar energy. As one scales

down from megawatt sized mechanical generators, there are about 300,000 installations of solar
thermal devices in Florida. Solar thermal is a well-established technology that can provide both
hot and ultra-high heated water for residential and commercial applications. Most of the applica-
tions in Florida are for domestic hot water and pool heating. While solar thermal technology does
not directly produce electricity, its use allows customers to avoid the direct purchase of electricity,
natural gas, or other fossil fuel that would have been used to heat water. On average, there are
about 18,000 new solar pool heating systems, 5,000 solar water heating systems and 30 new
grid-connected solar photovoltaic (PV) systems installed each year. The grid-connected PV mar-
ket is, however, highly dependent on subsidy programs, and may result in just a handful of sys-
tems without rebates or other incentives. 6

6 Information provided by the Florida Solar Energy Center. November 15, 2002.
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Cost Considerations of Renewable Resources
Renewable fueled generating technologies ultimately must compete with traditional generating
technologies to sustain themselves as a viable alternative resource. Presently, renewable tech-
nologies are, for the most part, more expensive than the incremental generating unit that would be
built to serve electric customers. Due to advances in jet engine technologies, the electric industry's
preferred generating technology to serve peak load is a natural gas fired combustion turbine
generator operating in a simple cycle mode. When a more base loaded type generator is needed
the simple cycle can be connected to a heat recovery unit to capture the high temperature exhaust
gases from the turbine, which in turn produces steam that is also used to produce electricity.
While natural gas is the preferred fuel for these kinds of machines, oil and coal that have been
converted into a gas can also be used as fuels.

Proponents of renewable technologies point out that renewables have certain desirable charac-
teristics which may not always be appropriately captured by bottom line production costs. They
cite the modular nature of many technologies, the fact that renewables do not use coal, oil, natural
gas, or nuclear fuels, and that fuel input costs are either negligible or have less volatility than fossil
based fuels. On the other hand, some renewables have characteristics which may diminish their
economic value. Intermittent resources like solar and wind are sometimes harder to incorporate
into reserve requirements. Some renewables that are remote from load centers may require
transmission upgrades to get the energy to customers and there may be line losses associated
with moving the power. Finally, while distributed resources can be helpful for certain aspects of
distribution stability, power quality must be maintained.

Chapter III provides a discussion of the various life cycle cost estimates for renewable resources.

Environmental Considerations of
Renewable Resources

Many people assume that by definition renewable resources are "cleaner" or have less environ-
mental impacts than non-renewable resources. Such assertions should be carefully examined.
All energy infrastructure has some kind of impacts. The challenge is to evaluate the relative
seriousness of various impacts and how to best mitigate them. For example, windmills have no
air emissions associated with combustion processes, but where they are sited has generated
controversy on the aesthetic issues associated with their construction.7 Likewise, MSW facilities,
while deemed renewable by definition in this statute, often are opposed because of the combus-
tion process involved in producing electricity. The air emission profile for a MSW facility would
look more similar to a conventional fossil fueled unit depending on the vintage of the unit. Here
again, this report discusses the environmental characteristics of various renewable technologies,
but does not attempt to assign a single, unidimensional ranking in terms of their qualitative im-
pacts on the environment.

An emission profile of regulated air emissions was established for Florida's current "fleet" of
renewable resource electrical generators, and is presented in Figure 4. It should be noted that
this chart reflects actual data reported during the year 2001, for existing Florida generating units

7 "Cape Cod: Twisting in the Wind," Public Utilities Fortnightlyi May 15, 2002, Vol. 140, No. 10.
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which were designed to provide
electricity to the grid. It is also
noteworthy that only three units are
included within the profile fueled
with bagasse and landfill gas,
versus five units fueled with wood,
and over 30 MSW/RDF fueled
units (based upon actual 2001 fuel
combustion). More landfill gas
units exist within Florida, yet those
units were excluded due to minimal
landfill gas consumption during
2001. Digester gas combustion
was reported in such low quantities
that an emissions profile could not
be developed. The 2001 actual
heat inputs were utilized as a
surrogate for capacity factor in
estimating MWh production.

0 Non-Methane Organic Compounds

D] Hazardous Air Pollutants Total
40-

30-

a.
0)

C 20-o
0

10 -

I Sulfuric Add Mist
Volatile Organic Compounds

Sulfer Cioxide
Particulate Matter

[]Lead

* Nitrogen Oxides

* Carbon Monoxide

It should be noted that Figure 4 does not appropriately capture the emission profiles for facilities
that use waste heat cogeneration. Since a substantial portion of the input fuel stock is used for
production output and not dedicated to electric output, this table overstates the emission profile
associated with such facilities.

For comparison purposes, an
emissions profile for coal, oil

and natural gas units is
provided in Figure 5. This

2profile was provided by the
FDEP and based upon a

* VolaUt Organic Compounds sample of approximately 3000
15 MW of operating capacityr-•par'boulate Matter

[Lead from each type of commercial
C airon Monxde generating unit. The basic

-L 10 unit profiles within Florida's
fossil fleet are conventional

0 coal, conventional oil, and
5- natural gas combined cycle.

Three unique facilities were
included for the development

of each of the profiles below,
so as to ensure that the profile
included a sample of the

differing unit vintages comprising the existing units in Florida. Some pollutants were emitted in
such small quantities that they were excluded from this chart.
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One conclusion which can be reached, is that most of Florida's current fleet of electrical generat-
ing units constructed primarily for the purpose of combusting renewable fuels are at least as
clean, with respect to regulated emissions, as Florida's existing coal- and oil-fired units (which
includes grandfathered units). However, combined cycle natural gas-fired units clearly emit the
lowest amount of air pollutants per MWh generated of all existing carbon-based fuels. Modern
natural gas-fired combined cycle power plants emit nearly no sulfur dioxide and about 3 parts per
million of nitrogen oxides.

Concerning thermal emissions, each of the above types of generating units (whether fossil or
renewable fuel-fired) is responsible for heat being emitted to the air and, in some cases, water
bodies. Additionally, modern units of each type are typically designed as zero discharge facilities,
implying that no wastewater streams exist. Older units, however, represent a source of wastewa-
ter discharges.

The waste streams to land associated with each technology can also vary. As a general rule,
waste streams are higher for solid fuels than liquid fuels, with gaseous fuels having nearly no ash.
For example, the quantities of ash generated from the combustion of MSW and RDF are typically
double that of coal combustion. Ash generated from the combustion of coal is roughly equivalent
to that of bagasse, wood or bark, per MWh of electricity produced. Comparably speaking, fuels
such as petcoke and oil generate very low quantities of ash (perhaps five percent that of coal),
while the generation of ash from the combustion of natural gas and landfill gas is essentially zero."

Figures 4 and 5 do not include carbon dioxide emissions because carbon dioxide is currently not
a regulated pollutant in the U.S. Nevertheless, many scientists, and perhaps a majority of scientists,
believe that carbon dioxide emissions are the principal anthropogenic contributor to global warming.
There are active discussions nationally and internationally regarding whether or not carbon dioxide
emissions should be regulated. Indeed, the U.S. has agreed to voluntarily monitor and report the
annual inventory of carbon dioxide emissions. To this end, the U.S. Environmental Protection
Agency publishes an annual report entitled Inventory of U.S. Greenhouse Gas Emissions and
Sinks.

For additional information regarding waste streams see the U.S. Environmental Protection Agency's
Report to Congress dated March, 1999 entitled Wastes from the Combustion of Fossil Fuels Volume 2 -
Methods, Findings, and Recommendations.
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CHAPTER II

This chapter provides a description of each of the major renewable technologies and assesses its
potential deployability and environmental impacts. Where possible Florida specific data is pro-
vided and supplemented with national data. A number of technologies such as geothermal and
wind are not applicable to Florida, but for completeness these technologies are included in the
inventory.

Biomass Fuels
According to information from the National Renewable Energy Lab (NREL) and the U.S. Department
of Energy (DOE), biomass represents the largest opportunity for renewable energy production in
the U.S. in the short-term (five-year horizon). Biomass derived fuel has two major applications. It
can be used as a direct fuel stock into power plants either through direct combustion or by conversion
into a gas or liquid that can then be combusted. In addition, unlike other renewable energy sources,
biomass can be converted directly into liquid fuels for transportation needs. The two most common
types of biofuels are ethanol and biodiesel. The following descriptions of sources of biomass
fuels will focus on their availability and suitability as input fuels to power generation.

Wood Product Residues
Wood processing residues constitute the most important biomass fuel source used in the United
States, consistently accounting for more than 50 percent of the country's total biomass fuel supply.9

Wood processing residues come in a variety of forms. Almost half the biomass content of a
typical saw log becomes residue at a primary sawmill. A variety of secondary forest product
applications have been developed to use a portion of this material. Active markets for wood
processing residues in many regions include pulp chips, wood fiber for fiberboard and composites,
animal bedding, and garden products such as decorative bark. Sawmills segregate residues for
sale in the highest-value markets available. However, a substantial amount of the residues,
typically 15 to 20 percent of the biomass content of the saw logs brought to a sawmill, have no
useful application and must somehow be disposed. Biomass power plants have become the
disposal option of choice for much of this material.

The traditional method used to dispose of wood processing residues at sawmills was historically
incineration in "teepee burners," a technology that produces copious amounts of smoke and other
air pollutants. Beginning in the early 1970s, air pollution control efforts applied increasing pressure
on sawmills to close down their teepee burners, leading them to search for new disposal alternatives.
This was an important factor that led to the development of the biomass power industry in the
United States during the 1980s. In states as diverse as California, Maine, and North Carolina,
virtually all the readily available wood processing residues that have no higher-valued applications
are used as power-plant fuel. Wood processing residues are one of the cheapest forms of biomass
fuel to produce and deliver. The only readily available option for disposing of these materials, if
fuel use were not a possibility, is landfilling. However, landfilling of waste wood is an undesirable

9 Much of the material for this chapter was provided by the National Renewable Energy Laboratory, Golden,
Colorado.
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option for a variety of reasons. Waste wood has a slower decay rate than other biomass forms,
and is thus slow to stabilize in the landfill environment. Waste wood can take up 15 to 20 percent

of the available space in a typical county landfill, and its decay leads to emissions of methane, a

more potent greenhouse gas than carbon dioxide.

In-Forest Residues

In-forest residues constitute a major source of biomass fuels in the United States. Timber har-

vesting operations produce forest residues in the forms of slash (tops, limbs, bark, broken pieces)

and cull trees. If left in place these residues can impede forest regeneration, and increase the risk

of forest fire. Increasingly, harvesting plans on public and private lands require some form of

residue management, which usually means either piling and burning on-site, or removal and use

as fuel. Logging slash is an important source of biomass fuel in several regions. In addition to

logging residues, forest treatment residues, or thins, comprise an important source of fuel for the

biomass energy industry. Because of past forestry practices and aggressive fire-fighting efforts

during the past 80 to 100 years, vast areas of U.S. forests are likely overstocked with biomass

material, representing an increased risk of destructive wildfires and a general degradation of the

forest ecosystems. These forests can benefit from mechanical thinning operations. The amount

of in-forest biomass residues that could be converted to energy is reportedly far greater than the

total amount of biomass fuel demand in most regions of the country. However, this fuel source is

generally more expensive to produce than other biomass fuels, so the quantity used is less.

As the market for biomass fuels has retracted in the United States, the amount of logging resi-

dues converted to fuel use has remained relatively constant, because of its link to the lumber

market. The major adjustment has been in the quantities of thins being collected and converted

to fuel. Most logging residues used for energy production would be pile burned if energy applica-

tions were not available. On the other hand, forests would simply not be thinned, so material of

this origin would accumulate as excess biomass.

Urban Wood Residues

As much as 15 to 20 percent of the solid waste traditionally disposed of in U.S. landfills is clean

wood waste that can be segregated and converted into power plant fuel. This material comes

from a variety of sources, including: 1) construction and demolition wood waste; 2) wood and

brush from land clearing; 3) wood and brush from public and private tree trimmers and landscap-

ers; 4) wood waste from the manufacturing of cabinets, furniture, and other wood products; and,

5) discarded pallets.

Agricultural Residues

Agricultural operations produce large quantities of residues, which come in a wide variety of forms

and consistencies. Agricultural residues suitable for use as power plant fuels include: 1) food

processing residues such as pits, shells, and hulls; 2) orchard and vineyard removals and prunings;

and, 3) field straws and stalks. Most of these residues require some form of treatment as a part

of normal agricultural practice. In most cases the lowest-cost treatment option is open burning, a

major source of smoke and air pollution. Avoiding agricultural, burning is a principal reason bio-

mass energy facilities have been developed.
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Bagasse is an important agricultural residue used in power generation and is of particular signifi-
cance for Florida. Bagasse is the matted cellulose fiber residue from sugar cane that has been
processed in a sugar mill. Bagasse is a fuel of varying composition, consistency, and heating
value. These characteristics depend on the climate, type of soil upon which the cane is grown,
variety of cane, harvesting method, amount of cane washing, and the efficiency of the milling
plant. In general, bagasse has a heating value between 3,000 and 4,000 British thermal units per
pound (Btu/Ib) on a wet, as-fired basis. Most bagasse has moisture content between 45 and 55
percent by weight. The U.S. sugar cane industry is located in the tropical and subtropical regions
of Florida, Texas, Louisiana, Hawaii, and Puerto Rico. Except for Hawaii, where sugar cane
production takes place year round, sugar mills, including those in Florida, operate seasonally from
2 to 6 months per year.

Currently, Okeelanta is the only operating electrical generating facility in Florida for input to the
grid, which combusts bagasse. Cogeneration facilities such as Okeelanta take sugar cane ba-
gasse, or clean wood waste, convert it into process fuel, and then use the fuel to operate the
sugar processing facility on-site as well as generate electricity. During 2001, Okeelanta reported
combusting over 700,000 tons of bagasse. The control and reduction of carbon monoxide emis-
sions remains one of the largest challenges for new units.

Dedicated Biomass Crops
Energy crops are plantings developed and grown specifically for fuel. These crops are carefully
selected to be fast growing, drought and pest resistant, and readily harvested to minimize costs.
Energy crops include fast-growing trees, shrubs, and grasses. Examples under development in
the U.S. include hybrid poplar, willow, switchgrass, and eucalyptus.

Energy crops can be grown on agricultural lands not needed for food, feed, or fiber. In the U.S., it
is estimated that about 77 million hectares (190 million acres) of land could be used to produce
energy crops. This includes lands taken out of service for price control reasons and other agricultural
lands that are considered marginal for food production. Compared to traditional agricultural crops,
energy crops are lower maintenance and require less fertilizer and pesticide treatment. The
period between harvests for woody energy crops varies from 3 to 10 years, depending on the tree
species, and the period between plantings can be longer than 20 years. In addition to their fuel
value, energy crops can also be planted for erosion control, soil remediation, and as filters that
prevent nutrient run-off from land into waterways. As is the case with other biomass fuels, energy
crops are classified as a carbon dioxide neutral resource, because the carbon dioxide consumed
during plant growth is believed to offset the carbon dioxide produced during burning. However,
care must be taken to use such crops in an environmentally responsible way. One way is through
closed-loop technology in which the carbon dioxide released during burning is equal to, or less,
than carbon dioxide consumed during growing. The goal is no net increase in carbon dioxide
emissions.

In addition to environmental benefits, energy crops can provide income benefits for farmers. The
typical modern farm produces one or two major commercial products such as corn, soybeans,
milk or beef. The net income of the entire operation is often vulnerable to fluctuations in market
demand, unexpected production costs, and the weather, among other factors. Since biomass
fueled power plants require a fairly steady supply of fuel throughout the year, raising energy crops
can provide income stabilization for farmers who choose to diversify their production.
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Information provided to the FPSC suggested that given a production level of 20 dry tons per year
per acre, a 15,000 acre dedicated crop area could reasonably support 50 MW of generation,
resulting in 350,000 MWh per year of electric energy.10

Environmental Impacts of Biomass Disposal
All alternatives for the disposal of biomass wastes and residues, including leaving forest residues
in place, entail environmental impacts. Energy production from biomass residues produces air
pollutants and solid waste (ash), and consumes water resources. These impacts must be bal-
anced against those impacts that would occur if the energy alternative were not employed, includ-
ing the impacts of alternate disposal of the material used as fuel, the impacts on industries that
want to use that material for alternative non-electric products, and the impacts of alternative pro-
duction of the electricity that must be supplied to the market.

Environmental Impacts of Open Burning
Setting aside the recognized benefits of prescribed burning, open burning of forestry and agricultural
biomass residues is a source of air pollution. Open burning can produce massive amounts of
visible smoke and particulates, and significant quantities of emissions of nitrogen oxides, carbon
monoxide, and hydrocarbons that contribute to the formation of atmospheric ozone. Quantifying
the emissions resulting from open burning is difficult because residues, burning practices, and
environmental conditions are extremely variable. Nevertheless, use of these residues as power
plant fuel vastly reduces the smoke and particulate emissions associated with their disposal, and
significantly reduces the amounts of carbon monoxide, nitrogen oxide, and hydrocarbons released
to the atmosphere. California's air quality regulatory agencies recognized that the biomass power
industry could help eliminate open burning of agricultural residues. To give the biomass power
producers credit for the air quality benefits they provide, regulators in California developed a set of
agricultural offset protocols, through which facilities that burn agricultural residues that would
otherwise be open burned earn an offset for their emissions of pollutants at the power plant.
Because emission offsets are required only for pollutants for which the receiving basin is non-
attainment, most agricultural offsets have been for emissions of nitrogen oxide and particulates.
For most facilities that were permitted on the basis of the agricultural offset protocols, the permits
require that one-half to two-thirds of their fuel be obtained from agricultural residue sources.

Environmental Impacts of Burial
Recoverable wood waste represents approximately 15 percent by weight, and as much as 20
percent by volume, of the material that typically enters sanitary landfills. One study by the Univer-
sity of Florida concluded that 23 percent of the waste stream headed to landfills could be attrib-
uted to demolition/renovation waste from the construction industry in Florida. Typically, these
materials enter the landfill gate separate from mixed household garbage. In the absence of a
fuel-use option, they may be buried along with other wastes entering the landfill. It is noteworthy
that the combustion of pressure-treated lumber causes unique emission problems and, at this
time, this material is best placed in a lined landfill.

Post workshop comments provided to the FPSC by Gus Cepero dated November 22, 2002.
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Landfill burial of the wood residues that can be recovered and converted into power plant fuel
entails the same kinds of environmental impacts associated with the disposal of all kinds of organic
wastes in landfills. Compared to other types of organic wastes, woody materials are slow to
degrade, which means that landfill stabilization is delayed. Like all organic material in the landfill,
waste wood can be a source of water-polluting leachates, and as the material degrades,.it produces
emissions of methane and carbon dioxide in roughly equal quantities. Methane and carbon dioxide
are both greenhouse gases, but methane is much more reactive, by a factor of some 25 times per
unit of carbon. Large landfills are now required by EPA regulations to control their fugitive emissions
by collecting a portion of the landfill gas and flaring it. In general, gas collection systems capture
about 80 percent of the methane released by the landfill, which means that final emissions of the
waste carbon to the atmosphere are approximately 90 percent carbon dioxide and ten percent
methane (compared with approximately 50/50 for an uncontrolled landfill). The only effective
means of eliminating methane emissions from the disposal of wood residues that would otherwise
be buried in a landfill is to use the material as fuel. Table 3 shows emissions factors for burial of
waste wood in landfills, emissions estimates for open burning of biomass residues under various
conditions, as well as emissions factors for other activities described in the following sections.
Table 3 also shows emissions factors for fossil fuel-fired electricity production, based on and other
sources. These data include only the emissions at the power plant, not those associated with
producing and processing the fuels.

Emissions Factors for
Biomass Disposal Activities and Energy Production Activities

non-methane
sulfur nitrogen carbon hydro carbon

dioxides oxides particulate monoxide methane carbons dioxide landfill thinned
(Ib/th.bdt) (Ib/th.bdt) (Ib/th.bdt) (1b/th.bdt) (Ib/th.bdt) (Ib/th.bdt) (ton/th.bdt) (m3/th.bdt) (acres/th.bdt)

DISPOSAL ACTIVITY

open burning 150 7,000 15,000 150,000 8,000 24,000 1,690
landfill 430,000 1,200 2,400
composting - immediate 33,000 850
composting - delayed 65,000 800
spreading 130,000 1,600
forest accumulation 150 7,000 21,000 280,000 7,000 23,000 1,690 40

ENERGY PRODUCTION ACTIVITY
I

biomass energy* 150 2,500 450 7,500 250 25 1,780 24.2

coal (unit/mmkWh) 3,500 3,100 140 960 15 290 1,100 43.9

gas/st (unit/mmkWh) 6 270 80 910 25 60 600

gas/cc (unit/mmkWh) 5 85 330 860 130 60 450

Note that for biomass energy production, unit/th.bdt is approximately the same as unit/mmkWh.

Ib/th.bdt = pounds per thousand bone dry tons gas/st = natural gas steam unit
mmkWh = 1,000 MWhs cc-natulgas combined cycleunit
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The immediate result of diverting landfill-bound waste wood to a power plant is that virtually all the

carbon content is added to the atmospheric stock of carbon dioxide, rather than being stored

underground as buried waste. This means that the atmospheric greenhouse gas burden associated

with the biomass residue used as fuel is greater in the immediate aftermath of its combustion than

if the material were landfilled. Over time, however, the landfill out-gases a mixture of methane

and carbon dioxide, and the much greater radiative effectiveness of methane rapidly leads to a

greater greenhouse gas burden, which eventually becomes a major liability for the landfill option,
even with the use of gas control systems on landfills.

Environmental Impacts of Energy Generation from Biomass

Combustion of biomass fuels in modern power plants leads to many of the same kinds of emissions

as the combustion of fossil fuels, including criteria air pollutants and solid wastes (ash). Fuel

processing, which in most cases involves some type of grinding operation, produces emissions of

dust and particulates. Air emissions and water consumption are usually the principal sources of

environmental concern related to biomass combustion facilities. Biomass power plants are required

to achieve stringent emissions control levels for the criteria, or regulated, pollutants. These include

particulates, nitrogen oxides, oxides of sulfur, hydrocarbons, and carbon monoxide. Nitrogen

oxides, hydrocarbons, and carbon monoxide are usually controlled by using advanced combustion

technologies, often including fluidized-bed combustors, staged-combustion, and flue-gas

recirculation. Newer biomass power facilities are required to use ammonia injection to further

control nitrogen oxide emissions. Sulfur oxide emissions generally are not a concern with biomass

combustion because biomass, especially woody forms of biomass, has a very low sulfur content.

Some facilities that have fluidized-bed combustors inject limestone to capture sulfur, but biomass

facilities are generally not required to have flue-gas scrubbers to control sulfur oxide emissions.

Particulates are controlled using a variety of technologies. Virtually all biomass power plants use

cyclones to remove most large particulates from the flue gas. Most biomass combustion facilities

are equipped with electrostatic precipitators for final particulate removal; some facilities use

baghouses. Most modern biomass power plants are required to achieve near zero visible emissions

to meet environmental permit conditions. Emissions of particulates are also regulated and controlled

to stringent levels, usually comparable to the emissions levels achieved by the large fossil fuel

electric generators.

Table 4 shows average emissions levels of the criteria pollutants for biomass power generation.

The data is useful for differentiating biomass emissions by combustor type. The fluidized-bed

combustors achieve lower

Emissions from Biomass Power Plants (1b.bdt)

PERMIT LEVELS MEASURED EMISSIONSD

All Grates FBs All Grates Fl3s

nitrogen oxides 2.6 3.1 1.5 2.0 2.5 1.0
sulfur oxides 1.2 0.9 1.7 0.1 NA 0.1
carbon monoxide 11.5 16.3 2.0 10.3 14.7 0.2
hydrocarbons 1.7 1.8 1.6 0.5 0.7 0.1
particulates 0.8 1.0 0.6 0.5 0.6 0.3
Data averaged for 34 California biomass facilities, 23 grates, 11 fluidized-bed bumers.

emissions levels of all
criteria pollutants of
concern for biomass
power plants, compared
to the grate-burners. The
most dramatic difference
is in carbon monoxide
emissions, for which the
fluidized-bed combustors
are more than an order of
magnitude better than the
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grate-burners. The fluidized-bed combustors achieve emissions factors of half or less than the
grate-burners for all pollutants for which data are available.

The production of electricity in biomass power plants can help reduce air pollution by displacing
the production of power using older, more conventional sources. The full net emissions reductions
can be calculated as the difference between the net emissions associated with the biomass power
cycle alone, and those that would have been produced by the displaced fossil fuel-based generation.

Finally, mention must be made of the concerns of exotic plants being dedicated to biomass
production. While certain non-indigenous plants have very rapid growth rates and thus make
superior candidates for dedicated biomass crops, the impact of the introduction of such plants
into Florida must be carefully evaluated. Due to our climate conditions, a number of invasive
plants have created problems and without proper evaluation, dedicated biomass plants could
have similar consequences. In fact, plants considered invasive by one state or section of the
country may be deemed beneficial by other regions. The recent interest of the JEA in purchasing
Arundo donax is one such example.11

Co-Firing Biomass as an Alternative
During 2001, three Florida facilities reported combusting over 700,000 tons of bark/wood as a
primary fuel (Okeelanta, Ridge and Jefferson Power) for the generation of electricity to the grid.
Additionally, some facilities have been permitted to combust agricultural fuels by co-firing with
coal. Co-firing refers to the use of biomass derived fuels blended with non-biomass fuels where
both are simultaneously fed into combustion boilers. Such firing can be accomplished with solid
biomass fuels or biomass that has been gasified. The City of Lakeland and Tampa Electric Com-
pany (TECO) have received permits for co-firing at specific generating units. Dr. Alex Green from
the University of Florida stated at the July 2, 2002 FPSC workshop that co-firing was a feasible,
near term option to increase the use of renewable energy in Florida. 12

Generally speaking, emissions of air-borne pollutants of high concern (such as sulfur dioxide and
nitrogen oxide) are reduced when agricultural products are co-fired with coal, even though some
pollutants (such as carbon monoxide) may actually increase. Technical problems can exist with
the direct application of specific coal-fired clean-up and handling equipment due to differences in
the physical properties of coal and biomass, but these can be mitigated by appropriately limiting
the biomass fuel percentage used for co-firing. During 2001, one coal-fired unit (at TECO's
Gannon station) reported combusting over 500 tons of wood via co-firing, although this facility is
currently being repowered as a natural gas combined cycle facility. However, Florida has ten
other coal-burning facilities which are possible candidates for such an operation.

1 "Arunda Has 2 Lives: A Pest in California But to Florida a Boon." Wall Street Journal, October 16, 2002,
p. Al.
12 Presentation by Dr. Alex Green of the Interdisciplinary Center for Aeronomy and Atmospheric Sciences
(ICAAS). FPSC Workshop, July 2, 2002, Tallahassee, Florida.
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Municipal Solid Waste
As defined by the Florida legislation for purposes of this study, biomass means a power source
that is comprised of, but not limited to, combustible residues or gasses from forest products
manufacturing, agricultural and orchard crops, waste products from livestock and poultry opera-
tions and food processing, urban wood waste, municipal solid waste, municipal liquid waste treat-
ment operations, and landfill gas. Within this group of defined biomass, municipal solid waste
represents the largest existing source of renewable energy in Florida. Waste-to-Energy (WTE)
facilities play an important role in Florida's use of biomass. Based upon a presentation by the
Integrated Waste Services Association, WTE is an essential component of Florida's municipal
solid waste management strategy. Over 50 percent of Florida's population is served by solid
waste management systems that include WTE and over one-third of Florida's waste is disposed
of through WTE facilities.

Municipal Solid Waste Industry Profile
The municipal solid waste (MSW) industry has four components: recycling, composting, land-
filling, and combustion. The U.S. Environmental Protection Agency defines MSW to include durable
goods, containers and packaging, food wastes, yard wastes, and miscellaneous inorganic wastes
from residential, commercial, institutional, and industrial sources. It excludes industrial waste,
agricultural waste, sewage sludge, and all categories of hazardous wastes, including batteries
and medical wastes.

I q j.F I I G U -

Before Recycling - 1994 More than 209 million tons of MSW
was generated in the U.S. in 1994.

Paper and paperboard accounted
for 81.3 million tons (38.9 percent)

of the total waste stream, yard wastes

30.6 million tons (14.6 percent),

plastics 19.8 million tons (9.5 percent),

Glass 6% 15% metals 15.8 million tons (7.6 percent),

Food Waste 7% food 14.1 million tons (6.7 percent),

Mel 8glass 13.3 million tons (6.3 percent),

and "other" 34.2 million tons (16.4

Source: U.S. Environmental Protection Agency, Municipal percent).
Solid Waste Factbook, database version 3.0 (Washington,
D.C., March 1996).

Trends in Municipal Solid Waste Generation
Nationally, the production of MSW has increased from 88 million tons in 1960 to 209 million tons
in 1994. During that time, per capita production of MSW increased from 2.7 pounds per person
per day to 4.4 pounds per person per day. Per capita MSW production was expected to remain
constant through 2000, when total MSW generation was expected to reach 223 million tons.
Florida is expected to produce over 38 million tons of MSW by year 2018, as compared to 15
million tons in 1998.
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As illustrated in Table 5, in 1960, approximately 30 percent, or 27 million tons, of MSW produced
in the U.S. was incinerated, most without energy recovery or air pollution controls. During the next
two decades, combustion declined steadily to 13.7 millions tons by 1980, as old incinerators were
closed. Less than 10- percent of the total MSW generated in 1980 was combusted. With the
enactment of the Public Utility Regulatory Policies Act of 1978 (PURPA) which created a guaran-
teed energy market, combustion of MSW increased to 31.9 million tons or 16 percent by 1990. At
present, all of the major new WTE facilities are designed with air pollution controls and have
energy recovery capability. During the 1990s, the absolute amount of MSW combusted and
converted into energy remained fairly constant, although the share declined slightly. By the year
2000, the entire amount of MSW combusted in the country was expected to reach 34 million tons.
During 2001, Florida combusted over 4 million tons of MSW as well as over 1 million tons of
refuse derived fuel.

Historical and Estimated
U.S. Production of Municipal Solid Waste (MSW)

Years 1960-2000 (Million Tons)

DISPOSITION 1960 1970 1980 1990 1991 1992 1993 1994 2000

Combustion* 27.0 25.1 13.7 31.9 33.3 32.7 32.9 32.5 34.0
Recovery for Recycling 5.6 8.6 14.4 32.9 37.3 41.5 45.0 49.3 66.9
and Composting
Discards to Landfill 55.3 89.5 124.3 132.3 126.2 128.8 129.0 127.3 122.0
Total Production 87.8 121.6 152.4 197.1 196.8 206.9 203.9 209.1 222.9

* Includes combustion of MSW in mass burn or refuse-derived form, incineration without energy recovery, and

combustion with energy recovery of source-separated materials in MSW.

Note: Totals may not equal sum of components due to independent rounding.

Sources: 1960, 1970, 1980, 1990, 1994, and 2000: U.S. Environmental Protection Agency, Municipal Solid Waste
Factbook, database version 3.0 (Washington, DC, March 1996). This source has revised some of the historical
data. 1991, 1992, and 1993: U.S. Environmental Protection Agency, Characterization of Municipal Solid Waste in
the United States: 1995 Update, EPA/530-S-96-001 (Washington, DC, March 1996).

FDEP records indicate that as of 1998, 57 percent of the waste stream in Florida was landfilled,
13 percent combusted, and the remainder recovered.

Waste-to-Energy (WTE) Facilities
As of the fall of 1996, there were 102 WTE facilities marketing energy in the United States. The
number of facilities had declined by more than 10 percent during the years prior to 1996. Most of
the WTE facilities in the United States are located in the East, where landfill space is the scarcest.
WTE capacity had declined by approximately 2 percent during the prior year or so, from almost
101,000 tons per day to approximately 99,000 tons per day.

Generally, WTE facilities can be divided into two process types: mass burn and refuse-derived
fuel (RDF). Mass burn facilities process raw waste; it is not shredded, sized, or separated before
combustion. Very large items such as refrigerators or stoves and hazardous waste materials

21



such as batteries are removed before combustion. Non-combustible materials such as metals
can be removed before or after combustion, but they are usually separated from the ash with
magnetic separators. The waste is usually deposited in a large pit and moved to furnaces with
overhead cranes. Combusting waste usually reduces its volume by approximately 90 percent.
The remaining ash is buried in landfills. The ash is divided into two categories: bottom ash and fly
ash. Bottom ash is deposited at the bottom of the grate or furnace. Fly ash is composed of small
particles that rise during combustion and are removed from the flue gases with fabric filters and
scrubbers.

Waste is preprocessed prior to combustion at RDF facilities. Non-combustible materials are
removed, increasing the energy value of the fuel. The extent to which non-combustible materials
are removed varies. Most systems remove metals with magnetic separators; glass, grit, and
sand may be removed through screening. Some systems utilize air classifiers, trammel screens,
or rotary drums to further refine the waste. Mass burn waterwall facilities are usually custom-
designed and constructed at the site. Waterwall furnaces contain closely spaced steel tubes that
circulate water through the sides of the combustionchamber. The energy from the burning waste
heats the water and produces steam. Some waterwall facilities also use rotary combustors to
rotate the waste, resulting in more complete combustion.

Numer f Fciltie Peforingd Was te-t-nryOeais

Number of Facilities Performing Waste-toEnergy Operations
by Process Type - 1996 (United States)

Mass Burning, Waterwall

Mass Burning, Modular -

Refuse-Derived Fuel, Shredded

Mass Burning, Rotary Combuster

Mass Burning, Refractory

Refuse-Derived Fuel and Coal

Mass Burning, Co-disposal with Sludge

Refuse - Derived Fuel,
Fluidized-Bed Combustion

0 10 20 30 40 50

,NUMBER OF FACILITIES

Note: One reporting facility did not list type of process.
Source: Derived from Governmental Advisory Associates, Inc., Municipal Waste Combustion in the United
States: 1996-97 Yearbook, Directory, and Guide (Westport, CT, 1997).
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The overall majority of WTE facilities in the United States employ mass burn processes. Of the
101 facilities reporting the type of process employed in 1996, 86 were mass burn facilities and 15
were RDF facilities. Two of the mass burn facilities co-disposed their waste with sludge. Within
Florida, 11 of the 13 facilities are of the mass burn, waterwall type. Only 3 of Florida's electrical
generating facilities reported combusting RDF during the year 2001, one of which was a coal-
facility that had co-fired the fuel. Two Florida facilities are designed to fire primarily RDF.

The average capacity to burn waste at U.S. WTE facilities was reported as almost 1,000 tons per
day in 1996. RDF facilities, on average, have more than twice the capacity to burn waste as mass
burn facilities (almost 1,900 tons per day versus 850 tons per day). For reference, the two RDF
facilities in Florida are capable of handling over 1,800 and 2,600 tons per day, respectively.

Solid Waste Management in the State of Florida
As of 1998, Florida had established the largest capacity to burn MSW/RDF of any state in the
U.S., with actual combustion in calendar year 2001 at nearly 5.5 million tons, or approximately
15,000 tons per day and with a capacity of 19,000 tons per day. As noted, the operating WTEs in
Florida have the capacity to generate nearly 600 MWs of electricity (at a heat rate of about 16,000
btu/kWh) and have become an essential component of Florida's MSW management strategy.

The FDEP, in the annual report entitled Solid Waste Management in Florida, estimates that yard
trash represents about 14 percent and construction and demolition (C&D) debris represents an-
other 23 percent of the total waste generated in Florida. A significant component of the C&D
debris is clean wood material which is suitable boiler fuel. In summary, it is reasonable to assume
that well over 20 percent of the total waste generated in Florida is clean biomass material which
could be used as fuel in biomass power plants.

Florida currently collects about 28 million tons of solid waste per year. By 2018, FDEP projects
that solid waste collection will increase to 38 million tons per year. It should be noted that there is
additional solid waste material which is generated but disposed of outside the solid waste man-
agement system. For example, land clearing debris is often open burned on-site rather than
transported to a landfill. Based on the above figures, it can be inferred that there are as much as
5.6 million tons per year of available biomass material in Florida which could be used as fuel. By
2018, the figure could increase to 7.6 million tons per year. If it is conservatively assumed that
only 50 percent of this material can be practically recovered and processed into fuel, this volume
of biomass could supply over 300 MW of new renewable generating capacity per year at an 80
percent capacity factor.

A primary factor favoring the development of WTE in Florida is the adverse environmental and
land use consequences of landfilling and the failure of competing disposal technologies other
than landfilling. By the early 1980s, increasing ground water contamination from unlined landfills
began to become apparent, and many landfills ended up on the National Priority List as Superfund
sites. Even when lined, because of Florida's generally high ground water conditions, landfills
begin at ground level and go up, in a "high rise" configuration. While protective of ground water,
these landfills can rise to as high as two hundred feet above ground level and are prominent
features of the landscape in many Florida counties. In fact, the landfill is commonly the highest
elevation in Florida coastal counties. In addition, as population density increases, particularly in
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the coastal counties, finding a suitable site for a landfill, where typically 1,000 to 4,000 acres of
land are needed, at a reasonable cost is becoming nearly impossible. A related issue is the lack
of success of competing technologies for disposal other than landfilling. Mixed waste composting
was touted in the early 1980s as a cost-effective rival of WTE, but several mixed waste composting
projects have failed in Florida. At this time, only one small mixed waste facility is in operation in
Central Florida.

A second factor spurring WTE development was the energy crisis of the mid-1 970s, which led to
increased interest in alternative energy technologies. Indeed, alternative energy resource devel-
opment planning of that era included WTE as a central element, although in retrospect it appears
that the amount of energy available from this source may have been overestimated.

Thirdly, WTE was given a major boost in Florida in the late 1970s with the passage of several key
pieces of State Legislation that created favorable legal and tax conditions for the construction of
WTE facilities. The Florida Resource Recovery Act created the Resource Recovery Council to
evaluate and promote resource recovery, which includes WTE. The Act further directed the 19
most populous Florida counties to draft resource recovery and management plans to determine if
WTE was a feasible option. As a consequence, through the remainder of the 1970s, comprehen-
sive evaluations of WTE were conducted in all of Florida's most populous areas.

Moreover, in response to concerns from the financial community about the fiscal viability of re-
source recovery facilities without a guaranteed waste stream, the State Legislature enacted a flow
control statute. This provision authorized counties which were undertaking resource recovery, to
direct the flow of MSW generated in the county to a designated solid waste disposal facility. WTE
and other resource recovery facilities were given a further advantage when the legislature ex-
empted resource recovery equipment owned by, or operated on behalf of, local governments from
the state sales tax.

In the comprehensive Solid Waste Management Act of 1988, WTE received an additional finan-
cial incentive. The Act directed that, when the utility industry purchased electricity from WTE
facilities, the WTE facilities were to be assumed to have a 100 percent capacity factor. Other co-
generation facilities selling to utilities have a lower capacity factor, for example, 80 percent. This
increased the revenues to the MSW plants from energy production. However, at the time of the
1993 revisions to the Solid Waste Management Act, much of the early enthusiasm for WTE had
cooled because of perceived conflicts with recycling and concerns about emissions.

Regarding recycling, concerns began to be raised that WTE was in conflict with the State's recy-
cling program. It was feared that if there were excess WTE capacity, materials that would have
otherwise been recycled would be burned. To ensure that no excess WTE capacity developed,
the 1993 Amendments subjected WTE facilities to a series of new siting and need criteria consid-
ered during the siting of new facilities and expansion of existing facilities. Key among these
criteria are the requirements that WTE facilities cannot be built unless the county in which the
facility was to be located had met the State's required 30 percent waste reduction goal, and the
county can show that the facility is an integral component of the county's solid waste management
program.
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Another issue affecting development of mass burn WTE facilities is the fact that such facilities
were identified, as significant sources of mercury. The primary sources of mercury in MSW in-
clude: batteries, mercury containing devices such as thermostats, thermometers and switches,
and lighting. In a study conducted for the then Florida Department of Environmental Regulation
(now the FDEP) in 1992, WTE plants were determined to be one of the major sources of anthro-
pogenic mercury emissions. Other major sources include biomedical waste incinerators and
fossil fuel power plants. In the 1993 Amendments, measures were enacted to reduce mercury in
the waste stream. These included provisions to control the amounts of mercury in packaging and
batteries, and the required recycling of mercury containing batteries, devices and bulbs. The
1993 legislation further called for a demonstration project to collect and recycle fluorescent tubes.
In October 1993, Florida's Environmental Regulation Commission (ERC) adopted the strictest
mercury emission limit in the nation for WTE facilities. Additionally, all new and existing WTE
units with capacity to incinerate 250 tons per day or more are required to meet the EPA's Maxi-
mum Achievable Control Technology (MACT) standards.

Finally, Chapter 403.706(4)(a) Florida Statutes, outlines Florida's recycling requirements with re-
spect to municipal waste. A county's solid waste management and recycling programs shall be
designed to reduce total waste volume by 30 percent prior to final landfilling or incineration. Bio-
mass yard trash is only allowed a certain percentage toward this goal if a composting or mulching
program is in place. Thus, fuel that could be directed into renewable generators is incented to be
mulched. If the legislature decides to promote additional renewable fuel generation, it may wish to
consider revising this statute to ensure that the policy objectives and incentives are aligned.

Typical Air Pollution Control Equipment
Table 6 illustrates the various types and designs of air pollution control equipment which are used
by most WTE facilities. Dry scrubbers and baghouse filters used in combination are more effi-
cient than most electrostatic precipitators in removing acid gases and particulates from stack

Air Pollution Control Equipment at Waste-to
Energy Facilities by Type of Process, 1996 (%)

MASS MODULAR ALL RDF
TYPE OF EQUIPMENT BURNING UNITS PROCESSES

Dry Scrubbers
Baghouse/Fabric Filters
Electrostatic Precipitators
Wet Scrubbers
Ammonia De NOX System
Dry Sorbent Injection
After-Burn System
Other Technologies

68.7
53.1
39.1

1.6
21.9
25.0

0.0
3.1

22.7
22.7
63.6
13.6
4.5
0.0

22.7
13.6

80.0
60.0
46.7

6.7
20.0

6.7
0.0

20.0

gases. Nitrogen oxide
and mercury emis-
sions must also be
controlled. Modular
facilities that have
exclusively used after-
burn or two-chamber
combustion systems
can no longer rely on
those systems for
adequate pollution
prevention in many
parts of the United
States. As a result,
some have been retro-
fitted, whereas others
have permanently
closed down.

RDF = refuse-derived fuel.
Note: One facility did not list process type.
Source: Derived from Governmental Advisory Associated, Inc., Municipal Waste
Combustion in the United States: 1996-97 Yearbook, Directory, and Guide
(Westport, CT, 1997).
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A major element in both the size and cost of WTE technology has been the steadily increasing
requirements for air pollution control equipment. The earliest plants built were required to have
electrostatic precipitators (ESP) for particulate control. By the late 1980s, dry scrubbers for acid
gas controls were required as well as filter fabric baghouses (FF) for particulates. The latest plant
built, in 1994, was required to have dry scrubbers and FF, as well as nitrogen oxide controls and
continuous emission monitors (CEM). Now, the Lee, Lake and Pasco plants have also installed
an activated carbon injection system (CI) for mercury and dioxin control. Recent technological
advances and reduced costs have allowed nitrogen oxide control technologies such as Selective
Catalytic Reduction (SCR) to become a viable add-on control for newer units. As a result of the
Clean Air Act Amendments of 1990, all WTE facilities in Florida without dry scrubbers or FF have
since been retrofitted.

MSW Processing (steps 1&2) An alternative means of converting
Ewaste to energy was developed by~ELECTRICITY

RECYCLABLES TOGRID Brightstar Environmental, an
MSW IN P SAustralian company. Brightstar

*utilizes a process which is unlike the
GNIC typical mass burn combustion

:predominant in Florida. Their stated
RL goal is "100% utilization of MSW

I through recycling, conversion to

INERTS TO A ! G t energy and utilization of residuals in
LANDFILL SYNGAS CHAR (steps 4) useful products." The key steps of

this process are: 1) the waste is

autoclaved; 2) recyclable materials
MO INERTASH are recovered; 3) organics are

pyrolytically converted to syngas; and,
4) syngas is used as fuel to produce

Gasification (steps 3) power.

Brightstar currently employs this process at a facility (the SWERF plant) in Wollongong, NSW,
Australia. Based upon FDEP reviews of gasification projects, the reliability of gasification equip-
ment will continue to be a challenge for the foreseeable future. However, given that SWERF is
capable of diverting up to 90 percent of waste from a landfill, while generating electricity with
emissions touted as being comparable to natural gas fired generators, the process appears prom-
ising. The FDEP understands that at least two entities are considering its application within Florida.

Landfill Methane Gas
Landfills across the United States represent a source of potential energy. For every 1 million tons
of MSW placed in a landfill, sufficient landfill gas (LFG) is produced to generate approximately
8500 MWhs of electricity. Landfill gas is created when waste in a landfill decomposes. This gas
is about 50 percent methane, commonly referred to as natural gas, and 45 percent carbon
dioxide. Instead of allowing landfill gas to escape into the air or flaring it, the gas can be captured,
converted, and used as an energy source. Using the gas helps to reduce odors and other haz-
ards associated with landfill gas emissions, and helps prevent methane from migrating into the
atmosphere.
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Landfill methane projects can involve a variety of power generation technologies in a wide range
of sizes. The size and type of generation technology depends upon the amount of methane cap-
tured. Landfills with low capture rates use internal combustion engines with a capacity of 250 kW
and above, while those with medium capture rates can use gas turbines with a capacity of 3 MW
and above. Landfills with high capture rates can use Rankine Cycle steam turbines with a capac-
ity of 8 MW and above, or combined cycle engines with capacity of 20 MW or greater.

Landfill methane generation has attracted considerable attention due to its relative ease of
installation and its clear environmental benefits. On an electricity production basis, when burning
methane that would otherwise be released from a landfill into the atmosphere, a landfill gas fueled
electric generator typically avoids the equivalent of 10,000 to 15,000 pounds of carbon dioxide per
MWh. In effect, such a landfill gas fueled electric generator may be offsetting more carbon dioxide
emissions per MWh of electric generation than is emitted from coal plants or other common forms
of electric generation.

Landfill methane project economics are promising, with electricity costs from different landfill
methane options falling within the general range of costs for new combined cycle natural gas
plants. In addition to the 200 landfill methane recovery projects in the United States, the EPA
estimates that up to 500 landfills in the United States could install economically viable landfill
ene rgy projects.

Extraction of Landfill Gas
The technology for converting landfill gas to a useful source of energy has been improving con-
tinuously. With careful maintenance programs in place, a landfill gas collection system can be
optimized, transforming a potential liability into an asset. What follows is a brief description of the
general process for extracting landfill gas.

A , -

An active landfill. Organic (biodegradable) waste is placed in
an engineered repository and compacted to a specified density.
The layers generally become stratified and, once microbial activity
takes over, gas production begins.

2. The site is at the beginning of the methane-producing phase.
To ensure a successful power generation scheme, it is essential to
prove the gas resource before construction of the power station
starts. This is a two-staged process; the first is a theoretical study,
whereby a series of gas production curves are generated. This is
then backed up with an on-site pumping trial.

P"
3. Installation of a full gas extraction system. This involves drill
ing into the landfill, installing a series of gas extraction wells and
connecting pipe. It is essential at this stage to ensure that all pipe-
work is laid properly, as the process of methane production within
a landfill produces saturated landfill gas.
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4. The extraction wells are joined together via a series of pipe-
lines. In some landfill sites these are buried to return the site to its
pre-installation standard of restoration. As noted, it is essential to
ensure that the pipelines are of the correct size and are laid to
adequate falls to shed the condensate.

5. Power generation can begin once the pipeline is connected to
the engines. These must be selected so as to be adequate for
use with a poor quality gas. With careful handling, it is possible for
the engines to produce electricity at up to 95 percent availability. A
detailed program of maintenance on the engines, together with a
comprehensive gas extraction system maintenance plan, wi I
ensure that electricity production is optimized.

Electricity Production from Landfill Gas in Florida
According to FDEIP records, landfill gas was utilized for the production of electricity at four facili-
ties in 2001: JEA Northside (which is being repowered as a CFB coal facility), East Duval Sanitary
Landfill, Volusia Solid Waste Management and Ridge Generating station. These facilities re-
ported 2333 thousand cubic feet of consumption, yielding an equivalent 1.5 MW of continuous
electricity production to the grid.

Based upon analyses prepared by Energy Developments, Ltd., Florida has the potential for 143
MW of landfill gas generating capacity. 13 Since most Florida landfills which are large enough to
support power generation projects already have LFG collection systems and flares in place or
planned, conversions are readily accommodated. Additionally, environmental permitting should
be straightforward via the modification of existing permits as well as obtaining building and zoning
approvals. Energy Developments indicates that facilities such as this require no additional water
and support zero water discharges to the environment.

At the national level, the U.S. Department of Energy has attempted to estimate the potential for
landfill methane production and the associated megawatts that it could support for each of the
electric reliability regions in the country. Using various assumptions about the methane yield
potential, the study indicated that Florida's landfills could support approximately 199 MWs of
capacity. The vast majority of these landfills are low yield methane and thus the associated costs
would be higher. 14 Therefore, each landfill type has associated differences in terms of generator
size, number of wells, and cost of gas cleanup, piping, and other gas collection and generating
requirements. These variations lead to different production costs of electricity due to increases in
material cost as well as economies of scale. In general, high methane yield sites produce electric-
ity at a lower cost per kilowatt-hour than lower yielding sites.

11 David R. Wentworth, Energy Developments, Landfill Gas to Electricity Development in the State of
Florida. Presentation at the FPSC Staff Workshop on Renewables, July 2, 2002, Tallahassee, FL.

14 Model Documentation - Renewable Fuels Module of the National Energy Modeling System. United
States Department of Energy, Energy Information Administration, February, 2002.
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The U.S. Environmental Protection Agency has a "Landfill Methane Outreach" program to en-
courage the use of landfill gas as an energy resource.

Digester Gas
In recent years increasing awareness that anaerobic digesters can help control waste odor and
disposal has stimulated renewed interest in the technology. The application of anaerobic digest-
ers in the treatment of human wastes at modern wastewater treatment plants has become com-
monplace. Dairy farmers faced with increasing federal and state regulation of the waste their
animals produce are looking for ways to comply. New digesters are currently being built because
they effectively eliminate the environmental hazards of dairy farms and other animal feedlots.

Anaerobic digester systems can reduce fecal coliform bacteria by more than 99 percent, virtually
eliminating a major source of water pollution. Separation of the solids during the digester process
removes about 25 percent of the nutrients, and the solids can be culled out of the drainage basin
where nutrient loading may be a problem. In addition, the digester's ability to produce and capture
methane reduces the amount of methane that otherwise would enter the atmosphere and pro-
vides an opportunity for power generation.

Types of Anaerobic Digesters
There are three basic digester designs. Each can trap methane and reduce fecal coliform bacte-
ria, but they differ in cost, climate suitability, and the concentration of solids they can digest.

A covered lagoon digester, as the name suggests, consists of a solids storage lagoon with an
impermeable cover. The cover traps gas produced during decomposition of the solids. Covered
lagoon digesters are used for liquid manure with less than 2 percent solids, and require large
lagoon volumes and a warm climate. This type of digester is the least expensive of the three, but
is typically used for small applications.

A complete mix digester is suitable for wastes that are 2 percent to 10 percent solids. Complete
mix digesters process solids in a heated tank above or below ground. A mechanical or gas mixer
keeps the solids in suspension. However, complete mix digesters are expensive to construct and
cost more than a plug-flow digester to operate and maintain.

Plug-flow digesters are suitable for wastes having a solids concentration of 11 percent to 13
percent. In a plug-flow digester, raw sewage slurry enters one end of a rectangular tank and
decomposes as it moves through the tank. New material added to the tank pushes older material
to the opposite end. Coarse solids form a viscous material as they are digested, limiting solids
separation in the digestertank. As a result, the material flows through the tank in a "plug." Anaerobic
digestion of the slurry releases gas as the material flows through the digester. A flexible, imper-
meable cover on the digester traps the gas. The plug-flow dige , ster design offers a high-tempera-
ture variation. High temperature speeds the digestion process and reduces the required volume
of the tank by 25 percent to 40 percent. High-temperature digesters also are more prone to
imbalance because of temperature fluctuations, and their successful operation requires close
monitoring and diligent maintenance.
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Waste-Water Treatment ODOR TREAE

Facilities (WWTF) also incor- ODOR

porate anaerobic digesters. ''I EFFLUENT

The process uses bacteria, WASTEWATER

which do not need atmo- LIQUID

spheric oxygen to survive, so STRE11100SINFCTIO

therefore, no air is bubbled

into the tanks. In fact, air METHANE # SLUDGE
GAS DEWATERED

mixed with the gasses may- SLUDGE

be explosive. The anaerobic SL SOLIDS

digesters produce a stable COGENERATION 1111DGESTN DEWATERING
sludge, which is readily de- ,,

watered. The process is also DIGESTED
SUDGE i6ijiiuua source of methane gas, 000 00

which fuels the engine gen-

erators to produce electricity. The engines can usually run on digester or natural gas and supply

electrical power to essential pieces of treatment plant equipment as well as the potential to feed

the grid.

Florida's existing generating capacity from digesters is just under 8 MW and made up of many

small engines. JEA is adding an additional 800 kW, which should be operational during 2002.

Example of Anaerobic Digester

Solids collected from the various clarifier tanks are

ultimately pumped to the anaerobic digesters.

In the anaerobic (absence of oxygen) digesters, different
groups of bacteria further decompose the organic solids.
A major by-product of this process is methane gas. The
methane gas is used as a fuel for heating the digesters

and several buildings and to fuel an electric generator
About 40, 000 cubic feet of methane gas is produced per

day The lid of the anaerobic digester (shown in black)
moves up and down and is supported by the pressure of

C. Opheidt c. 1999 the methane gas generated in the process.

Solar Technologies
The basic principles behind the development and practical use of solar energy are fairly simple.

The sun's energy is radiated through space, filtered by our atmosphere and strikes the surface of

the earth in a predictable and quantifiable manner. Thermal design applications are based upon

the amount of heat energy or work to be done, and then engineered to arrive at the amount and

type of collection equipment necessary. Direct thermal transfer such as solar pool or home water

heating use the basic principles of radiation, conduction and convection to design a system that

will provide the proper results. In the case of photovoltaics, electrons are activated using the

sun's energy and the net result is a flow of electrical charge that can be used without conversion
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(direct current, or DC) or converted to alternating current (AC) for a broader range of uses. There
are three basic applications for converting solar energy to useful energy in Florida: pool heating,
water heating and photovoltaics (PV).

The efficiency of any
solar technology is

directly proportional to the
availability of solar

radiation. While solar
radiation is universally

available, its diffuse
nature requires that it be

collected and concen-
trated before it is available

as an energy resource.
OX 6POThis table shows the simbOSA"

relative intensities of OMOOS"
available solar radiation

in the United States. TAWW'kim 1
Solar resource for a flat-plate collector

Pool Heating
In these systems, pool water circulates through a large heat exchange surface, usually located on
the roof, and absorbs the sun's energy. The principle is similar to the way a car radiator works;
except these solar heat exchangers collect heat instead of radiating it. Most solar "collectors" are
flat black panels manufactured from high technology plastics, which have been designed to resist
weather and ultraviolet radiation.

The major advantage of these systems is that they have little or no operating cost (nor emissions).
The major disadvantage is that solar does not provide heat on demand, and is dependent upon
the amount of solar energy on any given day. Used in conjunction with a cover, solar can more
than double the comfortable swimming season, up to nine or ten months per year.

Water Heating
Although there are different types of systems (e.g. active versus passive), solar water heating
systems consist of a single or multiple set of collectors on the roof, providing the heat energy that
is stored in an insulated tank. In areas where freezing temperatures can occur with some regular-
ity, such as North Florida, a heat exchange system using anti-freeze such as a non-toxic glycol
solution may be used to prevent damage to the collection system on the roof. However, in most of
Florida a direct exchange method using the water that actually comes out of the tap is used to
carry the sun's energy from the roof into the storage tank. The tank then holds the heated water
for when needed.
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Photovoltaics
The ability to produce electricity directly from the sun's energy is a revolutionary development.
The technology involved in the production of these silicon cells is complicated and the efficiencies
are still not close to those of thermal solar applications, but these unique energy devices are now
seen in places as common as landscapes (solar powered lights), highways (solar powered traffic
lights and sign lights), and calculators.

Photovoltaics (PV) is the direct conversion of light into electricity. Some materials exhibit a prop-
erty known as the photoelectric effect, which causes them to absorb photons of light and release
electrons. When these free electrons are captured, an electric current results that can be used as
electricity.

Electrical load
This diagram illustrates the operatien•

of a basic photovoltaic cell, also- Su
Suncalled a solar cell. When ligqht energy

strikes the solar cell, electrons are
knocked loose from the atoms in the
semiconductor material. If electrical
conductors are attached to the
positive and negative sides, forming
an electrical circuit, the electrons can
be captured in the form of an electric
current - that is, electricity. This
electricity can then be used to power
a load, such as a light bulb or a water
pump. A typical four-inch silicon
solar cell produces about 1.5 watts
of electricity in bright noon sunshine.
Remote locations such as billboards,
road signs and other areas where it
is cost-effective to install solar
electric systems with battery backup
are becoming more and more
common.

I I
CC current flow

Photovoltaic cell

(N)

Solar Applications in Florida
The amount of solar power that is currently part of the electricity mix in the U.S. is quite small.
According to the U.S. Department of Energy's Annual Energy Review of 1999, 0.076 quadrillion
BTU's of energy were produced by solar power. This is about 0.1 percent of the overall 72.523
quadrillion BTU's produced in the U.S. This percentage is dwarfed by the 57.673 quadrillion
BTU's, or 80 percent, of the total produced using fossil fuels. Coal alone fueled 52 percent of the
electricity produced in the U.S. in 1999.

Since the application of solar energy in Florida has not caused air emissions to occur, FDEP's
databases do not record information related to solar electrical generation. However, data ob-
tained from the NREL indicates that approximately 70 installations of photovoltaics exist in Florida,
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comprising approximately 500 kilowatts (kW) of capacity as of 2001. These systems are typically
sized at 4 kW or less, with the largest (EPCOT), listed as 73 kW of capacity. Though solar-
powered water heaters and pool heaters are common, only about 100 homes in Florida have
solar-energy systems producing electricity for the actual home, according to the Florida Solar
Energy Center (FSEC). New Smyrna Beach has nine of them, with three more planned for Fall
2002.

Solar Potential
A recent study performed by the FSEC
stated that if the potential market for LOAD

solar water heaters in the U.S. were
fully realized, 41 million kWh would be
generated per year. However, more
promising is the potential to utilize
photovoltaics for peak shaving. In PHOTOVOLTAIC

order to better understand this, some
definitions are in order. Effective load-
carrying capacity (ELCC) is the ability
of a power generator - whether PV
or conventional - to effectively
contribute to a utility's capacity, or
system output, to meet its load. TIME OF DAY 6 12 18 24

Therefore, ELCC for a photovoltaic
system represents PV's ability to
provide power to the utility when it is

needed. A typical example of high ELCC for PV occurs when the utility system load reflects
commercial customers' demand for midday air-conditioning; this load is a good match to Pv's
power output. A graphic example of this is depicted in the chart above.

Florida's summer loads are largely driven by air-conditioning demand. Of course, air-conditioning
demand is highest on clear sunny summer days, correlating to the maximum periods of PV gen-
eration. Accordingly, the application of PV in Florida, for the specific application of reducing sum-
merpeak loads appears to be a reasonable fit. However, depending on the extent and duration of
winter cold fronts, utilities in Florida can also experience a winter demand peak. In such cases,
solar makes little if any contribution to avoidance of installed capacity to serve winter demand.

Hydroelectric Generation Technologies for Florida
There are three primary types of hydropower facilities. Storage projects impound water behind a
dam, forming a reservoir. Water is then released through turbine-generators to produce electric-
ity. The water storage and release cycles are variable. In contrast, run of the river projects
typically use relatively low dams where the amount of water running through the turbines is deter-
mined by the water flowing in the river. Electricity generation from these plants will vary with
changes in the amount of water flowing in the river. Finally, pumped storage projects use off-peak
electricity to pump water from a lower reservoir to an upper reservoir. During periods of high
electrical demand, the water is released back to the lower reservoir to generate electricity.
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Negative environmental effects can occur for each type of facility. For example, with storage
projects such as dams, the associated environmental impacts may include altered flow regimes,
water quality degradation, and mortality offish that pass through hydroelectric turbines. Gener-
ally, run of the river projects have the least environmental effects on aquatic life. Lastly, pumped
storage projects may result in lower water levels, which can decrease fish habitat and possibly
hurt spawning and nursery areas. Water quality may also be affected.

Changing operations can significantly reduce many impacts. For example, installing fish passage
systems can reduce impacts on migratory fish. Converting a dam from peaking to run of the river
operation can ensure that the natural flow of the river remains undisturbed and can adapt the
hydropower facility to the unique conditions of each river system. Because every river and dam
are different, the type and severity of impacts caused by each dam varies.

With respect to future development opportunities, a total of 13 sites in Florida were identified and
assessed for their undeveloped hydropower potential. 15 The analysis results for individual site
capacities range from 200 kW to 18 MW. The majority of the hydropower sites reviewed for
Florida are greater than 1 MW, and less than 10 MW. The undeveloped hydropower potential
total for Florida was identified as 61 MW. The 13 identified sites were located within one major
river basin and several minor river basins. Most of the hydropower sites (11 sites) were located
within the many minor river basins in Florida. Only two sites were located within the major river
basin, Apalachicola River basin. It should be noted that about 41 percent of the undeveloped
hydropower potential in Florida was contained in two sites located within the Florida Apalachicola
River basin.

An analysis using Hydropower Evaluation Software (HES) was then run on the 61 MW of undevel-
oped power to more precisely evaluate the expected output of these specific locations. The re-

sults of the analysis
concluded that 43 MW

Florida's Existing Hydroelectric Capacity was a more realistic

-OW..R/OPERATOR LOCATION mw CAP-AC`n-YD representation of the

City of Tallahassee Electric Lake Talquin, FIL 11.0 potentially undevel-

Southeastern Power Admin. Gadsden County, FIL 39.0 oped hydropower for
Florida.

Phosphate Plants and Exothermic Reactions
Although not considered a traditional renewable resource, the phosphate fertilizer industry takes
advantage of waste heat to provide electrical power via cogeneration. According to the Florida
Industrial Cogeneration Association, over 400 MW of generating capacity is installed in Florida's
phosphate fertilizer plants. Large amounts of heat are produced in the manufacturing of phos-
phate from the input stocks of sulfuric acid. These exothermic processes release excess heat
which can be captured and used to produce electricity. Although similar examples exist with other
industries, given the large amount of generating capacity represented by this industry, a general
description follows.

11 U.S. Hydropower Assessment for Florida. United States Department of Energy, February 1998.
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There are several methods for the production of phosphate fertilizer. What is shown below is
referred to as the Dihydrate Process, which is common in Florida. As indicated in the schematic,
the key inputs to the process are phosphate rock, sulfuric acid and water. Downstream of this
process, the phosphogypsum generation process takes place. There, the phosphoric acid is
concentrated and initially, kept in contact with the phosphate rock. This is done to convert the
phosphate rock as far as possible to soluble monocalcium phosphate. The second stage is to
take this soluble monocalcium phosphate and to precipitate calcium sulphate. This precipitate
exists in a number of different crystal forms and appears as a slurry. The slurry is then filtered to
create the final product.

Typically, the ratio of waste gypsum to product is 5 to 1. In Florida, this phosphogypsum is typi-
cally stacked on the ground, and can be as high as 200 feet, covering 400 or more acres. The
Florida Institute of Phosphate Research estimates that over 70 million tons of this waste exists in
Florida alone, with an additional 30 million tons generated annually.

Waste gas F Vacuum

Phosphate rock a

Sulphuric: acid l
Water i26-32% P2,0

Weak phosphoric acid , By-product

CaS04 H20

Within the attack tanks, an exothermic reaction occurs, meaning that heat is produced from the
chemical reaction. The heat is removed via the flash evaporation of water in the flash cooler. This
provides an opportunity within a phosphate fertilizer plant for cogeneration, since steam is created
which is otherwise wasted to the atmosphere via a condenser.

Phosphate fertilizer plants represent a potential source of pollutants to the air, water and land.
However, once permitted for operation, such facilities are able to provide a source of electrical
generation with few additional environmental impacts.

Wind Generation
Wind turbines, like windmills, are mounted on a tower to capture the most energy. At 100 feet or
more above ground, they can take advantage of the faster and less turbulent wind. Turbines catch
the wind's energy with their propeller-like blades. Usually, two or three blades are mounted on a
shaft to form a rotor. A blade acts much like an airplane wing. When the wind blows, a pocket of
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low-pressure air forms on the
downwind side of the blade. The
low-pressure air pocket then pulls
the blade toward it, causing the
rotor to turn. This is called lift. The
force of the lift is actually much
stronger than the wind's force
against the front side of the blade,
which is called drag. The combi-
nation of lift and drag causes the
rotor to spin like a propeller, and
the turning shaft spins a genera-
tor to make electricity.

Wind turbines can be used as
stand-alone applications, or they
can be connected to a utility
power grid or even combined with a photovoltaic (solar cell) system. For utility-scale sources of
wind energy, a large number of wind turbines are usually built close together to form a wind plant.

Wind turbines require certain minimum wind speeds to be viable. While Florida has notable
diumal coastal breezes, there are no known locations in Florida that can support commercial wind
generators. Information presented by the JEA indicates they are investigating some potential
offshore sites, but site feasibility studies have not been completed. The attached map shows the
key wind producing areas in the continental United States. Areas designated class 3 or greater
are suitable for most wind turbine applications, whereas class 2 areas are marginal. Class 1 areas
are generally not suitable, although a few locations (e.g., exposed hilltops not shown on the maps)
with adequate wind resource for wind turbine applications may exist in some class 1 areas.

GeothermaJ16
Most power plants need steam to generate electricity. The steam rotates a turbine that activates a
generator, which produces electricity. Many power plants still use fossil fuels to boil water for
steam. Geothermal power plants, however, use steam produced from reservoirs of hot water
found a couple of miles or more below the Earth's surface. There are three types of geothermal
power plants: dry steam, flash steam, and binary cycle.

Dry steam power plants draw from underground resources of steam. The steam is piped directly
from underground wells to the power plant, where it is directed into a turbine/generator unit. There
are only two known underground resources of steam in the United States: The Geysers in north-
ern California and Yellowstone National Park in Wyoming, where there's a well-known geyser
called Old Faithful. Since Yellowstone is protected from development, the only dry steam plants in
the country are at The Geysers.

16 NREL Webpage at: http://www.nrel.gov/clean-energy/geoelectricity.htmi
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Flash steam power plants are the most common. These plants use geothermal reservoirs of
water with temperatures greater than 360OF (182ZC). This very hot water flows up through wells in
the ground under its own pressure. As it flows upward, the pressure decreases and some of the
hot water boils into steam. The steam is then separated from the water and used to power a
turbine/generator. Any leftover water and condensed steam are injected back into the reservoir,
making this a sustainable resource.

Binary cycle power plants operate on water at lower temperatures of about 225 to 36OF (1 07to
182YC). These plants use the heat from the hot water 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. The water is then injected back into the ground to be reheated: The water and the
working fluid are kept separated during the process, so there are little or no air emissions.

Small-scale geothermal power plants (under 5 megawatts) have the potential for widespread
application in rural areas, possibly even as distributed energy resources. Distributed energy re-
sources refer to a variety of small, modular power-generating technologies that can be combined
to improve the operation of the electricity delivery system. In the United States, most geothermal
reservoirs are located in the western states, Alaska, and Hawaii.

Ocean Thermal Generation,,
Ocean thermal energy conversion (OTEC) is used for many applications, including electricity
generation. There are three types of electricity conversion systems: closed-cycle, open-cycle,
and hybrid. Closed-cycle systems use the ocean's warm surface water to vaporize a working
fluid, which has a low-boiling point, such as ammonia. The vapor expands and turns a turbine.
The turbine then activates a generator to produce electricity. Open-cycle systems actually boil the
seawater by operating at low pressures. This produces steam that passes through a turbine/
generator. Hybrid systems combine both closed-cycle and open-cycle systems.

Ocean mechanical energy is quite different from ocean thermal energy. Even though the sun
affects all ocean activity, tides are driven primarily by the gravitational pull of the moon, and waves
are driven primarily by the winds. As a result, tides and waves are intermittent sources of energy,
while ocean thermal energy is fairly constant. Also, unlike thermal energy, the electricity conver-
sion of both tidal and wave energy usually involves mechanical devices.

A barrage (dam) is typically used to convert tidal energy into electricity by forcing the water through
turbines, activating a generator. For wave energy conversion, there are three basic systems:
channel systems that funnel the waves into reservoirs; float systems that drive hydraulic pumps;
and oscillating water column systems that use the waves to compress air within a container. The
mechanical power created from these systems either directly activates a generator or transfers to
a working fluid, water, or air, which then drives a turbine/generator.

Although ocean energy is renewable and clean, it is not without environmental challenges. For
instance, tidal power plants that dam estuaries can impede sea life migration, and silt build-ups

17 NREL Webpage at: http://www.nrel.gov/clean-energy/ocean.html
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behind such facilities can impact local ecosystems. Tidal fences may also disturb sea life migration.
Newly developed tidal turbines may prove ultimately to be the least environmentally damaging of
the tidal power technologies because they do not block migratory paths.

In general, careful site selection is the key to keeping
the environmental impacts of OTEC and wave energy
systems to a minimum. OTEC experts believe that ap-
propriate spacing of plants throughout the tropical oceans
can nearly eliminate any potential negative impacts of
OTEC processes on ocean temperatures and on ma
rine life. Similarly, wave energy system planners can
choose sites that preserve scenic shorefronts and avoid
areas where wave energy systems are likely to signifi-
cantly alter flow patterns of sediment on the ocean floor.

An artist's rendition of Another challenge with ocean energy systems is eco-
ocean driven mechanical turbines. nomics. While it may cost little to operate ocean energy

facilities, they are currently quite expensive to build. For
example, construction costs for tidal power plants are high, and payback periods are long. The
cost of a proposed tidal power plant across the Severn River in the United Kingdom is estimated
at about $12 billion, far more expensive than even the largest fossil fuel power plants. As a result,
at present the cost per kWh of tidal power is not competitive with conventional fossil fuel power.

Wave energy systems also cannot compete economically with traditional power sources. How-
ever, the costs to produce wave energy are decreasing, and some European experts predict that
wave power devices will find lucrative niche markets soon. Once built, however, wave energy
systems and other ocean energy plants should have low marginal energy production costs, be-
cause the fuel they use - seawater - is free.

Electricity from Hydrogen
Although not an individual technology, hydrogen itself is a potential fuel stock into generating
equipment and fuel cells. Hydrogen is not a naturally occurring molecule found in a free or gas-
eous state but is nearly always bound with other elements such as water, cellulose, methane, and
higher order hydrocarbons. Depending on its form the energy required to separate hydrogen can
be quite high. To reformulate hydrogen from water for example, is only about 60 to 80 percent
efficient. In other words, it.takes about 1.6 units of energy to produce 1.0 unit of usable hydrogen.
Hydrogen is the simplest and most common element in the universe. It has the highest energy
content per unit of weight (52,000 Btu per pound) of any known fuel. Moreover, when cooled to a
liquid state, this low-weight fuel takes up 1/700 as much space as it does in its gaseous state.
This is one reason hydrogen is used as a fuel for rocket and spacecraft propulsion, which requires
fuel that is low-weight, compact, and has a high energy content. Hydrogen is also a very desirable
fuel from an environmental prospective since its combustion produces only water and a small
am ount of nitrogen oxides. If used in a fuel cell the by-product is only water and no greenhouse
gases. In fuel cells, electrolysis is reversed by combining hydrogen and oxygen through an elec-
trochemical process, which produces electricity, heat, and water.
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Hydrogen can be viewed as an energy storage medium in that it can be linked with intermittent
and non-storable sources of energy such as windmills or photovoltaic systems to yield a useable
fuel for both electric production and as a vehicular fuel. Certain desirable synergies can be achieved
by combining renewable resources with hydrogen production and then using the fuel in generat-
ing technologies such as fuel cells. In fact, some researchers believe the hydrogen produced
from photo-electrochemical water decomposition is the most promising application of these tech-
nologies.18

A- HYRGNAPLCTO

The Schatz Energy Research Center (California) has designed and built a stand-

alone solar hydrogen system. The system uses a 9.2 kWphotovoltaic (PV) array

to provide power to compressors that aerate fish tanks. The power not used to

run the compressors runs a 7.2 kW bipolar alkaline electrolyzer. The electrolyzer

can produce 53 standard cubic feet of hydrogen per hour (25 liters per minute).

The unit has been operating without supervision since 1993. When there is not

enough power from the PV array, the hydrogen provides fuel for a 1.5 kWproton

exchange membrane fuel cell to provide power for the compressors. By extension,

when the sun is shining, PV systems can provide the electricity needed to "make"

hydrogen. The hydrogen could then be stored and burned as fuel, or to operate

a fuel cell to generate electricity at night or during cloudy periods.

18 Bak, T., J. Nowotny and C.C. Sorrell. "Photo-electrical hydrogen generation from water using solar
energy. International Journal of Hydrogen Energy, 27(2002) 991- 1022.
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CHAPTER III

COSTS and OTHER
ECONOMIC CONSIDERATIONS

It is generally recognized that renewable technologies are, in most instances, more costly than
more traditional generation technologies. Opinions vary as to which costs should be considered
when comparing traditional generation technologies to their renewable counterparts. This chap-
ter will focus primarily on those costs considered by the Florida Public Service Commission in its
proceedings, for example, the determination of need proceeding for new generating capacity.
Information was gathered from many sources, including: the presentations of speakers at two
Commission workshops; responses to a Commission sponsored questionnaire; the research find-
ings of Florida utilities and renewable industry representatives, recent need determination filings,
and government and industry web sites.

The fuel costs for many renewable technologies, such as solar, wind, hydroelectric and ocean
energy are zero or negligible. However, in determining the cost impact of increased use of renew-
able technologies, these cost savings must be balanced against potentially high capital costs.
Operations and maintenance (O&M) costs may also be higher for certain renewable generation
technologies per unit of energy produced. For example, fuel preparation and transportation costs
may increase, because fuels such as biomass and municipal solid waste have a lower heat value
than traditional fuels. Therefore higher volumes of these fuels are required to produce the same
quantity of energy as that produced by fossil fuels.

Costs of many renewable technologies are also highly dependent on site characteristics and
resources. As discussed earlier, solar, wind, geothermal, and hydroelectric capabilities vary widely
across regions of the United States. Other non-cost attributes of a particular generating resource
may also have an impact on the value of the resource to the Florida electric market. For example,
the value of a generating resource is increased if it can be dispatched by a utility and if the
resource is available during peak electric demand periods. If not, energy storage may be added
at an additional cost, so that the energy can be used when most needed. Adding renewable
resources to the generation mix may also impact environmental compliance costs. Displacing
traditional generation with renewable generation may reduce sulfur dioxide emissions and there-
fore reduce the number of sulfur dioxide allowances required to achieve a certain level of energy
production. These indirect cost savings should be considered in any exhaustive evaluation of the
costs of deploying additional renewable generation resources.

Several other economic issues are impacted by the deployment of additional renewable resources.
The increased use of renewables will increase the fuel diversity of generation within Florida. In
general, the cost of renewable fuel is less volatile than the price of natural gas and oil. Thus
increased use of renewables may partially offset the risk associated with fuel price increases.
Several of the workshop participants also stressed that increasing renewable generation may
benefit Florida by avoiding expenditures on fossil fuels, which must be purchased outside the
state. A study by Dr. Robert Cruz was presented which estimated a net positive economic impact
on state employment, income, GDP, and tax proceeds, from diverting funds which would have
been used to purchase fossil fuels outside the state to increased biomass fueled generation.
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Dr. Cruz stated that the higher cost of renewable technologies should be balanced against the

potential for increased employment and tax dollars within Florida. 19

Cost Calculation and Pricing Issues
Cost estimates for generating capacity, and renewable capacity in particular, are highly depen-

dent on the underlying assumptions, such as site location, size, unit efficiency level, fuel quality,

etc. To the extent possible, such parameters have been standardized in the cost comparisons of

different technologies discussed below. These cost estimates were recently developed by Black

and Veatch and are based on industry assessments, and actual costs at similar Black and Veatch

projects. Where appropriate, specific cost estimates for Florida are provided based on the ques-

tionnaire responses received and the research and development projects of Florida's electric

utilities and other industry representatives.

The costs per kWh provided below are levelized costs. These calculations include: capital costs,

allowed return on investment, fuel costs, and fixed and variable O&M costs over the expected life

of the generating unit. A levelized annual cost is calculated by converting booked costs into a

constant annual cost with the same present value as the actual annual capital revenue require-
ments. Levelized costs per unit of energy are then determined by dividing the annual levelized

cost by the estimated energy produced each year.

Levelized costs are a useful tool for comparing alternative generating technologies in some cir-

cumstances. However, in Florida's current regulatory environment, some entities have the au-
thority to price wholesale energy sales at whatever the market will bear, rather than on the costs to

produce the energy. Therefore the final impact on customer rates will be determined not just by

the cost to produce the energy, but by the price a utility must pay for the energy. However, in most

cases, an investor owned utility must calculate customer rates for energy produced by its own

generation based on costs, using a revenue requirements calculation. In simple terms, this calcu-

lation provides for a regulated utility to recover all prudently incurred costs of the resource, plus an

allowed rate of return on the capital investment. Certain purchased power contracts must also be

based on costs. Pursuant to PURPA, the payments to qualifying facilities are determined based

on the cost of the utility's next planned generating unit, commonly referred to as the utility's avoided

cost.

Costs for Traditional Technologies
As a benchmark of comparison, Table 7 (page 42) provides estimates for the construction and

operation of both coal-fired and natural gas-fired, utility size, baseloaded power plants. These are

assumed to be greenfield plants located at a central Florida location.

Currently, due to the lower capital costs and modular construction schedules, natural gas com-

bined-cycle generators are the preferred, traditional technology choice. While they have lower

19 Cruz, Dr. Robert D., The Washington Economics Group, The Potential Economic Benefits of a Renewable
Policy Standard for Florida, Presentation to the Florida Public Service Commission at the August 28, 2002
Renewables Assessment Workshop.
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capital costs, the fuel component is subject to greater volatility. Conversely, a new coal unit has
higher capital costs but more stable fuel costs. The most recent utility planning documents
illustrate the utility preference for natural gas-fired plants. Over the next ten years, some 13,680
MWs of new capacity will be added in Florida (exclusive of repowering at existing sites). Of this
amount, 97 percent will be gas-fired and only 3 percent will be coal-fueled.20

To ensure that comparisons can be made between traditional technologies and non-traditional,
renewable technologies a levelized cost analysis is required. While capital and O&M costs are
well documented for these traditional plants based on extensive utility experience, it is the fuel
cost that is more problematic for benchmarking. To develop total levelized cost, some projections
of future fuel costs must be incorporated. For this exercise, the natural gas and coal forecasts for
delivered prices used as inputs for the fuel costs were taken from the DOE/EIA Annual Energy
Outlook 2002. The DOE/EIA forecasts projected natural gas to increase at 2.2 percent per year
over the thirty year time frame for the analysis. Coal prices are projected to decline from $1.35 per
million BTU in 2002 to $1.12 in 2020. For purposes of the analysis, the last coal price was held
constant from 2020 to 2032. As a sensitivity, a high band scenario was used with natural gas
prices escalating at 4.4 percent annually and coal escalating at 2.0 percent annually. The resultant
production costs for traditional generation are portrayed in Table 7.

PRODUCTION COSTS FOR

Traditional Technology

COMBINED CYCLE PULVERIZED COAL

Plant Capacity 514 MW Net 446 MW Net
Plant Heat Rate 7,000-7,800 btu/kWh 9,979-12,4631 btu/kWh

Capacity Factor Baseload Baseload

Capital Cost $565 per kW $1268 per kW

Fixed O&M $6.17 per kWyear $14.89 per kWyear

Variable O&M $3.59 per MWh $3.92 per MWh

Levelized Cost 3.9 - 4.4¢ 5.2 - 5.5¢

Biomass
Direct Combustion

According to the U.S. National Renewable Energy Laboratory, there are more than 350 biomass

power plants in the U.S. today, with over 7,500 MW of capacity, enough to serve several million
homes. Currently, most biomass plants use direct combustion technology. Direct combustion

systems are similar to fossil-fuel fired power plants, and replace fossil-fuels with biomass to pro-

duce steam. Stand-alone biomass generators can be made available for dispatch by utilities,

providing energy at peak periods of demand when it is most needed.

20 Review of the Electric Utilities 2001 Ten Year Site Plans, Florida Public Service Commission, December,

2001, p. 8.
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Florida may have an advantage over many states in the availability of waste biomass, as well as
the ability to grow biomass crops for closed-loop biomass systems. The state's growing population
creates an increased need for construction and road development. Waste from this construction,
along with the state's nine paper mills, timber industry, and agricultural processing plants provides
a steady stream of biomass which can be used as fupl. Florida's extended growing season also
increases the feasibility of producing crops such as switchgrass and eucalyptus strictly to be used
as fuel. Forested land is most prevalent in the Northern region of the state, which implies a higher
potential for the use of wood waste to fuel electricity generation in this portion of the state. The
estimated quantity of Florida's wood waste which is currently used to fuel electric generation
ranges from 10 to 25 percent.

As in any application of biomass, fuel costs can vary widely depending on the fuel source, quality,
and transportation requirements. The ability to obtain low cost fuel is critical in achieving a cost-
effective biomass energy source. Waste biomass is typically less costly than crops which are
grown specifically for fuel, although the cost of such crops can be reduced if the most productive
crop for a specific site is chosen. The quality of biomass fuel is also key to achieving generation
efficiency and reduced O&M costs. While the avoided disposal cost can reduce the initial cost of
waste biomass, all biomass must be prepared and transported prior to combustion. Preparation
costs are increased if a biomass waste stream: 1) must be sorted to remove potential contaminants;
2) requires extensive shredding; or, 3) must be dried due to high moisture content. In addition,
according to the National Renewable Energy Laboratory, the alkali content in certain forms of
biomass can increase the cost of energy production by contaminating boilers and reducing efficiency.
Biomass fuels have a low energy density relative to fossil-fuels, so much higher volumes of biomass
must be burned to achieve the same energy production. Therefore, transportation costs also play
a vital role in determining the final cost of energy production. Estimates of the maximum distance
biomass can be transported cost-effectively range from 25 to 100 miles.

Due to the high cost of transport, the size of biomass generation plants is typically limited by the
stream of biomass produced within the vicinity. The capacity of stand alone biomass plants is
relatively small, ranging from 10 to 50 MW, with the majority of plants under 20 MW. Ingeneral,
such small capacity plants do not achieve the efficiency levels of much larger plants, because
high-cost efficiency measures cannot be economically justified with lower levels of energy
production. Typical natural gas-fired combined cycle units can have twice the thermal efficiency
of stand-alone biomass units, with a heat rate of approximately 7,000 compared with a range of
from 13,000 to 15,000 Btu per kWh for
stand-alone biomass technology. Itfollows
that the value of minimizing transportation
costs by deploying small capacity plants
must be balanced against the loss of
generation efficiency associated with these
smaller plants.

Black and Veatch provided Table 8, with
cost and performance data for a 50 MW
capacity stand alone biomass plant using
urban wood waste as fuel. Fuel costs are
estimated at 75 cents per MBtu.

PRODUCTION COSTS FOR

50 MW Biomass Generator

Plant Capacity 50 MW
Net Plant Heat Rate 13,500 to 15,000 Btu per kWh
Capacity Factor 60 to 80 percent
Capital Cost $2,000 to $3,450 per kW
Fixed O&M $50 to $70 per kWyear
Variable O&M $6 to $10 per MWh
Levelized Cost 6.3 to 11.8 cents per kWh
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Questionnaire responses were received from the representatives of three stand alone biomass
generators within Florida, with plant capacities ranging from 9 MW to 72 MW. Ages of the units
were not provided. Cost and performance data is comparable to the Black and Veatch data
above. Heat rates for the units ranged from 14,000 to 14,500 Btu per kWh, with capacity factors
of between 75 and 88 percent. However, the capital cost estimates provided of $1,000 to $1,650
per kW, were substantially below the Black and Veatch estimates. Fixed and variable O&M costs
were estimated at $20 per MW and $30 per MWh, respectively. Each of the three generators is
designed to burn biomass waste. Costs to obtain fuel ranged from $0 to $10 per ton, with added
fuel costs of $.10 per ton mile. An estimated fuel cost of $1.40 per Mbtu was also cited.

Note, the assumed fuel cost for the calculation of levelized production cost was $.75 per Mbtu and
respondents provided a reported average of $1.40 Mbtu. In addition, information was supplied to
the authors by Fred Beck of the Renewable Energy Policy Project. Table 9 provides a supply
curve for biomass materials. This table includes wood waste, switch grass production, and some
agricultural waste. 1 While the delivered cost per Mbtu is competitive with fossil fuel costs, recall
that the more efficient heat rates in utility fossil fuel generators provide a lower production cost per
MWh.

Florida Biomass Fuei Supply Curve ($1999)

FUEL COST WOOD RESIDUE ENERGY CROPS TOTAL
($/Mbtu) (bone dry tons) (bone dry tons) (bone dry tons)

$.50 248,995 248,995
$1.00 1,092,247 1,092,247
$1.50 1,333,882 1,333,882
$2.00 1,351,602 493,505 1,845,107
$2.50 1,381,136 1,279,925 2,661,061
$3.00 1,422,484 1,361,426 2,783,909

A study by the Washington Economics Group was provided to the Commission which evaluated
the economic impact of biomass generation on the Florida economy. The study compared the
cost of generating power using biomass with the cost of using natural gas fuels and analyzed the
flow of expenditures for the two alternatives. A key finding in the study is that over 85 percent of
the dollars spent to operate a typical biomass plant are spent in Florida. By contrast, the study
concluded that over 85 percent of the dollars spent to operate a typical state of the art, gas fired
combined cycle unit are spent outside of Florida, mostly in the form of fuel expenditures.

Co-firing Biomass Solids in Existing Coal Units
Co-firing biomass feedstock in existing coal units appears to be a relatively low cost and low risk
method to increase the use of biomass fuels in Florida. U.S. Department of Energy states that co-
firing "is the most economic near-term option for introducing new biomass power generation," and
in some cases, co-firing can actually reduce energy production costs at existing coal plants.

21 Post workshop comments of Fred Beck, Renewable Energy Policy Project, November 14, 2002.
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According to DOE, "A typical existing coal fired power plant produces power for about 2.3 cents
per kWh. Co-firing inexpensive biomass fuels can reduce this cost to 2.1 cents per kWh." DOE
reports that co-firing compares favorably to stand-alone biomass plants, which it estimates have
an average energy cost of 9 cents per kWh. Co-firing takes advantage of the high efficiency
levels of coal generators, leading to a conversion of biomass to energy in the 33 to 37 percent
efficiency range, an over 30 percent increase in efficiency compared to stand-alone biomass
plants. Capital costs per kW appear to be significantly lower for co-firing compared to stand alone
biomass plants. Co-firing also reduces coal usage and the associated sulfur dioxide and nitrogen
oxide emissions. This can provide a revenue stream from sulfur dioxide emission allowances,
partially offsetting the increased capital and O&M costs of co-firing. However, co-firing may result
in reduced unit efficiency, and reduce the long-term effectiveness of selective catalytic emission
reduction devices. Co-firing may also reduce the marketability of the ash resulting from the
combustion process because, in many cases, the ash can no longer be used in the production of
cement.

The data from co-firing tests within Florida indicate that DOE's estimate of reduced costs resulting
from co-firing are overly optimistic. For co-firing to compete favorably with coal on a cost basis,
the fuel savings from inexpensive biomass, dumping (or tipping) revenue, and emission allowance
revenues .must offset the increased capital and O&M costs. The data provided by workshop
attendees and questionnaire responses indicates that the actual capital costs necessary for efficient
fuel processing and increased O&M costs due to added labor and plant maintenance, may offset
any savings attributable to low-cost biomass.

Tampa Electric Company (TECO) providedinformation on its co-firing test at the Gannon station.
TECO's Gannon Unit 3 has a net summer rating of 152 MW, and is permitted to burn up to five
percent biomass fuel by weight. Wood waste was obtained from Consolidated Resource Recovery,
a contractor for Hillsborough County Solid Waste, for prices ranging from $16 to $20 per ton. A
one percent blend of biomass at Gannon Unit 3 requires approximately one ton of biomass per
hour. The average quality of the fuel was 5,600 Btu per pound, or 0.9 MWh per ton. TECO has
burned 793 tons of biomass at the site, resulting in 690 MWh of biomass derived energy. To
minimize the impact on the unit's reliability and availability, TECO limited biomass input to a range
of one-half to two percent of fuel input. The unit is capable of accepting biomass pieces up to 2
inches in size. TECO experienced some pluggage in the fuel chutes which required operator
intervention, due to the introduction of oversized biomass pieces. TECO also noted that the unit's
boiler was subject to overpressure conditions, due to a large bulk of biomass in the coal feeder.
TECO found that co-firing was highly labor intensive, requiring added labor and equipment for
offloading, fuel sampling, handling, and obstruction removal. Due to the added labor costs, higher
fuel costs, and special equipment required, TECO estimates that the cost to produce energy from
co-firing with biomass were approximately 50 percent higher than for coal fired generation. The
Gannon station will no longer be available for co-firing after 2003 when the unit will be re-powered
to burn natural gas rather than coal.

One additional questionnaire response was received for a biomass co-firing project, with a net
capacity rating of 300 MW. The project expects to produce energy from 45 MW of the plant with
local biomass waste. Capital costs are estimated at $1,500 per kW, with fixed and variable O&M
of $10.00 per MW and $5.00 per MWh, respectively. Fuel costs are estimated at $1.5 to $2.0 per
Mbtu (million btus).
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Gasification of Biomass Solids
Biomass gasification systems convert biomass into a gas in a high temperature, oxygen-starved

environment. This gas can then be converted to energy using various technologies, such as gas
turbines or reciprocating engines. According to the Biomass Development Company (BDC),

biomass gasification will be the preferred method in the future for increasing biomass usage by

co-firing in existing coal- and oil-fired boilers. BDC stated that co-firing with this gas reduces

many of the problems associated with co-firing with biomass, including efficiency reductions due

to boiler fouling. This implies that a higher percentage of biomass can be co-fired if it is first

converted into a gas.

Tampa Electric Company provided information on its co-firing experiment at the Polk Unit 1 inte-
grated gasification combined cycle (IGCC) generator. IGCC technology first converts solid fuels,

such as coal and petroleum coke into a clean burning gas, which is then used to fuel a combined

cycle generating unit. TECO has recently conducted a test of the costs and operational charac-
teristics of adding biomass to the fuel mix at Polk Unit 1. The closed loop biomass crop is a crop

of eucalyptus trees planted by Common Purpose, Inc. Ten percent of the crop (60 trees) was

felled and processed in December 2001, producing 8.8 tons of material with the consistency of

coarse sawdust. Although the harvesting and processing of the crop was labor intensive on an
experimental basis, large scale harvesting and processing would substantially reduce the cost per

ton of biomass. One ton of eucalyptus has approximately half the Btu content of one ton of coal.

The fuel provided 1.2 percent of the unit's fuel needs over an 8 and a half hour period, generating

approximately .860 MW of power or 7.31 MWh of energy during the test period. TECO stressed

that the biomass feeding process used was highly labor intensive. TECO did not provide esti-

mates of the increase in labor costs. TECO estimates that an automated fuel handling system,
which would reduce labor requirements, would cost between $1.5 and $2 million. Fuel quality is

also key to the success of the gasification effort. TECO experienced problems with pluggage
during the gasification process, due to introducing oversized pieces of the biomass. This can

result in reduced efficiency of the gasification system, increasing the costs of fuel production.
TECO believes that an increase in the percentage of biomass introduced to the unit could result in

reduced efficiency of the unit on an ongoing basis.

Municipal Solid Waste
Mass Burn MSW Technology

According to Integrated Waste Services Association, Florida currently has over 500 MW of MSW
direct combustion capacity installed. These facilities provide disposal for over one-third of Florida's

waste. The primary driver behind a municipality's decision to install a MSW facility is the disposal

of waste, due to dwindling landfill space. The generation of electricity is a secondary consider-

ation.

MSW can be converted to energy with numerous technologies. The costs of energy produced

vary depending on the technology used to convert the MSW to electricity, and the avoided cost of

disposal. The degree of processing of MSW to be used as fuel is also dependent on the conver-

sion technology used.
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I TABLE 10Black and Veatch provided Table 10 which
lists typical ranges of performance and
costs for a facility directly burning 2,000 PRODUCTION COSTS FOR

tons of waste per day. 50 MW MSW Generator

Plant Capacity 50 MW
Questionnaire responses were received Net Plant Heat Rate 16,000 Btu per kWh
from the representatives of 12 operating MSW tons per day 2,000
direct combustion MSW generators within Capacity Factor 60 to 80 percent
Florida, as well as one potential site. Net Capital Cost $2,500 to $4,600 per kW
summer plant capacity ratings of the units Fixed O&M $100 to $175 per kWyear
ranged from 10 MW to 75.5 MW. Most Variable O&M $25 to $50 per MWh
questionnaires indicated that it is Levelized Cost 3.5 to 15.3* cents per kWh
technically feasible to dispatch the unit.
However, several cited contract provisions This assumes a $25 per ton tipping fee. Information

which currently prevent the unit from being presented by Integrated Waste Services Association
indicates that for Florida plants a $50 per ton fee i'sdispatched, or make it uneconomical for more typical and thus production costs could be

the generator to do so. Only one of the closer to 20.
responses included cost data, citing a
$6,500 per kW capital cost. Performance
data is comparable to the Black and Veatch data above. Heat rates for the units ranged from
13,300 to 18,000 Btu per kWh, with capacity factors of between 78 and 95 percent. MSW plants
have negative fuel costs in that they are paid to take waste materials. Each respective municipality
pays a tipping fee to the generator to deliver MSW. One response provided a fuel cost of negative
$4.23 per Mbtu, indicating a tipping fee is received by the generator from the municipality.

Landfill Gas
Landfill gas is one of the more mature options for obtaining energy from municipal wastes. Many
landfill sites within Florida already have gas collection technology installed in order to meet Fed-
eral Clean Air and New Source Performance Standards. Energy Developments, Ltd., stated that
for every 1 million tons of municipal solid waste in a landfill, enough gas is produced to fuel
approximately 1 MW of generating capacity, yielding about 8,500 MWhs .22 The capital costs for
landfill gas projects is dependent on site characteristics, the conversion technology used, and the
extent of the collection systems already in place. However, according to Black and Veatch, the
payback period for landfill gas sites is often between 2 and 5 years. Capacity factors can vary
greatly depending on the technology used to convert the landfill gas into electricity. Data provided
by workshop participants and on questionnaire responses indicates that landfill gas projects are
not available for utility dispatch.

22 David R. Wentworth, Energy Developments, Ltd., Landfill Gas to Electricity Development in the State of
Florida. Presentation at the FPSC Staff Renewable Assessment.
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TABL E~ I:mI11E~
Black and Veatch provided Table 11, with
cost and performance data for a 10 MW

cos ad erorane dtafo a10MWPRODUCTION COSTS FOR
capacity landfill gas internal combustion 10 MW L l E

engine. Gulf Power provided energy costs

of from 5.0 to 6.5 cents per kWh for Florida Plant Capacity 10 MW

landfill gas conversion, which mirrors the Net Plant Heat Rate 8,500 to 13,000 Btu/kWh

information for the generic project provided Capacity Factor 60 to 80 percent

in Table 11. Capital Cost $1,000 to $1,725 per kW

Fixed O&M $1.00 to $1.35 per kW year
Energy Developments, Ltd. provided cost Variable O&M $6 to $20 per MWh

and performance data on the conversion Levelized Cost 2.4 to 6.3 cents per kWh

of landfill gas to energy with reciprocating

engine generator sets. These facilities are

located at landfill sites and are interconnected to the regional transmission grid. Net capacity
ratings for the units are approximately 2.3 to 3.5 MW, with a capacity factor of 90 percent. Capital

costs range from $750 to $1,250 per kW, with fixed O&M costs of from $9 to $11 per MWh.

Similar units provide energy from up to 9 megawatts of capacity in Florida. This data is confirmed

by the questionnaire responses received for similar operating landfill gas conversion systems,

and one potential site. Energy Developments also stressed that landfill gas facilities can be

placed in service in a relatively short time, from 9 to 18 months.

The Orlando Utilities Commission (OUC) also provided data on a co-firing landfill gas operation in

Orange County, Florida. Orange County collects the gas from a 200 acre waste site. The gas is

then delivered to OUC to be co-fired in either of its coal-fired boilers at the Stanton Energy Center.

Stanton burns approximately 5,200 Mcf of gas per day, which provides a 3 percent reduction in

coal burned at the units, and provides electricity for 10,000 homes. OUC estimates that the cost

savings are $1.25 million per year, based on the cost differential between landfill gas and coal.

OUC stated that there are also indirect savings due to reduced coal handling costs and environ-

mental treatment costs. OUC also received $4 million in federal funding and tax incentives to

develop the co-firing project.

Gasification of Municipal Solid Waste

MSW may also be converted to a synthesis fuel gas, or syn-gas. This technology is less devel-

oped than direct combustion or landfill gas processes for MSW. As in direct combustion technolo-

gies, costs will be highly dependent on avoided landfill costs. Brightstar Environmental provided

information on its design for a solid waste and energy recycling facility. The facility serves a dual

purpose of capturing additional recyclable material, and converting the remaining organic waste

to a syn-gas. This syn-gas can then be converted to electricity in a variety of ways, such as co-

firing in an existing gas plant. The system is modular and can be designed to fit the waste

management needs of any size community. In 2001, Brightstar Environmental began commercial

operation of its first solid waste and energy recycling facility located in Woliangong, New South

Wales. The unit processes 150,000 tons of MSW annually, resulting in enough syn-gas to power

15 MW of reciprocating generator sets. These generators are subject to utility dispatch. The syn-

gas is combusted in reciprocating engine generator sets to produce electricity. Brightstar expects
the facility to achieve over a 90 percent capacity factor. Brightstar did not provide cost data for the

facility.
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Geothermal Energy
Geothermal generating units are powered with steam produced from hot water reservoirs deep
beneath the earth's surface. Geothermal generation is limited to those areas of the country with
geothermal reservoirs. According to the National Renewable Energy Laboratory, most of the
geothermal reservoirs in the United States are located in the western states, Hawaii, and Alaska.
As is to be expected, costs for geothermal units are highly dependent on site characteristics, due
to the depth of the geothermal reserves, the geological characteristics of the site, and the number
of exploratory wells which must be drilled. Geothermal energy is not a viable option for Florida as
there are no known geothermal reservoirs within the state. Therefore no specific cost data for this
technology is provided.

Solar Energy
Photovoltaics

Capital and installation costs for PV systems are quite high, and in general, appear to be the
highest on a per kW` basis of all currently developed renewable technologies feasible for meeting
part of Florida's energy needs. However, in certain cases, PV may actually be the least cost
option, such as for isolated homes or lighting applications, which would require high transmission
costs to be connected to the power grid. Capital cost estimates provided were similar across
sources, while O&M costs varied widely. Without the addition of energy storage capacity, PV
systems cannot provide dispatchable energy to meet the grid's needs during periods when solar
energy is not available. As expected, the solar energy produced from a PV system begins in the
morning and peaks in late afternoon. While these hours coincide with the summer peak hours for
the utility system, there is little coincidence with winter peak hours. Thus, it is difficult to assign
firm reliability value to these systems. The addition of battery storage capacity to a PV system can
alleviate this issue, but will add additional capital and O&M costs.

TABLE 1.2 The National Renewable Energy Laboratory

estimates that efficiency levels of IPV systems

PRODUCTION COSTS FOR have risen from 4 percent in the 1950's, to

Fixed Tilt PV System over 15 percent today. This increase in

Plant Capacity .01 to 10 MW efficiency has significantly reduced the costs

Capacity Factor 20 to 22 percent per unit of energy produced. Current capital

Capital Cost $3,600 to $8,050 per M and O&M costs vary widely depending on

Fixed O&M $5.7 to $8.2 per M year the PV system design. Black and Veatch

Variable O&M $0.5 to $1.5 per MWh provided Table 12, with cost and

Levelized Cost 19.4 to 47.4 cents per kWh performance data for a fixed tilt, single

crystalline photovoltaic system.

There were a variety of sources for current data on installed solar cost. The U.S. Department of

Energy and the solar industry have set a goal of reducing installed PV costs to $3,000 to $4,000

per peak kW by 2010 and $1,500 per peak kW by 2020. (PV industry road map). Currently, the

FSEC IPV Database reports that the average total installed cost for a grid-connected IPV system

in Florida is $9,720 per peak kW. This is based on data collected from 114 systems. Costs vary

greatly, however, depending on the level of equipment custornization and dealer/installer mark

up. For instance, the City of New Smyrna Beach installed the majority of their IPV systems for

$5,760 per peak M, which were packaged designs using standard roof mounting hardware,
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while JEA experienced an average installed system cost of $12,400 per peak kW, using custom
system designs and mounting hardware. The Florida Solar Energy Center has compiled more
than one year of unscheduled maintenance data. The majority of maintenance events involved
inverter reliability problems (63 percent). Once inverter technology has been improved, FSEC
predicts that there will be relatively few unplanned maintenance events for grid-connected PV
systems. More detailed O&M information for grid-connected PV systems may be found on the
FSEC PV database at www.fsec.ucf.edu/pvt.

Florida Power Corporation (FPC) provided preliminary cost and performance data from a re-
search effort on the operation of PV systems in manufactured homes. FPC has installed PV
systems with capacities ranging from .8 kW to 1.3 kW in six Palm Harbor manufactured homes.
These homes will be monitored for at least one year, providing FPC with more detailed informa-
tion on system performance, and O&M costs. FPC noted the benefits of installing PV systems on
new homes, rather than retrofitting existing homes. This allows a manufacturer to streamline the
installation process by adding structural changes necessary to support the PV system, as well as
wiring upgrades. FPC estimates that installation cost savings of approximately 50 percent can be
achieved if PV systems are placed on new, rather than existing manufactured homes. Total
system costs, including installation costs, have averaged $7,000 for an 1.08 kW PV system, or
$6,480 per kW, on new manufactured homes. These systems have produced an average of 3
kWh per day. FPC calculates the cost per kWh at 31 cents over the life of the unit, if only start-up
costs are included. However, FPC has experienced problems with inverter reliability. Since these
are prototype units with the attended higher startup costs, one could reasonably expect mass
installation to lower the per unit costs.

JEA currently has 162 kW of PV capacity installed on. public high schools and many of JENs
facilities. JEA reports total up-front system costs, including installation costs, of $12,400 per kW.
JEA attributes this high cost largely to structural considerations due to high wind loading design
requirements.

Six questionnaire responses regarding PV projects in Florida were received, with aggregate ca-
pacities ranging from 2 kW to 218 kW. Capacity factors for the systems without battery storage
ranged from 15 to 25 percent, while one project with battery storage cited a capacity factor of
approximately 90 percent. Capital and installation costs for the Florida PV systems were higher
than those estimated by Black and Veatch, ranging from $7,000 to $17,000 per kW. Little infor-
mation was provided on O&M costs.

Solar Thermal
It appears t hat solar thermal generation PRODUCTION COSTS FOR

applications have lower capital costs on a per 80 MW Solar Thermal Unit

kW basis than photovoltaic systems. In Plant Capacity 80 MW
general, solar thermal systems have a higher Capacity Factor 34 percent
capacity factor than PV systems. Capital Cost $2,700 to $4,600 per kW

Fixed O&M $24 to $46 per kW year
Black and Veatch provided Table 13, with cost Variable O&M $3 to $5 per MWh
and performance data for an 80 MW capacity Levelized Cost 10.8 to 18.7 cents per kWh
parabolic trough solar thermal plant.
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Wind Energy
United States Department of Energy data indicate that the cost of wind energy production in
certain regions of the U.S. has dropped from 80 cents per kWh in 1979, to a range of 4 to 6 cents
per kWh in 2000. These cost reductions are primarily attributed to increased turbine size, re-
search and development advances, and manufacturing improvements. Wind energy projects are
also eligible to receive a U.S. federal production tax credit. The credit is currently 1.7 cents per
kWh and escalates on an annual basis to account for inflation.

However, wind energy production efficiency and therefore the cost per kWh, are highly dependent
on the wind velocity at a site. Gulf Power provided estimates from the EPRI Renewable TAG
document which indicate that capacity factors of wind turbines vary from approximately 5 percent
to 40 percent depending on wind velocity. A wind speed of approximately 35 miles per hour pro-
vides a capacity factor of 35 percent at a cost of 8 cents per kWh. However, Florida's average on-
land wind speed is 12 to 14 miles per hour, which translates into a 5 percent capacity factor at a
cost of 57 cents per kWh. U.S. DOE data indicates that the potential for offshore wind energy
development is also low for Florida. Therefore, given current wind turbine technology, Florida's
wind resource is not sufficient to produce economical power. Workshop participants identified
Cape Canaveral as the only site within Florida with wind energy potential.

Hydroelectric Power
Hydroelectric power is considered to be a mature renewable technology. Capital costs for
hydroelectric projects are generally high and vary widely by site. Specific site information is generally
needed to provide estimates of unit size, performance, and costs. Capacity factors can also vary
widely by site. Capacity factors for the same site may also vary throughout the year, due to
changes in rainfall and temperature. Due to the seasonal nature of energy produced from a given
level of capacity at these facilities, additional capacity may be needed in order to maintain reliability
goals.

As noted previously, Florida currently has two hydroelectric facilities. There was a general level of
agreement at the Commission's workshops that Florida does not have the potential for additional
large capacity hydroelectric facilities. However, a representative of Black and Veatch reported
that practical options do exist for some increase in hydroelectric capacity within the state. These
options include utilizing existing dams, and unit upgrades on existing systems. Capital cost
estimates vary from $1,300 to $5,980 per kW. The lowest cost options involve upgrades at existing
sites, with levelized cost estimated at from approximately 2 to 4 cents per kWh. Levelized costs
for new facilities may range from 4 to 14 cents per kWh. No reliable cost estimates specific to
Florida sites were provided.

Ocean Energy
Ocean Mechanical or Ocean Current

Future potential exists for the conversion of the Gulf Stream current to create energy. However,
the necessary technology appears to be in the early stages of development and specific cost and
operating characteristics cannot be provided at this time.
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Currently, multiple separate but similar ocean turbine designs are in development. A representa-
tive of Florida Hydro reports that he has developed a working model of an open center turbine,
which can use the energy of the Gulf Stream ocean currents to drive a generator. The electricity
produced would be delivered to shore using a buried cable. The model is ten feet in diameter, but
the proposed commercial units would be 46 feet in diameter, requiring deep water for installations.
The developer estimates that the first production model could be built within the year with a capital
outlay of $1 million.

Testing of various ocean turbine technologies has occurred since the 1980's with limited degrees
of success. However, a representative of Black and Veatch reports that encouraging data has
been collected from a test site of an ocean turbine design similar to the Florida Hydro unit off the
coast of England.

Ocean Thermal
Ocean thermal technologies use variations in ocean temperature for many applications, including
the generation of electricity. Ocean thermal generation technology is still in the developmental
stages; however, capital costs are expected to be relatively high. As in ocean current generation,
ocean thermal systems may also have high associated transmission and O&M costs. Tropical
and subtropical areas appear to have the highest potential for economic ocean thermal genera-
tion. Several 50 to 200 kW demonstration projects are under way in Hawaii. Black and Veatch
estimates levelized costs for typical ocean thermal systems of 10 to 22 cents per kWh. However,
no estimates of the potential for ocean thermal generation along the Florida coast were provided
in the Commission's workshops or in response to the questionnaire.

Waste Heat
Questionnaire responses were received from the representatives of several existing Florida phos-
phate operations, with a total generating capacity of 430 MW. Cost and operational data was also
provided for additional potential sites. Plant capacities of existing sites ranged from 10 MW to 60
MW, with capacity factors of between 60 and 80 percent. Heat rates for the units are not available
nor are they especially meaningful because the process does not consume fossil fuel. However,
because waste heat is used to produce electricity and thermal energy for process use, waste heat
cogeneration is very efficient. Capital costs were estimated at $1.4 million per MW. Fixed and
variable O&M costs, which are very low, are difficult to estimate as the conversion of waste heat
to steam and electricity is responsible for only a very small portion of the total fixed and variable
O&M costs for a fertilizer plant. There are no fuel costs for the process.

Hydrogen
Hydrogen can be used as a fuel in various applications including fuel cells and in a traditional
boiler. Costs are expected to vary widely depending on fuel production methodologies and
generation technologies. Several participants in the Commission's workshops stated that the
long term potential for energy generation fueled by hydrogen is high. However, this industry is not
fully developed. Many steps must be taken in Florida before this fuel source can be used to meet
a significant part of the state's energy needs. Further developments in hydrogen conversion,
storage technologies, and industry infrastructure must take place before hydrogen can compete
on a cost basis with other fuels. Due to the early stage of development of this industry, and the
expected wide variations in costs for various fuel conversion and generation technologies, no
reliable cost data is available at this time.
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CHAPTER IV

POLICIES and MECHANISMS
TO PROMOTE RENEWABLES

Vertically integrated electric utilities that operate under the regulatory authority of public service
commissions generally have a continuing obligation to obtain generating resources that provide
safe, reliable service at the lowest possible cost. Utilities in states that have allowed retail access
for customers are forced by competition to add similarly defined resources. In either instance,
recovery of costs for providing electric services are disciplined either by regulatory oversight or
market competition. With the exception of hydro resources, renewable energy is not generally the
least cost resource addition. Therefore implementing significant additional renewable generation
capacity is not compatible with the goal of minimizing electric rates. Utility reluctance to implement
renewable technologies may be further exacerbated by the emerging competitive environment in
the electric market, which has intensified the importance of the possible rate impacts. Because
renewables are not currently cost competitive, significant additional renewable generation will not
be implemented without additional incentives or regulatory changes.

A variety of incentive programs have been devised by government and industry representatives to
promote the addition of more renewable resources. There are at least three strategies that have
been adopted to encourage renewable energy: market driven programs, financial based incen-
tives, and renewable energy purchase mandates. These programmatic approaches generally
reflect a continuum from least prescriptive to most prescriptive. Market driven incentives include
programs like green power pricing and tradeable renewable energy certificates, which largely rely
on customers' desire to differentiate the type of electricity they purchase. In addition, states can
facilitate the introduction of renewable technology into the market place by removing institutional
or legal barriers to the installation of these technologies. For example, states can remove tax
subsidies for conventional energy technologies, grant legal access rights to direct sunlight, or
provide credits in building codes for the installation of specified equipment.

Financial based incentive policies include tax-credits, production payments, rebates, and subsi-
dized loans. Such programs can be funded through tax incentives, general revenue, or dedicated
funding sources such as system benefit charges (SBC). SBC programs typically impose a fee on
611 customers' bills to directly fund certain defined programs.

Finally, the most prescriptive approach to encouraging greater utilization of renewables is by use
of governmentally mandated resource acquisition levels. These are generally called renewable
portfolio standards (RPS). Under RPS mandates, companies that generate electricity or utilities
who purchase electricity for resale are required to either produce or purchase a prescribed per-
centage of the product from approved renewable resources. These strategies are discussed in
more detail below.
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Education Efforts
One of the first concerns of any organization that initiates programs to encourage renewables is
the need for consumer education and outreach. Because many of these technologies are rela-
tively new to consumers, broad public acceptance may require some upfront efforts to make the
public familiar and more accepting of these technologies. While some renewables probably have
some inherent public attractiveness - solar comes to mind - others are not cloaked with such a
high level of immediate acceptance. Education efforts could help make the siting and construc-
tion of some of these technologies easier. In addition, for some programs that are directly
targeted to consumers, education would be needed in order to successfully market renewable
programs.

While most utilities conduct their own marketing campaigns to solicit customers to participate in
certain renewable programs such as green pricing programs, it might be more effective if
collaborative approaches were considered. Such advertising strategies might include multiple
utilities targeting their campaigns or use of a third party agent that perhaps would be viewed more
impartially, such as a public or private sector agency.

Market Driven Programs
Green Pricing Programs

Some utilities offer green pricing programs to allow their customers to purchase "green" power
which adds renewable energy to the utility's energy mix. Since current renewable energy sources
are often more expensive than electricity generated from traditional methods, these green pricing
solutions offer consumers the option to pay extra for clean energy. Essentially, green power
pricing programs create an "end user" or consumer market for clean energy with the option of
paying a premium for that product. In a typical green pricing program, a ratepayer who volunteers
to participate would pay either a specified dollar amount or percentage in addition to his/her bill.
These funds are then used by the utility to acquire additional renewable capacity which would not
have otherwise been included in the utility's least cost resource planning process. While the
physical characteristics of the electrical system prevent the consumer from receiving only electricity
generated by renewable resources, the portion funded by the consumer is added to the utility's
overall resource mix.

However, experience to date indicates that while a substantial number of customers express a
willingness to purchase premium priced renewables, once the program is actually implemented a
much smaller percentage of customers actually enroll in the program. In addition, administration
and marketing expenses can take a substantial portion of any renewable funds collected. The
advantage remains, however, that green pricing programs offer an alternative to imposed systems
benefit charges for encouraging specific renewable energy fuel types. Further, unlike a systems
benefit charge, which is assessed to all ratepayers, green pricing programs are only supported by
those consumers interested in advancing renewable energy projects. For this reason, green
pricing programs can result in increased utility and customer knowledge about renewable
technologies and in increased utility investment in such technologies with minimum rate impacts
for the general body of ratepayers. Green pricing programs may also increase the loyalty of
customers who are interested in environmental issues. This may be one strategy electric utilities
employ to increase customer choice and differentiate their product.
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Consumer Education: The National Renewable Energy Laboratory reports that market research
and the education of consumers is critical to the success of green pricing programs. Approximately
30 percent of consumers typically indicate a willingness to pay a portion of the added costs of
increased deployment of renewable generation sources. However, data from utilities offering
these programs shows that average participation levels in green pricing programs are much smaller,
ranging from less than one percent to three percent of eligible consumers." Several workshop
participants, including a representative of the City of Tallahassee stated that customer research
indicates that customers may be predisposed to support solar energy over other renewable
generation technologies .24 Such market research may be necessary to determine the specific
types of renewable technologies, willingness to pay, and payment options favored by each utility's
customer base. Gulf Power stressed the importance of designing programs to meet a utility's
consumers' preferences to increase the value of green pricing programs as well as participation
levels. However, success of green pricing programs is also dependent on a basic level of
understanding by consumers concerning the value of renewable technology options and the cost
of these technologies relative to fossil fuel generation. It may reduce education costs and increase
program participation if utilities join together in a broad based effort to educate Florida's consumers
on the basic characteristics, costs and benefits of renewable generation technologies. Florida's
municipal utilities have already preliminarily engaged in such a program. (See the discussion of
SunSmart in Chapter V).

Payment Options: Two general methods have been suggested for setting a price premium cal-
culated as a percentage of the program participant's electric bill. The first, or "market approach,"
sets the premium percentage according to an estimate of program participants'willingness to pay,
as indicated by a utility's market research. The second approach, or the "planning approach,"
sets the premium percentage according to the projected cost of the renewable resources required
to fulfill the expected customer demand. As an alternative to obtaining funds by setting a premium
calculated as a percentage of program participants' bills, funds can be obtained by requesting
donations from customers. These donations may be a set dollar amount each month, or a one-
time donation of an amount chosen by the consumer. These donations are often tied to a speci-
fied kWh level. Monthly premiums and donations, rather than one-time donations, encourage
greater participation with less effort on the part of consumers. Administrative costs per dollar
collected may also be reduced if a green pricing program allows monthly premiums or donations.

Green Power Certification and Fuel Source Disclosure
Green pricing programs are often coupled with disclosure requirements such that utilities provide
their customers with additional information about the source of the energy they are supplying.
This information often includes fuel mix percentages and emissions statistics. Fuel mix information,
for example, can be presented as a pie chart on customers' monthly bills. "Certification," a related
issue, refers to the assessment of green power offerings by government representatives or an
independent third party to assure that they are indeed using the type and amount of renewable

23 Policies and Market Strategies for Supporting Renewable Resource Development, Presentation by Lori
Bird of the National Renewable Energy Laboratory at the Florida Public Service Commission July 2, 2002
Renewables Assessment Workshop.

24 Implementing a Green Power Program in Tallahassee, Presentation by Gary Brinkworth of the City of
Tallahassee at the Florida Public Service Commission August 28,2002 Renewables Assessment Workshop.
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energy as advertised. One example of green power certification is the Green-e stamp offered by
the Center for Resource Solutions. Both disclosure and certification are designed to help consumers
make informed decisions about the energy and supplier they choose. Indeed, disclosure is often
thought of as a good policy to help educate customers about electricity and thereby to prepare
markets in advance of retail competition. It is worth noting, though, that two states that have not
moved ahead with retail choice, Florida and Colorado, have enacted disclosure provisions. Florida
provisions disclose fuel mix but not emissions.

Contractor Licensing and Equipment Certification
Many states have rules regarding the licensing of renewable energy contractors. Contractor
licensing requirements typically have been enacted for solar water heat, active and passive solar
space heat, solar industrial process heat, solar thermal electricity, and photovoltaic. These
requirements, where they do exist, are designed to ensure that contractors have the necessary
experience and knowledge to properly install systems.

Statutes requiring renewable energy equipment to meet certain standards are generally seen as
a tool for reducing the chance that consumers will be sold inferiorequipment. Beyond being a
consumer protecting measure, equipment certification benefits renewables by reducing the number
of problem systems and the resulting bad publicity. Both licensing and equipment certification are
designed to minimize fraud and help ensure a positive experience on behalf of consumers who
purchase solar equipment.

Solar and Wind Access Laws
States can also implement laws to provide for solar or wind e ' asements or access rights. Easements
allow for the rights to existing access to a renewable resource on the part of one property owner
to be secured from an owner whose property could be developed in such a way as to restrict that
resource. This easement is transferred with the property title. Access rights, conversely,
automatically provide for the right to continued access to a renewable resource. Solar easements
are the most common type of state solar access rule. Furthermore, some states prohibit
neighborhood covenants that preclude the use of renewables. At the local level, communities use
many different mechanisms to protect solar access, including solar access ordinances, development
guidelines requiring proper street orientation, zoning ordinances that contain building height
restrictions, and solar permits.

Construction and Design Policies
Construction and design policies include state construction policies, green building programs,
and energy codes. State construction policies are typically legislative mandates requiring an
evaluation of the cost and performance benefits of incorporating renewable energy technologies
into state construction projects such as schools and office buildings. Many cities are developing
"Green Building" guidelines that require or encourage consideration of renewable energy
technologies. Some guidelines are voluntary measures for all building types, while others are
requirements for municipal building projects or residential construction. Local energy codes are
used to achieve energy efficiency in new construction and renovations by requiring that certain
building projects surpass state requirements for resource conservation. Incorporating renewables
is one way to meet code requirements.
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Financial Incentive Programs
Federal Financial Incentives

While the regulatory mandates in PURPA helped to advance the investment in renewable energy
capacity, the bulk of federal programs designed to encourage the use of renewable energy resources
are financial incentives such as tax credits and production incentives. Beginning in 1978, the
Energy Tax Act (ETA) provided both residential and business tax credits for renewable energy
equipment purchases. ETA offered residential energy income tax credits for solar and wind energy
equipment expenditures at a rate of 30 percent of the first $2,000 and 20 percent of the next
$8,000. For business expenditures, there was an income tax credit of 10 percent for investments
in solar, water, geothermal, and ocean technologies.

Following the ETA, the 1980 Crude Oil Windfall Profits Tax Act (WPT) increased the ETA's residential
energy income tax credits for solar, wind, and geothermal technologies from 30 percent to 40
percent of the first $10,000 in expenditures. The WPT also increased the ETA business energy
income tax credit for solar, wind, geothermal, and ocean technologies from 10 percent to 15
percent and extended the credits from December 1982 to December 1985. Finally, the WPT
allowed tax-exempt interest on industrial development bonds for the development of solid waste
to energy (WTE) producing facilities, for hydroelectric facilities, and for facilities producing renewable
energy. In 1986, the Tax Reform Act eliminated the tax-free status of municipal solid waste
(MSW) powerplants and WTE facilities financed with industrial development bonds. The 1986
Tax Reform Act also extended the WPT business energy tax credit for solar, geothermal, ocean
thermal, and biomass property through 1988. The business energy tax credit for wind systems
was not extended and, thus, expired on December 31, 1985.

The next major tax provision affecting renewable energy was the Energy Policy Act of 1992 (EPACT).
EPACT established a permanent 10 percent business energy tax credit for investments in solar
and geothermal equipment and established a 10-year, 1.5 cents per kilowatt hour (kWh) production
tax credit (PTC) for privately owned, as well as investor-owned, wind projects and biomass plants
using dedicated crops (closed-loop). When originally established, the PTC was available to wind
power generators brought on-line between January 1, 1994 and June 30, 1999, and closed-loop
biomass power plants brought on-line between January 1, 1993 and June 30, 1999. In March of
2002, a two year extension of the PTC was included for new wind, closed-loop biomass, and
poultry waste facilities. This new law extends the PTC from the end of 2001 to December 31,
2003 and indexed the credit to inflation. The credit is currently 1.7 cents per kWh.

EPACT also instituted the Renewable Energy Production Incentive (REPI) which provides a 1.5
cents per kWh incentive, subject to annual congressional appropriations, for generation from
biomass (except municipal solid waste), geothermal (except dry steam), wind, and solar from tax
exempt, publicly owned utilities and rural cooperatives. Initial payments under the REPI program
for fiscal' year 1994, totaled $638,120 and were distributed among four state-owned and three
city-owned facilities with a total of 42 million kWh. By fiscal year 1998, net generation eligible for
REPI payments had reached 529 million kWh from 19 facilities at a price of $4 million. Finally, in
fiscal year 2000, REPI payments totaled $3.991 million.

It is important to note that while the generation eligible for REPI payments increased more than
twelvefold from 1994 to 2000, the number of facilities receiving REPI support increased only

57



threefold, and that increase occurred during the first three years of the program. This could have
occurred because the 1.5 cents per kWh was not sufficient to overcome initial cost barriers to
market entry or because of the uncertainty associated with the year-to-year congressional appro-
priations .25

State Policy Support Mechanisms
In addition to Federal incentives, states have imany opportunities to use financial incentives as an
inducement to encourage investment in renewable energy technology. Financial incentives available
to state governments include tax incentives, rebate programs, grant programs, low-interest loans,
and industrial recruitment incentives. Generally, tax incentives encourage renewable energy and
are designed to facilitate the purchase, installation, or manufacture of renewable energy systems
and facilities. These tax incentive programs serve to reduce the investment costs of acquiring
and installing renewable energy systems and equipment, and reward investors with tax credits or
deductions for their support of renewable energy technology. Although tax incentive programs
vary widely, the most common forms are income, corporate, property, and sales tax initiatives.
With an income tax incentive, taxpaying state residents are offered an income tax deduction from
their adjusted gross income to cover the expense of installing renewable energy systems. This
tax deduction may have a time limit following the purchase of renewable energy equipment.
Corporate tax incentives operate in much the same manner by allowing corporations to receive
credits against the costs of installing renewable energy equipment. Although tax incentives may
encourage investment in renewable energy equipment, investors who are unable to meet the
initial project funding demands will be unable to participate in many tax incentive programs. Some
states eliminate or reduce the sales tax on qualified renewable equipment. Finally, property
assessments and millage rates can have a dramatic impact on the installation of renewable
equipment especially for residential or small commercial firms. It was reported by the Florida
Solar Industry Association that in Florida the installation of a photovoltaic system will increase
property taxes more for a homeowner than the value of the electricity it produces .26

Appendix C provides a state-by-state identification of the programs in place to promote renewable
energy.

Direct Incentive Programs
States have a variety of mechanisms to offer direct financial incentives to customers to encourage
them to install qualified renewable technologies. These programs are generally funded directly
from state funds such as general revenue sources or from monies collected directly from utility
customers.

Regulated electric utilities have traditionally undertaken a set of "public purpose" programs in
addition to selling electricity. These "public purpose" programs typically include low-income
subsidies, demand-side management and energy efficiency programs, industry-wide research

21 Energy Information Administration. Office of Coal, Nuclear, Electric and Alternate Fuels. Renewable
Energy 2000: Issues and Trends. February 2001.

26 Solar Energy in Florida: Policy Aspects, Status and Potential of Solar Thermal and Photovoltaics,
presentation by Colleen Kettles, Florida Solar Industry Association, July 2, 2002.
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and development (R&D), and promoting renewable energy fuels. These activities have been
possible due to government regulations which allow the utilities to recover program costs in the
prices that they charge consumers. With the move toward a more competitive market for electricity,
many of these programs are in jeopardy of being phased out as utilities face greater pressure to
reduce costs. However, there is currently a debate over state policy mechanisms which can
stimulate development in renewable energy technology, and other "public purpose" programs, in
light of these growing market forces. A System Benefit Charge (SBC) is one mechanism that
some states have adopted to encourage renewables.

A SBC is typically a small fee placed on all consumers' electricity bills which accumulates in a
designated fund. Most states that have passed electric industry restructuring legislation are using
a SBC to support renewable energy, energy efficiency, low-income, customer programs, or other
public-good functions which the competitive market is unlikely to provide. The SBC is designed to
be competitively neutral, that is, paid by every customer regardless of who sells them electricity,
and can be either assessed as a per kilowatt-hour fee or a flat fee per customer. The main benefit
of a SBC is the ability to keep utility programs such as consumer education, demand-side
management, and low-income customer assistance, often threatened under competitive markets.
However, a SBC increases.electric bills when the promise of competition and intent of restructuring
legislation is meant to decrease energy bills. Finally, while a SBC that is intended to support or
advance renewable energy is a very small part of the total electric bill, it may subsidize technologies
which should be supported solely by the competitive marketplace.

Sixty-four percent of the states with active retail choice restructuring have implemented SBC
programs, while only fifteen percent of the states with no retail choice restructuring have found
these initiatives necessary to maintain public benefit programs. The SBC charges range from as
low as .07 mills per kWh to a high of 3.76 mills per kWh .27 The absence of an SBC program
should not be interpreted as an indication that no public benefit programs are being offered in a
particular state. It is likely that such programs continue to be offered under the auspices of the
vertically integrated and regulated utility framework.

Rebate Programs
Rebate programs are offered at the state, local, and utility levels to promote the installation of
renewable energy equipment. The majority of the programs are available from state agencies
and municipally-owned utilities and support solar water heating and/or photovoltaic systems. Eli-
gible sectors usually include residents and businesses, although some programs are available to
industry, institutions, and government agencies as well. Rebates typically range from $150 to
$4,000. In some cases, rebate programs are combined with low-interest or no-interest loans.

Grant Programs
States offer a variety of grant programs to encourage the use and development of renewable
energy technologies. Most programs offer support for a broad range of renewable energy tech-
nologies, while some states focus on promoting one particular type of renewable energy such as
wind technology or alternative fuels. Grants are available primarily to the commercial, industrial,

21 A mill is 1/10 of a cent. Thus, 3.0 mills is equal to 0.3 cents per kWh. For Florida, with a typical electric
bill of 1000 kWhs per month, a 3.0 mill fee would add $3.00 per month to the bill.
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utility, education, and government sectors. Some grant programs focus on research and develop-
ment, while others are designed to help a project achieve commercialization. Programs vary in
the amount offered, from $500 to $1,000,000, with some states not setting a limit.

Loan Programs
Another option available to state governments to encourage investment in renewable energy
technology is to offer low-interest loans to assist in the purchase of renewable energy equipment.
By offering low-interest loans to individuals and organizations, states are able to encourage en-
ergy efficiency and diversify the mix of generation fuels. These loans are typically offered to
residential, commercial, industrial, transportation, public, and non-profit organizations; and have
fixed interest rates below the market rate with various repayment schedules. Benefits of low-
interest loans include local control over the application process in defining the expected costs and
benefits from a specific project, and offering local governments, utilities, and independent power
producers the opportunity to upgrade existing power facilities.

Research and Development
An important aspect of advancing renewable energy technology is the research and development
process. Here again, private venture capital will invest in technologies with very high potential
payoffs such as fuel cells or in technologies that have near term commercial applications such as
jet engine developments. It is the longer term, high risk R&D that the private sector is most
unwilling to undertake. For this reason, direct government funding may be required to advance
R&D in certain sectors of the renewable industry. Grant programs designed to encourage the
use and development of renewable energy can be broad based covering all aspects of renewable
energy, or aimed at a specific technology such as wind technology or alternative fuels. State
funding programs can also aim to maximize federal investments in Florida through matching
funds and other innovative ways to combine state and federal funds to further promote renewable
energy. There are certainly issues of scope and scale where some research is so expensive,
fusion is probably one example, that it would not be prudent for states to invest in this domain.
The funding capability of multiple states through regional collaborations or perhaps better yet the
Federal government, is best suited to undertake certain high cost, high risk type of projects.

Renewable Portfolio Standards (RPS)/Set Asides
Renewable Portfolio Standards (RPS) require that a certain percentage of a utility's overall or new
generating capacity or energy sales must be derived from renewable resources, i.e., one percent
of electric sales must be from renewable energy in the year 200x. Portfolio Standards most
commonly refer to electric sales measured in megawaft-hours (MWh), as opposed to electric
capacity measured in megawatts (MW). The term "set asides" is frequently used to refer to pro-
grams where a utility is required to include a certain amount of renewables capacity in new instal-
lations.

The recent development of RPS standards seems to be a result of the movement toward retail
choice around the country. Some 41 percent of states with active retail choice restructuring have
implemented RPS programs, while only eleven percent of states without retail choice restructuring
have found these initiatives necessary. The specific amount of energy required by the RPS
standards varies from state to state. Arizona has a goal of 1.1 percent by 2007, while California
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has a 20 percent goal by 2017. Maine has a 30 percent goal but already achieves this level due
to its abundant hydroelectric resources. Appendix B shows a map of the various states with RPS
standards and the mandated amounts.

The portfolio standard is designed to be competitively neutral, in that it imposes an equal obligation
on any company selling electricity However, this RPS requirement is usually designed as a
tradable obligation. That is, one company with more than the required amount of renewable
energy in its portfolio could sell credits to a company with a portfolio thatwas lacking those resources.
While it is argued that RPS helps to diversify a state's energy supply and promote environmentally
benign sources of electricity, it also raises energy costs to consumers for environmental benefits
which often accrue outside the state. Additionally, although RPS may create a short-term market
demand for infant technologies, this same demand may result in the transfer of wealth between
states with indigenous renewable resources and those that do not have such resources. Therefore,
the geographic scope of permitted trading could be limited to Florida to minimize such impacts.

Tradeable Renewable Electricity Certificates (T-REC)
A number of programs have been developed to implement renewable programs with respect to
identifying the production source and the ultimate customer of renewable energy. Such programs
involve various certifications to ensure that the energy meets the definition of "renewable" or
"green" as is appropriate for that jurisdiction. Since the physics of the electric grid does not permit
any single customer to receive specific electrons, an accounting or tagging program is needed to
follow the renewable energy from a source to the sink. Tradable Renewable Electricity Certificates
(T-REC's) also known as TAG's or simply as energy certificates is one such system. The
development of these programs is occurring in some states under government or quasi-regulatory
bodies, under the initiatives of private marketing companies in response to regulatory programs
such as Renewable Portfolio Standards (RPS's) and sometimes at very small, local corporate
levels when municipal power companies implement Green Marketing Programs.

Essentially T-RECs separate qualified renewable kWhs and separate them into two components
- an energy component that is completely indistinguishable from other energy and an
environmental or renewable attribute component. The energy flows over the grid as any other
electrons, but the attribute certificate is a tradeable, financial instrument. Thus, people wanting to
purchase renewable or green certified energy can purchase these and have assurance that the
underlying green power was actually produced somewhere. The drawback with using financial
instruments in lieu of actual in-state generation is that certain strategic energy objectives such as
the reduction in a particular fuel source or creation of certain employment numbers within a state
may not be achieved by use of tradeable certificates.

Policy Development
This chapter has provided a survey of programs both nationally and within Florida that have been
initiated to increase the use of renewable energy resources. Each state has its unique set of
energy issues and constraints and it is important for policymakers to define what objectives they
want to achieve in promoting one set of policies over another. For example, a state with very high
embedded electric costs, such as California, may pursue renewable programs as a means to
moderate its electric prices. Other states may view renewables as an option to reduce the amount
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of fossil energy consumed or may want to promote indigenous high value, high technology industries
such as solar manufacturing or research and development. Other states may have specific or
general environmental goals to reduce certain identified pollutants.

The point to be considered is that strategic objectives should be clearly articulated by policy mak-
ers and then programs can be designed that most efficiently and cost-effectively achieve those
objectives. For example, if petroleum reduction is the strategic objective, then perhaps renew-
able electric production is not the most efficacious strategy to achieve this goal. Florida's utilities
only use about 14 percent of the petroleum consumed in Florida. Thus, a program designed to
promote alternative transportation fuels or systems might be more effective in reducing petroleum
use. On the other hand, if the goal is to promote more indigenous employment in a state, then a
renewable goal might be designed that encourages the production and use of agricultural prod-
ucts that require more agricultural labor inputs.

Some states have promoted renewable resources as a means to reduce the price volatility of
certain fuels such as natural gas. Clearly, natural gas is the preferred choice for new generating
power plants. However, there are a variety of opinions on both the availability and price stability of
the nation's gas reserves. Thus, some states are promoting renewable resources as a type of
fuel hedge against either increasing or volatile costs of natural gas prices. All utility systems use-
an economic optimization system that at any given time, and subject to security constraints on
grid reliability, dispatches generating units in order of their lowest operating costs regardless of
fuel used. Thus, depending on system characteristics and the diversity of fuel types, some
intermittent renewable resources may cause an existing generating unit to back out of the eco-
nomic dispatch order. Depending on the fuel that is being burned in this unit, the inclusion of
renewables may conflict with other stated fuel diversity objectives.

Finally, there may be other strategies to achieve some energy related policy objectives. For
example, energy efficiency or demand-side management may provide less costly avenues for
success. Requiring greater diversification of power plant fuel inputs by requiring utilities to use
financial instruments to hedge their purchases, building more capital expensive but more fuel
stable plants such as coal, or requiring greater dependency on purchase power contracts where
third parties assume fuel risk are three such methods. Promotion of renewable resources should
be one tool in a tool box of programs to be considered in achieving a state's broader strategic
objectives.

Metrics, Evaluation and Economic Impacts
Once policy objectives are articulated and programs are designed, it is important that indicators
and benchmarks are identified to evaluate progress toward achieving the objectives. Any policy
making body will want periodic reports and feedback on the successes and failures of the renew-
able programs adopted. As discussed in this report, renewable programs have an assortment of
objectives including numerically defined resource acquisition levels. Other states have set goals
based on funding levels and may have goals that are targeted toward end use customers such as
direct rebates or. incentives. The main consideration is some kind of tracking and evaluation
component that allows necessary corrections be made to the goals, allows systematic feedback
to policy makers, and holds responsible the program administrative agent such as utilities, state
agencies, or economic development units.
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General agreement exists that renewable technologies are usually more expensive than the
traditional fleet of utility power plants. Given this axiom, several important policy determinations
must be addressed in developing a renewable strategy. First and foremost is what are the limited
factors in the actual amount of resources that can be obtained? Second, what incremental higher
costs are you willing to impose on customers or taxpayers to achieve these potentials? And third,
what are the various sector impacts of these decisions on customer bills, business decisions, and
relative competitiveness across industries?

Clear directives are needed with respect to the level, duration, and source of funding necessary
to achieve the strategic objectives. As described in this chapter, states have adopted a variety of
funding sources to promote renewables including system benefit charges, general revenue funding
and other charges such as utility sponsored research and development that has traditionally been
included in electric rates. Florida utilities currently spend around $245 million per year on efficiency
and demand-side management programs. This amounts to between 0.6 and 1.9 mills per kWh
on existing bills. This equals between $.60 and $1.90 on a typical 1000 kWh per month residential
electric bill. These funds are recovered on each customer's bill based on the number of kWhs
they consumed using a recovery factor adjusted every year. Some of these funds are used for
research and development on renewables. However, close to 70 percent of the $230 million is
given back to the participating customers in the form of incentives or rebates largely to customers
who participate in load control or interruptible demand programs. Additionally, all customers
benefit from efficiency and demand-side management programs because each program for which
an investor-owned electric utility receives cost recovery must pass a RIM (Rate Impact Measure)
test, to ensure the rates will either stay the same or decrease.

Attention must also be paid to the industry impacts of particular funding sources. While electric
utility customers provide a source for additional funding of renewable resources, some customers
have the ability to shift the amounts and types of energy they use to avoid any additional charges.
For example, large industrial customers may shift to natural gas for their energy needs engaging
in what economists call substitution behavior. Residential customers will likely use less electricity.
System benefit charges are not fuel source neutral, that is the surcharges are assigned based on
the final product (i.e. kWhs consumed) and not assigned to the individual fuel inputs that produce
those kWhs. Thus, such charges may have disproportionate impacts on the competitive posture
of different industries.

Finally, it should be made clear that it is difficult, if not impossible, to monetize all the different
attributes of renewables into a single cost dimension. While production cost is a relatively
straightforward concept and is used as one benchmark to compare technologies, it is impossible
to account for all the different attributes and the non-economic impacts of various technologies
both renewable and traditional. For example, we know that municipal solid waste facilities can
have air emission profiles not dissimilar to traditional generators, yet they provide a valuable
public benefit in reducing trash volumes that would normally be deposited in landfills. Central
station photovoltaic systems have very favorable air emission profiles and do not require water
for cooling, but would require larger land areas than traditional power plants. Here again, attention
must be given to the total set of attributes of specific technologies before assigning preferential
rankings or deciding to select one technology over another.
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The 2020 Study Commission offered guidance as to the conflict that government faces when
promoting one technology over another.

THE FINAL REPORT STATED:

The development path of technology is not always predictable and the ultimate

arbiter of the winners and losers is the marketplace. Technologies once viewed

as promising often fail to achieve widespread adoption due to unresolved technical

issues, failure of consumers to embrace the technology, or failure to meet cost or

performance objectives that make them competitive with alternatives. Because

of the dynamics of technological change, it is very difficult for government, with

its obligation to protect the public purse, to identify successfully which of the

competing industries and industry technologies should be awarded financial

support .28

21 Florida... Energy Wise! A Strategy for Florida's Energy Future. Final Report of the Energy 2020 Study
Commission, December, 2001, p.101.
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CHAPTER V

FLORIDA ACTIVITIES with
RESPECT TO RENEWABLES

Since the 1970's, the State of Florida has enacted at least twelve laws and numerous rules in-
tended to promote the growth and development of renewable energy. Most of these were de-
signed to use market mechanisms to increase the utilization of renewable technologies with spe-
cial encouragement to solar applications. Supported by a broad mandate under the State Com-
prehensive Plan (Florida Statutes 187.201), as well as specific directives in Chapter 366, Florida
Statutes, the Florida Energy Office (FEO), now a part of the Department of Community Affairs,
has extensive experience in administrating various renewable energy programs. In fact, the
Energy 2020 Study Commission recommended a revitalized role for this office. One specific
recommendation made by the Commission stated, " In an effort to encourage energy efficiency,
the FEO should utilize existing and future resources to manage a broad program of investments
in energy efficiency and sustainable generation technology." Most of these efforts historically
have been funded by the use of Petroleum Violation Escrow (PVE) settlements. These funds also
supported a large portion of the university research on renewables. However, these oil over-
charge funds are nearly depleted and can not be expected to continue at their historical funding
levels.

Solar Initiatives
Florida has long been a leader in establishing quality control and inspection standards for solar
equipment and contractors. It is in large measure due to these efforts that Florida has a strong
solar energy infrastructure. Other states may have strong incentives for solar energy deployment,
but they lack the infrastructure which is required to create an industry base. The Solar Energy
Standards Act of 1976 authorized the Florida Solar Energy Center (FSEC) to establish criteria for
testing performance of solar energy systems and require disclosure of those performance results.
This initiative has given the developing industry for solar equipment marketed for sale in Florida a
sound regulatory basis for quality, performance and consumer confidence.

All solar energy systems manufactured or sold in Florida must be tested and certified to FSEC
standards. Local building code jurisdictions require evidence of certification before a building
permit will be issued, and the building department inspects the completed installation to assure
compliance with the standards. Florida is the only state with its own solar system certification
program. Other states have adopted the FSEC standards as their own, or have adopted the Solar
Rating and Certification Program process, a national standards and certification program which is
patterned after FSEC's and is administered by FSEC.

In addition, Florida is one of a few states which established a contractor license specific to the
solar trade. The solar contractor is regulated by the Construction Industry Licensing Board of the
Department of Business and Professional Regulation. The scope of work includes solar water
heating, pool heating, and photovoltaics.

The Florida Building Code provides performance credits for solar energy installations based on
various thermal performance standards. Solar energy systems will also be covered by the Florida
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Building Commission's Product Approval process which is under development. The interrelation-

ship of the standards, codes, licensing and inspection process which Florida has developed has

been critical to the successful development of quality solar installations.

Florida has been a leader in establishing solar rights laws. Section 704.07, Florida Statutes, has

authorized voluntary solar energy easements which create a property right of record which cannot

be unreasonably infringed. This has contributed to the legitimization of solar energy as having

potential value to the property owner that wishes to access it.

Section 163.04, Florida Statutes, essentially bans community association restrictions on access

to available solar resources by providing residents in deed restricted communities with the ability

to install solar energy systems without the unreasonable interference of community associations.

Finally, Section 235.212(2), Florida Statutes, requires that an assessment of the feasibility of solar

water heating systems be required on future educational facilities.

Financial Incentives
Florida has had several successful financial incentive programs, most of which have expired or

are set to expire. A sales tax exemption, established under Section 212.08, Florida Statutes, has

reduced the initial capital cost of acquiring solar equipment and systems. This exemption is set to

expire as of July 1, 2005.

While there still exists the constitutional authority for a property tax exemption, the enabling stat-

ute has expired. At this time, a photovoltaic system that is fully incorporated into the appraised

value of the house will yield more in property tax liability than energy savingS.29

More recently, the Florida Solar Energy Center with funding from the Department of Community

Affairs administered a direct matching incentive program to encourage the installation of photo-

voltaic systems in residential and commercial buildings. Approximately 53 grid connected PV

systems were installed through the Florida PV Rebate program, which offered $4 per waft to

residential, commercial, and public PV systems. It offered up to $16,000 to residential customers

and $40,000 for commercial customers and public buildings. In 2003, FSEC will administer a PV

Rebate Program dedicated solely to installing PV systems on Florida schools. Approximately

$525,000 was dedicated to this program effort. It is anticipated that at least 30 PV systems will be

installed as a result of this new rebate program.

Education Initiatives
Florida has several successful education and information programs directed toward renewable

energy. The Florida Solar Energy Center (FSEC) has education as part of its mission. This

includes providing education and information dissemination. Partially funded under a Department

of Energy grant, the FSEC has a strong K-12 education program, as well as a wide range of

29 Presentation by Colleen Kettles at the FPSC Workshop on July 2, 2002 , Solar Energy in Florida: Policy

Aspects, Statutes, and Potential for Solar Thermal and Photovoltaic.
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continuing education programs for energy practitioners. FSEC maintains a public information
office, a solar energy library, and a website featuring general information and specialized
publications. FSEC is also supporting DOE plans to host a series of traveling briefings and
equipment shows on distributed energy (addressing many renewable energy applications) which
will visit locations in North, Central and South Florida in early 2003. Finally, the Cooperative
Extension Service expanded its scope of services to include an energy education and training
element. Originally funded under the Florida Energy Office, the program is now self supporting
under the auspices of Institute of Food and Agricultural Sciences and operates in nearly every
county in Florida providing a range of information on energy topics.

The Florida Solar Energy Industries Association (FlaSEIA) provides a toll-free hotline, a website,
consumer literature, a newsletter, industry directory and participates in a variety of energy
expositions. The Florida Solar Energy Research and Education Foundation (FlaSEREF) provides
a toll-free hotline, websites, consumer literature, and specialized educational and marketing
programs for consumers, home builders and plumbing contractors.

Florida has several current program initiatives designed to promote the development and application
of renewable energy resources in the state. SunBuilt Marketing, an education program supported
by the Florida Solar Energy Research Foundation and the Florida Home Builders, targets the new
home construction market. Funded over multiple years by Petroleum Violation Escrow (PVE)
funds by the Department of Community Affairs, this program paid for solar equipment costs to be
installed in model homes for builders. The solar industry provided volunteer labor to install the
equipment. Due to the expiration of PVE funding, support for this program was discontinued in
2002.

Zero Energy Homes and Building America, a program at the Florida Solar Energy Center (FSEC),
funded by the U.S. Department of Energy, is designed to incorporate energy efficiency and solar
energy into building designs as a way to qualify the building for an "Energy Star" ranking. Such a
ranking implies that the building is at least 30 percent more efficient than one meeting the stan-
dard building code. Although the program is just ramping up, it shows great promise. The FSEC
developed the prototype Zero Energy Home in Lakeland.

The Florida Green Building Coalition, a non-profit group associated with the Florida Solar Energy
Industry Association and FSEC, is targeting sustainable building practices, ranging from single
family homes to entire developments. Participants include key builders, developers, architects,
universities, and interested stakeholders.

SunSmart, supported under the Department of Energy's Million Solar Roofs program, is working
through the Florida Solar Industry Association, FSEC and the Florida Municipal Electric Associa-
tion (FMEA) to develop generic marketing materials for utilities interested in promoting green
pricing programs to their customers. The SunSmart program currently has 8 municipal electric
utility members. It has received funding from the American Public Power Association, the U.S.
Department of Energy through the Million Solar Roofs Initiative, and the Florida Energy Office.
The program recently received additional funding to expand its scope and encourage further utility
participation in green pricing programs.
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Utility Initiatives
Florida electric utilities can support the development of renewable capacity in several ways, including
building renewable resources, or by purchasing the capacity and energy from renewable generators.
In addition, several Florida utilities have on-going research and development programs for various
renewable technologies. Many Florida utilities are also beginning to provide renewable energy to
interested customers through green-pricing programs. Utilities can also encourage the development
of renewable technologies through customer education programs, and low interest loan programs
offered to customers interested in purchasing photovoltaic and solar thermal systems. The specific
activities of Florida's electric utilities will be discussed further below.

Florida Power & Light Company
Florida Power & Light Company (FPL) began its renewable efforts in the late 1970s. FPL worked
with the Florida Solar Energy Center in the late 1970s, to explore the feasibility of residential solar
PV systems. In 1984, FPL installed a 10 kW solar PV system at the Flagami substation. FPL
installed several test PV projects in the 1980s and 1990s to collect cost and performance
information. FPL also provided a solar water heating program between 1982 and 1987, which
assisted 48,000 customers in installing solar thermal water heating systems. In the early 1990s,
FPL also conducted a research and development program to evaluate using PV panels to power
swimming pool pumps.

In 1998, FPL initiated the Solar Research Partnership program, a green-pricing program, to
determine customer interest in supporting solar energy. Over 10,000 customers responded, with
one-time contributions of from $5 to $200. FPL subsequently installed a 10.1 kW PV system at its
Martin site. FPL is currently conducting customer market research to develop an ongoing green-
pricing program, and has determined that there is sufficient customer interest to support the
program. Approximately 30 percent of those surveyed have indicated an interest in supporting
green energy. FPL expects actual participation to be much lower, ranging from one to ten percent.
Further research is being conducted to determine the appropriate sources for this renewable
energy, and the willingness to pay of potential participants. FPL has also issued a request for
proposals for renewable resources to be supported by the program. Additional information on
FPL's Solar Research Partnership Program is available on FPL's website, www.fpl.com.

FPL is also conducting the Photovoltaic Research and Development program to determine how
solar PV systems actually perform in meeting specific customer needs. FPL plans to install seven
PV systems in residential and commercial facilities and monitor these systems for a full calendar
year. Five of the seven systems are installed, with two additional planned by the end of 2002. FPL
will collect data on such issues as: the financial benefit to customers, the coincidence of the
system with peak demand throughout the year, the actually energy generated, and actual operating
and maintenance costs. FPL is also in the process of siting and installing five fuel cells around the
state to determine the performance of this developing technology.

FPL is also purchasing energy from several qualifying facilities fueled by renewables. These
facilities are fueled by biomass (including bagasse), waste heat, and municipal solid waste.
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Progress Energy
Progress Energy (formerly Florida Power Corporation (FPC)) has joined with Palm Harbor homes,
a manufactured housing company, to study the operation of PV systems in manufactured homes.
The program has also been supported with a grant and technological assistance by the Florida
Solar Energy Center. The objectives of the project are to increase customer awareness of PV
systems, improve the efficiency of manufactured housing, research green power programs, and
reduce labor costs associated with PV installation. Progress Energy has installed PV systems
ranging from .8 kW to 1.3 kW in six styles of Palm Harbor Homes. These homes will be monitored
for at least one year. Preliminary results show average system total installed costs of $7,000, with
approximately 3 kWh per day produced. Average cost per kWh ranged from $0.31 for installation
costs alone, to $1.31 per kWh including O&M costs. Progress Energy received the 2001-innovation
award from the Interstate Renewable Energy Council for their research and development on
photovoltaics.

Progress Energy continues to conduct research to fully understand the potential of photovoltaics
at the Econolochatchee solar array in Orlando, which was originally commissioned in August of
1988. Additionally, Progress Energy has formed partnerships with Disney, installing 6.5 kW of
photovoltaics at the Nature Conservancy and is currently coordinating the installation of photovoltaics
on 20 BP (British Petroleum) stores, which will total 185 kW when completed.

Progress Energy has also increased its efforts to educate the public on PV systems. Progress
Energy has worked with the Legal Environmental Assistance Foundation to develop an educational
brochure on PV systems. Progress Energy has also developed a website at www.fpc.com/
environment/solar.html which discusses PV systems and provides sources of additional information.
Finally, Progress Energy has provided a $25,000 grant to finance the Solar Energy Education
Program (SEEP). The SEEP program is estimated to impact 7,500 students, equip thirty schools
with solar energy education kits, curriculum materials, and an interactive energy focused web site.
Each school will have the opportunity to build and race a solar powered car in a statewide
competition.

Progress Energy is currently purchasing 205 MW of MSW and biomass derived energy from
several qualifying facilities.

Gulf Power Company
Gulf has been participating in the EarthCents Solar green pricing program with its sister company,
Alabama Power, since December 1999. The program is designed to install 1 MW of solar generation
as soon as customers commit to provide $6 per month for 10,000 100-watt blocks. Gulf has
received less than 1,000 commitments for 100 watt blocks at this point, and will not begin charging
customers for the program until enough commitments are obtained. Gulf has been advertising
the program in bill stuffers and on its website. Gulf and its parent company, Southern Company,
share the website, www.southerncompany.com, which is an excellent source of information
concerning each type of renewable energy technology. The website also provides links to other
websites with additional viewpoints on renewable technologies.
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Southern Company has had numerous research and development programs in the last ten years
on co-firing at existing coal plants with various forms of biomass, including sawdust, tree trimming
wastes, and switchgrass. Research results reveal that lowest cost sources of biomass fuel will be
waste wood in the immediate vicinity of each existing plant.

Southern Company also has two ongoing projects to evaluate fuel cells. One project is monitor-
ing a 250 kW fuel cell demonstration plant. The other project is designed to study fuel cell perfor-
mance under various conditions and applications.

Tampa Electric Company
Tampa Electric Company (TECO) launched its green-pricing program, Smart Source, in Novem-
ber 2000. The program allows interested customers to subscribe to 50 kWh blocks of energy for
an additional charge of $5 per month. Both solar and biomass projects will be supported by the
program. TECO has conducted market research for the program, including focus groups and
customer surveys. TECO has advertised the program through bill stuffers, targeted mailings, and
the website, www.smartsource.tampaelectric.com. TECO plans to increase customer participa-
tion to 1 percent of its customer base within the next five years, and will encourage commercial
and governmental participation. Customers may subscribe on the website or by phone.

TECO's SmartSource resources currently include a PV installation and biomass. The PV system
isan 18 kW array at the Museum of Science and Industry. TECO has also conducted biomass
co-firing experiments at the Gannon station using yard waste collected by Hillsborough County.
TECO also has a planned landfill gas generation site. TECO is also reviewing biomass gasifica-
tion at the IGCC plant located at the Polk site.

Gainesville Regional Utilities
In 1997, Gainesville Regional Utilities (GRU) installed a 10 kW photovoltaic system on the roof of
its system control facility. The PV panels provide energy for the equipment housed at this facility,
and were purchased through government grants and customer contributions. GRU plans to in-
stall additional PV panels at the Gainesville/Alachua County Regional Airport during 2002.

GRU also provides customer rebates for the purchase of active and passive solar water heating
systems. Rebates range from $300 to $450, depending on the type and capacity of the system.
Information concerning GRU's PV installations and solar water heating system rebates is avail-
able on GRU's website: www.gru.com.

Jacksonville Electric Authority
Jacksonville Electric Authority (JEA) has committed to the Sierra Club and the American Lung
Association to achieve 7.5 percent of summer peak capacity resources from clean power, by
2015. This includes 6 percent, or 200 MW, of renewable capacity, and 1.5 percent, or 50 MW, of
equivalent clean capacity. The equivalent clean capacity will consist of power generation efficiency
measures, pollution control additions, and demand-side management programs which will mitigate
an equivalent amount of emissions from a conventional generating source. JEA believes that the
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benefits of this program are customer satisfaction, fuel diversification, and rate stability. JEA's
internal goal is to have 4 percent clean capacity by 2007.

JEA currently has approximately 7.9 MW of renewable capacity, including approximately 162 kW
solar PV capacity, 893 kW of solar thermal, 6,000 kW in landfill biogas, and 800 kW in digester
biogas capacity. JEA has currently installed PV systems in all of the public high schools in Duval
County, as well as many of JEAs facilities. Installation costs have been approximately $12,400
per kW. JEA attributes this high cost largely to structural considerations due to high wind loading
design requirements. JEA has also entered into a 70 MW purchased power agreement with
Biomass Industries, Incorporated. This developer will grow biomass crops (E-grass and bamboo)
in order to provide JEA with the energy resulting from gasifying these crops.

JEA does not currently have a green pricing program. However, JEA meters the energy produced
from each renewable facility so that green tags can be sold to produce additional revenue.

JEA began its Solar Incentive Program for residential and commercial customers in February,
2002. JEAs customers have installed 101 eligible systems since the program's inception, with a
combined capacity of 539 kW. Customers must use solar providers which are pre-qualified by
JEA. The program provides incentives of up to $4 per watt for PV systems and up to $20 per
square foot of solar water heater collectors. JEA also provides an incentive of up to $500 to
restore existing PV and solar hot water systems to working order. Incentive levels are higher in all
cases when the customer uses a local vendor. JEA also provides an enhanced incentive for
qualifying non-profit organizations and low-income families. The total incentive is limited to $50,000
per installation. Further details are available on JEAs website, www.jea.com, or by calling (904)
665-6000.

JEA's renewable efforts also include several research and development programs. JEA is cur-
rently managing and studying a 15 acre biomass energy farm. JEA has also developed a high-
temperature solar collector that has the potential as an application for electric generation or in air
conditioning. The utility has also contributed funding to the University of North Florida to establish
a renewable energy research laboratory.

City of Lakeland
In 1998, the City of Lakeland collaborated with the Florida Solar Energy Center in the Zero Energy
Homes research program. Two homes with identical floor plans and solar orientation were built
under this program, a standard or control model, and an energy-efficient photovoltaic residence.
The control home was built to the Florida Energy Efficiency Code for Building Construction. The
energy-efficient PV model combined energy-efficiency measures with 4 kWs of solar PV cells.
Data was collected from the homes for more than a year to determine the performance of energy
efficiency measures and PV systems in reducing energy demand in Florida homes. Due to the
positive results of this study, the program has been used as a model for a national Zero Energy
Homes program. FSEC reports that in one year, the energy-efficient PV home used 6,960 kWh of
energy, 5,180 kWh of which was provided by the PV system. For the same period, the control
residence used 22,600 kWh. FSEC also found that the PV home placed nearly zero net peak
demand on the grid during periods of peak demand. This indicates that the combined energy
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efficiency measures and PV system were coincident with system peak. FSEC stated that on the
hottest day recorded in the Lakeland area, the energy efficient PV house met 70 percent of the
cooling energy used, and 80 percent of the peak load compared with the control house. More
information about this program can be found on FSEC's website at www.fsec.ucf.edu.

The City of Lakeland is a partner in a pilot Solar Thermal Billing program funded by the Florida
Energy Office. The program's goal was to evaluate the effectiveness of using solar thermal water
heating systems in the Lakeland area by installing solar water heating systems with special meter-
ing equipment at 50 Lakeland homes. The systems were installed at no cost to participants.
Participants were billed for the energy produced by the system and used for water heating pur-
poses. Lakeland received 418 responses, or a .4 percent response rate, from volunteers willing
to participate in the program. The total installed system cost was $2,100, which included an 80
gallon storage tank, glazed collector, 5 waft PV/DC pump, meter and timer. Using a kWh rate of
7.5 cents, each system would produce $142 in revenue for a participating utility, indicating a 14.8
year payback period.

City of Lakeland is also participating in the SunSmart green energy program. This program uses
partnerships with Florida municipal utilities, the U.S. Department of Energy, the Florida Energy
Office, and the Florida Solar Energy Center, to provide education to utilities and consumers
concerning renewable energy technologies. The goals of the SunSmart program include allowing
any participating utility to offer a green pricing program, educating Florida consumers about
renewable energy technologies, providing Florida schools with educational materials, and assisting
municipal utilities with overcoming barriers to the installation of renewable resources. More
information about the SunSmart program can be obtained at www.sunsmart.org.

City of Tallahassee
The City of Tallahassee (Tallahassee) currently has several renewable installations, including the
11 MW hydroelectric facility at the C.H. Corn Station, and an 18 kW solar PV system at the State
Satellite Office Complex that was originally part of an electric vehicle charging station. Tallahassee's
most recent renewable installation is a 10 kW solar PV system located at the Trousdell Gymnastic
and Aquatic Center.

In the mid-1 990s, Tallahassee initiated a Solar Water Heating Pilot Program. This program was
partially funded by a grant from the State of Florida. As a result of the program, seven commercial
solar water heaters were installed on city buildings. Fourteen residential solar water heaters were
also installed.

Tallahassee has based its solar program, Green For You, on market research. This research has
included a phone survey conducted 4 years ago, and several focus group sessions in June 2001.
Tallahassee's market research found that there is an overall support for expanding the city's
renewable resources, in particular, solar energy resources. Customers believed this effort should
be combined with increased efforts to encourage energy efficiency and conservation. Customers
also expressed concerns about being able to verify that city revenues are used to develop power
resources which are actually considered to be green.
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Green For You will be launched in November, 2002, and has been developed in partnership with
Sterling Planet, a clean energy marketer, and the Legal Environmental Assistance Foundation.
Tallahassee intends to provide 50 percent of the energy under the program from local solar re-
sources. The other 50 percent will be obtained by purchasing Green Tags for renewable energy,
such as biomass and wind energy, produced within the Southeast region. The initial webpage
marketing campaign can be found at: http://talgov.com/citytlh/utilities/index.htmi.

Tallahassee has also worked to increase customer awareness of solar technologies. These ef-
forts include the sponsorship of the Florida A&M, Florida State University College of Engineering
solar car entry into the national solar car race, Sunrayce99. Tallahassee has also developed
several mobile solar demonstration modules, including an interactive computer kiosk, to be used
in Leon County schools. Tallahassee also provides information on renewable technologies and
the programs offered by the city utility on its website, www.talgov.com.

Utilities Commission of New Smyrna Beach
The Utilities Commission of New Smyrna Beach (New Smyrna) has worked with the Florida PV
Rebate program to offer their customers PV systems at a price of $1.82 per peak waft. The
remaining cost of $4 per watt was paid for by the Utilities Commission and the State of Florida
through the PV Rebate Program. The utility offered their customers financing at the prime rate for
the PV installations, as well as a two-year system warranty. Eleven systems have been installed
through the program. The Utilities Commission also offers a green-pricing program to their utility
customers. Participants in this program can elect to pay an additional $2, $5, or $10 per month on
their bill to support public PV installations in their city. Currently, the utility has installed two public
PV systems: one on a municipal golf course and one on a local elementary school. The utility has
plans to install two additional school systems in 2003.
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APPENDIX A

FLORIDA REE A L GENRAIO

' ~ ~ ~ ~~A S '16 IAJN Ui~~ ~ 2OO~

C FIRM.
CAPACITY
SUM (MW)

NET *
CAPABILITY
SUM (MW) DUTILITY/FACILITY FUEL TYPE

CITY OF TALLAHASSEE

FLORIDA MUNICIPAL POWER AGENCY
Metro Key West
US Sugar Corporation

FLORIDA POWER CORPORATION
Bay County Res. Recov.
Dade County Res. Recov.
Lake County Res. Recov.
Pasco County Res. Recov.
Pinellas County Res. Recov.
Pinellas County Res. Recov.
Proctor & Gamble (Buckeye)
Ridge Generating Station
St. Joe Forest Products
Timber Energy
Jefferson Power
Cargill
Potash Corp. of Saskatchewan
Potash Corp. of Saskatchewan
US Agrichem

FLORIDA POWER & LIGHT
BioEnergy
Broward-North
Broward-South
Georgia Pacific
Okeelanta
Osceola
Palm Beach County
US Sugar-Bryant
Royster

GULF POWER
Champion
Champion
Stone Container
Stone Container
Stone Container
Stone Container

SEMINOLE ELECTRIC CO-OP
Lee County Resource Center

11.0

0.0
0.0

11.0
43.0
12.8
23.0
40.0
14.8

0.0
39.6

0.0
12.8
8.0

15.0
0.0
0.0
5.6

10.0
49.0
54.1

0.0
0.0
0.0

43.5
0.0
9.0

0.0
0.0
0.0
0.0
0.0
0.0

30.0

11.0 Hydroelectric

2.5 Municipal Solid Waste
26.5 Other Biomass Solids

11.0
43.0
12.8
23.0
40.0
14.8
38.0
39.6

0.0
12.8

9.0
15.0
15.0
27.0
44.1

12.0
56.0
61.0

46.5

9.0

37.4
40.8

4.0
10.0

5.0
20.0

Municipal Solid Waste
Municipal Solid Waste
Municipal Solid Waste
Municipal Solid Waste
Municipal Solid Waste
Municipal Solid Waste
Wood/Wood Waste Solids
Wood/Wood Waste Solids
Wood/Wood Waste Solids
Wood/Wood Waste Solids
Wood/Wood Waste Solids
Waste Heat - Exothermic
Waste Heat - Exothermic
Waste Heat - Exothermic
Waste Heat - Exothermic

Municipal Solid Waste
Municipal Solid Waste
Municipal Solid Waste
Wood/Wood Waste Solids
Other Biomass Liquids
Other Biomass Liquids
Municipal Solid Waste
Other Biomass Liquids
Waste Heat - Exothermic

Wood/Wood Waste Solids
Wood/Wood Waste Solids
Wood/Wood Waste Solids
Wood/Wood Waste Solids
Wood/Wood Waste Solids
Wood/Wood Waste Solids

30.0 Municipal Solid Waste

CONTINUED
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FLORIDA REE A L GENRAIO
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UTILITY /FACILITY

FIRM. NET *
CAPACITY CAPABILITY
SUM (MW) SUM (MW) FUEL TYPE 3

SOUTHEASTERN POWER ADMIN.

TAMPA ELECTRIC COMPANY
City of Tampa - Refuse
City of Tampa - Sewage
Hillsborough CTY - Refuse

Cargill Millpoint
Cargill Ridgewood
CF Industries
Farmland Hydro
IMC New Wales
IMC South Pierce
Mulberry Phosphates

39.0

18.0
0.0

23.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

39.0

18.0
1.4

23.0
41.0
57.1
27.4
25.1
50.8
28.5

0.0

Hydroelectric

Municipal Solid Waste
Other Biomass Liquids
Municipal Solid Waste
Waste Heat - Exothermic
Waste Heat - Exothermic
Waste Heat - Exothermic

Waste Heat - Exothermic
Waste Heat - Exothermic
Waste Heat - Exothermic
Waste Heat - Exothermic

TOTAL 512.2 1,028.1

* Firm Capacity refers to amount of output committed for delivery under firm contract to purchas-

ing utilities. Net Capability refers to the output potential of the generator.
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APPENDIX B

State Renewables Portfolio Standards
and Purchase Mandates

(13 States)

" Approximately 30% of total U.S. load covered
* II states have RPS
" Mandates in 2 states (MN and IA)

Also, renewable energy "goals" established in Illinois, Minnesota, and Hawaii.

Map Information provided by: Ryan Wiser, Lawrence Berkeley National Laboratory
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APPENDIX C

State Financial Incentives for Renewable Energy 2002*
All 50 states including the District of Columbia

Numbers in box indicate number of programs offered. 0 = STATE [-] = UTILITY 0 = LOCAL
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Alabama

Alaska

Arizona

Arkansas

California

Colorado

Connecticut

Delaware

Dist. of Colum.

Florida

Georgia

Hawaii

Idaho

Illinois

Indiana

Iowa

Kansas

Kentucky

Louisiana

Maine

Maryland

Mass.

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

N. Hampshire

New Jersey

New Mexico

New York

N.Carolina

CONTINUED
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State Financial Incentives for Renewable Energy 2002*
All 50 states including the District of Columbia

Numbers in box indicate number of programs offered. 0 = STATE =] UTILITY 0 = LOCAL
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North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

S. Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

Total # of States
with Programs

Total # of
Programs

* Source: www.desireuse.org

78



V-327 
Fuel Cell Today 2003

FUEL CELL TODAY

Opening doors to fuel cell commercialisation

Fuefl CelI Market Survey: Largje $tadonay

Mark Cropper, Fuel Cell Today - 17 September 2003

Stationary power is the most tried and tested application for fuel cells, having
received considerable attention and investment for over thirty years. We first

reported on this market in May 2002, and since then there have been many

significant developments, particularly in the demonstration of large-scale systems,

many of which mark the end of years of laboratory research and development.

There have also been significant changes in the balance between the different

technology types that compete in this market, one of many issues that is covered in

further depth in this report.

Field trials of MTU HotModules (pictured above) are beginning in Europe, marking the dawn of
a new era for molten carbonate fuel cell (MCFC) technology (Source: MTU CFC Solutions)

So far, we estimate that a total of 650 large stationary fuel cell systems have been

built and operated worldwide. This number includes all stationary units with an

electrical output in excess of 10kW although the average output is nearer 200kW,

reflecting the concentration on higher power systems. For instance, the smallest

molten carbonate fuel cells (MCFC) are rated at 250kW, while the largest stationary

fuel cell yet built was a 11MW phosphoric acid fuel cell (PAFC) manufactured by

Toshiba and UTC Fuel Cells (at that time known as International Fuel Cells). This

was operated by Tokyo Electric in Japan from 1991.
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As the graph below shows, stationary power has one of the longest histories of all

fuel cell applications, with the first field trials having taken place in the 1970s. In

contrast with other fuel cell markets, such as portable and small stationary (both

covered in recent surveys available at www.fuelcelltoday.com/surveys), growth has

been steady rather than dramatic in recent years, although there has been a

noticeable upturn since 2001.
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Large stationary fuel cell system numbers, shown
cumulatively (above) and by year installed (below)
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Technology

In great part the upturn in numbers is tied to the variety of fuel cell types that are

beginning to be tested and demonstrated. When we last conducted this survey in

May 2002, phosphoric acid fuel cell (PAFC) technology was still dominant in the large

stationary fuel cell sector, but this dominance is now being challenged. Indeed, in

technology terms the large stationary sector is now at a crossroads.

After thirty years of PAFC system demonstrations, the majority of which took place in

the 1990s, interest and investment in the technology is dropping off. Coinciding with

this, PAFC is beginning to be superseded by three other fuel cell types: molten
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carbonate fuel cells (MCFC); proton exchange membrane fuel cells (PEMFC); and

solid oxide fuel cells (SOFC).

As the chart below indicates, 2003 has been dominated by MCFC installations

(principally of FuelCell Energy and MTU units), which are starting after years of

investment in this technology, mainly by the US and Japanese governments. This is

extremely encouraging, although it does not guarantee success: MCFC systems must

prove to be durable as well as cheap to produce, which will not be easy owing to the

corrosive nature of the molten carbonate electrolyte.

Technology type, by percentage
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MCFC and SOFC are both high temperature fuel cells and can operate at very high

efficiencies, especially if the heat is used and/or the fuel cell is integrated with a gas

turbine, an option that is receiving attention. Both technology types are being

designed to generate from around 250kWe to the multi-megawatt level. SOFC is

several years behind at present, but should be a strong competitor by the end of this

decade, especially if the number of organisations active in this area is an indication.

Compared to MCFC there are at least twice as many SOFC organisations with plans

to build large units. Details of these are given in the second half of this report.

Alongside MCFC and SOFC, PEMFC is expected to gain a high share of large

stationary power markets where lower power is required, around 250kW and below.

In this range, the commercialisation of PEMFC systems will benefit from investment

in the technology for transportation, namely buses and cars. Indeed, General
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Motors has already announced plans to market 75kW stationary units that draw on

developments in automotive PEMFC systems. With the exception of Ballard Power

System's 250kW stationary field trial programme, which has been underway since

2000-1, construction and deployment of large stationary PEMFC systems is at a

relatively early stage. Nuvera Fuel Cells, for example, has only recently announced

its intention to develop systems, with an initial prototype scheduled for 2005.

Fuel Choice

Another interesting feature of recent developments has concerned fuel choice.

Although natural gas is expected to retain its dominance (see chart below), there are

a growing number of alternatives. For instance, biogas from food waste or

wastewater treatment plants has already fuelled a number of fuel cells. This includes

a 100kW Fuji Electric PAFC in Kobe, Japan, which generates power using food

waste collected from hotels and then broken down in a methane fermentation

system. Technology is also being developed to gasify other residues and materials

(such as wood), which could be used with a fuel cell. There are tentative plans, for

example, to install an MCFC at the State University of New York College of

Environmental Science and Forestry (ESF), and link it up to an ESF-developed

gasifier fuelled by a type of quick growing willow tree.

Fuel Choice

U IINatural Gas

I Biogas

N coal Gas

E Methanol

OLPG

OOther

Another fuel attracting interest is coal mine methane, which in most mines is

released into the atmosphere; this is now being captured and used in a 250kW

FuelCell Energy MCFC at a coal mine in Ohio, USA, in a project backed by the US

Department of Energy.
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Coal could also be a fuel source for fuel cells through coal gasification, which

converts coal into combustible gases including carbon monoxide, hydrogen, and

methane. This will be the source of fuel for a 2MW FuelCell Energy MCFC that is

due to begin operation at a coal gasification site in Indiana, USA, in late 2003. Coal

gas fuel cells are also being explored by 3 Power in Japan, which is developing

suitable SOFC technology with Mitsubishi Heavy Industries. More details are

given in the second half of this report.

Finally, there are also niche opportunities to use hydrogen in large stationary fuel

cells, mainly where the gas is a by-product of industrial processes, for instance at

chlor-alkali plants. Interest in this market is growing, as shown by General Motors'

landmark agreement with Dow Chemical (further details later in this report), and

Nuvera Fuel Cells' decision to develop the hydrogen fuelled Forza range of

stationary PEMFC systems.

Region of Operation

The charts below show the region of operation of the large stationary systems that

have so far been built and operated. As they indicate, installations have mainly

taken place in Japan and North America, predominantly the USA. It is notable that

so far there have been very few large stationary fuel cells in Canada.

Region of Operation

I Japan

* Europe

0 North America

* Rest of World

By no. of systems By installed capacity

In terms of support in these countries, the Japanese government has bankrolled

stationary fuel cell development since the early 1980s, and Japanese companies such

as Tokyo Gas and Osaka Gas have undertaken some of the world's largest field
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trials of stationary fuel cell systems. Looking forwards, MCFC installations in Japan

will be supported by the First Energy Service Company (FESCO). Backed by a

consortium of Japanese utilities and corporations, FESCO will pay for the installation

and servicing of MCFC systems made by IHI (Ishikawajima-Harima Heavy Industries)

from 2004, the cost of which will be covered by leasing charges.

Left: During the 1990s fourteen Fuji Electric 50kW PAFC units generated power at Kansai Electric Power
Co's Rokko Island test centre, Japan (Source: University of Hong Kong). Right: Six UTC Fuel Cells 200kW

PAFC systems provide power at the Connecticut Juvenile Training School, USA (Source: UTC)

Government support in the USA has been and continues to be significant, notably

from the Department of Energy and the Department of Defense, which

conducted a PAFC demonstration programme at thirty military sites from 1994. Both

have been involved in the government Climate Change Fuel Cell Program, which has

supported even more installations. Between 1995 and 2000 this spent around

US$20 million on 94 installations of 200kW PAFC systems made by UTC Fuel Cells,

and funding continues. Indeed, US government money is supporting the current

wave of MCFC installations. There is also extensive regional funding for large

stationary fuel cells in the USA. Sources include: California's South Coast Air

Quality Management District, the Connecticut Clean Energy Fund, the New

Jersey Clean Energy Program, the New York Power Authority, the New York

State Energy Research and Development Authority (NYSERDA) and the Ohio

Fuel Cell Initiative.

In Europe, Germany is dominant in the large stationary fuel cell sector, with almost

60 percent of installed capacity, over three times its nearest rival, Italy. This too

reflects strong government support; for instance the recent installation of MTU MCFC

systems in Germany has been largely paid for by federal funds. Interest was strong

in Scandinavia in the 1990s, but has since dropped off. The UK is only notable for its
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lack of installed capacity: only one 200kW fuel cell has ever been installed, which

provides heat and power to a swimming pool in Woking.

Looking at the rest of the world, installations have been few and far between. For

instance, three PC25 systems are currently operating in Brazil and one in southern

China. Looking forwards, however, installations outside North America, Europe and

Japan are set to rise with the help of the World Bank's International Finance

Corporation. In 2002 it issued a proposal to pay up to US$2,000 per kilowatt of the

capital cost of installations in developing countries. The first stage of the project is

expected to include up to three commercial demonstration projects in at least two

eligible countries using fuel cells for distributed power generation. These projects will

involve various stakeholders and are expected to result in a total installation of 5-7

MW of fuel cells by 2005.

Key Players

As the chart below shows, large stationary fuel cell development is concentrated in

the hands of a relatively small number of manufacturers, especially in comparison

with other fuel cell sectors such as small stationary and portable. Profiles of the

majority of these are given below, organised by technology type.

Manufacturers, by number of systems produced

IUTC *

* Fuji Electric

I Fuel Cell Energy

M HTU

ElSlemens
Westinghouse

0Other

*UTC includes units made by UTC Fuel Cells (previously known as

International Fuel Cells), and its joint venture with Toshiba, ONSI.

The limited number of developers is largely a reflection of the expense and

complexity of building multi-kilowatt to megawatt sized fuel cells. As the profiles

below indicate, many large stationary fuel cell developers are business units of large

corporations such as Mitsubishi, Siemens and United Technologies, which have
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the necessary financial and technical resources. Nearly all have been long-term

recipients of government funding, as mentioned above.

Molten Carbonate Fuel Cells (MCFC)

Ansaldo Fuel Cells (Italy) was formed in December 2001 to continue the fuel cell

work carried on by Ansaldo Richerche for over 20 years. It is developing molten

carbonate fuel cell power plants ranging in size from 100kW to 30MW. The new

company will initially concentrate on the "Series 500" unit, designed as a market

entry model with power up to 500kW. Construction of the first Series 500 prototype

has recently been completed.

Pit

FuelCell Energy MCFC systems. Left: this 2MW DFC3000 unit is fuelled by coal gas at site in Indiana, USA.
Right: several 250kW DFC300A units are now operating in the USA and Japan, and installations continue

(Source: FuelCell Energy)

FuelCell Energy (USA) has, in various incarnations, been developing MCFC

technology since the 1970s. It has developed an internal reforming MCFC called the

Direct FueICelI TM (DFC), which is now being developed and commercialised at the

250kW level in the form of its DFC300A product. 2003 has proven to be a watershed

year for the company: the company is well on its way to shipping 7MW of systems by

the end of the year. Most systems will be installed in the USA, where key projects

include the installation of the company's first 2MW unit in Indiana that will be fuelled

by a synthetic gas derived from coal (see picture above). FuelCell Energy has

distribution agreements with Caterpillar and PPL (for US markets) and Marubeni

(for Asia and Australasia), which has been responsible for the installation of two units

in Japan, at a brewery and a wastewater treatment plant; both are fuelled by

digester gas. Marubeni will initially market FuelCell Energy systems but within the

next decade plans to package FCE units and market them under its own name.
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Ishikawajima-Harima Heavy Industries (IHI) (Japan) is now assuming

responsibility for commercialising MCFC technology developed with extensive

Japanese government backing since the early 1980s. With support from NEDO (the

government-sponsored New Energy and Industrial Development Organisation), it has

installed three 300kW MCFC systems in the last eighteen months, two at Chubu

Electric power stations, the first of which has an anticipated lifetime of more than

10,000 hours. The third unit was installed at a Toyota Motors car plant, and is

integrated with a 50kW micro-gas turbine made by Toyota Turbine & Systems. A

further system is planned for the Aichi International Exposition to be held in 2005.

This will feature an integrated gas turbine and will be fuelled by digester gas

produced from waste collected within the exhibition area.

MTU CFC Solutions (Germany) is a joint venture between DaimlerChrysler

subsidiary MTU Friedrichshafen (which owns 74.9%) and RWE Fuel Cells

(25.1%). It is developing MCFC power plants with an output ranging from 200kW to

around 3MW based on a longstanding license and technology agreement with

FuelCell Energy, which supplies the MCFC stacks it uses in its systems. MTU has

developed the 250kW HotModule (pictured at the beginning of this report), a highly

integrated package incorporating one fuel cell stack and all necessary hot

components in a single vessel. Following prototype trials in 1999-2001, in 2002-3

several HotModules have been installed at various locations, the majority in

Germany. Following this field trial - which is expected to demonstrate system

lifetimes of four years - the company plan to start series production in 2006.

Phosphoric Acid Fuel Cell (PAFC)

Bharat Heavy Electrical Limited (India) commenced R & D of Phosphoric Acid Fuel

Cells in 1987, and built its first stack in 1991. More recently it has developed a 50kW

PAFC power plant, the largest fuel cell system to be developed in India to date.

Consisting of two 25kW stacks this was successfully tested for 500 hours in 2001. It

is not clear if development work continues.

Fuji Electric (Japan) has been a major developer of PAFC technology since the

1980s. Following field trials of tens of 50kW and 100kW units with Japanese utilities

that began in the early 1990s, it has offered 100kW systems commercially since

1998. In 2001 it launched a second generation commercial 100kW system labelled
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FP-100F. However, although it was designed for high performance and lower cost

(improvements including simplified balance of plant and more durable reforming

catalysts), demand for systems has been very low. Only a handful of systems has

been installed since 2001, including two fuelled by methane from a wastewater

treatment plant in Yamagata, Japan.

UTC Fuel Cells (USA) is presently the leading

manufacturer of commercial stationary fuel cell

systems. Around 260 units of its 200kW PC25

fuel cell power plant have been installed since

the system was launched in the early 1990s.

These have proven to be adaptable to a wide

range of environments, from a postal facility in

Alaska to a pig farm in southern China, as well

as reliable sources of power. For example, a

unit powering a New York City police station in

Central Park (the green box in the picture here)

continued operation throughout the recent

blackout. Lifetime of units has at most reached

around 40,000 hours or five years.

Although PC25s have blazed the way for the fuel cell industry by being commercially

available (at a price that now stands at around US$900,000), .uptake of units has

been disappointing. In particular, in the US systems have rarely been bought

without significant subsidies from government funds (usually US$200,000 per unit).

Sales volumes have never taken off, perhaps one reason why UTC has now indicated

that it will cease production and switch to the manufacture and marketing of a

PEMFC stationary power plant with a slightly lower power output.

Proton Exchange Membrane Fuel Cell (PEMFC)

Ballard Power Systems (Canada) is continuing to conduct field trials of 250kW

PEMFC stationary fuel cell plants, mainly in Europe (through joint venture ALSTOM

Ballard) and Japan (through joint venture Ebara Ballard). Starting in 2001, a total

of five units have been installed in Europe, the most recent of which (the PEM

Oberhausen project, pictured overleaf) has been operating since 2002. The system

is primarily designed to run off natural gas, although one unit installed by Ebara
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Ballard at a sewage treatment plant in Japan is fuelled by methane gas from an

anaerobic digester, the first PEMFC system of this kind.

Following the end of these trials, Ballard appears to have little interest in carrying

development of complete large stationary PEMFC systems further, at least for the

time being. It has not announced any follow-up plans, and development of a 60kW

stationary PEMFC was suspended after the construction of a single prototype. It has

also scaled back natural gas reforming development. However, looking forwards

Ballard could offer PEMFC stacks based on its products for cars and buses for

integration into large stationary power plants by others.

This white container is an AIstom Ballard 250kW natural gas PEMFC system being installed at
Oberhausen, Germany, in April 2002 (Source: PEM Oberhausen)

General Motors (USA) is developing PEM fuel cells for stationary power as well as

automotive markets, and plans to sell automotive-size (75kW) units from 2005,

mainly for industrial sites that require steady power supplies. The 75kW fuel cell

should cost no more than US$500/kW and GM plans to lower these costs to US$

50/kW by 2010. It believes that the stationary market could exceed US$500 million

annually. In May 2003 GM signed a landmark deal with Dow Chemical that could

lead to 500 GM fuel cell units generating 35MW of power using hydrogen created as

a by-product at Dow's largest plant in Texas. If the test phase of the deal, which runs

until 2005, is a success, the capacity will be installed from 2006.
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Hydrogenics (Canada) has developed a compact 25 kW PEMFC (named the HyPM)

from initial design and rapid prototyping to final testing and commissioning. This

module (which will be available in varying power outputs, from 10kW to 120kW) is

integrated into the company's HyUPS system (UPS=Uninterruptible Power Supply).

This is a regenerative backup power generator, initially designed for

telecommunications back-up power markets. In August 2003 it unveiled its second

large stationary prototype, the 50kW HySTAT system, which is supplying power to

the National Trade Center in Toronto as part of the city's fuel cell demonstration

project.

Nuvera Fuel Cells (Italy/USA) has recently unveiled two large stationary PEMFC

concepts. Its DuAIto is a natural gas fuelled distributed generation system based on a

PEMFC integrated with a small turbine. Output could range from 75-300kW. Field

tests of prototypes are expected from 2005. Its Forza range, which is due for

commercial launch in 2006, is a product line of hydrogen power modules designed to

make use of excess hydrogen generated at chlor-alkali or other chemical plants.

Alternatively it could be used to generate electricity from hydrogen produced using

renewable energy such as wind. Modules are being designed for power outputs from

160kW and can be scaled up to multi-megawatt size.

Plug Power (USA) is concentrating on the development of small stationary systems

under 10kW, but it has built larger systems. In 2001 it delivered a 50kW hydrogen-

fuelled system to Air Products and Chemicals for installation in a hydrogen vehicle

refuelling station in Las Vegas, Nevada. It is not clear if it plans to build any other

large systems.

Solid Oxide Fuel Cells (SOFC)

Ceramic Fuel Cells Ltd (Australia) has been developing planar SOFC technology

since 1992. Its extensive work since then has included the development of cell, stack

and system technology. Since 2000 it has switched from the development of metal

ceramic composite stacks (several of which were built, up to 35kW in size) to full

ceramic stacks, principally to overcome thermal cycling issues. In this new stack the

basic building block is a bundle of 28 cells generating about 150W. These are then

grouped into larger stacks generating around 2kW. CFCL initially plans to offer a

40kW system, components for which were validated between 2000 and 2002.
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Progress has been slower than expected, with no signs that its first units - natural

gas 40kW systems - will be shipped in 2003-4, as anticipated at one time.

J Power (Japan), the new trading name of Electric Power Development Co

following privatisation, has been developing tubular SOFC technology in partnership

with Mitsubishi Heavy Industries (Japan) since 1989. In 2001 a 10kW internal

reforming SOFC was operated successfully for 750 hours at an efficiency of 41.5%

(Higher Heat Value). Next steps include simplifying the modular construction and

upgrading performance before developing a 100kW system suitable for commercial

operation. Changes are reported to include moving from a cylindrical to a

rectangular stack structure. One of J Power's eventual aims is to use SOFC

technology in an integrated coal gasification fuel cell combined cycle (IGFC) plant,

which is being developed with Japanese government support. J Power is working on

other aspects of this, in which hydrogen and carbon monoxide produced by coal

gasification will be supplied to the fuel cell.

Kansai Electric Power and Mitsubishi Materials

(Japan) plan to develop a planar SOFC system with an

output in the tens of kilowatts by 2007. In May 2003

they reported the successful operation of a 1kW

intermediate temperature SOFC module, which

attained a power efficiency of 40 percent. The unit

consisted of 41 cells (pictured left) with a diameter of

12cm from which a power density of 1.8W/cm2 was

attained. Other research partners included Oita

University, Japan Fine Ceramics Center and the

National Institute of Advanced Industrial Science

& Technology.

Mitsubishi Heavy Industries is also working with Chubu Electric Power (Japan)

on planar SOFC development, a partnership that started in 1990. Together the two

companies plan to offer products in the 50-200kW range based on proprietary MOLB

(Mono-Block Layer Built) SOFC technology. In 2003 the two companies planned to

start testing a 50kW planar SOFC cogeneration system; the results have not yet

been reported. According to reports in January 2002 they plan to commercialise a

system around 2004, although it is not clear what size.
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Nippon Telegraph & Telephone (NTT) (Japan) is developing partial oxidation

SOFC technology and plans to start testing a 200kW system in 2004, in readiness for

practical use from 2007. Its prime motive is to reduce its carbon dioxide emissions,

which, are high as NTT group companies now consume 0.75 percent of electricity in

Japan.

Rolls-Royce (UK) began researching SOFC technology in the early 1990s. Since

then it has mainly carried out research on fundamental aspects of the technology,

leading to the development of a novel stack, termed an Integrated Planar Solid Oxide

Fuel Cell (IP-SOFC). In recent years it has began to scale up its technology with the

eventual aim of producing systems with an electrical output ranging from 1-10

megawatts. Rolls-Royce's systems are based on long rectangular commercial-grade

ceramic tiles. This substrate is screen printed front and back with strips of 20 cells

on each side. Fuel is supplied through small tubes in the middle of the tile, and air is

drawn from outside. Ten tiles are then grouped together into 500W bundles. The

next stage, which is taking place in 2003, is the development of small stacks in the

2-10kW range. These will be the fundamental building block for all its bigger units.

Using these stacks Rolls-Royce plans to develop a 10kW system by 2004 and a 60kW

system in 2005 before developing a 1MW hybrid plant by 2007. This will combine an

800kW SOFC with a 200kW Rolls-Royce Gas Turbine. All its systems will be

pressurised, while operating temperature will be around 1,000°C.

Siemens Westinghouse (USA, but part of the Siemens group) has a long track

record of SOFC development. It has successfully operated a 100kW cogeneration

SOFC, and a 220kW concept hybrid SOFC/gas turbine power plant is being tested in

California. In 2003 a 250kW unit - the largest SOFC ever built - is due to be

installed at the University of Toronto at Mississauga, Canada. It is pictured overleaf,

undergoing testing with Kinectrics, one of the partners in the project.

More field trials are scheduled, but recent progress has been slower than expected.

An ambitious plan to install a 1MW SOFC/Gas Turbine in Germany was cancelled due

to problems with finding a suitable turbine, while other projects have been delayed.

For instance, a unit due for installation in Hannover, Germany in 2003 has now been

pushed back to late 2004, owing to problems with coating of the tubes, according to

a report in the Hannoverische AlIgemeine newspaper. Furthermore, its timetable for
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the start of commercial production (originally scheduled for 2003) is slipping. It has

constructed a factory, but it remains largely empty.

This 250kW system is the largest SOFC in the world to date. It was developed by Siemens
Westinghouse in conjunction with Kinectrics, Ontario Power Generation and other organisations.

(Source: Siemens Westinghouse)

Wartsila (Finland) has entered into a cooperation agreement with the Danish

technology company Haldor Topsoe to start a joint development programme on fuel

cell technology. This aims to develop and commercialise a 200 kW SOFC.

Ztek (USA) has been developing planar SOFC technology since its foundation in

1994. A 25kW system was constructed in 1998 and operated for over 20,000 hours,

and is now working on a 150kW SOFC plant which will be integrated with a 50kW

microturbine or an absorption chiller/heater. It initially plans to focus on the

distributed generation market with 200kW modules that can be scaled up to 1MW.

Commercial'testing of market ready prototypes was expected in time for commercial

introduction in 2003, but this is yet to take place. It also appears that the

anticipated 200kW SOFC/Gas Turbine system has not yet been built, which is

disappointing.

Conclusion

In conclusion, the large stationary fuel cell sector continues to make good progress,

particularly in technical terms, where we expect that there will continue to be

significant advances in the next few years. It is also significant that all the different

types of stationary fuel cells (MCFC, PAFC, PEMFC, SOFC) are now entering or near a
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market development phase, the first stage of which is the numerous field trials

mentioned in this report.

Looking forwards, we will not see significant volumes in this sector until fuel cells can

meet two key commercial requirements: they must be durable and affordable.

Today's PAFC systems cost in the region of US$4,500 per kilowatt, and the first

generation of MCFC systems are perhaps nearer US$10,000 per kilowatt. Data is not

yet available for PEMFC and SOFC. These figures should not be compared directly

with incumbent technologies, as operating costs for fuel cells will generally be lower

owing to higher efficiency and fewer moving parts. The environmental benefit,

although difficult to quantify, should also be taken into account.

Nevertheless, it is generally believed that costs must fall to around US$1,500/kW to

allow sales into real-world markets. Until then installations will either require

government support (fiscal or legislative) or have to offer the end-user a niche

benefit that justifies the cost. For instance, in Japan there is interest in fuel cells as

a source of water in case of earthquakes (a 250kW system produces in the region of

70 litres per hour).

System production numbers, 2002/2003 *

8000. 200
* Transport

6000. 150-
0 Small

4000 Stationary 100
* Large

2000 Stationary 50
N Portable

O' 0,

2002 2003 2002 2003
System Numbers Installed Capacity (MW)

* These are cumulative numbers, representing the total until the end of the year shown

Finally, although the number of large stationary fuel cells is beginning to be

overtaken by other types of fuel cells (in transport, portable, and small stationary),

in terms of installed capacity, it is still the largest single market, as the chart above

shows. This is one reason why interest and investment in this area remains high,

and should continue as a commercial industry develops in the coming years.
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Further references

* The last survey on this subject and other fuel cell surveys can be downloaded

from our website at www.fuelcelltoday.com/surveys

* To contact the author, please send an email to marketsurveys(fuelcelltoday.com

* Alternatively, you can also phone us on +44 (0)20 7269 8158 or send a fax to

+44 (0)20 7269 8169.

" During September 2003, we will also have an online discussion on this topic in

our Industry Forum. If you have any questions or comments on large stationary

fuel cells, please feel free to add your thoughts to the board.
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Report Highlights

This report quantifies the' amount of forestry and agricultural biomass that is available for
energy production on a sustainable basis in South Carolina. It also includes an analysis
of the economic impacts of transferring out-of-state costs for coal to in-state family forest
landowners and biomass processors. The economic analysis focuses on stand-alone
biomass plants rather than co-firing at existing coal plants due to the magnitude of
biomass that is available. In summary, the biomass resource is plentiful and the
technology is available to utilize it efficiently. Keeping energy dollars in state will create
jobs, improve the environment, and benefit the state and local economy. The report
recommends the formation of a task force to identify strategies for encouraging the
development of biomass energy production in South Carolina.

The Biomass Resource

The sources for forest biomass were quantified using the Forest Inventory and
Analysis (FIA) and the Timber Product Output (TPO) programs that are jointly
administered in South Carolina by the USDA Forest Service and the SC Forestry
Commission.

> Logging Residues: 4,411,500 green tons per year are available. There is an
average of 96,000 tons/county/year.

> Precommercial Thinnings: 8,555,796 tons/year are available. There is an
average of 186,000 tons/county/year.
Commercial Thinning: 5,336,000 tons/year are available. There is an average
of 116,000 tons/county/year.
Southern Scrub Oak: 48,792 tons/year available in 7 counties.
Mill Residues: 1,712,528 tons/year available. All but 12,086 tons are being
utilized currently.
Urban Wood Waste: 621,000 tons/year available (based on .1655
tons/person/year in densely populated counties and. 1487 tons/person/year in rural
counties)
Forestry Biomass Totals: 20.9 million tons/year of sustainable biomass.
Agricultural Biomass Totals: 1.2 million tons/year (corn - 492,128 tons/year,
wheat- 224,721 tons/year, soybean- 238,424 tons/year, cotton - 296,113
tons/year).
Forestry & Ag Biomass Totals: Over 22 million tons/year of sustainable
biomass. This could theoretically replace 4.8 million tons of coal in SC (1/3 of all
the coal-used in producing power in SC).

Conversion of Biomass to Power

> Dedicated biomass-fueled power plants. This is mature technology. Plants tend
to be small (20-40 MW) and less efficient than coal and natural gas plants.
Next generation biomass-gasification plants. These will match coal & natural
gas plants in efficiency when available.



> Co-firing biomass with coal may be a viable option for utilizing sizable amounts
of biomass for power production in South Carolina. Biomass can substitute for
15% or more of coal with little loss of efficiency. There are many environmental
benefits (lower emissions of ozone causing chemicals, no mercury, no net release
of carbon to atmosphere, wildfire risk reduction, RCW habitat improvement).
There needs to be further study of coal-fired plants to see which ones could co-
fire w/ biomass economically.

Short-term Scenario

> Short-term goal of 10 - 40 MW biomass plants fueled w/ logging residue and
some thinnings. This would offset 8% of coal and produce 3% of the electrical
production in the state.

> Job Creation: 5,700 jobs during the year the 10 plants are built and 1060 jobs
during subsequent years.

> Wages: Additional wages of over $200 million are expected in the year the 10
plants are built and $30-37 million in additional wages in subsequent years.

> Economic impact of 10 biomass plants would increase net state revenue by $14
million in the year that the plants are constructed and $2.5 million in subsequent
years.

> Local governments would have a net benefit of between $23 and $29 million
annually from 10 biomass plants.

> Utility bills would increase $3.44 on a $100 power bill to allow utilities to. recover capital construction costs. Other options include state tax credits.
> Green power, that is power produced from renewable energy, commands a

premium price ($I-$3/MWh higher) that can help offset the higher cost of
production.

> Forestlands would be healthier & more productive.
> Reduced emission of S02, NOx, mercury, atmospheric carbon.

Recommendations

There needs to be further study of coal-fired plants to see which ones could co-
fire w/ biomass economically. This is a cost-effective way to utilize biomass with
little or no increase in consumer's utility bills.

> A task force should be developed of representatives of each utility operating in
the state, representatives of state government, forest industry and other
stakeholders to investigate alternatives for encouraging the development of
biomass energy production in South Carolina.
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Introduction

The utilization of biomass for energy in South Carolina may have many benefits,
including improved forest management, increased revenue for land owners through
utilization of biomass not currently utilized, lower site prep costs, environmental benefits
for biomass verses coal power generation, increased revenues for farmers, fire prevention
due to reduced fuel loading on forest lands, markets for pre-commercial thinnings,
additional jobs and additional economic activity within the state. Goals of this study
included: 1) quantify the amount of forest and agricultural biomass that can be utilized
for energy in South Carolina; 2) determine the economics of utilizing the biomass that is
available; 3) conduct a cost/benefit analysis taking into account the direct and indirect
benefits to the state, and determine the amount of subsidy that could be justified to
promote biomass energy; 4) identify other factors that should be considered before the
State commits to develop a biomass energy program.

The Biomass Resource

The biomass resource considered for this study consists of forest biomass and agronomic
crop residues.

Forest-Biomass

The sources for biomass were quantified using the Forest Inventory and Analysis (FIA)
and the Timber Product Output (TPO) programs that are jointly administered in South
Carolina by the USDA Forest Service and South Carolina Forestry Commission.

The USDA Forest Service Forest Inventory and Analysis (FIA) program is a continuous
forest inventory that has evolved from a periodic survey that began in 1930. FIA records
a wide range of attributes of our nation's forests including species abundance, tree
growth, mortality and removals by harvest. Field plot measurements are collected by the
South Carolina Forestry Commission. The USDA Forest Service's Southern Research
Station is responsible for quality assurance/quality control, data analysis, and reporting.
The FIA program began as a periodic inventory and has evolved into an annual inventory
reported every five years. The improved annual method includes new information on
understory vegetation and coarse woody debris. The inventory provides information that
can indicate change and trends in our nation's forests, which can be used by managers
and policy makers to protect and preserve our natural resources.

FIA is derived from a three-phase process. The initial phase separates the use of land
into forest and nonforest use from aerial photography. This phase established the acreage
that supports forests and develops trends in land use. The second phase incorporates
sample ground plots that sample one plot for every six thousand acres within the state.
The sample plots that fall in forestland are measured for an array of attributes. The plots
falling in nonforestland are visited and recorded to establish rates of land use change.
The final phase is to collect data of forested land during the growing season, which
provides measurements of vegetation inventory, coarse woody debris, and forest health.
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Phase 3 consists of visiting a smaller number of plots than during phase 2; approximately
one plot is inventoried for every ninety-six thousand acres. In development an annual
inventory, the plots are measured each year at a rate of twenty percent per year and
reported every five years.

In addition to the FIA program, the USDA Forest Service compiles an assessment of the
Nation's renewable resources as called for in the Forest and Rangeland Renewable
Resources Planning Act of 1974 (RPA) and subsequent amendments. The RPA
combines information ftom the FIA and other sources along with economic variables to
predict the future demands and trends that affect our Nation's forests. To better portray
amounts of wood products produced ftom our Nation's forests, the Timber Product
Output Database (TPO) was established to supplement the RPA. The information
reported in the TPO considers eleven variables relative to the production of wood
products, including amounts of roundwood products harvested, logging residues
produced and mill residues produced.

The quantities of woody biomass derived from logging residues, precommercial and
commercial thinning, and the southern scrub oak forest type are each presented on a per
timberland acre basis per county. These figures do not represent the amount of material
in that form on each timberland acre but is the distribution of available material among
all timberland acres. As an example, the amount of logging residues per timberland acre
in Abbeville County is 0. 14 green tons. This illustrates that the amount of logging
residues produced within the county amount to 0. 14 green tons/acre when distributed
among the number of timberland acres. These figures are useful when attempting to
predict the quantity of logging residues within a particular area or radius of a location.

Timberland is described as being forestland that is producing or is capable of producing
crops of industrial wood and not withdrawn from timber utilization by statute or
administrative regulation. Areas qualifying as timberland are capable of producing in
excess of 20 cubic feet per acre per year of industrial wood in natural stands.
Inaccessible and inoperable areas are included. The distribution of timberland acres
across the state of South Carolina is presented in Figure 1.

The supply of biomass within South Carolina varies by source and geographical location.
The quantities are presented as the total available, the annually available, and the
available per acre of timberland, with the exception of mill residues and urban wood
waste, which are not affected by the number of timberland acres within the particular
county. Quantities are grouped by county and subtotaled for each of the three regions
within the State. The regions are displayed in a consistent order for each of the sources:
Piedmont region, Northern Coastal Plain region, and Southern Coastal Plain region with
the exception of southern scrub oak and mill residue materials, which are confined to
particular areas or sites across the State.

4



Figure 1: Distribution of Timberland

< 609M

Lj <600000
Source: USDA Forest Service, Forest Inventory and Analysis 2001

Categories of Forest Residues

A. Logging Residues

Logging residues are the unused portions of growing stock trees cut or killed by logging
and left in the woods. After mill residues this is the most readily available source of
biomass. These residues consist largely of limbs and tops that are not collected during
the harvest operation. The amount of residues left after harvesting varies among logging
crews, which have different merchandising strategies and levels of effectiveness.

The feasibility of using logging residues as a source of biomass is largely dictated by the
practices carried out during the harvesting operation. Often residues are dragged away
from the logging deck and spread across the harvested area as a means of distributing
nutrients contained in the logging residues to the site. This practice makes the collection
of residues uneconomical in most situations. In hardwood stands that are selectively
logged for sawtimber, an average of about 40 percent of the tree is left in the woods in
the form of tops and limbs (Smith, 1982). But this amount can be much higher. For
example, in the first thinning of pine plantations in Aiken County, in the Lower Coastal
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Plain Region, the amount of saleable fuel material to product material can be as high as
61% (Micky Scott, Collum's Lumber Products, LLC, Personal Communication).

The quantity of logging residues produced each year is estimated by county from the
number of acres harvested and then distributed among the number of timberland acres
within the county. Logging residues available in the Piedmont region of South Carolina
are presented in Table I by the acres of timberland in each county in the region.

Table 1: Piedmont Region, Annual Available Logging Residues
(Green Tons)

County Timberland Acres Total Residues per Acre of Timberland
Abbeville 218,114 29,91U 0.14
Anderson 195,990 38,040 0.19
Cherokee 150,261 46,740 0.31
Chester 286,353 117,300 0.41
Edgefield 254,030 54,420 0.21
Fairfield 371,085 162,150 0.44
Greenville 236,256 33,270 0.14
Greenwood 185,639 127,320 0.69
Lancaster 263,633 39,810 0.15
Laurens 306,577 99,000 0.32
McCormick 199,718 112,740 0.56
Newberry 303,491 206,340 0.68
Oconee 248,290 48,000 0.19
Pickens 207,593 54,090 0.26
Saluda 178,524 93,900 0.53
Spartanburg 253,486 128,880 0.51
Union 252,281 125,400 0.50
York 258,606 83,760 0.32
Total 4,370,527 1,601,130 0.37a
*Source: USDA Forest Service, Timber Product Output 2002
aAnnual production distributed per acre of timberland within the region

Logging residues in the Piedmont region have the capability to contribute approximately
1,600,000 tons of woody material annually. Newberry County, which has the second
largest area of timberland in the region, produces the highest quantity of logging residues
with approximately 206,000 tons per year. Within the Piedmont region an average of
0.37 tons are produced annually per acre of timberland.

The quantity of logging residues available within the Northern Coastal Plain is presented
in Table 2. The quantities are estimated by county from the number of acres.harvested
and then distributed among the number of timberland acres within the county.

The Northern Coastal Plain region has the largest area of timberland in the State. With
five counties having more than 350,000 acres in timberland, this region is capable of
contributing the largest amount of woody material from logging residues. Logging
residues average 0.35 tons per acre of timberland and total about 1,610,000 tons annually.
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The largest quantity of logging residues is produced in Georgetown County with
approximately 204,000 tons annually.

Table 2: Northern Coastal Plain Region, Annual Available Logging
Residues (Green Tons)

County Timberland Acres Total Residues per Acre of Timberland
Berkeley bJb,3bU 1 Ob,39U 0.20
Charleston 274,223 56,850 0.21
Chesterfield 370,874 38,790 0.10
Clarendon 216,380 38,790 0.18
Darlington 157,318 109,920 0.70
Dillon 147,981 99,390 0.67
Florence 279,979 100,680 0.36
Georgetown 361,291 204,150 0.57
Horry 437,026 176,040 0.40
Kershaw 341,586 119,760 0.35
Lee 107,928 44,670 0.41
Marion 204,239 120,270 0.59
Marlboro 206,019 99,570 0.48
Richland 297,470 96,270 0.32
Sumter 241,596 63,900 0.26
Williamsburg 370,692 135,390 0.37
Total 4,550,952 .1,609,830 0.353

*Source: USDA Forest Service, Timber Product Output 2002
'Annual production distributed per acre of timberland within the region

The quantity of logging residues produced in the Southern Coastal Plain region, by
county, is shown in Table 3. The quantities are estimated by county, from the number of
acres harvested and then distributed among the number of timberland acres within the
county.

The Southern Coastal Plain region is capable of contributing a total of approximately
1,200,000 tons of woody material in the form of logging residues annually. The largest
producing county is Hampton County with 198,360 tons per year. There is an average of
0.36 tons of logging residues available annually per acre of timberland within the region.
This region has the smallest area of timberland in the Sate, more than 1,000,000 acres
less than the Piedmont and Northern Coastal Plain regions.

Logging residues are currently not utilized to potential. Developing a market for these
materials could raise the return on timber and increase the efficiency of the forestry
industry by reducing wastes. Logging residues, statewide, could provide an average of
4,411,500 tons annually to a developed woody biomass energy market.
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Table 3: Southern Coastal Plain Region, Annual Available Logging
Residues (Green Tons)

County Timberland Acres Total Residues per Acre of Timberland
Aiken 475,503 134,610 0.28
Allendale 180,914 64,770 0.36
Bamberg 184,012 56,070 0.30
Barnwell 242,398 85,770 0.35
Beaufort 114,074 27,240 0.24
Calhoun 137,540 31,590 0.23
Colleton 508,011 168,720 0.33
Dorchester 246,746 93,090 0.38
Hampton 275,647 198,360 0.72
Jasper 297,802 112,740 0.38
Lexington 233,539 53,130 0.23
Orangeburg 403,740 174,450 0.43
Total 3,299,926 1,200,540 0.36a
*Source: USDA Forest Service, Timber Product Output 2002
aAnnual production distributed per acre of timberland within the region

B. Intermediate Thinning

Intermediate thinning is a silvicultural operation whereby smaller and less desirable trees
are removed to enhance residual trees. The main focus of intermediate thinning is to
remove trees that are not desirable to enhance production of more valuable products such
as sawtimber, veneer logs, and poles. Thinning allows timber growers to experience a
return early in the rotation, but the majority of the return is realized with the final harvest.
Thinning is the one of the few harvesting operations in which the removed stems are less
valuable than the remaining stems.

Materials derived from thinned stands are primarily used for pulp and paper
manufacturing. Currently there are seven pulp and paper mills in South Carolina with six
more near our border (Harper, 2003). The pulp and paper market is currently
oversaturated with fiber, especially softwood. This oversupply presents an opportunity to
develop an energy market using intermediate thinnings 'as a source of biomass.

The thinning opportunities for energy biomass have been broken down into two
categories: 1) unmerchantable or precommercial thinning - removal of stems less than
5.0 inches in dbh (diameter at breast height, 4.5 feet above ground), and 2) commercial-
thinning which removes stems that are 5.0-8.9 inches in dbh.

C. Intermediate Thinning -- Precommercial

Precommercial thinning is one of the largest expenses in stand improvement a timber
grower can encounter in the course of a rotation. A precommercial thinning involves
removing a high percentage of saplings from a stand to provide room for the remaining
stems to grow. The need for precommercial thinning is predominantly associated with
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natural regeneration in which the stand is allowed to reproduce itself by natural seeding
without seedlings being imported from outside sources and with minimal management
activities. Thinning may be done in pine and hardwood stands.

Precommercial thinning is expensive in that a return is not immediately realized in
monetary form. The precommercially thinned stand will grow to a more valuable product
class in less time with the sites' nutrients and water being divided among less stems in the
future. However, the material removed is currently of no use. If a market were
developed that could use this material, managers would be better able to deal with
severely overstocked, young stands. In Tables 4, 5 and 6, the supply of currently
unmerchantable material is presented by region and county as the amount existing on
timberland and the estimated annual growth on timberland.

Table 4: Piedmont Region, Growing Stock and Estimated Annual
Growth of Precommercial Biomass (<5.0 inches DBH) on Timberland

(Green Tons)

Timberland
County

Abbeville
Anderson
Cherokee
Chester
Edgefield
Fairfield
Greenville
Greenwood
Lancaster
Laurens
McCormick
Newberry
Oconee
Pickens
Saluda
Spartanburg
Union
York
Total

Acres

218,714
195,990
150,261
286,353
254,030
371,085
236,256
185,639
263,633
306,577
199,718
303,491

248,290
207,593
178,524
253,486
252,281
258,606

4,370,527

Total
Growing

Stock

2,231,062
1,600,643
1,523,819
1,966,218
1,351,791
3,001,552
1,628,164
1,957,473
2,175,864
2,542,028
1,011,741
2,685,707

2,308,269
1,720,424
1,234,306
2,114,472

1,704,142
1,943,754

34,701,429

Average
Growing

Stock/Acre of
Timberland

10.2
8.2

10.1
6.9
5.3
8.1
6.9

10.5
8.3
8.3
5.1
8.8
9.3
8.3
6.9
8.3
6.8
7.5
7.93

Annual
Growth

185,922
133,387
126,985
163,852
112,649
250,129
135,680
163,123
181,322
211,836

84,312
223,809
192,356
143,369
102,859
176,206
142,012
161,980

2,891,786

Annual
Growth/Acre of

Timberland

0.9
0.7
0.8
0.6
0.4
0.7
0.6
0.9
0.7
0.7
0.4
0.7
0.8
0.7
0.6
0.7
0.6
0.6
0.73

*Source: USDA Forest Service, Forest Inventory and Analysis 2001
aAverage distribution among timberland acres within the region

The Piedmont region is currently supporting 34,701,429 tons of unmerchantable biomass
that is not being utilized. The estimated annual growth is an increase of 2,891,786 tons.
Fairfield County supports the largest amount of currently unmerchantable material with
3,001,552 tons producing approximately 250,129 tons annually.
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The existing and estimated annual growth of unmerchantable biomass on timberland in
the Northern Coastal Plain Region is shown in Table 5. The Northern Coastal Plain
region is estimated to be able to produce 3,375,610 tons of biomass annually from
currently unmerchantable material. The region supports the highest amount of these
materials with 40,507,315 tons. Berkeley Count has the highest annual growth with
370,101 tons.

Table 5: Northern Coastal Plain Region, Growing Stock and Estimated
Annual Growth of Precommercial Biomass (<5.0

inches DBH) on Timberland (Green Tons)

County

Berkeley
Charleston
Chesterfield
Clarendon
Darlington
Dillon
Florence
Georgetown
Horry
Kershaw
Lee
Marion
Marlboro
Richland
Sumter
Williamsburg
Total

Timberland
Acres

536,350

274,223
370,874
216,380
157,318
147,981
279,979
361,291
437,026
341,586
107,928
204,239
206,019

297,470
241,596
370,692

4,550,952

Total
Growing

Stock
4,441,214

2,799,447
2,888,222
1,974,441
1,676,488
1,212,694
2,793,586
2,869,743
3,528,922
3,331,842

762,147
2,461,604
1,370,188
2,715,414
2,463,538
3,217,825

40,507,315

Average
Growing

Stock/Acre of
Timberland

8.3
10.2
7.8
9.1
10.7
8.2
10.0
7.9
8.1
9.8
7.1
12.1
6.7
9.1

10.2
8.7

8.9a

Annual
Growth

370,101
233,287
240,685
164,537
139,707
101,058
232,799
239,145
294,077
277,654

63,512
205,134
114,182
226,285
205,295
268,152

3,375,610

Annual
Growth/Acre of

Timberland

0.7
0.9
0.6
0.8
0.9
0.7
0.8
0.7
0.7
0.8
0.6
1.0
0.6
0.8
0.8
0.7

0.75
*Source: USDA Forest Service, Forest Inventory and Analysis 2001
aAverage distribution amoung timberland acres within the region

Table 6 shows the quantity of existing unmerchantable biomass and estimated annual
growth for the Southern Coastal Plain 'Region. The Southern Coastal Plain region
currently supports 27,460,803 tons of unmerchantable biomass. These materials are
growing at an annual rate of 2,288,400 tons. Colleton County supports the largest
quantity of unmerchantable biomass with 4,853,053 tons and an annual growth of
404,421 tons annually.

Many of the small trees in this precommercial category do not grow to merchantable size
but are out-competed by more vigorous stems and die from lack of nutrients, water, and
sunlight. The course of natural selection chooses the better specimens to grow; however,
the superior stems are subjected to increased levels of stress during this competing stage
and grow at a slower rate than if the stand was thinned for biomass to produce energy. If
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a method of collecting these materials in an efficient manner is developed,
unmerchantable material could supply approximately 8,555,796 tons annually on a
sustainable basis with a base of 102,669,000 tons.

Table 6: Southern Coastal Plain, Growing Stock and Estimated Annual
Growth of Precommercial Biomass (<5.0 inches DBH) on Timberland

(Green Tons)
Average
Growing Annual

Timberland Total Growing Stock/Acre of Annual Growth/Acre of
County Acres Stock Timberland Growth Timberland
Aiken 475,503 3,422,106 7.2 285,176 0.6
Allendale 180,914 1,609,583 8.9 134,132 0.7
Bamberg 184,012 1,679,460 9.1 139,955 0.8
Barnwell 242,398 1,817,997 7.5 151,500 0.6
Beaufort 114,074 939,807 8.2 78,317 0.7
Calhoun 137,540 1,343,496 9.8 111,958 0.8
Colleton 508,011 4,853,053 9.6 404,421 0.8
Dorchester 246,746 2,174,299 8.8 181,192 0.7
Hampton 275,647 2,591,777 9.4 215,981 0.8
Jasper 297,802 2,112,266 7.1 176,022 0.6
Lexington 233,539 1,607,380 6.9 133,948 0.6
Orangeburg 403,740 3,309,579 8.2 275,798 0.7
Total 3,299,926 27,460,803 8.3a 2,288,400 0.7a
*Source: USDA Forest Service, Forest Inventory and Analysis 2001
aAverage distribution among timberland acres within the region

D. Intermediate Thinning--Commercial.

Currently the pulpwood market, especially for softwood, is saturatedl A five year
drought, southern pine beetle epidemic, increases in intensive pine management, various
incentives through federal and state cost-share programs for reforestation and
afforestation, and imports -- primarily from Canada have all contributed to lowering the
pulpwood prices in South Carolina (Harper, 2003).

It is uncertain how much of the current supply to pulpwood markets would be available
for energy production in the event of a developed market. The supply of woody biomass
for an energy market from pulpwood-size timber was evaluated as 50% the current
existing and annual growth for this study.

The supply of biomass from merchantable-sized pulpwood in the Piedmont region is
presented in Table 7.
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Table 7: Piedmont Region, 50% Growing -Stock and Annual Net Growth of
Growing Stock on Timberland (Green Tons) in Trees 5.0-8.9 inches DBH

Total
Average
Growing

Timberland
AcresCounty

Abbeville
Anderson
Cherokee
Chester
Edgefield
Fairfield
Greenville
Greenwood
Lancaster
Laurens
McCormick
Newberry
Oconee
Pickens
Saluda
Spartanburg
Union
York
Total

218,714

195,990
150,261
286,353
254,030
371,085
236,256
185,.639
263,633
306,577
199,718
303,491
248,290
207,593
178,524
253,486
252,281
258,606

4,37OP527

Growing Stock/Acre of Annual Net
Stock Timberland Growth

1,485,502 6.8 126,509

974,227 5.0 95,831
691,082 4.6 58,175

1,481,839 5.2 116,551
815,732 3.2 48,063

1,517,464 4.1 135,385
1,193,663 5.1 76,166
1,023,379 5.5 87,679
1,524,275 5.8 104,612
1,4ý2,321 4.8 77,511
1,132,638 5.7 87,738
1,601,770 5.3 128,856
1,394,746 5.6 70,139

746,170 3.6 62,959
1,202,353 6.7 145,202
1,135,343 4.5 84,348
1,258,897 5.0 102,009
1,349,219 5.2 99,934

21,990,622 5.0a 1,707,667
Forest Inventory and Analysis 2001

Annual Net
Growth/Acre of

Timberland

0.58
0.49
0.39
0.41
0.19
0.36
0.32
0.47
0.40
0.25
0.44
0.42
0.28
0.30
0.81
0.33
0.40
0.39
0.393

0*Source: USDA Forest Service,
aAverage distribution among timberland acres within the region

The supply of biomass to an energy market from the Piedmont region (considering half of
the current pulpwood supply is 'available for use in producing energy) could yield
21,990,622 tons with 1,707,667 tons of net growth per year. On average there are
currently 5.0 tons of biomass in the 5.0-8.9 inch diameter class per acre of timberland.
The Piedmont region is capable of supplying 0.39 tons per timberland acre per year.
Newberry County has the largest quantity of material in this diameter grouping with
1,601,770 tons. Saluda County has the largest net growth of this material with 145,202
tons annually.
The supply of biomass from merchantable- sized pulpwood stems in the Northern Coastal
Plain region is presented in Table 8.

Assuming 50% utilization for energy wood, the Northern Coastal Plain region is
currently supporting 21,506,221 tons of woody biomass in the 5.0-8.9 inch diameter class
that could be used to supply an energy market. Energy wood in this size class is growing
at a rate of 0.39 tons per acre of timberland or 1,783,355 tons per year for the region.
Berkeley County has largest quantity of biomass in this grouping with 2,425,811 tons
standing, while Kershaw County has the highest annual net growth with 205,134 tons.
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Table 8: Northern Coastal Plain Region, 50% Growing Stock and Annual
Net Growth of Growing Stock on Timberland (Green Tons) in Trees 5.0-8.9

inches Dl3H
Average

Total Growing
Growing Stock/Acre of

Stock Timberland

Annual Net
Growth/Acre

of
TimberlandCounty

Berkeley
Charleston
Chesterfield
Clarendon
Darlington
Dillon
Florence
Georgetown
Horry
Kershaw
Lee
Marion
Marlboro
Richland
Sumter
Williamsburg
Total

Timberland
Acres

536,350

274,223
370,874
216,380
157,318
147,981
279,979
361,291
437,026
341,586
107,928
204,239
206,019
297,470
241,596
370,692

4,550,952

Annual Net
Growth

2,425,811
1,244,416
1,348,081
1,104,658

793,046
567,872

1,308,678
2,099,853
1,921,272
1,763,797

865,941
958,226

1,103,086
1,419,323
1,165,968
1,416,194

21,506,221

4.5
4.5
3.6
5.1
5.0
3.8
4.7
5.8
4.4
5.2
8.0
4.7
5.4
4.8
4.8
3.8

153,553
126,632
118,821
61,801

113,009
39,780

104,882
173,730
129,448
205,134
102,628
58,581
80,310
97,070
77,560

140,415
1,783,355

0.29
0.46
0.32
0.29
0.72
0.27
0.37
0.48
0.30
0.60
0.95
0.29
0.39
0.33
0.32
0.38
0.393

Source: USDA Forest Service, Forest Inventory and Analysis 2001
a Average distribution among timberland acres within the region

The supply of biomass from merchantable- sized stems in the Southern Coastal Plain
region is presented in Table 9. The Southern Coastal Plain region has the highest
quantity of biomass within this class per acre of timberland with an average of 6.1 tons.
With 50% utilization for energy wood, the region currently supports 20,033,150 tons with
an annual growth of 1,834,879 tons. Colleton County has the largest quantity of material
in this group with 3,455,031 tons. Dorchester County has the highest annual net growth
(227,046 tons/yr.).

The supply of biomass from the pulpwood-sized stems i.s uncertain in that a portion will
be harvested for pulp or managed into high product classes. Assuming half of the current
supply of this source will be available to an energy market, South Carolina could produce
about 5,336,000 tons per year on a sustainable basis with a base of approximately
63,529,000 tons. Developing an energy market for this biomass will affect the pulpwood
price, but how and by how much is uncertain.
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Table 9: Southern Coastal Plain Region, 50% Growing Stock and
Annual Net Growth of Growing Stock on Timberland (Green Tons) in

Trees 5.0-8.9 inches DBH
Average

Total Growing Annual Annual Net
Timberland Growing Stock/Acre Net Growth/Acre

County Acres Stock Timberland Growth Timberland
Aiken 475,503 1,906,060 4.0 143,064 0.30
Allendale 180,914 880,042 4.9 71,008 0.39
Bamberg 184,012 1,464,778 8.0 148,922 0.81
Barnwell 242,398 1,629,062 6.7 213,013 0.88
Beaufort 114,074 732,598 6.4 79,658 0.70
Calhoun 137,540 602,960 4.4 84,336 0.61
Colleton 508,011 3,455,031 6.8 214,096 0.42
Dorchester 246,746 1,827,460 7.4 227,046 0.92
Hampton 275,647 1,948,025 7.1 176,208 0.64
Jasper 297,802 1,993,185 6.7 201,130 0.68
Lexington 233,539 1,105,084 4.7 77,998 0.33
Orangeburg 403,740 2,488,865 6.2 198,400 0.49
Total 3,299,926 20,033,150 6.1a 1,834,879 0.56a
*Source: USDA Forest Service, Forest Inventory and Analysis 2001
aAverage distribution among timberland acres within the region

E. Southern Scrub Oak

The southern scrub oak forest type occurs on xeric sites in the Southeastern Coastal Plain.
It ranges from southeast Virginia to central Florida and west to southeast Louisiana on
dry pinelands and sandy ridges (Little, 1976). Within South Carolina, the scrub oak
forest type is concentrated in the Sandhills, which stretch along the Fall Line of the state
(Meyers et al. 1986). Counties in the Sandhills area that contain more than ten acres of
this forest type are Aiken, Calhoun, Chesterfield, Edgefield, Kershaw, Lexington, and
Sumter, as shown in Figure 1 (Forest Inventory and Analysis Database, 2001). Richland
County has stands with southern scrub oak components; however, they are not classified
as timberland. (see glossary) Richland County is highly developed in and around the city
of Columbia and sites that would support southern scrub oaks have been converted to
urban uses or managed for more valuable species.

Sites that support southern scrub oak species are characterized by deep, dry sands
(Meyers et al. 1986). The southern scrub oak forest type in the absence of fire is a climax
community for Sandhill sites. Fire exclusion for many decades has allowed scrub oak
species to replace the fire-dependant longleaf pine, which historically dominated
Sandhill's sites.

14



Figure 2:. Ditributon of Southern Scrub Oak Forest Type

< 2,MO0
<375000

<460000

< 47600

Source: USDA Forest Service, Forest Inventory and Analysis 2001

The scrub oak forest type is composed of low quality hardwood species (from a timber
management standpoint) such as turkey oak (Quercus laevis). Scrub oak species are
short in statue, reaching heights of 20 to 50 feet with an average diameter of about 7
inches by age 50 (Elias, 1980; Harlow, 1963). The wood of these scrub oak species is
close-grained, hard and heavy, but the trees do not grow large enough, on average, to
have timber value, except as excellent fuel (Bums, 1990). The existing quantity of this
biomass source is presented in Table 10.

The southern scrub oak forest type currently accounts for 2,439,580 green tons of
standing timber in the seven counties listed. Using these species for energy production
would provide a market for this forest type. The annual allowance shown in Table 10
could be supplied on a sustainable basis if the land base currently in scrub oak were
harvested at a rate of 2% annually. Using this rate would allow the land base to be used
over a 50-year period. These figures do not include any additional growth that would
occur on stands before the initial harvest within the first 50-year period. The scrub oak
would regenerate itself following harvest by sprouting - no artificial regeneration
methods would be needed.
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Estimates of the quantities of energy wood presented for the southern scrub oak had a
relatively high percent error that averaged 12.5% at the 67% confidence level. This
implies, for example, that the amount of total existing scrub oak material in Aiken has a
67% chance of being within +/- 12.5% of the 319,209 tons given. Despite the large
errors, the figures were used as an estimate of supply since the overall contribution of
biomass relative to other sources was small. On average, southern scrub oak stands with
an average diameter of seven inches are capable of producing approximately 15 tons per
acre of fuel wood (Bryant Boyce, Canal Wood, Personal Communication).

Table 10: Southern Scrub Oak, Growing Stock and Annual Allowance on a
50-Year Rotation (Green Tons)

Average
GrowingTotal

Ti
County

Aiken
Calhoun
Chesterfield
Edgefield
Kershaw
Lexington
Sumter

Total
*Source: USDA

imberland Growing Stock/Acre of Annual
Acres Stock Timberland Allowance

475,503 319,209 0.67 6,384
137,540 351,797 2.56 7,036
370,874 474,617 1.28 9,492
254,030 225,090 0.89 4,502
341,586 460,554 1.35 9,211
233,539 408,511 1.75 8,170
241,596 199,800 0.83 3,996

2,054,668 2,439,580 1.193 48,792
Forest Service, Forest Inventory and Analysis 2001

Annual
Allowance/Acre

Timberland
0.01
0.05
0.03
0.02
0.03
0.03
0.02
0.023

aAverage distribution among timberland acres within the region

F. Mill Residues

Mill residues refer to bark and woody material that is generated in primary wood-using
mills when roundwood products are converted to other products. Primary wood using
mills are defined as industries receiving roundwood or chips from roundwood for the
manufacturing of products such as veneer, pulp, and lumber. Examples of mill residues
are slabs, edgings, trimmings, miscuts, sawdust, shavings, veneer cores, clippings, and
pulp screenings. These wastes include bark and wood residues (both coarse and fine
materials) but exclude logging residues (Smith et al. 2001).

Mill residues are used to produce pulp, fuel and miscellaneous products such as mulch.
The use of these residues varies among mills. The quantity of these residues can be seen
in Table 11, according to the county within which mills are located and how the residues
are processed.

Mill residues produced an annual total of 3,293,203 tons in 2002. The quantity of fuel
material produced was 1,600,442 tons annually. The product produced from mill
residues is directly affected by return. If the return on selling residues for fuel is higher
than for pulp than the supply of material could possibly increase from 1,600,442 to
2,946,650 tons annually. If the material that is currently unused (12,086 tons) is also
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used for fuel, there could be a supply of material ranging from 1,600,442 to 2,958,736
tons annually. The quantity of fuel can be expected to remain constant if mill
efficiencies, outputs and quantities of miscellaneous products remain constant, meaning
that residues used as fuel can not be used as pulp because of a lack of quality (dirty low-
grade chips) or because of type (bark). The mill residue supply will be considered as the
amount produced and currently used for fuel and the amount currently unused for a total
of 1,612,528 tons annually.

Table 11: Annual Mill Residues (Tons) by County and Product

County Pulpwood Fuelwood Misc products Not Used Total Product
Allendale 74,533 12,611 4,031 0 1 ='
Bamberg 8,159 13,426 4,099 0 25,685
Berkeley 74,386 114,867 24,103 0 213,356
Chester 212,642 39,724 1,538 9,588 263,492
Chesterfield 8,390 4,003 4,757 0 17,150
Clarendon 10,846 9,642 8,735 0 29,224
Colleton 17,761 61,891 8,442 0 88,094
Darlington 76,135 159,605 1,061 0 236,800
Dorchester 54,865 80,024 11,522 106 146,518
Florence 36,567 114,971 36,297 0 187,835
Georgetown 170,782 235,035 23,225 0 429,043
Greenwood 85,763 26,379 32,828 0 144,970
Hampton 77,472 55,472 0 0 132,943
Laurens 11,237 12,825 606 257 24,925
Lexington 23,836 30,388 10,686 0 64,910
Marlboro 0 37,536 0 0 37,536
Newberry 189,492 188,380 69,899 0 447,771
Oconee 27,190 5,465 21,949 203 64,807
Orangeburg 69,211 73,332 1,845 0 144,388
Pickens 24,930 8,737 19,002 863 53,532
Richland 77,607 160,572 37,594 0 275,774
York 14,402 95,499 12,245 1,069 123,215
Total 1,346,208 1,600,442 334,466 12,086 3,293,203

*Source: USDA Forest Service, Timber Product Output 2002

The mill residues that make up the 1,612,528 tons annually consist of bark and wood.
The quantities that are produced as these byproducts and used as fuelwood or are not
used are presented in Table 12.

Mill residues produced and used as fuel or are unused annually are predominately bark.
Bark residues produced annually total approximately 927,000 tons. The remaining
685,000 tons are composed of fine and course wood residues.
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Table 12: Annual Mill Residues Used as Fuel and Unused by
Residue Type (Tons)

County Bark Residues Wood Residues Total Mill Residues
Allendale 27,413 45,257 72,671
Bamberg 4,325 9,101 13,426
Berkeley 100,729 14,138 114,867
Chester 41,490 7,822 49,312
Chesterfield 1,378 2,624 4,003
Clarendon 1,879 7,763 9,642
Colleton 24,767 37,126 61,891
Darlington 125,956 33,649 159,605
Dorchester 20,489 59,640 80,130
Florence 77,563 37,408 114,971
Georgetown 140,585 94,451 235,035
Greenwood 0 26,379 26,379
Hampton 22,708 32,764 55,472
Laurens 4,476 8,607 13,082
Lexington 12,539 17,849 30,388
Marlboro 37,536 0 37,536
Newberry 47,747 140,633 188,380
Oconee 815 4,853 5,668
Orangeburg 22,986 50,346 73,332
Pickens 604 8,996 9,600
Richland 120,206 40,367 160,572
York 91,234 5,333 96,567
Totals 927,425 .685,103 1,612,529-
*Source: USDA Forest Service, Timber Product Output 2002
alligher than previously stated due to rounding

G. Urban Wood Waste

Municipal wood wastes as characterized by G. Wiltsee (United States Department of
Agriculture, 1998), have three major components as differentiated on the basis of the
material's origin: 1) municipal solid waste, 2) industrial wood waste, and 3
clearing/demolition waste. The supply of biomass from these materials is directly
correlated to the population and industrial activity of the area and can be calculated on a
per person basis. The supply of biomass from this source will only increase with the
increasing population, which makes the future of this source secure.

Municipal solid waste refers to the material that is discarded from individual residences
and from small businesses, such as tree service companies. This source of wood waste is
most stringently tied to the local population and can range in significance from 20 to 90%
of an area's total urban wood waste. The median of this range is approximately 63%.
Waste originating from this sector include materials such as household yard waste,
household remodeling scrap, municipal and utility tree trimmings, and wooden shipping
containers (other than pallets) that are disposed of by retail and grocery stores.
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Industrial wood waste is the discarded material from industrial plants. The main
contributors are companies that work with wood in making their products, such as pallet,
cabinet, furniture and custom building companies. These operations have an'abundance
of waste that is usually landfilled and not utilized. The supply of this source of biomass
is more directly correlated with an area's industrial activity rather than the area's
population. Industrial wood waste can range from minimal to approximately two thirds
of the total urban wood waste in an area, with the median being about 14%.

The third sector of urban wood waste is waste that originates from the clearing of land or
the demolition of buildings. These materials are estimated to contribute from 4-40% of
the total waste within some areas with the median being around 23% for most areas.
Clearing and demolition wastes are most strictly correlated with the construction
activities in an area. Areas with high rates of development can expect to have wastes
from this sector to represent 40% of the total urban waste stream. Land clearing can
contribute large amounts of waste within this sector; however, amounts are hard to
predict given the variation of biomass densities on different sites.

Wiltsee (United States Department of Agriculture, 1998) found that the population of an
area directly affected the quantity of total urban waste produced on a per person basis.
He found that in higher population density areas such as Spartanburg and Greenville,
there are higher amounts of urban waste produced per person and that in areas of lower
population densities, such as Florence, the urban waste per person is lower. At high
population densities, he found that total urban waste could be estimated using a per year
amount of .1655 tons/person and for areas of low population densities a figure of .1487
tons per capita could be used.

In this study, the figure of .1655 tons per person per year was applied to the five most
densely populated counties in the state and the figure of .1487 tons per person per year
was applied to other less densely populated counties. Using these figures it is estimated
that the urban waste stream of South Carolina produces approximately 621,000 tons of
woody biomass that could be utilized for energy production each year. By using these
materials for the production of energy, the amount of landfill space needed per year will
be markedly reduced.

The amount of urban wood waste produced each year is presented by county in the
Piedmont region in Table 13.

The Piedmont region of South Carolina is capable of producing 247,650 tons of urban
wood waste per year, if the population within this region remains constant. However,
population increases can be expected, as this is one of the fastest growing areas of the
state (Ware, 2002). Greenville County is the highest populated county in the region and
produces approximately 62,826 tons of wood waste annually.
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Table 13: Piedmont Region, Urban Wood Waste (Tons)

County Population Wood landfilled/capita Wood landfilled/year
Abbeville 26,167 0.1487 3,891
Anderson 165,740 0.1487 24,646
Cherokee 52,537 0.1487 7,812
Chester 34,068 0.1487 5,066
Edgefield 24,595 0.1487 3,657
Fairfield 23,454 0.1487 3,488
Greenville 379,616 0.1655 62,826
Greenwood 66,271 0.1487 9,854
Lancaster 61,351 0.1487 9,123
Laurens 69,567 0.1487 10,345
McCormick 9,958 0.1487 1,481
Newberry 36,108 0.1487 5,369
Oconee 66,215 0.1487 9,846
Pickens 110,757 0.1487 16,470
Saluda 19,181 0.1487 2,852
Spartanburg 253,791 0.1655 42,002
Union 29,881 0.1487 4,443
York 164,614 0.1487 24,478
Total 1,593,871 247,650
*Source: US Census Bureau, 2000 and G. Wiltsee, 1998

The quantity of urban wood waste available annually by county in the Northern Coastal
Plain region is presented in Table 14.

Table 14: Northern Coastal Plain Region, Urban Wood Waste
(Tons)

County Population
Berkeley 142,651
Charleston 309,969
Chesterfield 42,768
Clarendon 32,502
Darlington 67,394
Dillon 30,722
Florence 125,761
Georgetown 55,797
Horry 196,629
Kershaw 52,647
Lee 20,119
Marion 35,466
Marlboro 28,818
Richland 320,677
Sumter 104,646
Williamsburg 37,217
Total 1,603,783
*Source: US Census Bureau,

Wood landfilled/capita
0.1487
0.1655
0.1487
0.1487
0.1487
0.1487
0.1487
0.1487
0.1487
0.1487.
0.1487
0.1487
0.1487
0.1655
0.1487
0.1487

Wood landfilled/year
21,212
51,300
6,360
4,833
10,021
4,568
18,701
8,297

29,239
7,829
2,992
5,274
4,285

53,072
15,561
5,534

249,077
2000 and G. Wiltsee, 1998
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The Northern Coastal Plain Region of South Carolina produces approximately 249,000
tons of urban wood waste annually. The region encompasses the state's capital and the
state's largest port city, both of which produce over 50,000 tons of wood waste per year.

The quantity of urban wood waste produced per year by county in the Southern Coastal
Plain region is presented in Table 15.

Table 15: Southern Coastal Plain Region, Urban Wood Waste
(Tons)

County Population Wood I
Aiken 142,552
Allendale 11,211
Bamberg 16,658
Barnwell 23,478
Beaufort 120,937
Calhoun 15,185
Colleton 38,264
Dorchester 96,413
Hampton 21,386
Jasper 20,678
Lexington 216,014
Orangeburg 91,582
Total 814,358
Source: US Census Bureau, 2000 and

andfilled/capita Wood
0.1487
0.1487
0.1487
0.1487
0,1487
0.1487
0.1487
0.1487
0.1487
0.1487
0.1655
0.1487

landfilled/year
21,197
1,667
2,477
3,491
17,983
2,258
5,690
14,337
3,180
3,075

35,750
13,618

124,724
G. Wiltsee, 1998

The Southern Coastal Plain region has the lowest population density in South Carolina
and therefore produces the smallest amount of urban wood waste (124,724 tons
annually). The most populated area within the region is Lexington County, which
produces approximately 35,750 tons of wood waste annually.

The production of energy from this source will increase as the population continues to
grow throughout the state at approximately 1.2% annually (US Census Bureau, 2000). If
the population were to remain constant, an annual supply of approximately 621,000 ton's
would be available.

Costs of Collecting Woody Biomass

The cost of collecting woody biomass is viewed as a two-part cost consisting of the initial
capital cost of equipment and the operational costs of harvesting and delivering the
material. In most cases the economical opportunity of performing a harvesting operation
for fuel biomass is directly correlated with stand size and should usually be exercised on
stands larger than 20 acres in size (Bryant Boyce, Canal Wood, Personal
Communication).

Processing woody biomass into a form that can be used as fuel from the discussed
sources requires a capital investment in several pieces of equipment. In addition to the
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initial costs of the equipment, operational costs are incurred that vary with the quantity of
product that is produced. Operational costs include expenditures such as operator wages,
fuel, and maintenance.

The major pieces of equipment required to produce wood chips are the feller/buncher,
grapple skidder, chipper with grapple boom, and a tractor and trailer. These four pieces
or a combination of the four can be found in almost any forest chipping operation and are
efficient in removing large volumes of material with minimal site impact.

The feller/buncher requires one operator and is designed to mechanically fell
predetermined or operator selected stems. The saw head is equipped with an
accumulating arm that collects the stems as they are cut and retains them in an upright
position until the arm is full, as shown in Figure 3. The operator can then tilt the saw
head at a forward angle, laying the bundle of stems in a pile on the ground for easy access
by the skidder. A three-wheeled feller/buncher is able to navigate through small areas
such as in thinning operations without excessive damage to residual stems, and can have
a turning radius as small as ten feet and six inches. The capital cost for a feller/buncher is
approximately $200,000.

The grapple skidder is responsible for moving the felled stems from the stand and to the
logging deck. The skidder uses a grapple claw to pick up the bundle felled by the
feller/buncher and drags the bundle to the logging deck. The skidder is capable of
stacking the stems using the hydraulic blade mounted on the front. The skidder moves
the stems within reach of the grapple boom mounted on the chipper and returns into the
stand for another load. The cost of a skidder is about $180,000. A grapple skidder
requires one operator.

The whole tree chipper is capable of producing chips of a predetermined size from stems
fed into the infeed. The chipper then deposits the chips in a trailer or a pile on the ground
through a shoot. From the cab, a single person operates the chipper by feeding the
material into the infeed using the grapple boom. The chipper requires a capital cost
ranging from $250,000 to $350,000 depending on available options. The chips are blown
from the chipper into a trailer that is then hauled by truck to a processing facility. At the
facility the truck is anchored and lifted so that the chips fall out the rear of the trailer.
The trailers are capable of hauling from 20 to 25 tons of chips in a single haul. The
capital cost of a hauling truck is approximately $75,000 and about $35,000 for an open
top trailer.

Collecting logging residues can be accomplished economically on many sites
simultaneously or shortly following a harvesting operation if residues are not distributed
back over the harvested area (Micky Scott, Collum's Lumber Products, LLC, Personal
Communication). Tops and limbs can be collected at the landing instead of being
scattered, increasing the number of opportunities for utilizing these resources. Utilizing
logging residues not only produces an additional source of return for the forest landowner
but also lowers the intensity or need of site preparation in regenerating the next stand.
Processing logging residues that have been collected on or near the logging deck can be
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accomplished using, at minimum, a grapple skidder, a chipper, two hauling trucks and
four trailers. The capital cost of this equipment is around $720,000. Using a chipper to
process logging residues in the form of tops and limbs can be accomplished at a cost of
approximately $12 per ton inwoods cost (Micky Scott, Collum's Lumber Products, LLC,
Personal Communication). Applying the freight cost of $2 per mile, a trailer load (25
tons) of chipped logging residue delivered to an energy producing facility at a distance of
50 miles would have a delivered cost of approximately $16.00 per ton.

The primary technique in South Carolina for harvesting timber is a single stem approach
in which each stem is cut individually. The economics of this approach hinder the ability
of operating within stands that are dominated by small diameter trees. The cost of
harvesting rises rapidly as stem diameter decreases. In 1980, a sensitivity test found that
a green ton of chips could be produced from 11 inch dbh stems for around $6.00 while
for 1-inch dbh stems the cost was $107.00 (Kluender, 1980). The cost rose sharply
around 5 inches dbh, the break-off point separating commercial thinning from
unmerchantable.

The average dbh of removed stems affects the ratio of feller/bunchers to skidders that is
needed for moving the material to the landing. In a working day of 10 hours, where a
skidder is operating for 7 hours, approximately 42 cords (113 tons) can be moved by that
skidder. Removing material with an average dbh of 4-inchs, one skidder can remove
material cut from two feller/bunchers, at 5 inches two skidders are needed and at 7 inches
three skidders are needed to haul the cut material without falling behind (Robertson,
1984).

A thinning operation should include, at minimum, one feller/buncher, two skidders, one
chipper, three trucks and six chip trailers. The greatest disadvantage of a whole tree
chipping operation is the high initial cost, around $1,245,000. The in-woods cost varies
greatly as described above; however, the cost of chipping and freight for a fifty mile
distance should be approximately $18/ton (Bryant Boyce, Canal Wood, Personal
Communication).

Southern scrub oak stands are harvested for the production of fuel wood throughout the
Sandhills region. The equipment used in these operations is the same as commercial
thinning for fuel discussed above and therefore the costs should be relatively similar.

Discussion

South Carolina has 12.2 million acres of timberland that produce a significant quantity of
woody material available for energy production. Logging residues, pre-commercial
thinning, and commercial thinning offer the largest opportunity for an energy market
considering the quantity of each source and the degree of current use in the state. Mill
residues and the southern scrub oak forest type also are capable of contributing a
significant supply of woody biomass to a developed energy market with mill residues
being the most readily available source. However, the majority of mill residues are
already being utilized.
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The total number of tons of the woody biomass by source discussed is presented in Table
15. South Carolina contains approximately 175 million tons of biomass from the sources
listed in Table 16. Unmerchantable and commercial thinning opportunities provide the
largest potential supply to a biomass energy market with a total base of about 102 million
and 64 million green tons, respectively.

Table 16: Total Available Biomass in South Carolina

Region Biomass Source Green Tons (Millions)
Piedmont

Logging Residues 1.6
Precommercial Thinning 34.7
Commercial Thinning 22.0
Urban Wood Waste 0.2

Northern Coastal Plain
Logging Residues 1.6
Precommercial Thinning 40.5
Commercial Thinning 21.5
Urban Wood Waste 0.2

Southern Coastal Plain
Logging Residues 1.2
Precommercial Thinning 27.5
Commercial Thinning 20.0
Urban Wood Waste 0.1

All Regions
Mill Residues

Wood Residues 0.7
Bark Residues 0.9

Southern Scrub Oak 2.4
Total 175.1
*Source: Forest Inventory and Analysis 2001, Timber Product Output 2002

The number of tons of woody biomass available on an annual basis is presented in Table
17. The annual quantity of material available for energy production from woody biomass
is approximate 20.9 million tons. These quantities could be used to produce energy on a
sustainable basis.
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Table 17: Annual Available Biomass in South Carolina

Region Biomass Source Green Tons (Millions)
Piedmont

Logging Residues 1.6
Precommercial Thinning 2.9
Commercial Thinning 1.7
Urban Wood Waste 0.2

Northern Coastal Plain
Logging Residues 1.6
Precommercial Thinning 3.4
Commercial Thinning 1.8
Urban Wood Waste 0.2

Southern Coastal Plain
Logging Residues 1.2
Precommercial Thinning 2.3
Commercial Thinning 1.8
Urban Wood Waste 0.1

All Regions
Mill Residues

Wood Residues 0.7
Bark Residues 0.9

Southern Scrub Oak 0.5
Total 20.9
*Source: Forest Inventory and Analysis 2001, Timber Product Output 2002

Agronomic Crop Residues

Crop residues (cobs, stems, leaves, straw, and other plant matter) left in agricultural fields
after harvest could potentially be used for energy production. Currently, these residues
are of little economic value to producers. Most residues are either plowed into the soil,
left on the soil surface to reduce erosion and improve soil quality, or burned prior to
planting the next crop. Using crop residues for energy production represents a potential
additional source of income for South Carolina producers.

Corn, cotton, soybean, and wheat are the four most widely produced crops in South
Carolina (Tables 18 through 21, Figures 3 through 6). There are no data available for the
amount of biomass produced for these crops in South Carolina, although estimates can be
derived from grain production and acreage values reported for each crop by the South
Carolina Agricultural Statistics Service (SC Agric. Stat. Serv., 2003). For our biomass
estimates, we assumed that one bushel of grain weighed 56 lbs for corn, 60 lbs for
soybean, and 60 lbs for wheat. Grain and lint yields used in the calculations were 5-year
averages (1998-2002) provided by the SC Agricultural Statistic Service. Planted acres
shown in Tables 18 through 21 are those reported for 2002, which was a normal year in
terms of acres planted (5 year averages not available). Grain moisture was assumed to be
15.5% for corn, 13% for wheat and soybean, and 0% for cotton lint. Calculated biomass
values shown in Tables 18 through 21 were converted to 0% moisture basis. In contrast
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to other states, crop residues are generally not used for animal feed in South Carolina and
the estimates shown would be available for energy production.

Com (Table 18) and wheat (Table 19) offer the greatest opportunity for biomass
production in South Carolina, although wheat acres have declined dramatically in recent
years due to low commodity prices. Statewide, about 490,000 tons of com and 225,000
tons of wheat biomass are produced each year. Wheat is harvested for grain in late May
and early June. Thus, biomass harvest would occur near this time. Soybean is generally
planted immediately after wheat harvest and planting delays due to biomass collection
would not be acceptable because of the significant soybean yield loss that would occur.
Waiting for wheat straw to dry or for residue baling equipment to become available
would cause such planting delays. Com is harvested for grain in late August and early
September in South Carolina. No crop is planted immediately after corn harvest so there
is not a demand to quickly remove the com biomass from the field,'as is the case for
wheat. Drying conditions for wheat and corn residues may be less than optimal due to
the high humidity levels in the Southeast during those times. Corn, wheat, soybean, and
cotton are all produced primarily in the Coastal Plain region of the State. Greatest
production counties for these crops are located near the center of the Coastal Plain, thus
any processing facilities should be located near the center of these counties.

The amount of biomass removed from crop fields would be less than the amounts shown
in Tables 18 through 21 primarily because of federal recommendations pertaining to soil
conservation measures. The USDA-NRCS recommends that at least 30% of the soil
surface be covered by plant residues to control soil erosion and to maintain soil
productivity (termed using conservation tillage). The amount of residues needed to
provide 30% residue cover would vary by crop and the soil type the crop is produced
upon. However, the amount of residue that must remain in the field to provide 30%
residue cover would be substantial. If all crop residues are removed and surface coverage
drops below 30%, producers would not be able to participate in federal government
programs that provide financial incentives for using conservation tillage practices.

Due to the seasonality and low energy density of agronomic crop residues, they may not
be as economically viable as forest biomass in the near future. For these reasons, the
agronomic crop residues will be considered as a potential source only after the forest
biomass energy industry has been established.
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Table 18. Estimated Corn Residue in SC.
COUNTY 2002 Corn Acres Dry Residue tonslacre Dry Residue tons/county

Abbeville -- --.

Aiken 3,600 1.09 3,918
Allendale 13,700 1.25 17,180
Anderson -- -- --

Bamberg 7,700 1.30 10,020
Barnwell 5,600 1.14 6,360
Beaufort -- -- --

Berkeley 3,500 1.35 4,720
Calhoun 11,300 1.80 20,319
Charleston -- -- --

Cherokee ....
Chester -- -- --

Chesterfield 4,600 1.61 7,401
Clarendon 39,500 1.73 68,224
Colleton 6,700 1.32 8,877
Darlington 13,000 1.63 21,223
Dillon 7,500 1.61 12,067
Dorchester 8,900 1.40 12,424
Edgefield -- -- --

Fairfield -- -- --

Florence 18,000 1.47 26,405
Georgetown 2,500 1.37 3,431
Greenville -- -- --

Greenwood -- -- --

Hampton 10,000 1.35 13,486
Horry 16,800 1.61 27,029
Jasper -- -- --

Kershaw 2,000 1.28 2,555
Lancaster 1,000 1.28 1,278
Laurens -- -- --

Lee 17,000 1.54 26,144
Lexington 6,300 1.85 11,627
McCormick -- -- --

Marion 6,200 1.59 9,828
Marlboro 3,400 1.66 5,631
Newberry -- -- --

Oconee 600 -- --

Orangeburg 44,000 1.63 71,832
Pickens -- -- --

Richland 5,300 1.42 7,524
Saluda -- --.

Spartanburg -- -- --

Sumter 33,100 1.66 54,820
Union -- -- --

Williamsburg 17,000 1.51 25,742
York -- -- --

Other Counties 11,200 0.00 --

STATE 320,000 1.54 492,128
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Table 19. Estimated Wheat Residues in SC.
COUNTY 2002 Wheat Acres Dry Residue tons/acre Dry Residue tons/county

Abbeville -- -- --

Aiken 4,500 0.84 3,758
Allendale 15,500 0.99 15,373
Anderson 2,500 0.97 2,414
Bamberg 4,800 0.91 4,385
Barnwell 4,600 0.94 4,322
Beaufort -- -- --

Berkeley 2,800 1.02 2,850
Calhoun 6,800 1.20 8,164
Charleston -- -- --

Cherokee --
Chester -- 1.10 --
Chesterfield 10,100 1.12 11,335
Clarendon 29,400 1.25 36,832
Colleton 4,500 0.91 4,111
Darlington 32,400 1.04 33,826
Dillon 38,700 1.02 39,393
Dorchester 4,800 1.02 4,886
Edgefield -- 0.97 --
Fairfield -- - --

Florence 52,500 0.94 49,329
Georgetown 3,800 0.99 3,769
Greenville -- 1.07 --
Greenwood -- -- --

Hampton 7,900 0.89 7,010
Horry 47,800 0.99 47,408
Jasper -- -- --

Kershaw 2,100 1.17 2,466
Lancaster 700 -- --

Laurens -- 0.94 --
Lee 28,000 1.20 33,617
Lexington 4,300 0.91 3,928
McCormick -- -- --
Marion 17,700 0.86 15,245
Marlboro 24,400 1.07 26,110
Newberry 1,400 1.02 1,425
Oconee 700 1.07 749
Orangeburg 27,300 1.12 30,639
Pickens -- -- --

Richland 4,900 1.04 5,116
Saluda -- 0.91 --
Spartanburg -- 0.94 --
Sumter 23,000 1.15 26,413
Union -- -- --
Williamsburg 22,300 1.02 22,699
York -- -- --
Other Counties 4,800 0.00 0
STATE 210,000 1.07 224,721
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Table 20. Estimated Soybean Residue in SC.
COUNTY 2002 Soybean Acres Dry Residue tons/acre Dry Residue tons/Co

Abbeville --...
Aiken 4,500 0.44 1,997
Allendale 15,500 0.47 7,282
Anderson 2,500 0.44 1,109
Bamberg 4,800 0.47 2,255
Barnwell 4,600 0.52 2,401
Beaufort ......
Berkeley 2,800 0.57 1,608
Calhoun 6,800 0.55 3,727
Charleston -- -- --

Cherokee
Chester --...
Chesterfield 10,100 0.52 5,272
Clarendon 29,400 0.55 16,114
Colleton 4,500 0.52 2,349
Darlington 32,400 0.55 17,758
Dillon 38,700 0.55 21,211
Dorchester 4,800 0.57 2,756
Edgefield --
Fa irfie ld ......
Florence 52,500 0.55 28,775
Georgetown 3,800 0.55 2,083
Greenville -- - --

Greenwood -- -- --

Hampton 7,900 0.52 4,124
Horry 47,800 0.57 27,447
Jasper ......
Kershaw 2,100 0.57 1,206
Lancaster 700 0.52 365
Laurens -- 0.52 --
Lee 28,000 0.57 16,078
Lexington 4,300 0.55 2,357
McCormick -- -- --

Marion 17,700 0.50 8,777
Marlboro 24,400 0.55 13,374
Newberry 1,400 0.57 804
Oconee 700 0.50 347
Orangeburg 27,300 0.55 14,963
Pickens --....._

Richland 4,900 0.50 2,430
S aluda ......
Spartanburg -- -- --

Sumter 23,000 0.55 12,606
U n io n --.....
Williamsburg 22,300 0.57 12,805
Y ork .... -
Other Counties 4,800 0.00 0
STATE 435,000 0.55 238,424
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Table 21. Estimated Cotton Residues in SC
COUNTY 2002 Cotton Acres Dry Residue tons/acre Dry Residue tons/county

Abbeville -- -- --

Aiken 5,600 0.86 .3,591
Allendale 1,800 1.02 1,375
Anderson 600 0.71 318
Bamberg 8,800 0.97 6,413
Barnwell 6,500 0.70 3,429
Beaufort -- -- --

Berkeley -- -- --

Calhoun 25,600 1.01 19,392
Charleston -- -- --

Cherokee
Chester --
Chesterfield 500 -- --

Clarendon 5,400 0.86 3,483
Colleton 1,600 0.74 890
Darlington 40,800 1.03 31,569
Dillon 19,500 0.93 13,553
Dorchester 8,200 0.83 5,074
Edgefield 700 0.60 315
Fairfield -- -- --

Florence 13,700 0.82 8,391
Georgetown 1,100 -- --

Greenville --

Greenwood -- -- --

Hampton 7,400 0.91 5,051
Horry 500 0.82 306
Jasper -- -- --

Kershaw 800 0.72 431
Lancaster -- -- --

Laurens -- -- --
Lee 25,300 0.76 14,358
Lexington 2,400 0.76 1,374
McCormick -- -- --
Marion 6,000 0.81 3,660
Marlboro 30,400 0.90 20,596
Newberry 1,100 0.87 719
Oconee -- -- --
Orangeburg 27,400 0.93 19,009
Pickens -- -- --
Richland 3,200 -- --

Saluda 1,200 0.86 776
Spartanburg -- -- --

Sumter 8,700 0.98 6,362
Union -- -- --
Williamsburg 28,400 0.91 19,419
York 3,200 0.82 1,964
Other Counties 3,600 0.00 0
STATE 290,000 0.90 196,113

30



Fig. 3 Corn Biomass by County In South Carolina
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Fig. 4 Wheat Biomass by County In South Carolina
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Fig. 5 Soybean Biomass by County In South Carolina
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Conversion of Biomass to Power

Fossil fuels (natural gas, petroleum, and coal) are marketed by large energy firms that
provide a consistent, standardized fuel that has usually under-gone considerable
upgrading. Biomass fuels are typically provided "as produced", with little refinement and
no nationally recognized standards. Quality may vary between sources, from one year to
the next, or even between deliveries, so you must know the capabilities of the combustion
system and specify and monitor the fuel supply to meet those needs. There are many
types of biomass fuels, and each type has different characteristics. To further complicate
the utilization of biomass, considerable variation may exist within each fuel type. It has
been said that when working with biomass fuels, you must either design the combustion
system to handle a wide variety of fuels, or you must process the fuels so they are suited
to the combustion system available. Either approach adds costs to the overall energy
production.

Most biomass fuels contain some amount of water. This can range from a small
percentage up to 50% water (expressed on a wet basis). Water contributes to the cost of
handling and transportation, but does not contribute any energy. The heating of the water
and its conversion to steam requires energy, which is taken frofft the heat generated by
the combustion of the biomass. Combustion systems using high moisture content fuels
will have a slower response time to increased energy demand. In addition, wet fuels are
subject to biological activity that can cause oxygen depletion in closed storage areas.
They can also be subject to heating that can lead to spontaneous combustion. Very dry
fuels create a dust hazard during handling and can pose a fire/explosion hazard.

The non-combustible inorganic (mineral) content of biomass is generally referred to as
ash. It can be either inherent, that is, deposited within the biomass during plant growth, or
contaminant, that is, mixed with the biomass from external sources. Inherent ash is
generally low in clean wood (0.5%), higher in bark (3.5%) and significant in annual crops
such as straw (6.2%), but usually consistent within a fuel type. Contaminants such as dirt,
sand, metal and plaster depend on the fuel source, how it was handled and the degree of
cleaning during fuel preparation. It can vary widely within a fuel type or even within a
fuel load (Canadian Natural Resources). Ash does not contribute energy and represents a
small energy loss if dumped hot. Major problems can occur when excessive contaminant
ash softens/ melts to form lumps of slag that can block grates and cause erosion and
jamming of ash augers. Combustion of fuels with high alkali levels can cause problems in
the boiler tubes when vaporized alkali deposits as slag on the heat exchange surfaces.

Biomass fuels have a low energy density when compared to fossil fuels. For example,
wood chips have about three times the bulk per unit of energy than does coal. Therefore,
when planning a wood fuel storage facility, one must plan 3 times the volume of storage
for wood fuel if one is to maintain the same number of days storage as required for a coal
storage facility. Biomass is also hygroscopic, and protection from weather is a
consideration. Wood chips, for example, are often stored in a shed or stacked in the
open. Square straw bales, on the other hand, should be kept indoors. For a large biomass
combustion facility, covered storage is often not feasible. Elaborate, automated storage
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and retrieval systems typically can cause more combustion outages due to disruptions in
the fuel supply to the combustion unit than from problems with the combustion unit
itself. As a result, most large biomass energy facilities generally employ a relatively
simple storage and retrieval system. A typical system for handling and storing wood
chips, sawdust and bark might consist of a hydraulic truck dump to lift up the trailer (and
often the truck, too) and dump the payload onto a concrete slab where it is moved, by
means of a front end loader, either into a large outdoor storage pile or directly onto a
reclaim conveyor (generally a live bottom drag chain assembly). As excess fuel comes
in, it is placed into storage, and as additional fuel is needed it is retrieved from storage.
Rotation of the fuel pile is also necessary, with a first in, first out sequence often
employed.

Most current dedicated biomass-fueled power plants use direct-combustion boilers
coupled with steam turbines (Boyland). A typical biomass energy plant will consist of a
primary biomass combustion chamber equipped with an air swept feeder to evenly
distribute the biomass fuel over either a fixed, vibrating or traveling grate coupled with a
high pressure water tube boiler equipped with a super-heater and attached to a multi-stage
steam turbine. Another variation is a starved air primary chamber to gasify the biomass,
after which it passes into a secondary combustion chamber for complete combustion of
the gases. Often, the combustion is multi-staged to achieve a balance of temperatures and
complete combustion for controlling temperatures to meet emission limit requirements.
This technology is mature, readily available and reliable. Plants tend to be relatively
small (20 to 40 MW) and inefficient, when compared to more traditional power
generation fuels, such as coal and natural gas. This contributes to a relatively high cost of
delivered electricity from biomass generating plants.

The next generation of stand-alone biomass power plants may be both less expensive and
more efficient. One of the most promising near-term technological options is a combined-
cycle biomass gasification system, which is the biomass equivalent to a natural gas
combined-cycle system. In this case, biomass is converted to a gas, in an atmosphere of
steam or air, to a medium- or low-energy-content gas. This biogas powers a combined-
cycle power generation plant. However, biomass gasification combined-cycle systems
are not yet commercially available, although one small plant is operating in Sweden.

A potentially lower-cost, near-term option for converting biomass to energy is to co-fire
it with coal in existing power plants. Co-firing means mixing the biomass with the coal
to reduce the amount of coal used. Co-firing has been practiced, tested,or evaluated for a
variety of boiler technologies, including pulverized coal boilers of both wall-fired and
tangentially fired designs, coal-fired cyclone boilers, fluidized-bed boilers, and spreader
stokers. Demonstrations and trials have shown that biomass can effectively substitute for
15% or more of coal use. Preparation of biomass for co-firing involves well-known
technologies. After tuning the boiler's combustion output, there is little loss in total
efficiency. Test results indicate that a 0.5% decrease in the boiler's overall thermal
efficiency with 10% biomass co-firing is likely. Since biomass generally has much less
sulfur than coal, there are reductions in sulfur dioxide emissions and, to a lesser degree,
nitrogen oxide emissions (Boyland). Co-firing of biomass may not be feasible at many
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coal plants, often because of the logistics associated with storage, bandling and
preparation of biomass fuel, and difficulty getting the biomass into the combustion
chamber. In South Carolina, the authors are aware of only one coal boiler where this
option has been demonstrated with very minor adaptations to the facility. (Denton, Kress,
Todd). Supplementing coal with biomass in South Carolina may be a viable option for
utilizing sizable amounts of biomass for power production in South Carolina. However,
this will not be known without further study of existing coal fired power plants, and
without an incentive for utilities to incorporate biomass co-firing during the planning
stages of any new coal fired power plants.

Economics

Direct Economic Considerations

There are two parts to the direct economic considerations of utilizing biomass for energy.
First, is the cost of production, and second is the sale of the energy after it has been
produced.

The cost of production is a function of the capital cost to build the plant, plus the
operating cost to operate the plant. The size of the power plant has a tremendous effect
on the final cost of the power produced. Because of the low energy density and the
corresponding high transportation cost for transporting biomass fuels, the optimum size
for a biomass power plant is probably in the 40 to 50 MW range (Burchfield). A study
by the University of Georgia puts the capital cost for a 4.623 MW wood-fired power
plant at $2,503,569. per MW of capacity (Curtis). A biomass power plant developer has
put the total capital cost for a 40 MW wood-fired power plant at $1,600,000. per MW of
capacity (Burchfield). A public utility study was done that projected the capital cost for a
50 MW biomass power plant at $109,676,000. or $2,194,000. per MW (Wisconsin).
Assuming $18.00 per ton of wood fuel delivered to these plants, it was estimated that
these plants would produce power at a cost of $155.22 per MWh for the 4.623 MW plant,
and $89.75 per MWh for the 40 MW plant, and $77.64 per MYV'h for the 50 MW plant
(this assumes a plant that operates at an 80% load factor). The per unit capital cost of a
biomass power plant is significantly higher than the capital cost of a utility size coal
plant, which is approximately $1,300,000. per MW (Denton, Todd). The final power cost
of electricity from biomass is also significantly higher than electricity from a new coal
power plant, which has been estimated at $41.30 per MYvh (Wisconsin).

At first glance, it might be assumed that the cost of the wood fuel would have a major
impact on the final cost of the power, and that fluctuations in fuel cost would cause major
swings in the cost of the power. However, the 40 MW plant has a sensitivity of
approximately $1.40 per MWh for each $1.00 in wood fuel cost. If the wood fuel were
delivered free, the cost of the power produced would still be about $64.50 per MWh,
compared with a cost of $89.75 per MWh at a fuel cost of $18.00 per ton. The high cost
of power produced utilizing wood for fuel is more a function of capital cost and other
operating costs besides fuel cost, than the actual cost of the fuel itself Even with free
fuel, the biomass power plant cannot compete economically with the coal power plant.
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Determining the cost of production for power produced utilizing biomass is relatively
simple to calculate. All that is necessary is to know the capital cost, operating cost, load
factor and capacity. The sale of the power is extremely complicated. It is not simply a
matter of selling the power to a utility and them reselling it to their customers. The
utilities are faced with an extremely complex system that has evolved over many decades
to provide complete service to their customers. Among the issues that complicate the
production and sale of power to a wide range of customers are: The fact that the same
amount of power is not produced around the clock ... there are peaking issues that must be
accommodated. The power must be transmitted from the point of production to the point
of use. Redundancy must be built into the system to assure power when needed. Utilities
must deal with growth and declines in energy use, coupled with the corresponding
installed capacity and forecasts for future use and the lead time necessary for
implementation of new capacity. Then there are the dynamics of the variety of fuels,
fluctuating costs of the fuels, and how that mix must be manipulated to maximize the
value to the energy customer. Taking all this into account, it is easy to see that adding
biomass to the mix is a complex issue. The best gauge to the value of power produced
utilizing a biomass fuel from a plant with a high load factor is to look at contracts that
have been negotiated during the recent power market conditions, for existing plants. The
prices paid by utilities for multiyear contracts seem to fall into the range of $30.00 to
$40.00 per MWb. This range is reinforced by looking at projected futures prices for
energy sold without contracts through an energy broker (Table 22). One such projection
places the average value of power through 2004 and 2005 at an average of $38.75 per
MYv1h. A biomass energy plant could conceivably be built without contracts, and the
power sold through a power broker. However, this increases the risk to the developer,
and is not a likely scenario.

A market has been developing for "green power." Green power is basically
environmentally friendly methods of generating power, including biomass power (wind
and solar are other methods of producing green power). Many utilities have programs
whereby their customers can voluntarily pay extra to purchase more expensive green
power, effectively subsidizing the production of the green power. In addition, some
states have mandated that the utilities operating in those states provide a portion of the
power sold as green power. These requirements for green power are often satisfied by
the utilities purchasing green power from third parties rather than the utilities generating
the power themselves. A secondary market has developed and there are brokers who
serve to connect the producers and the buyers of green power. One such company has
placed a current value on green power at between $1.00 and $3.00 per MWh (Mainstay).
This can help offset the higher cost of producing green power, although the subsidy has
not reached a level required to close the gap between the cost of producing green power
and power from more traditional fuels.
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Table 22 Futures Curve for Power Sales

7x24

Weighted Total Total Month
Price Wtd Hours

$ 46.08 $ 34,280 744 2004 Aug
$ 39.29 $ 28,290 720 Sep
$ 34.79 $ 25,886 744 Oct
$ 34.59 $ 24,905 720 Nov

$ 38.46 $ 28,614 744 Dec

$ 38.66 $ 141,975 3672

$ 43.62 $ 32,455 744 2005 Jan
$ 42.83 $ 28,780 672 Feb
$ 38.69 $ 28,784 744 Mar
$ 37.94 $ 27,318 720 Apr
$ 36.10 $ 26,856 744 May
$ 36.42 $ 26,221 720 Jun
$ 44.60 $ 33,185 744 Jul
$ 45.85 $ 34,115 744 Aug
$ 34.59 $ 24,906 720 Sep
$ 32.43 $ 24,126 744 Oct
$ 34.58 $ 24,900 720 Nov
$ 38.31 $ 28,502 744 Dec

$ 38.83 $ 340,149 8760

(Davis)

Indirect Economic Considerations

In the interest of better understanding the economic and fiscal implications of potential
biofuels electricity generation on the state of South Carolina, the Carl Vinson Institute of
Government at the University of Georgia analyzed the overall economic and fiscal impact
of a typical biofuels electric generation facility. The Carl Vinson Institute has developed
a comprehensive, county level economic forecasting and economic impact model of the
United States economy that is ideally suited to this analysis. The Regional Dynamics
(ReDyn) model is an advanced, highly flexible, Internet-based tool for economic
forecasting and for analyzing the impact of businesses, policy changes, and significant
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events. The model was developed precisely to help state and local governments and
communities make better-informed economic and policy decisions, by explicitly
estimating how an exogenous shock to a regional economy will spread out to impact
other industries and other regions, and how those impacts will change dynamically over
time.

For this project, the (ReDyn) model was configured to analyze economic impacts for
every county in the state of South Carolina and for a total of 308 different industry types,
conforming to the 4 digit North American Industry Classification System (NAICS)
coding system. The forecast horizon for the economic impact analysis was annually
through the year 2020. The core ReDyn model was augmented using the ReDyn Fiscal
Impact Module, so the fiscal impacts of a typical biofuels electric generation facility
could be estimated as well.

The optimum size for a biofuels facility was determined to be 40 megawatts. It is critical
at this point to understand precisely how the biofuels facility might have a
macroeconomic impact on the state. The electric generation facility itself is assumed to
have no economic impact on the state whatsoever, in that a biofuels electricity generation
facility would simply displace coal electricity generation. Although the operation of the
facility itself is assumed to have no net economic impact on the state, the change in the
type of fuel consumed can have a very significant impact on the state. Virtually all
money spent in South Carolina to purchase coal immediately leaves the state. But
because the state has a rich potential source of biofuels, and because economical
operation of a biofuels facility effectively requires that the source of the biofuels be 0
within 40 miles of the generation facility, money spent to purchase biofuels will almost
entirely stay within the state. In a nutshell, a biofuels plant offers the opportunity for
South Carolinians to employ local loggers instead of distant miners. It is the total impact
of this change in the supply chain that is of particular interest for this analysis.

A 40 megawatt facility would require approximately 400,000 tons of biomass fuel per
year, and would replace a total of 262,000 tons of coal. The delivered price of the
biomass fuel is estimated to be $18 per ton, for a total fuel cost of $7,200,000; at a price
of coal of $45 per ton, the total price of the coal that is replaced is $11,790,000. The
difference in the total price of the two fuels of $4,590,000 would, presumably, be spent
by the generator on other resources, be passed through to the consumer, or be rebated
back to the shareholder. For this analysis, we assumed the difference in fuel costs would
make its way into the income stream of South Carolinians, and be re-spent by them in the
same consumption profile as their current income.

The capital cost of the biomass power plant would be $64,000,000, and this is included in
the impact analysis as well. Production of the biofuels required to operate the facility
would require 7 whole tree chipping operations, and a typical whole tree chipping
operation will have 7 employees, for a total increase in employment of 42. The capital
cost for each whole tree chipping operation is approximately $1,000,000, for a total
capital expenditure of $7,000,000. Each chipping operation will also require the hauling
support of 2 tractors and 3 trailers, for a capital cost of $160,000 per operation, or a total
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investment of $1,120,000 on the trucking operation. Each trucking operation requires 3
people, for a total employment of 21 involved in trucking the biofuels. Because all
economic efficiency demands that the biofuels be produced within 40 miles of the
electric generation facility, it was assumed that all whole tree chipping and shipping
operations would be located in the same county as the electric generation facility.

Having identified the economic "footprint" of a typical (40 megawatt) biofuels power
plant, it was next necessary to estimate the location of such a facility. Because the
aggregate economic impact of such an operation can very widely depending upon where
the facility is located, and because there are a number of plausible potential locations
within the state, it was determined that the best course of action was to run three separate
economic impact scenarios, each one locating the facilities in a different plausible county
within the state. For this analysis, Colleton County, Aiken County and Laurens County
were identified as plausible locations that cover a wide variety of geography and forest
types. For reporting purposes, we will be reporting the average estimated fiscal and
economic impact from these three scenarios. It was assumed that the facility, and all
necessary supply chain infrastructure would be built in the year 2005, and would be in
operation from 2006 through the end of the forecast period in 2020.

Employment Impact of the Typical Electric Generation Facility

A biofuels electric generation facility would shift spending on fuels from coal imported
to South Carolina to wood produced in South Carolina. As discussed above, this would
directly employ people to process and ship the raw wood. The income of these workers
would then be re-spent, in part in South Carolina, producing some additional South
Carolina employment. These employees would, in turn re-spend some of their income in
South Carolina, and so on. It is the aggregate effect of all of these rounds of re-spent
income, across industries and across regions, which the Regional Dynamics model
explicitly quantifies.

The year in which the facility is constructed, 2005, the typical facility is estimated to
generate a total of 99 jobs in the county where the facility is located, and an additional
471 jobs elsewhere in the state of South Carolina, for a total of 570 jobs statewide. Once
the facility is operational, total net employment in the county is expected to be
approximately 70 employees greater than it would be in the absence of the facility. Once
the facility is up and running, it is also forecast to sustain an additional 36 to 39 jobs
elsewhere in the state of South Carolina, for a total employment impact over the
operation years (2006-2020) of approximately 106 to 109 jobs. The annual forecast is
shown in the graph below.
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Employment Impact of a 40 Megawatt Blofuels Generator 0
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Output Impact of the Typical Electric Generation Facility

The additional employees in the county and the state are, naturally, associated with an
increase in the total amount of output (or, if you prefer, total sales) produced in the state
and in the county.

The year in which the facility is constructed, 2005, the typical facility is estimated to
generate a total of over $10 million in additional output in the county where the facility is
located, and over $50 million in additional output elsewhere in the state of South
Carolina, for a total of approximately $60 million statewide. Once the facility is
operational, total output in the county is expected to be just over $7.5 million in 2006,
rising to just under $9.5 million by 2020. The total output in the rest of the state is
expected to be approximately $4.3 million in 2006, rising to just under $5.5 million by
2020. The increase in output over time is a result of the forecast increase in productivity
(output per worker) over the forecast period. The output impact of the facility is
summarized in the graph below
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Output Impact of a 40 Megawatt Biofuels Generator
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Wage Bill Impact of the Typical Electric Generation Facility

The additional employees in the county are also associated with an increase in the total
amount of wages paid in the county and the state. In the year in which the facility is
constructed, it is estimated to generate a total of approximately $2.7 million in additional
wages in the county where the facility is located, and over $17.5 million in additional
wages elsewhere in the state of South Carolina, for a total of just over $20 million
statewide. Once the facility is operational, total output in the county is expected to be
just under $1.7 million in 2006, rising to just under $2.1 million by 2020. Total wages
earned in the rest of the state are expected to be approximately $1.3 million in 2006,
rising to just under $1.6 million by 2020. As with the increase in output over time, the
increase in wages over time is a result of the forecast increase in productivity over the
forecast period. The wage impact of the facility is summarized in the graph below

0
N
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Wage Bill Impact of a 40 Megawatt Biofuels Generator
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State Government Fiscal Impact of the Typical Electric Generation Facility

All of the additional economic activity generated by the electric generation facility will,
naturally, have fiscal implications for both state and local government. The Regional
Dynamics Fiscal Module estimates the fiscal impact of these economic changes for 22
different state government tax and expenditure line items, based upon the effective rates
of taxation and effective per capital government expenditures in the state. The estimated
state government gross revenue impact of our typical electric generation facility is
forecast to be just over $3.3 million dollars in 2005, and during the operation phase, gross
revenues are forecast to be $700,000 to $800,000 greater than they would otherwise be.

Expenditures by the state, given current expenditures per capita in South Carolina, are
expected to increase by $1.4 million in 2005, and over the rest of the forecast period are
forecast to fluctuate between $410,000 and $600,000. Thus, the net revenue impact for
the state is expected to be positive in the amount of $1.9 million dollars in 2005, and
approximately $250,000. per year throughout the forecast period. The state revenue and
expenditure impact is outlined in the graph below. 0
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State Fiscal Impact of a 40 Megawatt Biofuels Generator
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Local Government Fiscal Impact of the Typical Electric Generation Facility

The Regional Dynamics Fiscal Module is also designed to estimate the fiscal impact of
economic changes for 22 different local government tax and expenditure line items, again
based upon the effective rates of taxation and effective per capital government
expenditures in the state. The estimated state government gross revenue impact of our
typical electric generation facility is forecast to be just under $4.5 million dollars in 2005,
and during the operation phase, gross revenues are forecast to between $2.8 million and
$3.4 million per year greater than they would otherwise be.

Total expenditures by local governments in the state of South Carolina, given current
local government expenditures per capita in the state, are expected to increase by under
$1.9 million in 2005, for a net benefit of approximately $2.6 million in 2005, and over the
rest of the forecast period the expenditures are forecast to fluctuate in the neighborhood
of $500,000 per year, for a net benefit between $2.3 million and $2.9 million. The net
revenue impact for the local governments in the state are expected to be positive
throughout the forecast period. These fiscal impacts are shown in the graph below.
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Total South Carolina Local Fiscal Impact of a 40 Megawatt Blofuels Generator
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The state and local government fiscal impact analyses were conducted assuming that
there are no tax breaks or additional (unique) government expenditures, at any level of
state or local government, associated with the biofuels facility. In addition, note that the
local government fiscal impact quantifies the total impact of the project across all local
governments in the state, and not just the economic impact of the facility on the county
where it is located. It is likely that the lion's share of the local government fiscal impact
is felt in the county where the facility is located, but at least some of these impacts are
felt by local governments elsewhere in South Carolina.

Summary and Conclusions

There are many pieces of the puzzle that must fit together in order for a viable biomass
energy industry to emerge. Among these is a reliable supply of biomass in sufficient
quantities, acceptable quality, and reasonable price delivered to the point of use. You
must have the technology to convert the biomass to an energy form that is accessible to
the end user with acceptable environmental ramifications. And, all this must be
economical when compared to alternative forms of energy.

One of the first issues that must be addressed is the form of energy that is useable. The
most efficient use of biomass is conversion to heat (hot air), and the utilization of hot air.

2020
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An example of this is in the production of oriented stand board, where the hot air is used
in a large dryer to dry the wood flakes that are used to make the board. The next most
efficient use of biomass energy is probably in the production of steam for process heat in
industrial situations. An example of this would be using steam in a lumber mill to dry
lumber. Biomass has been used successfully in other applications where steam in
required, such as textile finishing plants, and in the production of distilled water and
sterilization of mass-produced products. However, markets for hot air and steam are
limited, and the "easy" situations for using biomass in these applications have been
sought out by developers and as a result, there is no broad biomass energy markets for
steam and hot air available for development. The only way that a sizable biomass energy
market can be developed is in the production of electricity.

The economics of electrical generation and distribution are extremely complex. It is
often thought that the economics of biomass is the simple case of building a biomass
power plant, base loading the plant, hooking into the power grid, and selling the power to
a utility. Discussions with utility representatives quickly get to the complications, which
include the fact that power is not used around the clock at the same level, there are many
types of fuel, and each type of fuel lends itself to specific power generating situations.
The utilities are expected to provide power at peak use times, which means that at non-
peak times, there is idle generating capacity. Biomass does not lend itself to rapid up and
down load situations, and it generally must compete with base load coal plants, which
have similar combustion characteristics. Unfortunately for the proponents of power from
biomass, a base load coal plant is the least expensive way to generate power, so this
limits the value of a biomass plant to the economics of power generation from coal.
These complexities and realities of biomass power production are the reason that biomass
to electricity is not common throughout the southeastern US, despite the abundance of
biomass available. Many states and many organizations have promoted biomass energy
for the past 25 years, and still, biomass use is basically limited to broad use by the forest
products industry, selected steam applications in other industry groups, and a few power
generation plants that were put in during a time when high energy payments were
dictated through FERC laws. The situation has basically not changed during the past 25
years. For these reason, we cannot reasonably expect the development of biomass for
power generation on a broad scale without some form of incentives or subsidies.

In South Carolina, there is sufficient biomass available on a sustained basis to support a
sizeable biomass energy industry. The harvesting of the biomass can be done within
acceptable environmental boundaries, and in fact, the harvesting can be used as a useful
forest management too] to improve the health of the State's forest lands. If we take a
very conservative approach, and look at the easiest, most economical portion of the
biomass available for harvest (logging residues and merchantable thinnings), and use
50% of those that may be available on an annual basis, we find that we have over 4
million tons per year available for energy use. This would power 10 of the 40 MW
biomass power plants that we have determined is in the optimal size range. From a
resource standpoint, a goal of 400 MW of power production from biomass is a reasonable
near-term goal for a sustainable biomass energy industry.
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If we compare the average electricity futures price of $38.75 per MWh (Table 22) to the
average production costs for a 40 and 50 MW biomass power plant of $83.69 per MWh,
we see that biomass power production is at an economic disadvantage of approximately
$44.96 per MWh of power produced. If we consider this in the context of a single 40
MW biomass power plant operating at a load factor of 80%ý we can see that this plant
will cost approximately $12.5 million dollars per year more to build and operate than the
revenue from power sales. This is the difference that must be made up by some form of
subsidy if these plants are to be built. The state government benefits from the additional
economic activity by about $250,000. per year, so there is not much there that will help
the.economics. Local governments have gross revenue benefits of over $2. million
dollars per year, but identifying where those occur and passing those to the developer of
the project will be difficult. Perhaps some property tax incentives could be developed to
influence citing of the plants. At, best, even after taking into account the indirect benefits
and assuming those could be captured and used to offset the additional cost, the 40 MW
biomass power plant will have a shortfall of approximately $ 10. million dollars per year.
The simplest way to subsidize biomass plants is to spread the increased cost of power
production over the users of the power in the form of increased rates paid by the
consumers of the power. To accomplish this, it would require mandates that the utilities
that produce power in the state must produce a certain percentage of power produced in
the state utilizing biomass fuels ' and that they be allowed to pass along the additional cost
of production to the power consumers in the form of higher power rates. This method
would insure that there will be development of a biomass power industry, verses some
form of incentive that may or may not be used, such as tax credits or grants to offset
initial capital costs.

In the year 2002, power from coal generated in South Carolina totaled 36,490,769 MWh
(US Department of Energy-2). Ten 40 MW biomass power plants at an 80% load factor
would generate 2,784,000 MVY'h, which would offset approximately 7.63% of the coal
used per year. The total power generated in South Carolina in 2002 was 93,689,257
MYv'h, and the ten 40 MW biomass plants would equal approximately 2.97% of the total
electrical production in the state. If we assume that the utilities are required to purchase
2.97% of their power from biomass power plants at a cost of $83.69, and they could have
purchased or produced that power at the average futures cost of $38.75, we can compute
a weighted average to determine the percentage of increase in rates required to pay for
the difference in business as usual verses producing 2.97% of the power from biomass.

Biomass contribution 2.97 X 83.69 248.56
Existing costs for remaining percentage 97.03X38.75 = 3759.91
Total 4008.47
Current situation without biomass 100 X 38.75 = 3875.00
Increase 133.47
Percent increase 133.47/3875 = 3.44%

Thus, households that currently have a $ 100. per month power bill would have to pay an
additional $3.44 on their monthly bill to support the biomass energy initiative.
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There are other ways to subsidize biomass energy, but it is difficult to provide ways of
subsidizing complex economic situations without creating unintended consequences and
without impacting the stakeholders that are currently operating in the forest products
industry in general and in the biomass wood indus try specifically. Regardless of the form
of the subsidy, the dollars required are the same.

The benefits of biomass power generation to the state would include an estimated
creation of approximately 5,700 jobs during the year that the ten plants are built and an
estimated 1060 jobs during the subsequent years. State revenues are projected to increase
$2.5 million per year and county revenues are projected to increase $20. million per year.
In addition, the markets for logging residues and thinnings will provide an additional
forest management tool that will make the state's forest lands more productive. It will,
provide increased revenue for land owners through utilization of biomass not currently
utilized, lower site prep costs, and fire prevention due to reduced fuel loading on forest
lands. It will provide environmental benefits for biomass verses coal power generation,
and it will open the possibility of diverting biomass from landfills for use in power
generation. As the market develops, it may also include opportunities for increased
revenue to farmers by incorporating agronomic residues into the fuel mix.

A logical next step would be to develop a task force made up of representatives of each
utility operating in the state, representatives of state goverranent, representatives of the
forest industry, and other stakeholders. The economics must be refined, both in terms of
the relative costs of power production and the methods of passing on the increased costs
to the power consumers. A method of implementation along with a reasonable timetable
must be established. A separate study should be conducted to review the existing coal
plants in the state to determine if any may lend themselves to co-firing. Only after this
information is available can policy makers determine if the benefits of such an endeavor
is worthwhile to the residents of South Carolina.

47



References

Bennett, Wade. 2004. Personal Communication. Craven Wood Energy.

Boyce, Bryant. 2004. Personal Communication. Canal Wood Corporation. Florence,
SC.

Boylan, Doug. Generation and Energy Marketing. Southern Company. Atlanta, GA. as
seen on: www.southemcompany.com/planetpower/research/renewable.asp.

Burchfield, Marvin. 2004. Personal Communication. Decker Energy, Winter Park,
Florida.

Bums, Russell M., and Honkala, Barbara H. 1990. Silvics of North America. Vol. 2.
Hardwoods. Agriculture Handbook; no.654. Washington, D.C.: U.S. Dept.
of Agriculture, Forest Service.

Canadian Natural Resources. 2004. as seen on:
www.canren.gc.ca/prodserv/index.asp?Cald= 130&PgId= 1231

Curtis, Wayne, Chris Ferland, John McKissick, and Warren Barnes. 2003. The
feasibility of generating electricity from biomass fuel sources in Georgia. Center
for Agribusiness and Economic Development. University of Georgia. Athens,
GA.

Davis, Sylleste. 2004. Personal communication. Santee Cooper Electric. Moncks
Comer, SC.

Elias, Thomas S. 1980. The Complete Trees of North America: Field Guide and Natural
History. Outdoor Life/Nature Books. Van Nostrand Reinhold, New York.

Denton, Don. 2004. Personal communication. Duke Energy, Charlotte, NC.

file:///C:/WINDOWS/Temporary%20Intemet%2OFiles/Content.IE5/WKOERLM2/256,1,
Taking the Lead: State Innovations to Reduce Greenhouse Gases.

Hakkila, Pentti. 1989. Utilization of Residual Forest Biomass. Springer Series in Wood
Science. Berlin; New York: Springer-Verlag.

Harlow, R. F., and F.K. Jones. 1965. The Effect of Stand Density on the Acorn
Production of Turkey Oaks. In Proceedings, Seventeenth Annual Conference
Southeastern Association Game and Fish Commissioners, September 1963, Hot
Springs, AR.

Harper, Richard A 2003. "Forestry's Impact in SC." SC Forestry Magazine. Nov.

48



Harris, Robert A. 1982. Market potential for wood fuel - a limiting factor in
wood energy development. Forest Products Journal 32(11/12): 67-70.

Harris, Robert A. 1984. South Carolina Wood Energy Handbook. Governor's Division
of Energy and Natural Resources, Columbia, SC.

Harris, Robert A. and Robert Zahner. 1984. Wood fuel production from young
Piedmont oak stands of sprout origin. Forest Products Journal 34(6): 34-38.

Johnson, Tony G.; Davenport, Edgar L. 2004. South Carolina's timber industry - an
assessment of timber product output and use, 2001. Resour. Bull. SRS-89.
Asheville, NC: U.S. Department of Agriculture, Forest Service, Southeastern
Forest Experiment Station. 8p. [2001 ]

Kluender, Richard A. 1980. Whole tree chipping for fuel: the range of diameter limits.
American Pulpwood Association Technical Paper 80-A- 19.

Kress, Elizabeth. 2004. Personal communication. Santee Cooper Electric. Moncks
Corner, SC.

Little, Elbert Luther. 1977. Atlas of United States Trees. Vol. 4. Minor Eastern
Hardwoods. Washington, DC: U.S. Department of Agriculture, Forest Service,

Mainstay Energy. 2004. Personal communication with Joshua Cynamon. Web page:
www.mainstayenergy.com.

Mann, M.K. and Spath, P.L. 2001. A life cycle assessment of biomass cofiring in a coal-
fired power plant. Clean Prod Processes 3 (2001) 81-91 DOI
10.1007/s 100980100109.

Meyers, R.K., Zahner, R., and Jones, S.M. 1986. Forest habitat regions of South
Carolina. Clemson University, Department of Forestry, Forest Research Series 42.
3 1p.

Scott, Micky. 2004. Collum's Lumber Products, LLC. Personal Communication.

Smith, Brad W. et al. Forest Resources of the United States, 1997. St. Paul, MN:
U.S. Dept. of Agriculture, Forest Service, North Central Research Station. [2001]

Smith, W. Ramsay. ed. 1982. Energy from Forest Biomass: XVII IUFRO World
Congress Energy Group Proceedings. New York: Academic Press,

Sanderson, G. A., Harris, R. A. and S. A. Segrest. 1996. Wood Energy in the United
States: Applications, Technologies, Incentives, and Policies. USDA.
Southeastern Regional Biomass Energy Program.

49



South Carolina Agricultural Statistics Service. 2003. South Carolina Agricultural
Statistics - 2002 Census of Agriculture. Columbia, SC.

South Carolina. Department of Energy. Sustainable Development and Renewable Energy.
2003. July 6, 2004. <www.state.sc.us/energy>.

Todd, Joe. 2004. Personal Communication. South Carolina Electric & Gas. Columbia,
SC.

U.S. Census Bureau. 2000. July 1, 2004 <www.census.gov>.

United States Dept. of Agriculture. 2004 Forest Products Laboratory. TechLine: Fuel
Value Calculator. July 2004. July 16. <http://www.fpl.fs.fed.us/documnts/
techline/FuelValueCalculator.pdf.>s

United States Dept. of Energy-1.
www.eia.doe. gov/cneaf/electricity/st profiles/south carolina.pdf

United States Dept. of Energy-2.
www.eia.doe.gov/cneaf/electricity/st profiles/south carolina/fig3.html

United States Dept. of Energy-3.
www.eia.doe.gov/emeu/states/sep use/eu/use eu sc.html

United States Dept. of Energy-4. 2004. Midwest Research Institute. Urban Wood Waste
Resource Assessment. G. Wiltsee. Appel Consultants, Inc. Nov 1998. June 30. <
http://www.eere.energy.gov/state-energy/pdfs/UrbanWoodWaste.pdf. >

United States Dept. of Energy-5. April 13, 2004. July 7, 2004. < http://www.eia.doe.gov/
emeu/states/sep use/total/use tot sc.html. >

Van Lear, David. 2003. Wood for energy - A feasibility study on the Clemson
University experimental station. Proposal to the South Carolina Forestry
Commission.

Ware, D.N. 2002. Land Use. P.p. 153-173. In: Ware, D.N. and Greis, J.G. (Eds.)
Southern Forest Resources Assessment. USDA Forest Service, Southern
Research Station, Technical Report GTR SRS-53.

White, Julia. ed. 1984. Harvesting the South's Small Trees. Madison, Wis.: Forest
Products Research Society.

Wiltsee, G. 1998. Urban Wood Waste Resource Assessment. National Renewable
Energy laboratory, Golden Colorado. NREL/SR-570-25918.

50



Wisconsin Public Service Corporation. 2003. Need and Supply Planning Analysis
Report. Revision 1.

51



Glossary

Annual mortality-The average annual volume of sound wood in growing-stock trees
that died from natural causes during the period between inventories.

Annual removals-The net volume of growing-stock trees removed from the inventory
during a specified year by harvesting, cultural operations such as timber stand
improvement, or land clearing.

Coarse materials-Wood residues suitable for chipping, such as slabs, edgings, and

trimmings.

Commercial species-Tree species suitable for industrial wood products.

Cull tree-A live tree, 5.0 inches in diameter at breast height (d.b.h.) or larger, that is
unmerchantable for saw logs now or prospectively because of rot, roughness, or species.
(See definitions for rotten and rough trees.)

Diameter class-A classification of trees based on diameter outside bark measured at
breast height (4-1/2 feet above ground). D.b.h. is the common abbreviation for "diameter
at breast height." With 2-inch diameter classes, the 6-inch class, for example, includes
trees 5.0 through 6.9 inches d.b.h.

Federal-An ownership class of public lands owned by the U.S. Government.

Fiber products-Products derived from wood and bark residues, such as pulp,
composition board products, and wood chips for export.

Fine materials-Wood residues not suitable for chipping, such as planer shavings and
sawdust.

Forest industry-An ownership class of private lands owned by companies or
individuals operating wood-using plants.

Forest land-Land at least 10 percent stocked by forest trees of any size, including land
that formerly had such tree cover and that will be naturally or artificially regenerated.
Forest land includes transition zones, such as areas between heavily forested and
nonforested lands that are at least 10 percent stocked with forest trees and forest areas
adjacent to urban and built-up lands. Also included are pinyon-juniper and chaparral
areas in the West and afforested areas. The minimum area for classification of forest land
is 1 acre. Roadside, streamside, and shelterbelt strips of trees must have a crown width of
at least 120 feet to qualify as forest land. Unimproved roads and trails, streams, and
clearings in forest areas are classified as forest if less than 120 feet wide.

Forest type-A classification of forest land based on the species presently forming a
plurality of the live-tree stocking.
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Fuelwood-Wood used for conversion to some form of energy, primarily in residential
use.

Growing stock-A classification of timber inventory that includes live trees of
commercial species meeting specified standards of quality or vigor. Cull trees are
excluded. When associated with volume, includes only trees 5.0 inches d.b.h.
and larger.

Hardwood-A dicotyledonous tree, usually broad-leaved and deciduous.

Industrial wood-All commercial roundwood products except fuelwood.

Live cull-A classification that includes live, cull trees. When associated with volume, it
is the net volume in live, cull trees that are 5.0 inches d.b.h. and larger.

Logging residues-The unused portions of growing-stock trees cut or killed by logging
and left in the woods.

MWh-Megawatt hour.

Net annual growth-The average annual net increase in the volume of trees during the
period between inventories. Components include the increment in net volume of trees at
the beginning of the specific year surviving to its end, plus the net volume of trees
reaching the minimum size class during the year, minus the volume of trees that died
during the year, and minus the net volume of trees that became cull trees during the year.

Net volume in board feet-The gross board-foot volume of the saw log portion of live
sawtimber trees less deductions for rot or other defect affecting use for lumber.

Net volume in cubic feet-The gross volume in cubic feet less deductions for rot,
roughness, and poor form. Volume is computed for the central stem from a 1-foot stump
to a minimum 4.0-inch top diameter outside bark, or to the point where the central stem
breaks into limbs.

Noncommercial species-Tree species of typically small size, poor form, or inferior
quality, which normally do not develop into trees suitable for industrial wood products.

Nonforest land-Land that has never supported forests and lands formerly forested
where use of timber management is precluded by development for other uses. (Note:
Includes area used for crops, improved pasture, residential areas, city parks, improved
roads of any width and adjoining clearings, powerline clearings of any width, and 1- to
4.5-acre areas of water classified by the Bureau of the Census as land. If intermingled in
forest areas, unimproved roads and nonforest strips must be more than 120 feet wide, and
clearings, etc., must be more than 1 acre in area, to qualify as nonforest land.)
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Nonindustrial private-An ownership class of private lands where the owner does not
operate wood-using plants.

Other products-A miscellaneous category of roundwood products that includes such
items as cooperage, pilings, poles, posts, shakes, shingles, board mills, charcoal, and
export logs.

Ownership-The property owned by one ownership unit, including all parcels of land in
the United States.

Ownership unit-A classification of ownership encompassing all types of legal entities
having an ownership interest in land, regardless of the number of people involved. A unit
may be an individual; a combination of persons; a legal entity such as a corporation,
partnership, club, or trust; or a public agency. An ownership unit has control of a parcel
or group of parcels of land.

Planted forest-Planted forests are areas deemed to be forest by RPA definition and
made up of at least 40 percent planted trees of either native or exotic species. Planted
forests may be divided into two groups: plantations and augmented forests.

Plantations-Forest stands consisting almost exclusively of planted trees, of native or
exotic species, and intensively managed to maintain this composition to
maturity. Management practices may include extensive site preparation prior to planting
and suppression of competing vegetation.

Augmented forest-Forest stands consisting of at least. 40 percent planted trees, of
native or exotic species, but not intensively managed to assure dominance of these
trees in the stand at maturity. Management practices may include suppression of
competing vegetation at the time of planting.

Poletimber trees-Live trees at least 5.0 inches in d.b.h., but smaller than sawtimber
trees.

Primary wood-using mill-A mill that converts roundwood products into other wood
products. Common examples are sawmills that convert saw logs into lumber and
pulpmills that convert pulpwood into wood pulp.

Productivity class-A classification of forest land in terms of potential annual cubic-
foot volume growth per acre at culmination of mean annual increment in fully stocked
natural stands.

Pulpwood-Roundwood, whole-tree chips, or wood residues that are used for the
production of wood pulp.

Reserved forest land-Forest land withdrawn from timber utilization through statute,
administrative regulation, or designation without regard to productive status.
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Residues-Bark and woody materials that are generated in primary wood-using mills
when roundwood products are converted to other products. Examples are slabs, edgings,
trimmings, miscuts, sawdust, shavings, veneer cores and clippings, and pulp screenings.
Includes bark residues and wood residues (both coarse and fine materials) but excludes
logging residues.

Rotten tree-A live tree of commercial species that does not contain a saw log now or
prospectively primarily because of rot (that is, when rot accounts for more than 50
percent of the total cull volume).

Rough tree-(a) A live tree of commercial species that does not contain a saw log now
or prospectively primarily because of roughness (that is, when sound cull due to such
factors as poor form, splits, or cracks accounts for more than 50 percent of the total cull
volume) or (b) a live tree of noncommercial species.

Roundwood products-Logs, bolts, and other round timber generated from harvesting
trees for industrial or consumer use.

Salvable dead tree-A downed or standing dead tree that is considered currently or
potentially merchantable by regional standards.

Saplings-Live trees 1.0 inch through 4.9 inches d.b.h.

Saw log-A log meeting minimum standards of diameter, length, and defect, including
logs at least 8 feet long, sound and straight, and with a minimum diameter inside bark of
6 inches for softwoods and 8 inches for hardwoods, or meeting other combinations of
size and defect specified by regional standards.

Sawtimber-A classification of timber inventory that is composed of sawtimber trees of
commercial species.

Sawtimber trees-Live trees containing at least one f2-foot saw log or two
noncontiguous 8-foot logs, and meeting regional specifications for freedom from defect.
Softwood trees must be at least 9.0 inches d.b.h., and hardwood trees must be at least
11.0 inches d.b.h.

Seedlings-Live trees less than 1.0 inch d.b.h. and at least 1 foot in height.

Select red oaks-A group of species in the genus Quercus that includes cherrybark oak,
northern red oak, and Shumard oak.

Select white oaks-A group of species in the genus Quercus that includes white oak,
swamp white oak, bur oak, swamp chestnut oak, and chinkapin oak.
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Softwood-A coniferous tree, usually evergreen, having needles or scale-like leaves.

Sound dead-The net volume in salvable dead trees.

Stand size class-A classification of forest land based on the size class of all live trees in
the area. The classes include: nonstocked, seedling-sapling, poletimber and sawtimber
stands.

Nonstocked stands-Forest landthat is stocked with less than 10 percent of full stocking
with all live trees. Examples are recently cut-over areas or reverting agricultural fields.

Seedling-sapling stands-Forest land that is stocked with at least 10 percent of full
stocking with all live trees with half or more of such stocking in seedlings or saplings or
both.

Poletimber stands-Forest land that is stocked with at least 10 percent of full stocking
with all live trees with half or more of such stocking in poletimber or sawtimber trees or
both, and in which the stocking of poletimber exceeds that of sawtimber.

Sawtimber stands-Forest land that is stocked with at least 10 percent of full stocking
with all live trees with half or more of such stocking in poletimber or sawtimber trees or
both, and in which the stocking of sawtimber is at least equal to that of poletimber.

Stocking-The degree of occupancy of land by trees, measured by basal area or number
of trees by size and spacing, or both, compared to a stocking standard; that is, the
basal area or number of trees, or both, required to fully utilize the growth potential of the
land.

Timberland-Forest land that is producing or is capable of producing crops of industrial
wood and not withdrawn from timber utilization by statute or administrative regulation.
(Note: Areas qualifying as timberland are capable of producing in excess of 20 cubic feet
per acre per year of industrial wood in natural stands. Currently inaccessible and
inoperable areas are included.)

Tops-The wood of a tree above the merchantable height (or above the point on the stem
4.0 inches diameter outside bark [d.o.b.]). It includes the usable material in the uppermost
stem.

'Unreserved forest land-Forest land that is not withdrawn from harvest by statute or
administrative regulation. Includes forest lands that are not capable of producing in
excess of 20 cubic feet per acre per year of industrial wood in natural stands.

Veneer log-A roundwood product from which veneer is sliced or sawn and that usually
meets certain standards of minimum diameter and length and maximum defect.

Si
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Clean coal technologies

Pulverlsed coal combustion (1PCC)

PCC is the most commonly used method in coal-fired power plants, and is based on
many decades of experience. Units operate at close to atmospheric pressure, simplifying
the passage of materials through the plant.

The principal developments involve:

* Increasing plant thermal efficiencies by raising the steam pressure and

temperature used at the boiler outlet/steam turbine inlet;
e ensuring that units can load follow satisfactorily; and,
* ensuring that flue gas cleaning units can meet emissions limits and environmental

requirements.

Characteristics

The coal- is ground (pulverised) to a flne- powder, so that less than 2% is-+300- Pm and
70-75% is below 75 pm, for a bituminous coal. The pulverised coal Is blown with part of
the combustion air into the boiler plant through a series of burner nozzles. Secondary
and tertiary air may also be added.

Combustion takes place at temperatures from 1300-17000C, depending largely on coal
rank. Steam is generated, driving a steam generator and turbine. Particle residence time
in the boiler is typically 2-5 seconds, and the particles must be small enough for
complete burnout to have taken place during this time.

The technology is well developed, and there are thousands of units around the world,
accounting for well over 90% of coal-fired capacity. PCC can be used to fire a wide
variety of coals, although it is not always appropriate for those with a high ash content.

Two broadly different boiler designs are used. One is the traditional two-pass layout
where there is a furnace chamber, topped by some heat transfer tubing to reduce the
FEGT. The flue gases then turn through 1800, and pass downwards through the main
heat transfer and economiser sections. The other design Is to use a tower boiler, where
virtually all the heat transfer sections are mounted vertically above each other, over the
combustion chamber.

The relative advantages and disadvantages almost balance each other out. Tower
designs have been favoured recently in Europe. They result in taller structures, and this
is one reason why they are not used in Japan, which is in an earthquake zone. It is
thought to be preferable to reduce the height of structures there wherever possible.

There are variations in the positioning of the burners in the combustion chamber, and
designs are offered which use:

* wall-mounted burners on one side,
* opposed-fired wall mounted burners, or

e tangential burners in the corners or on the walls. Some corner burners can be the



furnace up or down.

There seem to be few clear cut advantages or disadvantages with the different
arrangements, and the choice is based on cost factors, operating experience,
environmental considerations and the experience of the various boiler manufacturers.

Boilers with cyclone burners are discussed separately, as a coarser coal feed is used.

Most PCC boilers operate with what Is called a dry bottom. Combustion temperatures
(with bituminous coal) are held at 1500-17000 C. With lower rank coals the range is
1300-16000 C. Most of the ash passes out with the flue gases as fine solid particles to be
collected in ESPs or fabric filters before the stack.

Boilers which use anthracite as the fuel commonly use the downshot burner
arrangement to achieve longer residence times and ensure carbon bum-out. Downshot
burners send the coal-air mixture down into the cone at the base of the boiler.

Another arrangement used in some boilers is the so-called cell burner. This involves a
wall-fired unit where either two or three circular burners are combined into a single
vertically orientated assembly that results in a compact intense flame. This would
generally not be-used in new units, as the higher temperature flame results in more NOx
formation which then has to be removed later in the system.

Unit size

PCC boilers have been built to match steam turbines which have outputs between 50
and 1300 MWe. In order to take advantage of the economies of scale, most new units
are rated at over 300 MWe, but there are relatively few really large ones with outputs
from a single boiler/turbine combination of over 700 MWe. This is because of the
substantial effects such units have on the distribution system if they should 'trip out' for
any reason, or be unexpectedly shut down.

Thermal efficiency

One of the driving forces which is currently encouraging the use of more efficient power
plant is the environmental concern in many countries, and the declared goal of most
OECD governments to reduce C02 emissions to 1990 levels. This is a goal which leaves
power generators with many unsolved problems, but increasing the thermal efficiency of
converting coal to power is one of the less expensive ways of reducing C02 emissions. It
does, however, involve the construction of new boilers and turbines, as the costs for
retrofitting a supercritical steam system to an existing subcritical boiler would be
prohibitive.

Increasing thermal efficiency has the potential for reducing other emissions per MWe
generated, such as those of S02 and NOx. Where the coal cost is high, as where traded
coals are used, increasing thermal efficiency can result in reduced overall costs in new
plants for power generation, as less fuel is needed.

The overall thermal efficiency of some older, smaller units burning, possibly, poor quality
coals can be as low as 30%. A commonly used assumption for the average efficiency of
larger existing plants with subcritical steam burning somewhat higher quality coals is
that it is in the region of 35-36%. New plants, however, with supercritical steam can



now achieve overall thermal efficiencies In the 43-45% range.

Various measures can be used to increase the thermal efficiency relative to current
design practice, in particular:

" reducing the excess air ratio from 25% to 15% can bring a small increase;

" reducing the stack gas exit temperature by 10 0 C (while recovering the heat

involved) can bring about a similar increase;

" increasing the steam pressure and temperature from 25 MPa/540 0 C to 30

MPa/6000 C can increase efficiency by nearly 2 percentage points;

" using a second reheat stage can add another 1 percentage point;

* decreasing the condenser pressure from 0.0065 MPa to 0.003 MPa can further
increase efficiency.

As with all technical options, there is a trade-off between the costs involved (both capital
and operating), the risk element in the decision and the amount of additional energy
recovered.

Many of the methods for increasing thermal efficiency have been well known for several
decades. In some cases they were tried back in the 1950s and 60s, but were abandoned
either because of the lack of suitable construction materials or the low energy prices
prevailing. This removed much of the incentive for seeking high thermal efficiencies.
Small base-load power plants using steam at 35 MPa and 6500 C were built in the 1950s.
Regenerative preheating of the feed water was introduced as long ago as the 1920s.
Steam reheat was introduced in the 1950s and double reheat in the 60s. The more
costly options tended to be discounted when oil was cheap, and subsequently as nuclear
energy took over base load power generation in many places.

An increase in the steam pressure and temperature involves the use of austenitic
material in various parts of the system. Using thin walled austenitic steels for
superheater and reheater tubes means that operational flexibility can be largely
maintained. In some older plants, thick walled tubes and junctions have been used
which means increased start-up times and hence increased start-up losses.

Controlling the excess air is an Important function in boiler operation, but requires a
careful balance between conflicting requirements. Boilers are normally operated at the
minimum practicable excess air amount, but sufficient air is required to burn virtually all
the carbon present (99%+), and modem design and practice is to control and stage the
addition of air in order to minimlse the formation of NOx (air staging).

The maximum efficiencies achievable with lower grade and lower rank coals will be
somewhat less In all cases. The maximum efficiencies expected in the brown coal fired
plants currently under construction in Germany are around 4 2 % compared with 45% for
equivalent new bituminous coal fired units. Net efficiencies of 45-47% are achievable
with supercritical steam using bituminous coals and currently developed materials.

New high temperature alloys are under development with the aim of facilitating steam
temperatures as high as 7000 C. This could make net efficiencies of 50% achievable with
PCC. A considerable amount of work on this remains to be done.

Flue gas cleaning/emissions



The various technologies are discussed in separate sections, under particulates control,
NOx reduction by primary measures or flue gas treatment, and FGD. Emissions from
new PCC units with appropriate flue gas cleaning units can meet all current requirements
reliably and economically, and using well-proven technology. The necessary emission
control measures can be taken with a relatively small effect on overall thermal efficiency,
although the capital cost of these measures can represent about one third of the cost of
the unit when meeting the most stringent current standards.

Residues

The solid residues consist of 80-90% of fine fly ash with a low level of carbon-in-ash,
averaging around 0.5%.
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Executive Summary
The Potential of Solar Power for Western Energy Supply

A reliable and affordable supply of electricity is essential to protect public health and safety and
to sustain a vigorous economy in the West. Rolling blackouts in California in 2000 and 2001, low
hydro generation in the Pacific Northwest in 2001, and a power plant construction boom in
Texas have drawn attention to electricity issues in the West. All across the nation, demand for
and supply of electricity have become unbalanced in the late 1990s, but nowhere has the issue
been more pressing than in the West.

With population growing in the western states, electricity demand is poised for growth for the
remainder of this decade. Both energy demand, that is the number of megawatt-hours (MWh)
consumed over the course of the year, as well as peak demand, the highest hourly demand
across the hours of the year, will continue to increase. Economic activity and population growth
continue to be the most important drivers of electricity demand.

In 2001, a total of about 237,078 megawatts (MW) of capacity was installed in the West. Coal-
fired generation provided about 44% of the electricity generated in the West and gas-fired gener-
ation accounted for about 24%. Hydroelectric power accounts for 22% of capacity and 18% of
the generation in the states of the Western Governors' Association (WGA). Nuclear plants provide
7% of capacity and 11% of the energy. Of the remainder, about 1.5% comes from non-hydro
renewables.

For almost 20 years, little new generating capacity has been built in the U.S. Now, however, new
projects totaling over 133,747 MW by 2010 have been announced. Although not all of the
announced projects will be completed, many thousands of megawatts, primarily gas-fired com-
bined cycle power plants, are expected to come on-line in the West. The large amount of gas-
fired capacity planned may result in more volatile gas prices for customers and will increase the

.reliance on fossil fuels for power generation. Energy conservation and energy efficiency can help
offset the need for new generating capacity. However, renewable energy, in the form of wind or
solar, provides one of the means of meeting the demand for power while minimizing adverse
impacts on the environment, increasing fuel diversity, and hedging against fuel price volatility.

Concentrating solar power (CSP) is the most efficient and cost-effective way to generate electric-
ity from the sun. Hundreds of megawatts of CSP solar-generating capacity could be brought on-



line within a few years and make a meaningful contribution to the energy needs of the West.
Solar energy is an abundant and underutilized energy source in the West. Solar conditions are
optimal in the Desert Southwest and, given the geographic and climatic conditions, potentially
the best in the world. In addition, these areas of premium, excellent, and good solar resources
are located near major metropolitan areas. Solar generating capacity in the form of CSP can be
brought on-line rapidly, subject to the ability to build the appropriate interconnection facilities and
whatever electric transmission is required.

Solar technologies, both photovoltaic (PV) and thermal, are not radically new technologies.
Thermal CSP technologies, in the form of parabolic troughs, dish Stirling, and power towers,
were demonstrated in California in the 1980s and 1990s. In the Mojave Desert, 354 MW of par-
abolic trough thermal solar generating capacity has been operating for over a decade. Most of
the public is familiar with PV cells, used o n everything from emergency road signs to National
Park Service outhouses.

Issues associated with the intermittence of the sun, due both to cloud cover and the fact that
the sun sets each night, can be addressed through the addition of heat storage or fossil fuel
hybridization. Heat storage, expected in the form of molten salt, retains the heat from the day-
time when the sun is shining and allows generation during hours when the sun is not shining.
Both parabolic trough and power towers are capable of providing dispatchable electricity from
heat storage. Fossil fuel hybridization allows a CSP solar power plant to also run on a fossil fuel,
usually natural gas, when sunlight is not adequate. This ability to deliver power on demand great-
ly increases the value of CSP to the owner of the plant.

Premium solar power resources are by and large found in the desert areas of the Southwest.
This means that lands that may not otherwise have an economic use are available for solar
development. Solar technologies, unless configured with fossil fuel hybridization, produce zero
emissions, which is a desirable attribute for permitting and siting. Solar radiation peaks during
the summer as do the loads of the area's utilities, although some offsets in timing by hour and
month will need to be accommodated.

The success of wind power developers in upgrading the technology to address environmental
and design concerns holds much promise for the potential for solar power. CSP technologies,
including parabolic trough, power towers, and dish Stirling, appear to be ready for commercial
use. As with most other renewable forms of energy, CSP technologies will require incentives,
such as buydowns, investment and production tax credits, and green energy premiums paid by
utility customers, until sufficien t cost reductions have been achieved to make CSP competitive
against conventional generating technologies.

The solar resource in the West is quite large. With the appropriate political will and an adequate
transmission system, this resource could provide a significant portion of the West's energy needs.
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Chapter 1

Western Electricity Markets
An Overview

A reliable and affordable supply of electricity is essential to protect public health and safety and
to sustain a vigorous economy in the West.

Rolling blackouts in California in 2000 and 2001, low hydro generation in the Pacific Northwest
in 2001, and a power plant construction boom in Texas have drawn attention to electricity
issues in the West. All across the nation, demand for and supply of electricity have become
unbalanced in the late 1990s, but nowhere has the issue been more pressing than in the West.

This white paper on the potential of solar power for western energy supply defines the West as
the area made up by the states of the Western Governors' Association (WGA). This area includes
16 states west of the 93rd meridian, Alaska, Hawaii, and three U.S.-flag Pacific islands. The ter-
ritory encompassed by the WGA is shown in Exhibit 1.

The states of the WGA in the Lower 48 are geographically contiguous, but electrical interconnec-
tions between the states are regional. It is for this reason that sub-regions must be defined when
describing western electricity issues.

In this paper we have created regions that follow state boundaries, and at the same time approx-
imate regions that are defined by transmission constraints. Indeed, some states are split electri-
cally and belong to multiple electrical reliability regions. In such cases we assigned the state to
the region where most of its load is located. This approach allows us to disaggregate and re-
aggregate data on a state-by-state level and permits reasonable comparisons to data based on
electric reliability regions defined by the North American Electric Reliability Council (NERC). 1
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Exhibit 1: States and Regions of the Western Governors' Association

SOURCE: RDI Consulting, POWERmap

The Northwest consists of the four states of Montana, Idaho, Washington, and Oregon. Colorado
and Wyoming comprise another region. Utah, Nevada, New Mexico, and Arizona make up the
Southwest, while California is its own region. We have called the Dakotas, Nebraska, and Kansas

the Prairie States. Texas is its own region, because most of the state is electrically isolated from
the rest of the West. The remaining states and territories of the WGA are not examined in this
report in any depth as the focus herein is on the continental U.S. (the Lower 48).
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In 2001 Electricity Supply in the
West Remains Tight
In the first six months of 2001, California had rolling blackouts on six days. A report by the
California Independent System Operator (Cal ISO) published in March 2001 painted a gloomy pic-
ture of the summer and stated that "minimizing blackouts will require ... a bit [of] luck." The cat-
aclysmic events of late 2000 and the spring of 2001, with massive power curtailments in the
state, sent a shock wave through the Golden State. As a result, consumers have made great
strides in conserving energy. Data by the California Energy Commission indicate that the state's
peak demand in August 2001 was 8.9% below expected levels, even though the month
belonged to the top quartile of warm August months in California, where peak demand is strong-
ly influenced by summer temperatures.

In the end, Californians made their own luck. Conservation measures, the startup of about 2,000
MW of new capacity by July 2001, the return of generating units to service after maintenance, a
slight easing of drought conditions in the Northwest, and more gradual load control procedures
during system emergencies effectively avoided outages during the summer and early fall. In
addition, weather conditions in the state were rather modest, even though August was warmer
than usual.

The supply shortage in California, the most populous state in the West and the sixth largest
economy in the world as measured by gross state product, has sent ripples across the West,
especially into the Northwest, an area strongly interconnected with California. High power prices
in California also resulted in higher prices in the Pacific Northwest. Other states of the WGA
experienced higher prices as well or the political reverberations from the California crisis.
Coloradans hurried to hold an energy summit to assess the situation in their state, while Texas
rested in the comfort of having more than adequate generating capacity.

In 2001, electric energy supplies in the West remained tight. Elsewhere, regions that had previ-
ously been critically short reached balance or near balance as a result of new power plants com-
ing on-line. New supply additions and demand growth in the West from 1970 through 2004 are
reflected in Exhibit 2. The core of the problem that led to the electricity crises in the West is
also reflected: Supply additions in the 1990s fell far short of demand growth, and demand even-
tually outgrew supply.
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Exhibit 2: Generating Capacity Additions and Demand Growth in the West, 1970-2004
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The Making of the Electricity Crisis
In the 1970s, the West added power plants at an average rate of 7,000 MW per year. Demand
growth rates decreased in the 1970s below what was projected, which resulted in significant
surplus capacity by the early 1980s. During the 1980s power plant construction continued,
though at a slower average pace of 5,600 MW per year. In the 1990s, as a result of the combi-
nation of a capacity surplus, the inability of the utilities to get recently constructed power plants
into their rate bases, and the influx of independent power producers (IPPs), power plant con-
struction essentially stopped for the entire decade, while demand growth picked up and ate
away at the surpluses until demand eventually outstripped supply.

Over the past few years, reserve margins in California moved steadily downward to reach crisis
levels in 2000. From 1988 to 1997, the 10-year average forecast reserve margin for California
was 29.4%. The Cal ISO's first calls for voluntary reductions in electricity usage due to low
reserves occurred during the summer of 1998, even though hydro availability was higher than
expected. The situation reached a crisis in 2000 when the Cal ISO called for conservation meas-
ures for 30 days through mid-September. Shortage-driven power prices hit price caps numerous
times in the summer of 2000, including almost every day in August.

In 2000, inadequate reserve margins in California, delayed power plant construction, a historic

low snowpack in the Northwest, and natural gas pipeline transmission constraints into California
created the perfect electrical storm: the California energy crisis. While 2000 and early 2001
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were a disaster for the West, 2001 appears to be the turning point, and RDI Consulting's fore-
cast of demand and capacity additions through 2004 shows that after this past summer the
worst seems to be over. In the following section we will look at some of the hot spots that may
remain in the region.

Demand and Supply out of Balance
Exhibit 2 suggests that, by 2002, the West as a whole will again have an adequate supply of
electricity, but the new generating capacity that will come on-line is not distributed evenly. While
some regions will see, or already have, sufficient generating capacity, other regions will continue
to be in a tight situation. Nevertheless, our forecast suggests that no regions will be in a critical
situation, especially in the light of the recent slowdown in electric demand growth. In Exhibit 3,
we show the estimated supply and demand balance in the West during summer 2001.

The Northwest, Colorado and Wyoming, California, and the Southwest are all part of the Western
Interconnection and are able to exchange electricity. Exhibit 3 shows that all regions but the
Northwest fall short of their target reserve margins. The situation is especially critical in
California and the Southwest, where reserve margins are 3% and 6%, respectively, and danger-
ously short of the 16% target. In 2001, the Western Interconnection was still greatly affected by
drought conditions in the Northwest, but significant energy conservation measures helped avoid
the kind of power shortages that threw the Western Interconnection into turmoil in late 2000 and
early 2001.

The Prairie States, which are within the Eastern Interconnnection, have only limited electrical ties
to the Western Interconnection and are better interconnected to the North (Canada), East, and
South. Small portions of Texas are in the Western Interconnection, but most of the state is an
island unto itself-the Electric Reliability Council of Texas (ERCOT). According to our analysis,
Texas had a substantial surplus of power in 2001 due to an early and strong power plant con-
struction boom that still continues. For the Prairie States, the demand and supply balance is a lit-
tle more difficult to assess because this region is part of two NERC reliability regions, but our
demand and supply balance analysis in Exhibit 3 suggests that the Prairie States currently enjoy
a slight surplus of power.

Exhibit 3 shows that the demand and supply balance in the West is different from region to
region. While, as a whole, the West is only slightly short of capacity in 2001, some western
regions, such as California, are still short, at least when historic demand levels are assumed.
However, because of interregional transmission, which was built to enable the West to take
advantage of regional diversity and reduce the need for power plant construction in the West,
some of the worst problems have been avoided. In fact, if power were able to flow freely all
across the West, the demand and supply situation would have been almost in balance. This sug-
gests that interregional transmission-by sending power from where it is abundant to where it is
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needed-can play an important role in providing reliability. This is especially true when a large
amount of regional capacity is derived from renewable energy sources. This issue will be the
topic of the next section.

Exhibit 3: Demand and Supply Balance in the West, Summer 2001

Regicid Peak Demand Available Supply Reserve Marg n
(MW) (MW) (3)

Actual Target surplus (MW)
Northwest 29,637 (1) 41,415 40% 29% 3,183
CO and WY 9,782 (2) 11,154 14% 18% -389

California 52,805 (1) 54,361 3% 16% -6,893

Southwest 28,311 (1) 29,979 6% 16% -2,862

Prairie States 16,920 (2) 20,169 19% 17% 373

Texas 65,973 (1) 77,100 17% 16% 571

TOTAVAVERAGE . 203,428 234,178 15% (4) 1 18% (4) -6,016

il) NERC region 2001 summer assessment.

(2) RDI Consulting estimate.

(3) Regionally installed Capacity and net imports.

(4) Average weighted by regional peak demand.

Transmission Wires Are Stretched
Traditionally utilities provide generation, transmission, and distribution. In this vertical business
model, utilities provide electricity services to customers by optimizing the entire generation and
delivery system with the objective of providing power at the lowest cost. In many cases, it may
be more economical to transmit generation from a cheap power source over a long distance
than to build a new power plant close to the load. Such thinking, for example, was behind the
construction of the transmission system bringing inexpensive hydroelectric generation from the
Northwest and inexpensive coal-fired generation from the Four Corners region into California.

The development of the transmission system was further shaped by the nature of the utility busi-
ness. Early in the history of the industry, utilities were mainly concerned with meeting their own
loads. The transmission network was generally laid out to connect neighboring utilities to the
extent that it allowed for delivery of remote capacity owned by the receiving utility (for long-term
power purchases and sales between utilities) or for emergency transfers. In the West, however,
utilities perceived significant benefits that could be achieved through strong transmission inter-
connections. Four massive ties exist between the Pacific Northwest and California, allowing
power to flow south in the summer when loads peak in California and north in the winter when
loads peak in the Northwest. Strong ties exist between California and the Southwest to accom-
modate transfer of power from jointly owned power plants (California utilities are part owners) in
the Southwest to California.

However, significant transmission bottlenecks still exist across the West, which would limit the
transactions desired in a liquid electricity commodity market or to accommodate large scale
development of renewable energy resources, such as solar, from the Desert Southwest. These
bottlenecks were identified in the August 2001 WGA report, Conceptual Plans for Electricity
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Transmission in the West (Figure 6 of the report), which was fittingly titled "Location of Famous
Transmission Constrained Paths in the Western Interconnected System."

The Impact of Deregulation on Transmission

Deregulation was driven by the belief that the regulated monopoly, vertically integrated utility
business was outdated and that competition would benefit the industry and consumers. Because
the generation business lends itself best to competition, restructuring in many states of the WGA
and elsewhere in the country has included a requirement that utilities sell off (divest) all or part
of their generation assets. The business of providing electric generation has migrated to IPPs
and non-regulated utility affiliates. Regulators hoped that these IPPs and affiliates could produce
power more economically than the utility monopolies.

Regulators and policy makers acknowledge that the transmission and distribution (T&D) system
is a natural monopoly and does not lend itself to deregulation. However, the decoupling of T&D
from generation has resulted in little incentive for utilities to add transmission capacity.
Conversely, generators are reluctant to build or upgrade transmission lines, because their invest-
ment in electric lines may benefit their competitors just as much as themselves.2,3 Therefore,
while load and generation have grown, transmission expansion has not kept Up.4 Consequently,
with more power on the lines and minimal line additions, transmission bottlenecks have devel-
oped which, in many parts of the country, have resulted in significant differences in regional
prices during peak hours.

Transmission in the West

The states of the WGA are located in all of the three synchronous electric interconnections in the
Lower 48: Western, Texas, and Eastern. Most states and regions are within the Western
Interconnection; this includes the Northwest, California, Southwest, and Colorado and Wyoming
regions. Transmission is particularly strong between the first three regions, and, unless regional
demand greatly exceeds the transmission capacities for the exchange of power, power prices
across the regions track fairly well. For example, wholesale power prices in San Diego, Phoenix,
or Las Vegas are within a few percent of each other during most hours of the year.

In the current environment, power plant developers site their projects to take advantage of the
existing transmission system or avoid it by building close to the load, so that sellers are only a
short distance from buyers. For gas-fired power plants, with their low emissions and small visual
impacts, the latter strategy works, even though these projects often still face fierce opposition
from the communities that these generators are trying to serve. For coal-fired power plants this
does not work, as both economic and environmental reasons demand that the plants be built
close to the mine and far from consumers. This, however, means investing in new transmission
line construction or transmission line upgrades. Just such a trend can currently be observed at
proposed coal-fired power plants.5
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Ideas for a Future Transmission System

An adequate transmission system will be required for both a renewable and a non-renewable
energy future. The following considerations about the future of the transmission system should
be part of any discussions by the Western governors in shaping their policy recommendations.

* A well-connected and well-designed transmission system will assure a high level of reli-

ability and can minimize market power by a few generators in load pockets.

* Modern transmission technologies allow the development of a system with higher per-
formance and less impact. High-voltage electric transmission is a very efficient and prac-
tical way to move energy.

* Energy resources are not distributed evenly in the West. If fuel diversity is a strategic goal,
then its realization will require expansion and improvement of the transmission system.

* Geographic diversity can greatly mitigate the intermittence issue of wind and solar
resources through averaging. Therefore, if the West wants to adopt a widespread use of
intermittent renewable energy sources, an adequate transmission system is important.6

o Local opposition to high-voltage transmission lines remains strong, because of alleged
health problems, aesthetics, rights-of-way, and property value issues.

In summary, a strong transmission system is in the interest of western states and is essential if
western states intend to provide a large portion of their energy needs from intermittent renew-
able energy sources such as wind and solar.

Meeting Future Electricity Demands
With population growing in the western states, electricity demand is poised for growth for the
remainder of this decade. Both energy demand, that is the number of megawatt-hours con-

sumed over the course of the year, as well as peak demand, the highest hourly demand across
the hours of the year, will continue to increase. Peak demand in the West is typically 60% to
65% higher than the average annual demand. 7 This relationship has not exhibited any particular
trend over the course of the last decade and, for our base case demand forecast, we assume
that this relationship continues to hold over the next 10 years. Therefore RDI Consulting's pro-
jected demand growth rates are the same for energy and peak demand.

For purposes of reliability, peak demand is what matters in most regions. 8 If peak demand out-
strips supply, blackouts occur or consumers are asked to conserve. However, if consumers are
exposed to real-time energy prices, peak demand growth could slow relative to energy. This is

because it is expensive to provide large amounts of powerfor only a few hours of the year, and
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real-time prices would result in higher bills for consumers who use power during peak periods.
Our research shows that consumers exposed to real-time price signals will shed certain loads to
avoid this higher cost of power, thus reducing peak demand. We will look at the potential for
peak demand reductions in greater detail in the section, "Price-Responsive Demand."

Demand for Power Growing
RDI Consulting's forecast of future demand is slightly lower, but close to historical levels, except
for the Southwest, where we expect a substantial slowdown in demand growth. Exhibit 4 shows
the five-year historic and forecast demand, which has been adjusted to account for the effects

of weather and has been revised downward to account for the higher prices in California and
adjacent states in 2001.

This forecast represents RDI Consulting's base case forecast, which makes certain assumptions

about population growth and future economic activity. The regional growth rates in Exhibit 4
were created from state-level data, which are provided in the "State-by-State Appendices."

In Exhibit 5 we show the forecast energy demand growth by region for the next 10 years. By
2010 western energy demand is expected to grow by 23% from 1,092,160 gigawatt-hours

(GWh, that is, thousands of megawatt-hours) in 2001 to 1,333,945 GWh in 2010.

Exhibit 4: Five-year Historic and Forecast Demand Growth
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SOURCE: RDI Consulting, POWERmap
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Exhibit 6 shows RDI Consulting's base case forecast peak demand, 9 which is growing at the
same rate and by 2010 is expected to have increased by 45,091 MW to 248,518 MW.

Exhibit 5: Energy Demand Forecast by Region, 2001-2010

Regi'n Energy'Demand (GWh)

2001 2002 '2003 - 2004 2005 . 2010

Northwest 207,693 211,499 215,608 219,753 225,496 254,148
CO and WY 51, 59,728 61,321 62,405 63,614 69,485

California 266,883 272,064 277,601 283,704 292,174 337,635

Southwest 133,487 137,074 140,784 143,265 146,072 162,629

Prairie States 87,637 89,461 91,221 92,901 94,473 100.976

Texas 338,285 345,635 352,904 359,261 367,263 409,072

TOTAL 1,092,160 1,115,462 1,i39,439 1,161,290 1,189,092 1,333,945

SOURCE: RDI Consulting
NOTE: Base case forecast. Gigawatt-hours are a thousand times megawatt-hours (MWh).

Exhibit 6: Peak Demand Forecast by Region, 2001-2010

Region Peak Demand (MW)
2001 2002 2003' 2004 2005 010

Northwest 67 30,180 30,766 31,357 32,177 36,265
CO and WY 9,782 10,043 10,311 10,493 10,696 11604

California 52,805 53,830 54,92 56,133 578 66,804

Southwest 28,1 29,072 29,859 30,380 34,492

Prairie States 16,920 17,272 17,612 17,936 18,239 19,495

Texas 65,973 67,407 68,824 70,064 71,625 79,778
TOTAL 203,427 207,803 212,297 1216,369 221,527 J248,518

SOURCE: RDI Consulting
NOTE: Base case forecast.

The Drivers of Growth
Since the 1991 recession, annual growth in U.S. gross domestic product (GDP) has averaged
about 4%. During the same time period, annual electric demand growth has averaged about
2.7% nationwide. The consensus among economists is that real GDP growth will be slower by an
average of 0.5% to 1.0% through 2005. A slower U.S. economy will mean lower economic activ-
ity in the West and lower demand for western goods and services.

In the short term, RDI Consulting believes that an economic slowdown will not have a substantial
impact on electricity demand growth, although the impacts will vary with regions. A prolonged
economic slowdown, however, will have a more substantial impact on demand as structural
shifts in the economy and population migration occur. Economic activity and population growth
continue to be the most important drivers of electricity demand.
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The Dampening Effect of High Prices

We might expect that higher energy prices would result in lower electricity demand. History, how-
ever, may not provide as much insight as required to determine the impact of retail prices on
electricity demand. This is primarily because retail customers d o not in general get price signals
at or near the time that they consume electricity. Their signal is the bills they receive for electric-
ity consumed in the previous month. Thus, price elasticity for electricity is relatively hard to
determine. We can, however, use observed rates of conservation as a proxy.

Not since the 1970s have consumers experienced rapid price increases of the magnitude expe-
rienced over the past year. Substantial reductions in demand are indicated from data from
California, because price increases were allowed to be passed through in the retail electricity
rates, as well as from anecdotal evidence of companies and private consumers, whose actions
will continue to cause substantial drops in electricity demand. Some of these drops may reflect
the "crisis mentality" that was spurred by the California energy crisis, but some changes are des-
tined to be long term. For example, hotels that replaced incandescent light bulbs with capital
cost-intensive low-energy light bulbs are unlikely to switch back.

Procedures that companies developed in California during 2000 and 2001 to save energy and
that turned out to be little more than a change in routine are also likely to stay. This is because
even with normal electricity prices, these energy savings translate into improvements in the bot-
tom line of businesses. If the economy should slow more than expected, companies will continue
seeking to cut their costs, and conserving electricity is one way to accomplish this. However,
not enough data are available to know what the long-term impact of the California energy crisis
will be.

Computers, the Internet Not Driving Demand

RDI and its sister organization E SOURCE, which specializes in end user demand, can garner no
evidence that computers and t he Internet have spurred, or will spur, demand growth. If anything,
the digital economy seems to have resulted in higher energy efficiency as measured by the rela-
tion of energy consumption to GDP. That is, fewer kilowatt-hours (kWh) today are consumed for
every dollar earned than ever before. Previous analyses performed on the subject, suggesting
that, in 1948,' 13% of total U.S. electricity consumed went to powering Internet-related
activities,10 are no longer considered to reflect actual experiences.

Researchers at the Lawrence Berkeley National Laboratory (LBNL) in California have shown that
computers and the Internet consume at most 3% of U.S. electricity demand.11 Statistics by the
Department of Energy's Energy Information Administration (EIA) support the conclusion by LBNL.

A large portion of the energy consumption by the Internet in previous analyses was based on the
power demand of server farms-also known as Internet hotels. Research, however, shows that

13



FUEL FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

these server farms will add only 1,500 MW of incremental demand between 1998 and 2003
nationwide, or less than an average of 300 MW a year. Even if this entire load were located in
the West, it would constitute less than 6% of the total demand growth-a rather small impact
that could be more than compensated for by the observed higher energy efficiency of the digital
economy.

In summary, population growth and economic activity remain the classic drivers of demand.
However, in the future, price-responsive demand may result in significant reductions of peak
demand due to load shifting. Higher electricity prices are expected to dampen overall energy
demand. With its emphasis on service industries and increased electronic traffic, the digital
economy coincides with a reduction of electricity demand growth, not an increase.

Reserve Margin Requirements
The target reserve margins used in this analysis are the reserve margins at which we expect that
new power plants would earn an adequate return on capital and that consumers would obtain the
level of reliability they are willing to pay for. At reserve margins higher than the target, we expect
prices to fall to levels that do not provide adequate return on new investment (absent regulatory
intervention), while at lower reserve margins, generators could receive above-average returns.
They are not the actual reserve margins in the region or the reserve margins required by the sys-
tem operator, regulator, or NERC region.

RDI Consulting's regional target reserve margins reflect certain assumptions about the availability
and reliability of power plants, required levels of operating reserves, hourly load profiles, weather
patterns, and the value consumers attach to reliability. For example, in the Northwest, where
hydro dams account for 77% of all the installed generation in the region, required reserve mar-
gins are higher than in regions with lower dependence on hydro. Because of the dominance of
hydro in the Northwest and the fact that demand peaks in the winter (when hydro generation is
limited), the target reserve margin would have to be even higher than the 29% shown in Exhibit 3
in order to provide adequate reliability absent an interconnection. However, the Western
Interconnection allows power exchange and thus overall lower reserve margins.

Going forward, the construction of large amounts of gas-fired combined cycle plants, which are
expected to have higher reliability than existing fossil plants, could mean that lower reserve mar-
gins could provide the same reliability as we have today. In addition, if regulatory practice were
changed to allow price-responsive demand, this could result in significant load shifting, which
would reduce peak demand and thus allow for lower installed capacity as well as lower reserve
margins. A lower reserve margin could result, because meeting peak demand could become
less essential due to the responsiveness of load.
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On the other hand, demand for higher power quality for electronic devices could put upward
pressure on reserve margins. Overall, consumers may demand a higher power quality than in
recent history-but certainly not at the level demanded by server farms. This is because power
quality comes with a cost, and the value of 99.9999% power reliability to consumers is likely to
be much lower than thought. Server farms will meet their power quality needs internally. And, as
computers become more portable in the form of battery-powered laptops or personal digital
assistants (aka PDAs) and less dependent on instantaneous availability of grid power, power
quality may not be that important.

The Need for Large Amounts of Capacity Additions

Existing Resources

As of 2001, a total of about 237,078 MW of capacity was installed in the West.12 Exhibit 7
shows the capacity mix in each region. The West is characterized by large amounts of gas- and
coal-fired capacity, which account for 24% and 44%, respectively, of the electricity generated.
That is, over two-thirds of western electricity is derived from fossil fuels.

Overall, hydroelectric capacity accounts for 22% of the capacity and 18% of the generation in
the states of the WGA. This is because the large amounts of hydro capacity in the Northwest are
offset by virtually no hydro capacity in Texas-the largest load region in the West.

The nuclear plants in the West account for 7% of the capacity and 11% of the electricity generat-
ed. Generation from other sources amounts to 2% of all generation in the West, of which about
1.5% comes from non-hydro renewables. Great differences in the generation mix exist across
the various regions, as can be seen in Exhibit 7. The generation in GWh by fuel type in the West
for 2001 is shown in Exhibit 8.

The large amount of hydroelectric capacity in the Northwest provides power to California and the
Southwest, but increasing demand in the Northwest and recent low hydro conditions have result-
ed in less hydro capacity available for exports to the south than in the past. California is unique
among western states in that it relies on imports from other states for a significant portion of its
power needs and that the state has practically no low-cost coal-fired generation. In contrast,
generation in Colorado and Wyoming is dominated by coal with over 75% of the capacity.

The Colorado and Wyoming region is the only area that has no nuclear capacity. One nuclear
project, Fort St. Vrain in Colorado, retired prematurely because of high maintenance costs and
has recently been repowered as a natural gas-fired combined cycle plant. The presence of a low-
cost supply of natural gas has made Texas a leader in gas-fired power plant development. No
other region in the West, indeed the country, has as much generation coming from modern gas-
fired combined cycle plants as the Lone Star state.
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Exhibit 7: Capacity Mix in 2001, by Region

SOURCE: RDI Consulting, POWERmap
Note: Hydro capacity has been derated to average capabilities during summer peak demand. Wind power capacity has been derated by 70%.

Exhibit 8: 2001 Generation by Fuel (modeled)

Coal 482,226
Oil and Gas259604
Nu r124,306
IHydro a,0

Other 26625
TOTAL 1,092161

SOURCE: Interregional Electric Market Model (IREMM) and RDI Consulting
NOTE: Hydro generation re-normalized to average weather conditions
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The only meaningful amount of non-hydro renewable generation as a percentage of total supply
is found in California, where about 1,750 MW come from wind farms, 354 MW from thermal
solar power plants, and 2,595 MW from geothermal generation. Texas also recently saw large

amounts of new wind capacity installed in response to requirements of the state's renewable
energy portfolio standard.

Nevertheless, aside from the large amounts of hydro capacity in the Northwest (and some in
California), renewable energy sources play a small role in western energy supply. Increasing the
share of non-hydro, renewable energy sources will require a conscious effort on the part of the
western states. As we will show later, wind and solar appear to be the primary sources of renew-

able energy available in the West. Fortunately, the West has large amounts of both.

Current Power Plant Development

For a decade, little new generating capacity was built in the U.S. and the West, and the excess
generation capacity created in the 1970s and early 1980s began to shrink. This was due to:

" the Arab oil embargo during the 1970s;

" the resulting extremely high inflation that caused significant increases in the costs of
power plants then under construction;

" the rise of environmental awareness after Earth Day in 1970;

" the passage of the Fuel Use Act, which prohibited the use of natural gas as a fuel for
new power plants;

* the accident at Three Mile Island, which significantly increased the cost of new nuclear
generation;

* the passage of the Public Utility Regulatory Policies Act (PURPA); and

* the unwillingness of state regulatory commissions to allow utilities to recover the cost

of their investments in new power plants.

These historical events all combined to reduce utilities' willingness to build additional generation.
By the middle of the 1990s, it became clear that new generation would be needed to meet new
demand, which had continued to increase due to population growth and the longest economic
expansion in U.S. history.

With the passage of the Energy Policy Act in 1992, it became clear to utilities that deregulation
appeared to be the future for the industry. And as deregulation was originally conceived, one of
the features was that utilities might be required to divest themselves of their generation.
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Because the risk of building new generation had become so high, with cost recovery increasing-
ly uncertain and because non-utility generation in the form of independent power production was
encouraged by PURPA, utilities essentially ceased construction of new power plants. IPPs were
now building the large majority of whatever power plants were being built.

IPPs had been building and operating primarily cogeneration facilities and were familiar with com-
bined cycle power plants. At the end of the 1990s turbine manufacturers had excess turbine
production capacity because of the slump in new plant construction. The IPPs and turbine manu-
facturers realized that, with the low natural gas prices at the time and rock-bottom prices for tur-
bines, combined with the efficiency advances and the ability to burn natural gas in power plants
again, gas-fired combined cycle plants had come of age. Fast and cheap to build, cleaner than
any other fossil fuel plant, and at $2 to $3 per million Btu (mmBtu) gas prices, gas-fired power
plants were now the fossil-fired power plant of choice.

Today nearly 90% of all new capacity is built by IPPs-a result of the conditions of the 1970s
and 1980s and associated legislation. With few exceptions, all IPP capacity runs on natural gas.

The first IPP projects were built in California in the 1980s encouraged by attractive power pur-
chase agreements (PPAs), primarily in the form of what were called Standard Offer 2 and
Standard Offer 4. Later, IPPs became active in the Northeast and in Texas. Both areas jumped
into electric industry restructuring by allowing retail competition. This allowed wholesale genera-
tors to sell electricity to marketers, instead of to utilities, which, in turn, were now able to mar-
ket the power directly to retail customers. The presence of high-cost utility generation in both
regions created an opportunity for generators to win market share from the incumbent utilities.
In the Northeast, the expectation of low-cost Canadian gas further encouraged the development
of gas-fired IPP generation. In Texas, easy access to natural gas supplies and favorable permit-
ting rules made the state one of the most popular development areas. Large amounts of capaci-
ty were proposed and built in the state-so much indeed that today Texas has more generating
capacity than it needs.

Obstacles to construction of new power plants, whether by utilities or IPPs, include: markets that
limit prices to levels below the cost of building new capacity; significant uncertainty about what
rules and regulations will be in the future; and opposition to construction by local communities.
In most regions of the country, these obstacles have not been significant enough to slow the
pace of power plant development. In California, however, each of these factors was present and
the result was a hiatus in plant construction at levels commensurate with the increase in
demand. This and other factors, such as low hydro generation in the Northwest, a hot summer,
and gas-pipeline transmission congestion, created the supply shortage that became the
California energy crisis.
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In Exhibit 9 we show the technology mix of new western power plants that began operation in
2001, are currently under construction, or are forecast to come on-line in the future. The map in
Exhibit 10 shows all power plants proposed in the West since the beginning of 1999.

Independent Power Producers and
Renewable Energy
Today, the state of California and the rest of the West understand that an economic and regula-
tory environment needs to be in place that allows for the construction or refurbishing of power
plants. The question that remains is: What degree of interest do the governments of the western
states have in the resource mix? The love affair of IPPs with gas-fired generation has its reasons.
Currently, based on environmental and economic considerations, gas-fired power plants, even at
considerably higher forecast natural gas prices, are the most rational answer to the question of
what conventional power plant to build in many states, except possibly those with large coal
reserves, including Colorado, Montana, New Mexico, and Wyoming.

IPPs, who are unregulated, contrary to the traditional utility, have not only embraced the com-
bined cycle power plant as the cleanest fossil fuel generating technology, but will also bring on-
line nearly all of the 1,229 MW of wind power in 2001. In the West, 5% of all new capacity addi-
tions are forecast to be wind power.

IPPs are looking at all generating technologies, from gas to coal to renewables. If the public, pol-
icy makers, and regulators want to create more fuel diversity and desire renewable energy gen-
eration as a large contribution to western energy supplies, then regulatory certainty, tax incen-
tives, and other measures need to be put in place. With the proper economic incentives, IPPs
will seize the opportunity and build.

Exhibit 9: New Capacity that Began Operating, Is Under Construction, or Is Forecast to Come
On-line by 2005

2%
5% 2%

!1%

a Combined Cycle

g] Combust Turbine

ii Wind

n Other

~80%
Total 55,277

MW
SOURCE: NEWGEN, RDt Consulting
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Exhibit 10: New and Proposed Capacity by Plant Type and Development Status

0 over 600

o 200 to 600
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by Development Status

* Operating
* Under Construction

[ Advanced Development
* Early Development

-- Transmission Lines

-Gas Pipelines

SOURCE: RDI Consuting, POWERmap

For example, Texas is way ahead of schedule in meeting its renewable energy portfolio standard
due to faster-than-expected wind power development by IPPs. And a strong response from the
U.S. wind energy industry to a request for proposals by the Bonneville Power Administration

seeking 1,000 MW of new wind power in the Pacific Northwest resulted in 25 proposals, totaling
about 2,600 MW. Further, the proposals included room for expansion of the projects to a total of
4,000 MW.
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It is our view that IPPs are competent and innovative developers who can, and will, play an active
role in the deployment of renewable energy projects, such as wind and solar. If economic incen-
tives can be properly structured, IPPs could provide enormous momentum for renewables
deployment. The western states must provide tax or other economic incentives and ensure a
stable regulatory environment for renewables, in order to enable IPPs to build wind and solar
projects, if the policy goal of a more diversified energy portfolio with a greater use of non-hydro
renewables is to be met.

New Plants to Meet Future Demand
RDI's NEWGen database, which tracks power plant development, reveals an explosion of new
projects in the West totaling 133,747 MW by 2010. Clearly, not all of these proposed power
plants will actually reach completion. In order to arrive at a forecast of expected power plant
additions, RDI Consulting built a detailed probability-based forecast model, which applies proba-
bilities to specific units based on the unit's status (proposed, early development, advanced devel-
opment, sure development, or under construction), region, and technology. For example, proj-
ects in the advanced development stage receive a higher probability of completion than those in
early development. Similarly, projects in a region with a great number of competing projects
receive lower probabilities than those in a region with few competing projects. Furthermore,
based on our understanding of construction timelines, delay periods based on technology type
are included in the model. Dates of successful projects slip according to the delay period proba-
bility distribution. The model also accounts for projects with more than one phase-subsequent
project phases that depend on a prior phase can only occur if the model determines that the
prior phase is successful.

Exhibit 11 shows the year 2001 and future demand and supply balance in the West. In summer 2001,
9,201 MW of new plants commenced operation in the West and 24,915 were under construction. An

Exhibit 11: New Generating Capacity Required to Meet Future Demand in the West,
2001-2010
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additional 99,631 MW of capacity is proposed and our model forecasts that, of this, 21,161 MW will
eventually be built. How much of the additional proposed capacity will come on-line depends in great
measure on the retirements of existing generation and overall wholesale market prices.

Some areas, in particular California, have an aging fleet of power plants that are approaching

the end of their operating lives. The power plant sites on which they sit are quite valuable, and in
many cases repowering of these power plants has been considered, or in fact, undertaken.
Retirements or repowering will be driven by both economic and environmental considerations.
Exhibit 11 includes a number of retirements that have been announced, but more retirements

during the next decade are likely. Incremental opportunities for cogeneration projects and tax
incentives for certain power projects, particularly renewables, could result in capacity additions
beyond our forecast.

Nevertheless, under our base case scenario, by 2010 an additional 23,000 MW of generating
capacity beyond the 55,277 MW expected1 3 by RDI Consulting to come on-line by 2005 (see
Exhibit 9) has to be built to meet expected demand growth.

It is, however, clear from Exhibit 11 that developers, marketers, and capital markets have

responded to power shortage conditions and are rapidly building new plants that will provide cus-

tomers with a reliable supply of electricity. New power plants are getting built in markets with
regulated reserve requirements (such as the installed capacity, or ICAP, obligations in the NERC

reliability regions New York or PJM) and in markets with no required reserve requirements (such
as California). They are getting built in regions with independent system operators (ISOs) and in
regions without ISOs. New power plants are even getting built in markets with significant regula-
tory risks and significant permitting and environmental hurdles. Developers are responding to
the needs of the power markets, whatever the structure.

Nevertheless, a minimum of regulatory certainty must be in place. For example, unless California
recovers quickly from the debacle of spring 2001 and begins attracting power infrastructure
investments through a predictable regulatory framework, the state could be headed into another

crisis just a few years down the road. In our work with developers we are seeing companies hes-
itating to enter the California market because of the looming uncertainty. This is becoming a big-

ger factor relative to local opposition and environmental constraints as the real reason why
capacity does not get built.

Residential Users Affected by Rising Demand

Residential customers that use natural gas will be increasingly confronted by rising and more
volatile gas prices due, in large measure, to the growing demand for natural gas by electric
power generation. In 2000, of the total U.S. consumption of 22.7 trillion cubic feet (Tcf) of natu-
ral gas, about one-fifth, or 4.9 Tcf, was attributable to residential use. Power generation account-

ed for 9.3 Tcf. Natural gas use by power plants has accelerated significantly since 1950.
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In 1950, power generation accounted for a little over 10% of natural gas consumption, but by
the end of 2000 it had quadrupled to 40%, while the share of residential use held constant.
Natural gas consumption by IPPs grew from 2.5 TO in 1999 to 3.0 Tcf by the end of 2000 and
is poised for a significant increase in the coming years when over 80,000 MW of new gas-fired
IPP generation is expected to come on-line in the U.S.

It is clear that power generation is competing for an increasing share of North America's natural
gas supply. Coupled with a pipeline infrastructure that is old and out of capacity, a tug-of-war
between power generation and traditional gas users is unavoidable. We predict that this will
result in greater market volatility and the potential for upwardly spiraling gas prices. It appears
that the greatest price volatility will not come from increasing wellhead prices, but from high
transportation costs on pipelines. However, transportation costs are a point where a regulatory
commission could exact control in an effort to mitigate gas price volatility.

Changes in the way the natural gas market operates, and how fast and efficiently market partici-
pants embrace such changes, will determine the level of price and attendant volatility that resi-
dential customers could see on their energy bills in the future. An important factor in the
California energy crisis was the limit on natural gas pipeline capacity and how that limit allowed
natural gas prices to spiral out of control.

Energy Conservation Can Help
The enormous electricity savings achieved in California this summer have shown that energy
conservation is indeed real and that it can amount to much more than good will. Corporate and
private measures to conserve energy reduced both energy and peak demand in the state: During
the months of June through August 2001 peak demand was on average 11% below the year
2000 levels and energy consumption was 8% lower. If these data are adjusted for growth and
weather, the savings are even bigger. While the beginning of the summer was relatively cool,
August 2001 was warmer than average and California's energy conservation measures were put
to the test: the Golden State passed.

California has now proven that the call of society and policy makers for reductions in electric
energy consumption will be answered if it is loud and clear enough and if consumers understand
that forgoing the use of electricity will yield significant results and no blackouts. Savings in elec-
tricity consumption can relate to both savings in energy and reductions in peak demand. Both
have very positive impacts on reliability and the price of electricity. In the next sections we will
discuss energy efficiency and reductions in peak demand.

Energy Efficiency
In 1998, the residential sector used 1,122,000 GWh of electricity, or 35% of all the electricity
consumed in the United States. Sixty percent of that consumption was due to appliances, such
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Exhibit 12: Household Appliances Certified with the Energy Star Significantly Reduce

Residential Energy Consumption

Appliance Existing U.S. New Energy Star Annual EnergyAvg. (KWh/year) Savings I(%)
(KWh/year)

Reffiger tor 1,141 620 46%

(lathes Washer 1,01 B 416 59%

Dishwasher 1 611 555 9%

Computer 262 115 56%
Television 307 154 50%

Wit 60 46 23%

Rack Stereo System 87 67 23%

SOURCE: End-Use Data and Market Trends, E SOURCE, 2001, and National Renewable Energy Laboratory, private communication.

as refrigerators, washers, d ryers, and televisions. Although the penetration of most appliances in

U.S. households is very high (for example, over 90% of all households have a microwave) or sat-

urated (every household has at least one refrigerator), population growth and a shift to smaller

households will increase the overall number of appliances. This increase in the number of appli-

ances can be expected to result in greater energy consumption. However, this does not neces-

sarily have to be so, as the example, below, of refrigerators and freezers shows.

Driven by federal standards, the efficiency of the U.S. stock of refrigerators and freezers is

improving so dramatically that, despite population growth and a modest increase in penetration

(more than one refrigerator or freezer per household), the Energy Information Administration proj-

ects a reduction in refrigerator and freezer electricity consumption to 25% below 1998 levels by

2010 and 30% by 2020. Energy efficiency can make a contribution to meeting our energy needs.

In Exhibit 12 we show the estimated average annual energy consumption of selected U.S. house-

hold appliances and compare their consumption to energy use of products labeled with the

Energy Star, denoting the products are designed for energy efficiency. Exhibit 12 shows that

large energy efficiency gains are possible for nearly every common household appliance.

Price-Responsive Demand

As the Governors' Energy Policy Roundtable on February 2, 2001, concluded, sending more timely

and accurate price signals to consumers is key to realizing energy efficiency's potential, managing

peak load, encouraging distributed generation, and lowering the overall cost of electricity.

Over the last two decades, energy and peak demand growth have grown approximately in pro-

portion. In the late 1990s, however, peak demand growth accelerated over energy demand,

which some believed was caused by changes in electricity usage. Evidence to support this

theory is weak, and higher-than-normal temperatures in many regions of the country at the time

appear to be the more likely reason why peak demand reached unprecedented levels. The most

recent demand figures reflecting more moderate weather have confirmed our view that peak and

energy demand still grow essentially in parallel.

24



FUEL FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

During the few hours of peak demand each year when electricity demand reaches its highest lev-

els, and wholesale power price spikes have become fairly common, utilities have curtailed their
interruptible customers and issued more notifications to consumers to reduce their electricity
consumption. With the changing market, especially the wholesale power price spikes, utilities are
more concerned than ever before about reducing the peak demand levels.

With the advent of the Internet, and other new technology, voluntary load reduction (VLR) programs are
becoming increasingly efficient to implement and administer. Participants in VLR programs, which have
been in existence for well over 20 years, are financially rewarded for forgoing power consumption dur-
ing high-demand periods. However, many interruptible customers who were turned off for the first time
in 2000 or 2001 are finding that they preferred the days when their service was not interrupted.

If VLR programs can penetrate energy markets to the point that they have a sizeable effect on
peak demand, the traditional relationship between peak and energy demand growth could be
severed. This would result in higher load factors for the electric system. Higher load factors in
turn could allow the level of reserve capacity to decline from current levels.

Resource Options for the Future
Technological advances, availability of equipment, low capital and production costs, and favor-
able environmental performance currently make natural gas-fired combined cycle power plants
the leading generating technology of choice for utilities and IPPs. Even with higher natural gas
prices forecast over the next decade, gas-fired generation appears to remain competitive
against its direct rival, coal. Only significantly higher than forecast natural gas prices, an inade-
quate building of needed pipelines, issues about fuel diversity, and concerns about reliability of
supply could threaten gas' dominance.

Policy makers and regulators will want to influence the selection of future energy, resources.
Environmental considerations, including regional haze, ground level ozone, or particulate matter
(such as at 2.5 microns, PM2.5) are concerns, as well as an energy supply that hedges against
fuel price volatility and improves national security by using domestic sources of energy.
Providing adequate energy resources for western states is good public policy, as important as
public health or clean water. To make good choices, legislators must understand the full range
of western energy resource options.

The West is approaching a point where the limits of its natural resources become visible. This is
certainly already true for western water. While coal and natural gas reserves remain large, and
somewhat of a moving target, we estimate that, at current consumption of 7,968 billion cubic
feet per year, proven and likely western gas reserves will be depleted in 70 years, unless better
development and production technologies can increase the yield of wells or natural gas is
imported by pipeline from Alaska, Canada or Mexico or as liquefied natural gas (LNG) from other
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countries. Oil resources in the Lower 48 states are beginning to show signs of declining produc-
tion and new deep-water natural gas wells in the Gulf of Mexico are depleting faster than histori-
cally had been the case, which may require increased drilling activity. This is in the face of an
ever-increasing demand for energy.

In the first half of the 20th century western states were faced with a different resource chal-
lenge: how to supply adequate amounts of water. The result was the Colorado River Project,
which culminated in the construction of the Hoover and Glen Canyon dams. Today, western
states are assessing how to meet the West's future energy needs. The President's National
Energy PoliCy14 has provided some ideas in this regard, but western states will need to find a
solution that reflects their resources, geography, and the expectations of their people. In this
section we will provide an overview of western energy resource options, which will be discussed

in greater detail in Chapter 7, "A Closer Look at Energy Resource Options."

In Exhibit 13 we provide estimates of the energy potential of the five most important future west-
ern energy resources: coal, gas, hydro, wind, and solar. We have not included nuclear genera-
tion in this summary table, because it is our view that in the near and intermediate term no
nuclear facilities will be built in the West. We further believe that biomass will only play a small
role in meeting future western energy supply, because resources appear to be insufficient in rela-
tion to western energy needs. For geothermal generation, RDI Consulting found no adequate
information that would allow an estimate of the geothermal energy potential and for that reason
could not quantify this renewable energy. Nevertheless, where available, geothermal energy is an
excellent source of power, because of its relatively low cost and high value in the market due to

Exhibit 13: An Overview of Western Electric Resource Options and Their Energy Potential

2001 Maximum Use of Resource
Demand/Emissions NaturallGas Gal Hydra wind Solar

Proven and Likely Economic Reserve 577,222 123,479 N/A N/A N/A
Billion R3 Million tons

Peak Demand/
(opacity A) 203,428 203,428(l) 203,4280) 50,870(2) 282,506(3) 1,040,248 (4)

Heal Rate (HHV) mmBtu/kWh 7,100 9,500 N/A N/A N/A

(opacity Factor %, Min-Max (5) 61.3-80 61.3-85 1 44.8 1 25-45 1 20-25

Energy (M ) 1 1,092,160 1,092,160 1,092,160 199,400 930,455 2,098,433

Depletion of 2001 Demand (years) 42(6) 215 Indefinite Indefinite Indefinite
Air emissions (000) Using Best Available Confrol Technologies (BACD (7)Ions/year Actual

NO, 1,045 115 830 None None None
soý 1,283 5 882 None None None
CO, 658,000 453,246 1,054,153 None None None

SOURCE: RDI Consulting
NOTE: Assumes current technologies for resource recovery and energy production.

(1) Capped at 2001 western peak demand of 203,428 MW.

(2) There is little additional hydro generating potential in the western states above current levels.

(3) Source: RDI Consulting analysis, see section, 'Wind"

(4) Source: RDI Consulting analysis, see section, * The Solar Energy Potential.'

(5) For fossil fuels, the minimum capacity factor is based on 2001 energy demand. For typical capacity factors of generating technologies, see Exhibit 36.
(6) Accounts for natural gas used for residential and industrial at 2001 consumption.

(7) For details, see Exhibit 15
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the ability to dispatch the plants. Hydro generation was included in the exhibit, because it is cur-
rently the only important renewable source of energy in the West, and it is interesting to com-
pare its capacity and energy production to that of solar and wind.

The idea behind Exhibit 13 is to show how much energy demand each energy resource could
meet if it were used exclusively to produce all the electricity in the West. For natural gas and
coal, we have also calculated the number of years this resource would last until it was depleted
based on current resource estimates. Further, for both fossil fuels, we show the air emissions
impact the full use of this resource would have compared to actual 2001 emissions from west-
ern power plants. Even though this exercise is hypothetical, it is nevertheless insightful.

Fossil Fuels
With oil production almost exclusively reserved for transportation and the chemical industry, nat-
ural gas and coal remain the only fossil fuel resources available for electric power generation in
the West. Natural gas is mainly found in Texas and along the Rockies. Coal, the most abundant
fossil fuel, is found in many western states. The most important coal region is the Powder River
Basin, which straddles Wyoming and Montana.

According to our hypothetical estimate, 42 years of gas would be available if all western gas
(base on the aforementioned estimate and reduced by the percentage currently used for industry
and residential use) were used for power generation. Using the best available control technology
(BACT), actual air emissions in the West would drop significantly because of the displacement of
coal generation.

BACT would also reduce western emissions of sulfur dioxide (S02) and nitrogen oxides (NOx) if
all generation were to come from coal, but carbon dioxide (C02) emissions, a greenhouse gas,
would increase by 60%. (See Exhibit 13.) In light of current climate talks, generation from coal is
not likely to increase its share as a source of western energy, unless C02 emissions can be
sequestered. According to our resource estimate, if all western electricity were generated from
coal there are enough reserves to provide for 215 years of coal-fired generation until proven and
likely economic reserves are depleted.

Hydro, Wind, and Solar
Hydro, wind, and solar are the important renewable energy resources in the West. Hydro's gener-
ating potential is fully developed and is thus limited to the current generation of 199,400 GWh,
or one-fifth of western electric energy needs. Because the source of water in the West is primari-
ly snowpack that melts in the spring, hydro generation exhibits an uneven pattern of generation
over the course of a year, being highest in the spring and early summer. To meet one-fifth of
western energy requires almost complete use of western hydro potential and comes with signifi-
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cant environmental costs.-There may be opportunities for small hydro generation development,
but those projects would add only minimal amounts of capacity to western generating capacity.

For both solar and wind, RDI Consulting conducted a detailed resource assessment that is
described in the sections, "Wind" and "The Solar Energy Potential." Data from the National
Renewable Energy Laboratory (NREL) and a geographic information systems (GIS) were used to
estimate the western wind and solar potential. The GIS analysis discounted 90% to 99% of
potentially available wind and solar resources, which already excludes urbanized areas, national
parks and other areas not available for wind or solar power plants. We find that wind could pro-

vide, ideally, 85% of western energy needs, while solar has the potential to produce twice the
amount of electricity consumed in the West in 2001. This surprising result supports the view
that solar power may be the preferred renewable energy source in the Southwest, where, based
on our analysis, wind resources are much smaller than the solar resources.

Western solar resources are potentially the best in the world and are almost exclusively found in
the Southwest-with Arizona being the hot spot of solar power. Western solar resources are
enormous. According to our analysis, 1,051,466 GWh could be generated by premium solar
resources alone and would be commensurate with total western energy demand of 1,092,160
GWh (see Exhibit 24). Premium solar resource areas have the potential of over 480,000 MW of
power, yet would occupy only about 0.2 % of western lands.

Wind potential in the West is also very large. Paradoxically, of all western states, California, the
birthplace of wind power, has few wind energy resources available for development compared to
other western states. Wind generating technologies were developed in the U.S. in the 1980s,
but it was in Europe that wind emerged from a niche technology to become today's fastest grow-
ing generating technology. The U.S., including the West, is currently seeing an explosion of new
wind farms. According to our analysis, there appear to be 282,506 MW of Class 4 and higher
wind resources in the West, which could generate 930,455 GWh of electricity.

Nuclear
Nuclear energy from fission is an enormous source of energy. Fission, the process that we know
as nuclear power today, is also the source of enormous controversy due to the inherent dangers
in operating with and storing nuclear material. Given the current environment, we do not believe
that new nuclear power plants will be built in the West in the next several years. Nevertheless,
we believe that existing nuclear plants will extend their operating licenses where economically
and technically feasible. If nuclear fusion could ever be used for power generation (the technolo-,

gy is still in its infancy), it would provide unlimited amounts of energy with little environmental
impact. That day, however, is far off in the future.
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Geothermal
Geothermal generation is another res ource option for western energy supply. Unfortunately,
geothermal resources are not as easily accessible as wind and solar, and questions about the

resource potential remain. In the West, 3,276 MW of geothermal power plants operate, though

new geothermal power plants are not currently being actively pursued. However, modern oil

drilling techniques may soon be used to unlock more of the Earth's heat for power generation.
Searching for economic geothermal resources could be a worthwhile energy policy goal.

Biomass
Generation from biomass remains a possibility for a sustainable energy future, but in reality the
generation potential from biomass is likely to be limited. Unless biomass is a waste product
from farming or forestry, the growth of "energy crops" would require large resources of arable

land and water. Finally, while biomass generation is "carbon-neutral," it still causes emissions.

For the above reasons, biomass will likely not play a large role for western energy.

If the western states want to increase the percentage of renewable energy sources, wind and
solar power and, where available, geothermal generation are the only real choices. According to
our analysis, solar power's resource potential is nearly three times that of wind. Further, as we
show in this report, solar resources are located where electricity is consumed, while wind
resources are much farther from metropolitan areas. The intermittence of these resources can
be greatly overcome by a robust transmission system. And finally, the intermittence issue of
solar generation can further be greatly mitigated using heat storage or fossil fuel hybridization,
both of which are described in detail in the section "Using Supplemental Off-Sun Power." Western
states are therefore encouraged to take a look at solar energy as a significantly promising

renewable energy technology.

After this overview of western energy resource options, we will now look at emissions of existing
power plants and the expected changes in emissions levels in our base case scenario.

Air Emissions from Existing and New Power Plants
Sixty-eight percent of western electricity needs are met with fossil fuel generation. In 2001, an
estimated 44%, or 482,226 GWh of electricity were generated from coal, and 24%, or 259,604
GWh, were generated from natural gas or oil. Emissions from coal, natural gas, and oil-fired

power plants are the main source of air pollutants from power plants in the West. GeothermaI15

and biomass generation contribute the rest, but only account for a small amount. In Exhibit 14
we show the projected NOX and S02 emissions from western power plants in 2001 and 2010.
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Exhibit 14: Air Emissions from Western Power Plants, 2001-2010, Base Case Forecast

2001 2010

Region Total (000) Tons Total (000) Tons (000) ane over 2001 Percent
NO. SO2  NO, SO, NO, So, NO, S02

Northwest 69 114 66 63 -3 -51 -4% -45%
C0 and WY 149 165 145 186 -4 21 -3% 13%
California 18 - 9 12 -9 12 -50% N/A
Southwest 272 191 258 150 -14 -41 -5% -21%
Prairie States 210 270 230 294 20 24 10% 9%
Texas 327 543 175 384 -152 -159 -46% -29%
TOTAL/AVERAGE 1,045 1,283 883 1,089 -162 -194 -16% -15%
SOURCE: RDI Consulting
NOTE: Emissions based on RDI Consulting's base case demand and supply forecast.

Emissions for 2001 were based on the capacity mix during 2001 and were calculated using a
plant dispatch model, called the Interregional Electric Market Model (IREMM). IREMM is a com-
puter model that simulates electricity markets nationwide and dispatches generation to load on
an hourly basis. Using plant-by-plant generation results and reported data on unit-specific emis-
sions, it calculates the total emissions of NOx, SO2, and CO2 . From the data in Exhibit 14 we
can see that in 2001 western power plants emitted an estimated 1.05 million tons of NOx and
1.28 million tons of SO2.

For the year 2010 we find that under our business-as-usual base case scenario, pollutant levels
will decrease by about 15% for both NOx and S0 2-despite the fact that power generation will
increase by 23% over the same time period (see Exhibit 5). By 2010 western energy demand is
expected to grow from 1,092,160 GWh in 2001 to 1,333,945 GWh.

The main reason for this trend is the replacement of older, less efficient generation by modern
gas-fired power plants, as well as the installation of scrubbers, or the switching to lower sulfur
coals, at coal-fired power plants in order to be compliant with regional haze reduction targets
under the Western Regional Air Partnership (WRAP), especially in national parks (Class 1 areas).
In addition, economic displacement of Gulf lignite in Texas with Powder River Basin coal may

result in even lower emissions than forecast here.

Base Case Forecast
In our forecast, we have assumed a business-as-usual scenario, which is our base case. Under
this scenario, we include all announced power plant additions and retirements that we believe
are likely to occur, retirements of uneconomical units based on model results, as well as auto-
matic additions of new capacity by plant type based on load shape, capital cost, and forecast
fuel prices. Therefore, our base case scenario pictures an energy future that continues to rely
heavily on natural gas and coal. We believe that this business-as-usual scenario provides a good

reference point.
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In the base case forecast, the retirement of less efficient units, the penetration of more natural
gas-fired power plants, and further implementations of air regulations show that western air will
receive less pollution (with the exception Of C02) from power plants in 2010 than today. If renew-
able energy sources, such as wind and solar, were given an opportunity to make a substantial
contribution to western energy, skies could be even clearer.

A Comparison of Emissions and Water Use
Most generation technologies require large amounts of water for cooling and plant processes.
The exceptions are wind, photovoltaics (PV), and dish Stirling power plants, which are the only
generating technologies that can produce electricity while using practically no water. Biomass
and fossil fuel combustion produce air emissions, while hydro, solar, wind, and nuclear genera-
tions are emission free; geothermal generation releases small amounts of emissions. Supplying
power puts great strain on our water resources and pollutes our air. The next two sections on
air pollutants and water use compare the environmental impact of various power generation
technologies on these resources.

Air Pollutants
Power generation from fossil fuels is one of the biggest sources of air pollution in the western
states. In 2001, western power plants emitted an estimated 1,045,000 tons of NOx and
1,283,000 tons Of S02. These emissions can be associated with significant health problems,
including respiratory and cardiopulmonary disease, cancer, and birth defects. In addition, they
can be harmful to forests, water bodies, and fish, and can decrease visibility in scenic areas.16

In addition, generation from fossil fuels is the major source Of C02 emissions in the West.
Nationwide, 40% of all C02 emissions are estimated to originate from power plants; the percent-
agefor western states is similar. The Kyoto Protocol, to which the U.S. has decided not to
become a party, would have required the U.S. to reduce C02 (or equivalent pollutants) by 7%
below 1990 levels by 2010. If the power generation sector were to meet this goal on its own,
today's C02 emissions of 658 million tons would have to be reduced by 143 million tons, or 22%.

In Exhibit 15 we show the air emissions of NOx, S02, C02, and particulates by generating tech-
nology. This table makes it clear that coal-fired power plants, even when using the most efficient
boilers and BACT, are still the biggest polluters. A gas-fired combined cycle plant, for example,
emits less than one-half the amount Of C02 than a state-of-the-art coal plant does. This is
because of the lower efficiency of the steam cycle of a coal plant in comparison to a combined
cycle and the chemistry of the coal combustion process, which contains more carbon atoms per
unit of heat. Gas boilers and combustion turbines are less efficient methods of producing elec-
tricity from natural gas than combined cycle technology, as indicated by their higher heat rates.
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Nuclear, hydro, wind and solar power produce no air pollution and geothermal generation pro-
duces very little. Replacing coal-fired power plants with gas-fired generation can already provide
a great deal of emission reductions. In our base case we assume that such a displacement of
coal with natural gas and the construction of more efficient coal plants will reduce western NOx
and S02 by about 15% over the next decade. However, this trend would still result in a net

increase of CO2 emissions by 13.4% (See Exhibit 15).

Only if gas-fired combined cycle plants were to displace even greater amounts of coal-fired
power generation in the West, as forecast by our business-as-usual base case, could western
power plants on their own meet the goals of the Kyoto Protocol. Today, western coal plants emit
up to three times the carbon of a new combined cycle plant, and replacing 1 MW of coal with 1
MW of combined cycle would reduce carbon emissions by about one-third (assuming the two
plants would operate at the same capacity factor). However, it is not certain that enough natural
gas could be produced at a price competitive with coal to make such a displacement scenario

possible.

In addition, with increasing demand for natural gas by power generators, gas prices will likely
become more volatile, thus resulting in unstable power prices. This market instability may tilt the
scale more toward renewables, which provide a hedge against volatile fuel prices. The California
energy crisis has shown the value of such hedges, where, for example, the parabolic trough
solar plants in the Mojave Desert continued solar electric generation at the contracted, fixed
cost despite the high natural gas prices in California at the time.

Nuclear and renewables emit neither CO2 nor other air or water pollutants. As discussed else-
where, new capacity from nuclear and hydro is unlikely in the current environment. Solar, wind,
and geothermal are therefore the only realistic alternatives for zero-emissions technologies. 17

Given the easy access to solar and wind, and the vast amounts of resources, these types of
renewable generation emerge as the West's best alternative to drastically reduce air pollution
and, in particular, CO2. While natural gas can also make a great contribution in this regard,
renewables may be preferred toward the end of the decade. Given the current boom in natural

Exhibit 15: Air Emissions of Major Pollutants by Generating Technology per MWh Using Best
Available Control Technology (BACT)

Plant Type Heat Rate (HHV) NO LS02) 02 Lbs/MWh Particulates
Btu/kWh Lbs/MWh Lbs/MWh

Coal 9,500 1.52 1.62 1,930 0.01

Combined Cycle 7,100 0.21 0.01 830 -

Gas Boiler 10,500 0.84 0.01 230 -

Combustion Turbine 11,500 0.58 0.01 ,34 -

Solar, Wind, Hydra, None None Nooe None None
lnd Nuclear
SOURCE: U.S. Department of Energy, Market-Based Advanced Coal Power Systems, May 1999, and RDI Consulting analysis. Biomass not included in this table due to dif-

ficulties in finding reliable information.

(1) Based on 2000 average sulfur content in western coal plants of 1.3 lbs/mmBtu.

32



FUEL FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

gas-fired power plants and the forecast of natural gas prices in the 2.75-3.25 $/mmBtu range
over the next few years, natural gas is the fuel of choice for the time being.

Water Requirements

With the exception of wind and PV solar power, all generating technologies are based on a ther-
modynamic process, in which heat is converted into electricity. Immutable laws of physics dic-
tate that the efficiency of this process depends on the difference between the temperature of
the heat source, for example, the boiler or turbine, and the "exhaust" temperature of the
process. Therefore, only thermal generating technologies, like solar dish Stirling, that operate at
very high temperatures can reach high efficiencies even with simple air cooling. For all other
thermal generating technologies, water cooling is required, unless alternative cooling techniques
are used, which, however, decrease the efficiency of the plant.

In Exhibit 16 we show the amount of cooling water required to produce one IVIWh of electricity. In
addition to cooling water, power plants require process water that is used for steam cycles or the
washing of solar mirrors. The amount is usually small compared to the cooling water requirements.

Estimating cooling water use by power plants is difficult because the amount of water required is
very location dependent. The amount of water needed for evaporative cooling in a cooling tower
depends mainly on the average temperature and humidity at the plant's site, and the quality of
the water. Water quality determines how often the reservoir of cooling water needs to be dis-
charged because it condenses into brine, which jeopardizes plant equipment as well as the envi-
ronment. Therefore, not every drop of cooling water can be used for cooling. In Exhibit 15 we
have considered the total cooling water requirements, and not just cooling water net of dis-
charged water, for evaporative cooling in a cooling tower.

Data in Exhibit 16 are based on RDI research with the exception of cooling water requirements for
coal, oil, steam, and nuclear. In particular the data on combined cycle (CC) plants was derived by
analyzing the cooling water procurement of dozens of new natural gas-fired CCs in the West.
These data came from RDI's NEWGen data and analysis service. In addition, the Kramer Junction
Co. (KJC), which operates 165 MW of parabolic trough capacity near Kramer Junction, California,
provided Platts/RDI Consulting with cooling water data on parabolic trough plants.

The key conclusion from Exhibit 16 is that all thermal power stations, including parabolic
troughs, use hundreds of gallons of cooling water per megawatt-hour of electricity. CCs use the
least amount of water because of their high firing temperature in the combustion turbine portion
of the combined cycle and the combustion of two different thermal cycles. Stand-alone combus-
tion turbines do not use cooling water, but also operate at the lowest efficiency.

Of renewable generating technologies, wind power, dish Stirling, and PV are the true water
misers and use only one hundredth of the water required by other generating technologies. Only
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Exhibit 16: Cooling Water and Process Water Requirements by Plant Type, per MWh

Plant Type Water (Gallons/MWh)
Cooling Process

Coal 670(a) - (1)

Combined Cycle 250-300 (b) - (1)

Combustion Turbine None Variable (2)

Nuclear 620 (c) -(1)

Power Tower 750 (d) 8.0 (d)

Parabolic Trough 764 (e) 8 (e)
Solar Dish Stirling None 4.4

Flat Panel PV N/A 4.4 (3)

Concentrating PV N/A 4.4 (3)

Wind N/A 1.0 (c)

Hydro N/A N/A
SOURCE: (a) MWH Consulting, (b) RDI Consulting and NEWGen, (c) American Wind Energy Association (AWEA), (d) RDI Consulting estimate and (e) KJC Operating Co
NOTE: Evaporative Cooling. Process water includes that used for make-up water for steam turbines, combustion turbine wash, air inlet fogging, solar mirror wash, wind
turbine blade wash, etc.
(1) Included in cooling water.
(2) The amount of process water for turbine washes and inlet air fogging depends on location and application of turbine.
(3) RDI Consulting estimates based on dish Stirling.

process water is used for turbine blade or glass and mirror washing. Therefore, these generat-

ing technologies should be of greatest interest to southwestern states where water is a precious

resource and where an ever-growing population and associated water demand have put water

supply reliability in the public eye.

Global Warming Policies Could Restrain Fossil Generation
Ninety percent of human energy needs are derived either by burning fossil fuels, such as coal,

oil, or natural gas, or by burning wood, dung, and other types of biomass. In the combustion

process, C02 is formed and discharged into the atmosphere. Part of this CO2 is converted by
photosynthesis (that is, plants) or absorbed by the oceans, with the remainder increasing the

C02 concentration in the atmosphere.

From pre-industrial times to the present, the C02 concentration in the atmosphere has risen

from 280 parts per million (ppm) to close to 360 ppm. Its concentration is currently increasing

at an accelerating rate, which is now about 3 to 5 ppm per year. Although the physics and

chemistry of the Earth's atmosphere are not understood well enough to draw precise conclu-

sions about the effects of an increase in C02 on the world's climate, a large part of the scientific

community concludes from atmospheric data and theoretical models that manmade C02 emis-
sions will result in an increase of the global surface temperature. (See also section, "Solar

Power Insurance Against Kyoto Protocol.")

According to these scientists, such an increase in temperature would result in dramatic climate

changes, which in turn may have a negative impact on the planet's ecosystem (including. agricul-
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ture). The changes might be dramatic, in particular, because they would occur over a time scale
that is too fast for either humans or nature to adapt. Therefore, if research in the next years con-
firms global climate change from C02 emissions, then the U.S. power industry, which currently
produces 40% of U.S. C02 emissions, may experience pressure to reduce its reliance on fossil
fuels, and, in particular, coal.

It has been argued that the U.S. could also use carbon "sinks" to, at least in part, meet its emis-
sion reduction goals. Carbon sinks are ecosystems that naturally sequester certain amounts of
carbon, for example, a newly planted forest, in the U.S. or elsewhere. In 1999, the United States
released about 5.6 billion tons Of C02 into the air, of which 1.7 billion came from coal-fired
power plants.18 According to an article in The New York Times, in order to offset all of its
domestic carbon emissions, the U.S. would have to plant a forest the size of the surface area of
Jupiter, which has a surface area 120 times that of Earth.19

Certainly, even under the current draft of the Kyoto Protocol, not all C02 emissions have to be
curtailed; rather, the U.S. emissions level is targeted to be reduced to 7% below its level in 1990
by 2010. In addition, RDI Consulting calculated the area of a forest needed to sequester all U.S.
carbon emissi ons "only" to be the size of Earth.20 Despite the differing estimates, the message is
the same: Using carbon sinks alone is unlikely enough to stem potential global warming.

Today, coal-fired generation contributes about 52% of all electricity produced in the U.S. and
44% of the electricity in the West. Despite uncertain profit margins, criticism from environmental
groups for its mining practices, significant problems related to air emissions from coal-fired
power plants, and a stagnation of its business in the current natural gas-fired generation boom,
the coal industry is charged with keeping our economy humming. No other industry would be hit
harder by a demand for reduction in C02 emissions than the coal industry. Its uneasiness in the
face of the Kyoto Protocol is more than understandable.

Nevertheless, if the link between C02 and climate change is further corroborated, the U.S. may
need to drastically reduce carbon emissions. While carbon mitigation techniques such as
sequestration Of C02 are mentioned as possible solutions, these are more long-term remedies.
At this point, it is also not clear whether planting trees or sequestering carbon dioxide in geologi-
cal formations is either significant or practical. In Exhibit 17 we show the C02 emissions from
western power plants in 2001, 2005, and 2010. Under RDI Consulting's base case scenario
(under which the future mix of generating sources occurs according to the economics of the
plant type, which is dictated by the regional fuel price, the cost of the technology, current emis-
sions cost, and regional electric market dynamics) carbon emissions increase by 13% from 658
million tons in 2001 to 746 million tons in 2010.

By 2010, this increase would cause western states to miss the goals of the Kyto Protocol by an
estimated 231 million tons. If western power plants were voluntarily to meet these emissions
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reductions on their own, RDI Consulting estimates that emissions would have to be reduced to
about 515 million tons in order to be in compliance. However, under our business-as-usual sce-
nario, CO2 emissions actually increase by 88 million tons.

In 2001, only 1.5% of western energy was produced with non-hydro renewable energy. Most of
this renewable energy is geothermal and wind-including 1,229 MW of new wind capacity that
came on-line that year. In order to see what impact a rapid renewable energy deployment could
do to curb carbon emissions, RDI Consulting hypothesized that, by 2005, 5% of electricity was
generated from non-hydro renewables, and 10% in 2010. We assumed that hydro continued to
produce about 199,400 GWh, the level of generation at 2001 installed hydro capacity and nor-
mal hydro conditions. We further assumed that the capacity factor of the new non-renewable
energy source was about 33%, which is a reasonable value when both wind and solar are aver-
aged together.

Under these assumptions, we find that, by 2005, 16,202 MW of new renewable capacity would
have to be built, increasing to 40,551 MW by 2010. While such renewable capacity additions are
not impossible, they would require a rapid renewable energy deployment.

In order to see the impact of these renewables on carbon emissions, we assumed for each GWh
of electricity 1,000 tons of CO2 would be saved by avoiding generation of 1 GWh from coal.
(However, if those renewables were to displace energy from natural gas, the C02 emissions
reductions would only be about half as big.) By 2010 this rapid renewable energy deployment of
wind and solar, the most abundant western renewable energy resources, would more than com-
pensate for the expected growth in emissions by 88 million tons under our business-as-usual
base case scenario. Nevertheless, in 2010, western states would still emit 113.6 million tons
more C02 from their power plants than targeted by the Kyoto Protocol.

Exhibit 17: Carbon Dioxide Emissions from Western Power Plants, 2000-2010

YearcenrioKyoto Target (1) 2001 2005 2010

Base case Forecast
C02 (Million Tons) 515 658 683 746

Change over 2001 Million Tons N/A 25 88
Percent N/A 3.80% 13.40%

Required Change under -143 -168 -231
Kyoto Million Tons

Rapid Renewobles Deployment

Non-hydro Renewables as % of Electric Energy 1.50% 5% 10%
New Capacity (MW) (2) 1,229 16,202 40,551

Saved s 02 (3) Million Tons N/A (4) 43.3 117.2
C02 short of Kyoto -143 -124.6 -113.6
SOURCE: RDI Consulting
(1) Assumes that electric generation independently meets the required percentage reductions of carbon dioxide proposed by the Kyoto Protocol.
(2) Assumes a capacity factor of 33%.
(3) Assumes C02 savings of 1,000 tons/GWh.
(4) Included in base case forecast for 2001.
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The only solutions for western states to be in compliance under this "what-if" scenario, where
power plants try meet the Kyoto goals independently, would be to either further deploy renew-

ables, reduce emissions through greater use of natural gas or nuclear, sequester carbon under-
ground or in new forests, or trade emissions with other states or countries.

Emissions trading would seek to lower global C02 emissions where this can be done most cost-
effectively. For example, it may be cheaper to retire an inefficient steam plant in another state or
country and to buy emissions credits from a new, highly efficient power plant, which produces
significantly lower C02 emissions and which is built to replace the retiring capacity, instead of
trying to lower carbon emissions from western plants. Because carbon emissions are a global
rather than a local problem, this approach produces the same result. The U.S. under the Clinton
administration had sought such a trade program as a condition of signing the Kyoto Protocol.
Indeed, in the summer of 2001, the protocol was amended to allow for some form of emissions
trading.

The other alternatives to lowering C02 emissions from power plants and still meeting the goals
of the Kyoto Protocol would be for the West to reduce its electricity use or to seek offsets in
other areas of energy consumption. The magnitude of the required energy savings would be sig-
nificant, but consumers may now be willing to undertake such energy conservation efforts based
on their experiences with the California energy crisis. The problem with seeking offsets in other
areas of western energy consumption is that other large sources Of C02, will have an even hard-
er time lowering their emissions. For example, for transportation, no real alternative to gasoline
exists at this point.

Europe and Japan have decided to go forward with an amended version of the Kyoto Protocol.
The U.S., which produces a quarter of the world's manmade output of greenhouse gases, includ-
ing C02, has decided to stand outside the agreement.21 This has created considerable uncer-
tainty for the U.S. industry and coal generators, which must factor possible C02 regulations into
their business and generation planning decisions.

Carbon sequestration in geological formation appears to be an interesting idea, but it remains to
be seen how practical and how expensive it is. It is unproven and may only be possible in certain
situations. Sole reliance on carbon "sinks" seems a rather outlandish idea given the fact that the
U.S. alone would have to plant a forest of planetary proportions. The West, in particular, would
not even have the water that such forests would require.

With fusion only a distant possibility and fission a political hot potato with questionable economics for
new plants, renewable energy is the only alternative for western states to aim for the targets of the
Kyoto Protocol in the power generation arena. While natural gas-fired power plants could replace
coal-fired generation and thus greatly reduce carbon emissions, there are probably not adequate
reserves of economically competitive natural gas to satisfy the power generation requirements.
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Chapter 2

Electricity from Solar Power
A Clean and Abundant Energy Resource

Flat panel photovoltaic (PV) solar cells, typically made of silicon and ubiquitous on calculators
and roadside call boxes, are the best-known form of solar generating technology. Generally, the
public associates flat panel PV with future solar energy production.

However, flat panel PV is not the way solar energy will be harnessed in the near term for large-
scale power generation. While it is the most visible of all solar technologies and for that reason
attracts the attention and support of the public and policy makers, concentrating solar power
(CSP) is positioned to be the true leader in solar power generation technology today.

In CSP, mirrors or lenses first focus and amplify the sun's energy. The concentrated sunlight is
then converted to electricity through the photovoltaic process or a thermodynamic heat cycle,
which uses a motor or turbine. In all CSP technologies, mirrors or lenses follow the trajectory of
the sun through the sky and thus optimize energy collection. The four prominent CSP technolo-
gies are concentrating PV (CPV), parabolic trough, dish Stirling, and power tower; the latter
three use a heat cycle to produce energy.

Currently, CSP is the most efficient and cost-effective way to generate electricity from the sun.
In addition, hundreds of megawatts of CSP generating capacity could be brought on-line within a
few years and make a meaningful contribution to our energy needs. Exhibit 18 provides an
overview of solar power cost of flat panel PV and CSP technologies.

Exhibit 18: Solar Power Cost and Performance Overview

Capital Cost Power Cost

Technology S/kW (1) Cents/kWh (2)

Flat Panel PV (3) 7,500-8,500 51.0

CSP Technologies

Concentrating PV TBD TBD

Dish Stirling 2,650 16.7

Parabolic Trough 2,877 13.4
Power Tower 2,713 9.0
SOURCE: National Renewable Energy Laboratory, Stirling Energy Systems, RDI Consulting financial model
(1) Based on current technology, standard plant size, and assumed installation levels. See sections, 'The True
Cost of Using Solar Power" and "A Primer on Solar Generating Technologies."
(2) Power cost based on capital cost, variable and fixed O&M cost, and certain financial assumptions. See "The
Price of Solar Power."
(3) Crystalline silicon.
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A cursory review of Exhibit 18 shows why CSP is the leading technology. The combination of low
capital costs and high efficiencies results in the lowest cost of power.1 The capital and power

cost numbers in Exhibit 18 are based on annual installation levels of about 100 MW for each
technology and current technology and production processes. All CSP technologies, and in par-
ticular parabolic trough, power tower, and dish Stirling, have great promise for significant cost
reductions. This could result in a much lower cost than shown in Exhibit 18, if these technolo-
gies are more widely adopted.

Of all CSP technologies, parabolic trough, power towers, and dish Stirling are the most ready to
bring on-line large amounts of capacity in the Southwest. The penetration potential of CPV is not

as clear at this point, because more research and development is required before it is possible
to determine the technology's cost curve and, hence, market potential.

Parabolic trough and dish Stirling are the CSP technologies with the largest number of system
hours. Existing parabolic trough plants have decades of operational history, and one dish Stirling

system has been operating, albeit with interruptions, for the last 17 years. Two power tower sys-
tems (Solar One and Two) operated as demonstration projects in the 1980s and 1990s, but are
now decommissioned. During the demonstration project, the units operated for about 2,000
hours. System experience with CPV is still low compared to dish Stirling, which targets a similar
niche in the power market, but a few CPV systems are currently in operation, mainly by Arizona
Public Service, and are accumulating more system hours.

In this study, we will use the cost and performance of parabolic trough and dish Stirling as proxy
technologies to demonstrate the contribution that CSP could make to western energy and to
evaluate the economics surrounding CSP. Parabolic troughs and dish Stirling technologies are
similar, respectively, to power towers and CPV. Much of the analysis performed specifically for
parabolic troughs and dish Stirling can be applied to power towers and CPV. Because of similar
performance characteristics and economies of scale, generally power towers compete with par-
abolic troughs, and CPV is a competitor with dish Stirling.

The choice of parabolic troughs and dish Stirling as proxy technologies was influenced by the fact
that these technologies have longer track records and are better known than power towers and
CPV, respectively. In 2001, the developers of parabolic trough and dish Stirling plants were inter-

ested in developing domestic projects and were in negotiation with power purchasers in the
Southwest to build new capacity. No power tower project was being pursued in the U.S, but a
consortium of companies, including those involved in the Solar Two power tower project, is pursu-
ing a project in Spain (Solar Tres) and is interested in bringing the technology to the U.S. market.

The cost and performance of all solar-generating technologies are discussed in detail in the chap-
ter, "A Primer on Solar Generating Technologies," which also provides a detailed discussion of the

cost data summarized in Exhibit 18. Power towers show the lowest solar power cost, but capital
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and O&M cost assumptions used in Exhibit 18 rely on industry information. While these figures
represent good faith estimates, the industry admits great uncertainty in providing cost information
on its own technologies until new projects are built. The cost and performance of parabolic trough
plants and dish Stirling systems are further discussed in detail in the section, "Capital and
Production Costs of Solar Power." In this section we will mark the technology to market; that is,
we determine how well these plants would do in a competitive power market today, using some of
the most advanced modeling tools in the industry. This mark-to-market analysis allows valuing the
power delivered by CSP technologies for a power aggregator or utility.

Next, leading to the economic analysis is a thorough discussion of the western solar generating
potential and how the profiles of solar radiation, regional load shapes, and the intermittence of
sunshine all affect the ability to provide electricity from solar power. These sections are crucial
for understanding the potential of solar power for western energy supply and, in our view, con-
tain some of the most interesting findings of our study.

The Solar Generating Potential
In order to assess the role that solar power can play in western energy supply, it is important to
know how much solar resource is available. Why invest time and effort in a renewable energy
technology if it can only provide a small fraction of our energy needs? Geothermal power plants
are an important source of renewable energy, but the potential exists in only a few places. So,
how much solar energy falls on a patch of western land, and is there enough land for large-scale
solar generation?

The answer to this last question is: Yes. Solar energy is an abundant and underutilized energy
source in the West. Solar resources are optimal in the Desert Southwest and-given the geo-
graphic and climatic condition s-potential ly the best in the world. Not only are there hundreds of
square miles that could be used for solar generation, this land is also close to some major west-
ern metropolitan areas where large quantities of electricity are consumed. Our analysis shows that
western solar energy resources are commensurate with current electricity demand in the West.

Amount of Power Contained in Solar Radiation
The intensity of solar radiation outside the atmosphere is about 1,300 wafts per square meter
(W/M2). When sunlight passes through the Earth's atmosphere, a portion is scattered or
absorbed-by haze,. particles, or clouds. On a clear day in the Desert Southwest about 80% to
90% of the solar radiation entering the atmosphere reaches the ground. The U.S. has some of
the best solar resources in the world, and the intensity of solar radiation at ground level in areas
such as Las Vegas, Nevada, can reach values as high as 1,100 W/M2.

Even on a clear day, sunshine is composed of diffuse (scattered) light and rays that come undis-
turbed from the sun (direct normal radiation). Exhibit 19 illustrates the definitions of diffuse,
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direct normal, and global radiation. Global radiation is the sum of direct and diffuse radiation.
Haze increases the amount of diffuse radiation while at the same time the amount of direct nor-
mal radiation decreases. Haze also results in reflection and absorption of sunlight, which

reduces the overall amount of global radiation. On an overcast day, essentially all radiation that
reaches the ground is diffuse, while on a clear day 93% to 95% of all radiation is direct normal.

While flat panel PV power plants use both diffuse and direct radiation, CSP power plants (CPY, dish
Stirling, power tower, and parabolic trough) can only use the direct component of the sunlight. This
makes CSP unsuitable for areas with high humidity and frequent cloud cover, both of which result in

scattering. However, this imposes little limitation on CSP power plants, because for the western
U.S., areas of highest total (global) radiation are also areas with low humidity and few clouds.

Radiation levels are affected by both weather conditions and the position of the sun above the

horizon. The angle of the sun's rays relative to the Earth's surface changes during the day and
with the seasons. In the winter, the sun is lower in the sky and less energy reaches the ground.

In the summer, the sun is overhead and sunshine is stronger. In the Desert Southwest, toward

the fall and winter, cloud cover increases and often shields the sun.

For solar power generation using CSP, the annual average amount of solar energy reaching the
ground needs to be 6.0 kilowatt-hours per square meter per day (kWh/m 2/day) or higher. This is
the case in many regions of the West (see "The Solar Energy Potential"). In premium solar
resource areas, the average annual solar radiation exceeds 7.0 kWh/m 2/day. Using the most effi-

cient solar generating technology (dish Stirling), an area the size of an NBA basketball court locat-
ed in a premium solar resource would generate 60,740 kWh of electricity a year. To generate the
same amount of electric energy, natural gas equivalent to 60 barrels of oil would have to be
burned in a combined cycle power plant. Exhibit 20 displays this energy and shows that solar radi-
ation is a concentrated form of power. Current technology can capture large amounts of this ener-
gy and convert it to electricity-indefinitely, domestically, and with no pollution or price volatility.

Exhibit 19: Direct Normal, Diffuse, and Global Solar RadiationC
Scattering in the \\ Absorption by Clouds

Atmosphereý/ and Pollutants

Diffuse Diffuse and Direct
Radiation Direct Radiation Normal Diffuse

Radiation Radiation

GIQbal
TRadiation

SOURCE: Status Report on Solar Thermal Power Plants, Pilkinton Solar International, 1996. Used by permission.
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Exhibit 20: As Much as 60 Barrels of Oil Are "Saved" by a Solar Power Plant the Size of an
NBA Basketball Court (437 m2 per Year

NOTE: Dish Stirling system in premium solar resource area.

The Amount of Sunshine in the West
According to a report by EPRI, the southwestern U.S. is likely to have some of the best solar

resources in the world.2 This is due to a combination of factors, including the latitude, low cloud

cover and humidity, and the high altitude of the Colorado plateau.

At noon, on a clear day in Las Vegas, the sun is so intense that, at that time of day, a square

patch of land three feet on each side could power an average household. Certainly, not all of

that energy can be converted into electricity and the sun does not shine at night and not with the

same intensity all day and year around, yet this example provides an indication of the amount of

energy the sun sends to the ground in the southwestern U.S.

Large areas of the West receive average sunshine of between 6 and 7.5 kWh/m2/day, making

solar power plant development possible in many states of the WGA. Surprisingly, good solar

resource areas, which are suitable for solar power plants, can be found as far north as Idaho

and Wyoming.

However, in order to assess the feasibility of meeting large amounts of western electricity with

solar power, the following questions need to be answered:

* How much land do solar power plants require and how does that compare to the total

land requirements of other generating technologies?

* How much land is available in the western U.S. that is suitable for solar power plant devel-

opment and how much of this land is in good, excellent, or premium solar resource areas?

* How much energy could be generated on this land?
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For this purpose, RDI Consulting estimated the land requirements in solar resources areas based

on the typical performance of CSP technologies.

Land Requirements

With noontime direct normal radiation levels as high as 1,050 W/m2 in many areas of the Desert
Southwest, solar radiation can be very strong during midday. Nevertheless, the sun does not
shine year round with the same intensity, and, during its path across the sky, the sun's intensity

changes. In addition, weather conditions, such as clouds or haze, can change the level of direct

normal solar radiation received by the collectors of a solar power plant.

The amount of solar energy that a solar power plant can convert to electricity depends on the tech-

nology. For example, dish Stirling systems produce more energy per acre than power tower plants.
Here, for the purpose of comparing the land requirements of solar power plants to conventional
plants, we used typical performance values of CSP plants. In order to estimate the energy produc-
tion, we used engineering data and hourly annual solar radiation data from Las Vegas, a premium
solar resource area-defined as an area that has radiation levels in excess of 7.0 kWh/m 2/day.

Not all areas of the Desert Southwest are premium solar resource areas. But, initial development

of large-scale solar power plants would likely occur in premium resource areas and, as we will
show later, premium solar resources are abundant in the Desert Southwest.

In Exhibit 21 we show the amount of land a CSP power plant would require in order to produce
the same amount of annual energy as an equivalent conventional or other renewable energy

source. For example, a nuclear plant with a capacity of 1,000 MW is expected to operate at a
capacity factor of 85% per year and will thus produce 7,446 GWh of electricity. In order to pro-
vide the same amount of energy, a solar power plant would occupy a square of land with sides

of 5.2 miles. Equally, a solar power plant would require a 3.6 x 3.6-mile plot to substitute for a
525-MW natural gas-fired combined cycle plant or a 500-MW coal plant.

Exhibit 21: Land Requirements of a Concentrating Solar Power Plant Compared to
Conventional Power Plants, by Annual Energy Production

Conventional Plant Solar Plant (1)
Plant Type Capadty (MW) Capacity Factor Generation Plant Footprint Plant Footprint Solar/Plant

Tye(GWh) (Acres)Soa/ln
Acres Miles x Miles Type

Nuclear 1,000 85% 7,446 TBD 13,227 5.2 x 5.2 TBD
(Col 500 85% 3,723 TB0 6,613 3.6 x 3.6 TOD
Combined Cycle 525 80% 3,679 TBD 6,536 3.6 x 3.6 TOD
Wind 30 45% (2) 118 960 (2) 210 0.6 x 0.6 22%
Lake Powell (Hydro) 1,300 48% (3) 5,466 161,280 9,710 3.9 x 3.9 6%

SOURCE: POWERdat and RDI Consulting
(1) Typical concentrating solar power plant in premium solar resource area (average radiation > 7.0 kWh/m2/day).
(2) In Wind Power Class 7.
(3) 1995-2000 average.
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Given the vast expanses of unused land in the West, especially in the desert, such areas are
easy to find and could produce solar energy indefinitely. Beyond that, no additional land is need-
ed for other uses such as resource extraction, that is, mining or drilling. And, by using heat stor-

age, solar power could provide pure solar energy around the clock. In fact, a detailed load

shape analysis for Nevada Power indicates that as little as 3.5 hours of solar energy storage at
a specific capacity could displace almost equivalent amounts of conventional capacity (see "Heat
Storage") in that market.

Solar power generation compares favorably with other renewables such as wind. A solar power
plant in a premium resource area would only require one-fifth of the land that a wind farm would
need if it were located in a top wind energy resource area (Power Class 7). While the construc-
tion of a solar power plant practically excludes other land uses, the small footprint of the wind

turbine towers permits farming or ranching to continue almost undisturbed. This is a great

advantage of wind power and will continue to provide a driver for its deployment. Solar's advan-

tage, conversely, is that most land on which solar power plants could be built are deserts.
Premium solar resource areas, for example, are typically hot plains with little or no vegetation.

Compared to the hydro projects of the Colorado River Project, solar power compares especially
well. A CSP plant could produce the same annual energy as the Glen Canyon Dam on only 6% of
the land now inundated by the waters of Lake Powell. Although Lake Powell has become a favorite
vacation spot and contributes greatly to western water management, its electric power genera-
tion capabilities could not be justified today in terms of the associated environmental impacts.

The Solar Energy Potential

Critical to evaluating solar power's potential for western energy supply are the questions of how

much land is available in the western U.S. for solar power plant development and what is the quali-
ty of the solar resources. To answer these questions, RDI Consulting performed a detailed analysis
using solar radiation data3 from NREL and RDI's POWERmap geographic information system (GIS).

Using these solar radiation data, we created three solar resource classifications based on the
annual average solar energy, expressed in kWh/m2/day as shown in Exhibit 22.

These solar data are for direct normal radiation as received by a two-axis tracking concentrator
and can be used directly for dish Stirling systems, CPV, or power towers. The data also provide
a good estimate for parabolic trough plants, which have only single-axis tracking. Solar power
plant development is justified in an area that has at least good solar resources. Large areas in
the Desert Southwest have good, excellent, or premium solar resources.

Even though the West has vast expanses of open land, some of this is already being used or is
not suitable for solar power plant development. The White Sands missile range in New Mexico,
for example, is off limits, as are the national parks. Other sunny areas of the West are too moun-
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Exhibit 22: Solar Resource Class Definitions

Average Annual Solar
Resource Cass Energy,(kWh/rn2/day)
Good 6.0-6.5

Excellent 6.5-7.0

Premium more than 7.0

SOURCE: RDI Consulting

tainous. And finally, some areas of the West have seen a dramatic loss of open space, because
of the growth of the western population and the development of large suburban areas.

We used GIS to map and calculate land potentially available for solar power plants and to classify
it by its resource class. For this purpose, we excluded all areas we deemed unavailable (including
buffer zones), terrain that is too rugged to allow the construction of solar plants, or areas other-
wise unsuitable. In particular, we used the following algorithm in our GIS analysis. We excluded:

" military bases with a one-mile buffer;

" national wilderness areas with a five-mile buffer;

• Fish and Wildlife Service land with a one-mile buffer;

" National Park Service land with a five-mile buffer;

" National Forest Service land;

* cropland;

" major highways with a half-mile buffer;

" navigable waterways with a half-mile buffer;

* lakes with a two-mile buffer;

" major urbanized areas with four-mile buffer;

" railroads with a 500-foot buffer; and

" locations 9,000 feet above sea level with a 4.5-mile buffer around each point.

Indian lands were not excluded from our resource assessment, because of tribes' interest in the
development of solar resources on reservation land. This interest was evident at the first Indian
energy conference in San Jose, California, in August 2001.4

The results of this GIS analysis are shown in Exhibit 23. In this map land that is excluded from

48



FUEL FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

use for solar power plants or has inadequate solar resources is colored white. Land that is
potentially available for solar power plant development is colored by its resource class and
Indian lands are shown as overlays.

Exhibit 23 shows that the majority of the available premium solar resource areas are in the
states of Nevada, Utah, Arizona, and New Mexico as well as in western Texas. California has the
least potentially available solar resources of all southwestern states, a reflection of the state's
high population density, the influence of coastal clouds, and the fact that much of the remaining
open space is protected. In addition, California has large military ranges, such as Edwards Air
Force Base. Even in the Mojave Desert, a world-class solar resource area and home of the
largest solar power plant in the world (see section, "The 354-MW SEGS Power Plants"), land for
solar power plant development is becoming scarce.

In order to estimate the amount of land likely to be available for solar power plant development
in the West, we first calculated the areas associated with solar resources as shown in Exhibit
23. Thus, land that is generally unavailable or unsuitable was excluded. Of the potential land, we
kept only 3% in premium areas, 2% in excellent areas, and only 1% in good solar resource areas
in our analysis. By considering only this small percentage of the potentially available land, we
hope to account for land that is further excluded because of ownership, ranching, ruggedness of

Exhibit 23: Potentially Available Land with Premium, Excellent, and Good Solar Resources In
the Western United States

NOTE: Solar resources ý! 7.0 kWlVm2lday are considered premium, 6.5-7.0 excellert, and 6.0-6.5 good.
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terrain, or other reasons. Premium resource areas were assigned the highest percentage of
availability to reflect the great interest of solar power plant developers in those areas and the
fact that these areas are usually deserts.

In order to calculate the potential solar generation that could come from this land, we used the
following values for the land requirements and efficiencies of a thermal solar power plant. In the
analysis of Exhibit 24 we assume that 1 MW of solar power requires five acres of land and that
the solar fields of these plants would have the following capacity factors: 25% in premium,
22.5% in excellent, and 20% in good solar resource areas. These figures are a reasonable esti-
mate for assessing the generating potential and are typical for CSP technologies.

It is important to note that these capacity factors are the capacity factors of the solar field-the
right quantity for assessing the solar resource potential-and not the electric capacity factors of
the power island of a solar plant. For example, a plant with a 1-MW solar field and a 1-MW power
island would have an electric capacity factor of 25% in a premium resource area. However, if the

solar field were oversized by a factor of two and the surplus heat stored, then the 2-MW solar
field would still only yield a capacity factor of 25%, yet the electric capacity factor of the 1-MW

power island would roughly double to 50%. This is because the electric generator could continue
to produce power on stored heat when the sun does not shine.

Exhibit 24: Estimated Solar Resources in the West

Solar Resources _______

Region Premium Excellent ,, Good 'Land as % of
,___....__ , Region

MW 1,791 15,408
Northwest GWh 3,529 .* 26,995 0.03

Acres (000) - 9 77

MW 2,513 18,423 24,194
CO & WY IWh 5,504 36,313 42,388 0.20

Acres (000) 13 92 121

MW 61,617 . 14809 . 21743
California GWh 134,942 29,189 38,093 0.50

Acres (000) 308 74 109

MW 377,149 211,872 156,128
Southwest GWh 825,956 417,600 273,536 1.40

Acres (000) 1,8B6 1,059 781

MW 2,082 4,731
Prairie States Wh 4,105 8,288 0.02

Acres (000) - 10 24

MW 38,842 50,681 38,264
Texas GWh 85,064 99,892 67,039 0.04

Acres (000) 194 253 191

TOTAL 'GWh 1,051 ,466 590,6.7 ' 456,340 0.50
2001 Demand GWh . 1,092,160 : ,. . N/A.

SOURCE: POWERmap and RDI Consulting
NOTE: Estimate for electric generation assumes 5 acres/MW and capacity factors of 25% for premium, 22.5% for excellent, and 20% for good.
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As can be seen in Exhibit 24, at 1,052,000 GWh, premium solar resources alone are capable of
producing nearly all of the estimated 1,092,000 GWh of western electricity consumed in 2001.
If excellent and good solar resources are included, the western solar generating potential is
twice the current electric energy demand, but would only require one-half of 1% of western
lands. Although solar energy resources are not evenly distributed, large solar resources are
found in many areas of the West and are often located close to load centers.

In order to get a better understanding of the size of the land that would be required to meet
western electricity demands with solar power, we show in Exhibit 25 the area required to replace
existing generation by fuel type. For example, in 2001, western coal plants generated about
48.2,226 GWh of electricity, or 44% of western electricity. To provide the same electricity from
solar power plants located in premium resource areas, 46% of premium solar resources would

be required, which is equal to one-tenth of 1% of the area of Lower-48 western states. This area
would be equivalent in size to a square of 41.5 x 41.5 miles.

For the purpose of solar power plant development, five areas in the West stand out. To estimate
the amount of available premium solar resources in these areas we used the same methodology
as in Exhibit 24. Given the solar resources and proximity to load centers, the following regions
are likely to be the focus of solar power plant development:

* Mojave Desert This area-despite its dwindling size-is still a top solar resource devel-
opment area, because of world-class solar resources, access to transmission, and the
proximity to the major load centers of Los Angeles and San Diego. Estimated available
premium solar resource area is 213 square miles. Near Harper Lake, California, an esti-
mated 2,200 acres (3.4 square miles) of fallow agricultural land were previously zoned for
solar power plant development and would allow construction of new solar power in proxim-
ity to the existing SEGS parabolic trough units VIII and IX, which occupy some of this land.

* Nevada Triangle Close to one of the fastest growing and most power hungry cities in
the nation, Las Vegas, the southern "triangle" of Nevada provides plenty of premium

Exhibit 25: Premium Solar Resources Required to Replace Existing Generation, by Fuel

Sol r Resources Required
2001 Generation GWh % of Premium Land as % ofby Fuel Resources (Miles x Miles) ý Western States

(001 482,226 46 41.5 x 41.5 0.10

Oil and Gas 259,604 25 30.4 x 30.4 0.05

Nu(lear 124,306 12 21.1 x 21.1 0.03

Hydro 199,400 19 26.7 x 26.7 0.04

Other 26,625 3 9.7 x 9.7 0.01

SOURCE: RDI Consulting
NOTE: 2001 generation by fuel type was renormalized to normal hydro and weather conditions.
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solar resources. Estimated available premium resource is 520 square miles. In the
Nevada triangle 24 square miles of land have already been designated as solar enter-
prise zones. In the section, "Heat Storage," we show that 1,250 MW of solar capacity,
which would occupy 7.8 square miles, using 3.5 hours of storage, would be able to
meet one-third of Nevada Power's energy needs reliably,

West of Phoenix Large areas of lands are potentially available west of Phoenix.
Estimated available premium solar resource is 520 square miles.

e Navajo and Hopi Nations The Navajo and Hopi nations appear to have the largest con-
tiguous premium solar resource area in the West. The land is mainly flat and ideal for
solar power plant development. To export the power, transmission line upgrades or con-
struction is needed. Tax advantages for developments on tribal lands could make the
Navajo and Hopi nations a preferred solar development area. Estimated available premi-
um solar. resource is 424 square miles.

o Tucson Around Tucson, Arizona, and reaching into southern New Mexico are large
amounts of premium solar resources that could serve this rapidly growing metropolitan
area. We estimate that 472 square miles of premium solar resource areas are available.

A strip of west Texas along the Mexican border also contains large amounts of premium solar
resources and is located inside the ERCOT transmission system. Texas consumes more power
than any other western region and the interconnection rules of the ERCOT system operator allow
for easy interconnection within the region. However, a large amount of new generating capacity
recently came on-line in the state. This and the fact that Texas' Renewable Energy Portfolio
Standard is already oversubscribed could make it hard for solar plant developers to count on
regulators to mandate more renewable energy.

Intermittence of Sun a Challenge
Like wind, the sun is an intermittent resource. No solar radiation is available at night, and cloud
cover, smog, or haze can further limit generation from a solar power plant. The arrival of night in
the western states causes solar radiation to go to zero within an hour across the entire region.
While local weather conditions can vary across an area as large as the West, the nightly setting
of the sun occurs nearly at the same time.

Solar's intermittence due to weather conditions can be dealt with by dispersing solar power
plants across the West. Premium solar resource areas are found in six western states, and
excellent and good solar resources areas are found in 11 states. A robust transmission grid
would allow the transfer of solar power across the West-transmitting electricity from where the
sun shines to where it does not. To a limited degree, the existing transmission grid of the
Western Systems Coordinating Council (WSCC) can already perform this function.
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Research in Denmark on wind, which faces similar weather-related intermittence problems, has
shown that a penetration of wind power as high as 10% poses few problems to the reliability of
the bulk power supply, even if wind capacity is not backed up by conventional power sources.
And the better the wind forecast, the smaller the problem-which is why the Danish system
operator is investing in its wind forecasting abilities. For solar power, weather-related intermit-
tence is even less of a problem, because sunshine is easier to forecast than wind. Further, sun-
shine in top solar resource areas is very consistent. The challenges stemming from the weather-
related intermittence of wind and solar resources may often be overstated.

While geographic diversity can address weather-rel.ated intermittence, the nightly setting of the
sun requires some form of off-sun generation. For thermal solar power plants, heat storage or
fossil fuel hybridization provides means to produce power even after the sun has set or when
clouds move in. In the Desert Southwest, the problem of the daily cycle is further reduced by
the fact that during the summer-when power is needed the most-nights are short and only
about one-third of the electricity is consumed between dusk and dawn. At the same time, howev-
er, demand continues to be relatively high for a few hours into the night, which suggests that off-
sun generation, either with fossil fuels or heat energy storage, would be beneficial for solar
power plants.

In this section, we will explain the off-sun generating technologies that allow thermal solar power
plants to produce power even when the sun does not shine. In principle, both heat storage and
fossil fuel hybridization allow around-the-clock generation. These technologies are inherent to ther-
mal solar power plants, which include all CSP technologies with the exception of CPV. Currently,
heat storage is much more efficient and economical than energy storage in batteries, flywheels,
or through hydrogen production. Whether and to what extent off-sun generating capabilities will be
used will be determined by the economics of the market in which the solar plant operates.

Dealing with the Nightly Outage
Thermal solar generating technologies can provide electricity even when the sun does not shine
because, unlike PV cells, which convert sunlight directly into electricity, thermal solar technolo-
gies first convert the light into heat and then use a thermodynamic cycle to produce electricity.
For the power cycle, however, it does not matter whether the heat comes directly from the sun,
from heat energy storage, or even a boiler.

Currently only parabolic trough plants and power towers allow for off-sun generation by using
either heat storage or fossil fuel hybridization. While fossil fuel hybridization is easily incorporat-
ed into parabolic trough and power towers and has been demonstrated for dish Stirling systems,
in all instances it suffers from low efficiencies compared to combined cycle systems. Heat stor-
age for dish Stirling systems has been proposed, but has not yet been attempted.

While around-the-clock generation may be desirable from an operator's point of view and
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appears to preselect parabolic trough plants and power towers, in reality economic, siting, and
environmental considerations will likely call for a mix of concentrating solar generation technolo-
gies-with and without off-sun generation. Ultimately, power markets will determine the winning
technologies and the solar generation mix. The purpose of this section is to show how off-sun
generation works and that it could provide reliable power.

Using Supplemental Off-Sun Power

Heat Storage

A distinct advantage of power tower and parabolic trough solar thermal power plants is the avail-
ability of a relatively inexpensive way of storing energy in the form of heat,5 especially compared
with other intermittent renewable energies, such as PV and wind.

Solar power plants with heat storage collect thermal energy during the day by increasing the
temperature of a large heat reservoir. At one of the parabolic trough plants near Kramer
Junction, California, heat storage utilized oil (see "The 354-MW SEGS Power Plants"). However,
the power tower demonstration project, Solar Two, used a more effective and safer molten-salt
storage system. In future applications, the heat reservoir will, therefore, likely be a large tank of
molten salt rather than oil. The heat capacity of these storage systems is very large. For exam-
ple, six-hour full-load heat storage of a 100-MW parabolic trough contains enough energy to
power a home for nearly 70 yearS.6

Molten-salt heat storage is technologically ready, safe, and the most economic of all thermal
energy storage technologies. It allows thermal energy to be collected during the day and to be
saved for use at night or it can be used to keep the plant at full output when clouds pass over
the plant location. The effectiveness of heat storage increases with the operating temperature of
the thermal solar power plant. The high temperatures of the power cycle in power towers make
this technology particular attractive for heat energy storage

In a competitive market, energy storage also allows the operator to maximize profits. For exam-
ple, during periods of low hourly power prices, the operator could forgo generation and dump
heat into storage. At times of high prices, the plant could run at full capacity even if the solar
field was not receiving full sun, or no sun at all. Many of the high load/high price periods in the
Desert Southwest occur in the three to four hours after dark-a time period the operator could
target for dispatch. Therefore, additional revenues from the energy market may justify the cost
of adding storage.

Additional flexibility in the operation of a thermal solar plant with storage comes from oversizing
the solar field, that is, the collectors generate more heat than required by the steam turbine of -
the plant. For example, a 100-MW thermal solar plant could have a solar field that has a nominal
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energy output of 150 MW of thermal energy. At times during the day, for example around noon,
the solar field will produce enough heat for 150 MW of electricity. Of this, 100 MW are used to
generate electric power while the other 50 MW go into storage for later use. Such a plant would
have a solar-to-electric capacity ratio of 1.5 (150 MW/100 MW = 1.5). Local solar resources
and the electricity market in which the thermal solar plant dispatches determine the optimal con-
figuration of storage hours and solar-to-electric capacity ratio.

Using heat storage, solar power plants can displace installed capacity in the market. To demon-
strate this point, consider a 1,250-MW solar power plant 7 with 3.5 hours of full-oad storage in
the Nevada Power market area. For simplicity of this illustration of the effectiveness of heat stor-
age for meeting power needs, we assume that the solar-to-electric capacity ratio remains at 1.0.
(In reality the solar field would likely be oversize to capture additional operational and cost
advantages.) Over a recent four-year period, the Nevada Power market area had an average
peak load of 3,215 MW during the peak month of August.8 In Exhibit 26 we show the average
load in August together with the average solar generation, 9 which a 1,250-MW solar plant with
no storage located outside Las Vegas could displace from other generators. The electric energy
supplied by the plant is the grey area below the load.

While this power plant makes a substantial contribution to the electricity supply during the day,
the output from the solar plant goes to zero at nightfall, which occurs around 8 p.m. in August.
At that time, Nevada Power's load is still nearly 3,000 MW, down from its peak of 3,125 MW.
Therefore, at least 3,000 MW of conventional generation capacity is still needed to meet
demand after sunset. Despite a summer rating of 1,250 MW, without heat storage this solar
capacity could only displace about 125 MW of other generating capacity in the market.

Exhibit 26: Generation of 1,250 MW of Solar with No Storage during Nevada Powers Summer
Peak Month (August)
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Source: RDI Consulting
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Exhibit 27: Generation of 1,250 MW of Solar with 3.5 Hours of Storage During Nevada
Power's Summer Peak Month (August)
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Source: RDI Consulting

If we now add 3.5 hours of full-load heat storage to the 1,250-MW solar power plant, the picture
changes dramatically. In Exhibit 27, we show the same 1,250-MW plant but now with storage.
From sunrise until around 7:30 a.m. the plant stores all the energy collected by the solar field

and then slowly ramps up to full load, which it reaches by 1 p.m. (13:00 hours). At this point, no
energy is stored, instead the heat storage is filled with 3.5 hours of full-load energy and the plant
begins to tap into its reservoir. With hours of full-load storage available, the plant can now contin-
ue to run (with decreasing output) until midnight.

The solar plant still delivered the same amount of energy to the market as earlier. However, the
important difference is that the plant now produces electricity until midnight, at which time
Nevada Power's load has dropped to 2,000 MW. The load will not reach a level as high as 2,000
MW again until the next morning. By that time, the solar power plant will begin to dispatch again.

Therefore, 1,250 MW of solar generating capacity with 3.5 hours of full-load storage is able to
displace over 1,000 MW of conventional capacity in the 3,000-MW Nevada Power market.

Outside the peak month of August, the 1,250-MW solar plant with 3.5 hours of heat storage con-
tinues to provide a similar level of functionality, because, while the daily energy production of the
solar power plant is lower outside of the summer season, so is the average load, as a large por-
tion of Nevada Power's load is due to air conditioning. For most months outside the summer,
Nevada Power's demand falls off more rapidly than solar output. This will be described in more
detail in the section, "Seasonality."

RDI Consulting performed a similar analysis for Southern California Edison's (SCE) load for a
hypothetical solar power plant with storage located in the Mojave Desert. Again, the results are
similar. Only a few hours of storage are needed before the solar plant can dramatically reduce
the need for back-up capacity in the market.
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The purpose of this analysis is to show that the nightly outage is not a great limitation to the

large-scale deployment of solar power plants, even if all the generation is "pure solar." Heat stor-
age could provide off-sun generation as needed.

Fossil Fuel Hybridization
All thermal solar power plants have the option of hybridization with fossil fuels, because heat is
what generates electricity in dish Stirling systems, parabolic trough plants, and power towers.
Hybridization is possible for all three technologies. The ease of hybridization for trough and
tower plants stems from the fact that the boiler is an entirely separate component, while for dish

Stirling systems the hybridization needs to be an integral part of the design-and that has
proven to be more difficult to design and implement.

Hybridization with fossil fuels allows around-the-clock generation. The supplemental firing can be
used at night, during cloud cover, or to even out seasonal variations in sunshine. When running

on natural gas, a parabolic trough plant or power tower becomes an ordinary steam plant. The
heat rate (efficiency) in this operating mode can, in theory, approach 9,000 Btu/kWh at best,
which is 30% less efficient than a modern combined cycle plant. Despite the poor efficiency,
operating on natural gas remains a reasonable economic choice for the plant, because it
increases the dispatch of the plant, provided the cost of producing power with natural gas is
lower than what the plant can earn in the wholesale market.

A parabolic trough plant in hybrid mode running on natural gas produces power at higher emis-

sions and at a higher fuel cost than a combined cycle plant, because of its lower efficiency and

poorer environmental controls. Despite the higher fuel consumption compared to a combined

cycle plant, the levelized cost of hybridization is reasonable because hybridization uses equip-

ment that otherwise would be idle (except for the boiler, which is only built for use in hybridiza-
tion mode). The reason for considering hybridization for off-sun generation is that it is less capi-
tal intensive than heat storage. However, it forgoes the advantages of zero emissions and con-
tinues to expose a portion of the plants energy production to the price volatility of natural gas.

Fossil fuel hybridization muddles the character of a solar plant and, for that reason solar power
plant developers seem to distance themselves from using natural gas other than for operational
purposes, for example, keeping the heat transfer fluids liquid during cold weather or outages.

Nevertheless, if new solar power plants are built, some of them may still feature fossil fuel

hybridization as a means of producing power when the sun does not shine. Eight out of nine
operating p , arabolic trough units near Kramer Junction use hybridization for off-sun generation.
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Accounting for Cloud Cover
In top solar resource areas, cloud cove r is relatively rare, especially in the summer, but it is pos-
sible to forecast cloud formation. According to the operators of the parabolic trough solar plants
near Kramer Junction, next-hour sunshine can be forecast with near certainty. While solar power
is an intermittent resource, its availability is much more predictable than wind power. Still,
research in Denmark on wind has shown that electric supply remains reliable even at a 10% pen-
etration of wind due to the geographic diversity of the turbines. The very good predictability of
solar generation on an hour-ahead or even day-ahead basis, further simplifies the task of man-
aging this intermittent resource.10

Despite this ability to forecast cloud formation, clouds can still be trouble for. the operation of
solar plants. For example, this is the case, when clouds move as bands or are highly scattered
and the large solar field receives sun in spotty and interruptible ways-and if such a weather pat-
tern persists for more than a few hours. This is because, while the overall reduction in average
solar radiation may not be that high, the frequently changing heat production of the solar field
could make operation of the plant difficult. Unless a parabolic trough or power tower plant has
energy in heat storage or hybridization with natural gas is used, the output of the plant could be
below expected levels. Because dish Stirling units can ramp to full power within seconds after
being hit by the sun, and because of their small size-the entire dish Stirling system is either in
the shade or in the sun-this average output of a dish Stirling unit tracks average radiation levels
very well. At the same time, of course, dish Stirlingl I units are intermittent sources of electricity
and cannot levelize short periods of shading like power towers or parabolic trough plants can.

Still, on occasion a solar power plant may fail to deliver energy into the market. In our economic
analysis we have included intermittence cost and we will present our methodology for calculating
this cost in the section, "Putting a Cost on Intermittence."

So, how big is the impact of weather on solar generation? In order to answer this question, we
analyzed 30 years of hourly solar radiation for premium and excellent solar resource areas in
the Desert Southwest. In Exhibit 28 we show the influence of weather on solar radiation in
Daggett, California, a premium solar area, and Phoenix, Arizona, which has excellent solar
resources. The solar radiation data in these areas were already adjusted for the changing hours
of daylight with the season and only show the effects of clouds and haze.

In both areas, the average solar radiation is highest in June than for any other month of the
year.12 This is the time when a solar plant would operate on average at 100% of its rating. The
black stock-chart type bars in Exhibit 28 show that during certain years the solar radiation dur-
ing that month was more or less than the average. The length of the bar represents the stan-
dard deviation around the average. For example, the graphs show that in both areas solar gener-
ation during June may vary from 95% to 105% of the average from one year to another.
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Exhibit 28: Variation of Sunshine in, Premium and Excellent Solar Resource Areas due to
Clouds and Haze
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A look at Exhibit 28 shows the variability of solar generation with the seasons and the differ-
ences between a premium and an excellent solar resource area. In both areas, energy produc-
tion from the solar power plant due to clouds and haze reduces output by about 20% in
December and January. The summer monsoon season in July adversely impacts the solar
resource in the Phoenix area when, on average, the output of a solar plant drops to 86% of the
plant's nominal rating. In Daggett, the output drops to the middle of the 90th percentile. In early
fall, the expected solar output would be expected to be in the low 90th percentile in Phoenix but
in the high 90th percentile in Daggett.

For the amount of energy that can be generated from a solar power plant in a month, the sea-
son, clouds, and shorter days affect the output. In the following section we will look at the com-
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bined effects and how the seasonal changes in solar energy production relate to seasonal
changes in electric loads in the regions.

Seasonality
Unless a solar power plant is located at the equator, its monthly energy production is greatly
influenced by the seasonal changes of the sun's position in the sky. In the northern hemisphere,
days are shorter in the winter and the sun is lower on the horizon, which reduces the solar ener-
gy that reaches the surface.

In Exhibit 29 we show the seasonal variations of solar energy, which account for the effects of
shorter days and weather, in two premium solar resource areas, as well as the electric loads
that solar power plants located in these areas would serve. The shape of the total seasonal vari-
ation of solar energy is similar in both areas and would correspond well to the seasonal energy
production of a two-axis solar power plant, such as a dish Stirling system or power tower.
Parabolic trough plants are more greatly affected by the low position of the sun on the horizon
during the fall and winter, and expected energy production from this technology during those
seasons would be lower than shown in Exhibit 29.

In the Desert Southwest and California, air-conditioning loads result in a summer peak demand.

Exhibit 29: Seasonal Solar Energy and Load in Nevada and Southern California
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These loads are associated with summer heat waves, which typically hit both areas in August. It

should be noted that the month of highest temperature, humidity and load occurs two months
after solar energy has peaked.13 Though solar radiation reaches its highest levels in June, south-

western energy demand does not peak until August. This is because local temperatures are

greatly influenced by larger weather patterns and it takes about two months before the warming

of the northern hemisphere brings the dog days of summer to the Desert Southwest.

Nevertheless, solar energy production is well correlated with load-increasing in the summer,

when electricity is needed the most. In contrast, output from conventional thermal power plants,

such as natural gas-fired combined cycle, coal, or even nuclear plants, drops by about 10% in

the summer months due to less efficient thermal cycles. Therefore, solar and conventional ther-

mal power plant output complement each other well. This situation would be especially true in

the Southwest and Texas, which both rely heavily on coal, nuclear, and natural gas for power

generation (see Exhibit 7). But, even for California, which has considerable amounts of hydro

energy, a similar argument holds. This is because after the spring, runoff for hydro generation

drops off considerably.

Exhibit 29 shows, however, significant differences in the relationship between solar energy and

load. Most of SCE's load is located in Los Angeles, which has a moderate climate year round

due to the strong influence of the ocean and coastal clouds. We have assumed that a solar

power plant serving SCE would be located in the Mojave Desert, where solar energy production

in January or February would be lower by about 40% than the maximum solar output in June,

while the load would only be about 20% lower. This means that solar output falls off faster than

load in this example.

Fortunately, the situation in the Las Vegas area is different. Here air-conditioning loads result in a

seasonal load profile that is similar to solar energy production. The solar energy profile falls

below the load profile only during the months of July and August. This means solar energy pro-

duction in this market follows electricity load very well, and solar power can provide enough

energy despite the seasonal variation in sunshine.

In many other areas of the Desert Southwest, the relationship between load and solar radiation

is likely to be similar to the situation in Nevada. Phoenix and Tucson have a load shape similar to

Nevada. In these regions, solar energy is also expected to be a good match to the load profile.

The True Cost of Using Solar Power
In order to provide an estimate of the cost of using solar power for western energy supply, we

have taken an'approach that marks the solar power plant to market and then calculates the cost

of power. We undertook the following steps:
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First, we created an hourly plant dispatch model, which simulates the operation of a solar power
plant in the southwestern wholesale market and determines the revenues the plant would
receive. For this we created an "artificial" sun that simulates hourly sunshine in the West. In addi-
tion, we developed hourly power price streams with forecast power prices and the volatility
observed in the southwestern markets prior to the California energy crisis. Both simulations
were conducted for 100 years.

Next, in order to estimate the intermittence cost, we took a market-based approach. We
assumed that the market will operate as a one-hour-ahead market and that the penalty for not
delivering 1 MWh of power is equal to the hourly market price of power. That is, if a solar power
plant fails to deliver the MWh to which it is committed, it will have to buy replacement power at

market price.

Fossil fuel-fired power plants are significant sources of air pollution. These emissions can be
associated with significant health problems and can be harmful to forests, water bodies, and
crops. Except in a few circumstances and only to a limited degree, the cost of electricity from
conventional sources does not account for these external costs. 14 Instead of trying to estimate
external costs, we use the premium that society attaches to renewable energy as a proxy for the
external costs of other forms of energy. For example, the premium for renewable energy is the
sum of tax credits and green energy premiums (the amount of money consumers are willing to
pay for green power above their usual electricity bills). This premium results in a revenue
increase to the utility and a cost reduction to the developer for renewables.

In estimating today's cost of power from solar technology, we took the following approach. We
defined today's cost as the cost of building and operating a solar power plant with current tech-
nology and where the project is not one-of-a-kind. At the same time, we assumed the industry
would not yet take advantage of cost reductions through investments in production capacity, but
would instead satisfy its equipment needs through outsourcing. Such a situation would be one

where short-term financial incentives allowed the development of hundreds of megawatts of
solar capacity, while a long-term sustainable market for solar power was not in place. 15 For esti-
mating today's cost we did, however, take into account discounts from volume purchases in the
outsourcing. Specifically, we assumed that about 250 MW of parabolic trough or power tower
mirrors and about 100 MW of dish Stirling systems were ordered annually.

We are aware that the 100 MW annual production volumes for dish Stirling are not likely with the
start of incentives such as tax credits or buydowns, which could provide a market for this and
other CSP technologies, because dish Stirling technology may require a slower ramp-up to over-
come concerns over technology risk. However, the cost of dishes greatly depends on volume-
to a much greater degree than parabolic trough or power tower technology. Therefore, in order
to better compare the cost of the technologies, we assumed the dish Stirling systems proved
reliable and could deploy large amounts of capacity.
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We have done this mark-to-market analysis for four proxy plants: two differently sized dish
Stirling plants and two parabolic trough plants, one with heat storage and the other with fossil
fuel hybridization. All plants were located in the Mojave Desert and received the forecast whole-
sale power price in the southwestern U.S. The key results of this analysis for parabolic troughs
can be applied to power towers, while the results for dish Stirling systems can be used to under-
stand the economics of CPV, because of the similarities of the respective technologies. Such a
detailed analysis of the other two CSP technologies, especially power towers, would have been
desirable as well, but was outside the scope of this study.

In the next sections, we will describe our methodology and the results of our financial analysis in
detail. Before we begin our discussion, however, we want to note that no correlation apparently
exists between the instantaneous production of energy from solar power and the price of power
in the Southwest. This observation is important for understanding the role solar power can play
in western power markets.

Solar Energy Production and Electricity Prices
In a competitive energy market, the price of power depends on the demand and supply balance.
During summer peak demand, the price for power is usually significantly higher than during the
lowest demand of the year. Therefore, generating technologies that produce power primarily or
solely during the periods of peak prices, and especially during times of price spikes, can pro-

duce power that is more expensive than cycling or baseload power plants. This is why a simple
cycle combustion turbine is economic to install despite its high variable production cost,
because its sole purpose is to run during peak demand when prices are high.

One of the positive features of solar power is that its output increases during the summer, when
regionally electricity is needed the most, and that it's available during the day, when demand is
higher than at night. However, on average, daily solar production peaks a few hours before the
demand reaches its maximum (see Exhibits 26 and 27, in section, "Heat Storage"). Further, dur-
ing the year, southwestern monthly load peaks in August, while solar energy reaches its highest
level in June, two months earlier (see Exhibit 29, in section, "Seasonality").

Peak energy prices occur during the times of highest demand. Our discussion suggests that-
on average-maximum output from solar power plants with no heat storage or fossil fuel
hybridization is shifted from the daily peak demand by a few hours (depending on the season
and location) each day and from the annual peak by about two months. This means that solar
power plants do not operate like a "peaking" plant, which is understood to (primarily) dispatch
during hours of peak demand.

To examine the issue further, we looked at the correlation between hourly power prices and
solar radiation in the Desert Southwest. The only year for which such real-time data were avail-
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able was 1999. Hourly prices are for SCE prior to the California energy crisis. The extensive
transmission interconnections in the Southwest result in small price differentials across the entire
region. It is for this reason that SCE hourly prices can be used as a proxy in this analysis. In
Exhibit 30 we show a scatter plot of hourly power prices versus solar radiation during the south-
western electric peak demand months of July, August, and September.

If sunshine and demand were correlated, that is, if a solar power plant were indeed a peaking
plant, then the trend line in the scatter plot in Exhibit 30 would have a positive slope (that is, it
would climb from the lower left corner to the upper right corner). However, the trend line is flat.
This shows that instantaneous solar energy production and wholesale prices during peak months
are not correlated. Therefore, solar power plants that produce power proportional to the instan-
taneous solar radiation do not target peak prices in the Desert Southwest.

Some correlation between local load and local solar radiation may exist, but this is unlikely given
the daily and monthly offset of average load and solar radiation. In addition, as long as a region-
al wholesale market exists, the economics of power will be governed by the regional price.

The result of this analysis greatly simplifies our dispatch model, since it was unnecessary to cor-
relate the hourly radiation of our artificial sun to the hourly electricity price stream.

Exhibit 30: Hourly Wholesale Prices in Southern California Edison versus Solar Radiation in
Daggett, Mojave Desert, July 1-September 30, 1999
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Source: RDI Consulting
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Putting a Cost on Intermittence
The wind power industry is engaged in a discussion with regulators and utilities about the cost of
intermittence. What is the additional cost incurred by purchasing energy from intermittent energy
sources? For example, wind cannot produce power on demand-that is, be "dispatched"-
unless the wind happens to blow. And what is the cost of the capacity necessary to back up
intermittent generation?

In order to estimate the cost of intermittence associated with solar plants, we took a market-
based approach. In our dispatch model we assumed a one-hour-ahead energy market. Next, we
assessed no penalty for over-generation from renewables, but if a generator fails to deliver the
capacity committed in the hour-ahead market, the generator must buy replacement power at the
current hourly wholesale price. Additional penalties may be imposed on the plant for failure to
deliver, such as a "capacity" penalty, but the level of such penalties and whether such penalties
would extend to renewables is not clear and we thus assumed that the purchase of replacement

power was the only intermittence cost.

Based on our research, next-hour sunshine in premium solar energy resource areas can be pre-
dicted well (even the next-day forecast tends to be reliable). We believe that the following
assumptions about the ability to forecast solar radiation in the next hour is representative of the
actual forecast abilities in premium solar resource areas: The probability is 95% that the output
in the next hour will be equal or larger than expected; 2% that the output will be 20% lower; 2%
that it will be half; and 1% of the time the plant fails to deliver at all.

Using these assumptions, and the above market-based approach, we calculated the intermittence
cost for dish Stirling systems. The two parabolic trough plants have either four-hour heat storage
or fossil fuel hybridization, and thus intermittence in a one-hour-ahead model is not an issue.

Capital and Production Costs of Solar Power
RDI Consulting relied on company information and data from NREL as well as discussions with
relevant parties for its estimates of the capital and production costs of solar generating tech-
nologies. We believe that the cost estimates given in this report for dish Stirling, parabolic
trough, and power towers are reasonable, but the actual cost of construction and operation of
new solar power plants may be different.

Today's capital and production costs of dish Stirling and parabolic trough are based on company
information, provided by Stirling Energy Systems (SES), and NREL (shown in Exhibit 40). The
actual cost of new solar power plants may be different than the good-faith estimates in Exhibit
31 for the following reasons:
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Exhibit 31: Today's Capital and Production Costs of Dish Stirling, Parabolic Trough, and
Power Tower

Dish Stirling (1) Parabolic Power Tower

2.5 MW/lO0 MW TroughlO0 MW, 100 MW.

Capital Cost
Basic Plant SAW 2,650 1,956 2,065

Heat Storage SAWh N/A 103 27

Additional Solar Field SAW N/A 510 540

Fossil Fuel Hybridization SAW Not commercial 196 196

Fossil Heat Rate (HHV) (2) TBD 10,800 10,000

Fixed O&M SAW-year 40/2.5 (1) 37 30
Variable non-fuel O&M S/MWh
Basic 16.8/15 (1) 2 2

Heal Storage N/A - (3) - (3)
Fossil Fuel Hybridization TBD - (3) - (3)

SOURCE: Stirling Energy Systems and National Renewable Energy Laboratory
NOTE: Based on current technology, standard plant size, assumed production capacity, and company information.
(1) Based on 2.5-MW plant size (100 units) for "distributed" generation and tO0-MW plant size (4,000 units) for a central power station.
(2) Based on natural gas,
(3) Negligible compared to basic variable non-fuel O&M.

While the O&M values for parabolic trough plants are based on over 10 years of operating expe-
rience at the SEGS solar power plants (see "The 354-MW SEGS Power Plants"), no new parabol-
ic trough plant has been built in over a decade. On the other hand, the ongoing purchases of
replacement mirrors at SEGS provide a good idea of the capital cost of the collector field. And
there are few questions about the cost of the steam-plant portion, which is no different from any
other conventional steam unit.

For both parabolic trough and power towers, there is uncertainty with regard to the capital cost of
molten-salt heat storage, which has been used in only one power tower demonstration project.
Also, the cost estimates of power towers are based only on the relatively small Solar One and
Solar Two power tower units and the current development activities on Solar Tres in Spain. Until a
new power tower project the size of 100 MW is built and operated, both capital and operating
costs for power towers remain somewhat uncertain.

Our cost estimates for dish Stirling reflect uncertainties over capital and O&M costs-possibly in
both directions-because only a few demonstration units were built by SES, SAIC/STM Power,
and others. The SES systems, on which our cost assumptions are based, are over a decade
old. SES has conducted significant research on its systems and has received quotes from third-
party manufacturers for building new units.

The critical component of the dish Stirling system is the Stirling engine. This engine can be pro-
duced by the automotive industry, taking advantage of that industry's enormous economies of
scale and technical sophistication. Therefore, it appears that projected cost estimates are possi-
ble. Yet, there remains some concern as to whether new motors, at the cost quoted by the auto-
motive industry, will be as reliable as previous ones. This question cannot be answered until new
units are built.
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Another company that is actively engaged in developing dish Stirling units is Science Applications
International Corp. (SAIC) and STM Power. SAIC/STM Power developed its own dish Stirling sys-
tem using an entirely different engine, built by STM Power, and collector system than SES. These
systems are much younger than the dish Stirling units that SES acquired from Southern California
Edison (SCE) (and which were originally built by McDonnell Douglas). Because SAIC/STM Power

has less experience with its units than SES, we relied on cost information from SES and used it
as a proxy for all dish Stirling systems. However, SES' cost estimates are commensurate with
that of other Stirling engine and concentrating dish manufacturers.

We make no long-term forecast for the cost of solar power plants. However, we point to the suc-
cess of wind power as an example of the enormous cost reductions possible when a technology
moves from an experimental and demonstration phase into commercialization. The levelized cost
of wind power has come down by 70% in the last 15 years and is now approaching $40/MWh
(4 cents/kWh). Cost continues to decline and is likely to accelerate given the current growth in
wind project development (see section, "Wind").

Every new technology requires an incubation period. During this time the technology matures
and the cost declines. There is no reason to believe that thermal CSP technologies, including
parabolic trough, power towers, and dish Stirling, will be any different, especially because of the
similarity in engineering between wind and thermal solar power plants. Just like wind power, ther-
mal CSP technologies use ordinary technology in an extraordinary way. Cost reductions are
expected to come overwhelmingly from learning, volume production and economies of scale

rather than engineering advances.

Cost reductions in thermal solar power plant equipment appear likely and, with all caveats, the
numbers presented in Exhibit 31 are a reasonable place to start. Future responses to requests
for proposals will show the actual costs.

All estimates in Exhibit 31 represent incremental capital costs. For example, a basic parabolic
trough plant with a solar field, whose peak thermal output is sized to match the capacity of the
steam turbine, costs 1,956 $/kWh. Additions to the solar field would increase the cost $510
per kilowatt. One hour of full load energy storage for a 100-MW plant would add 1 hour x 100
MW x 103 $/kWh = $10.3 million to the project cost.

Revenues and Costs of Thermal Solar Power
Plants
In the previous sections we provided information on solar radiation, electric load shapes, solar
generating technologies, and cost. This should help make clear the issues that determine the
reliability and cost of electricity generated from solar power. In this section we will take the
analysis a step further and estimate the revenues of four proxy solar power plants (two dish
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Stirling systems and two parabolic trough) by simulating these plants in the energy market. To
do this, we created hourly electricity and natural gas prices and an hourly sunshine model. In our
analysis we "dispatch" these four proxy solar plants against the hourly price and solar data in
order to determine their capacity factors, revenues, and costs. This allows us to see how well
these plants would do in a competitive market today; that is, we mark the plants to market.

The dispatch model takes into consideration the engineering parameters of the solar technolo-
gies and the availability of sunshine. The plants are then operated to maximize their revenues in
the energy market. Each plant is dispatched against 100 different annual price and solar data
sets. We used proprietary computer models to develop these data sets based on historical price
volatilities and variations in sunshine. The mean values of the price data are equal to 2002 fore-
cast prices provided by RDI Consulting's forecasting group. By operating the plants for 100
years, this approach allows us to see the variation in annual revenues that a solar plant could
experience in an energy market due to price volatility and variations in sunshine.

The wholesale price of power is RDI Consulting's forecast price in the Southwest for the year 16

2002, which we chose because we expect that by that time electricity prices should return to
normal and 2002 would be the earliest on-line date for a solar power plant. By creating volatility,
the price streams differ greatly in their exact shape from year to year, while their statistical char-
acteristics, such as averages and standard deviations, remain the same.

The Solar Power Plant Proxies
In Exhibit 32 we show the cost and performance assumptions of four dish Stirling and parabolic
trough proxy solar power plants. The cost data are based on Exhibit 31 and the chapter, "A
Primer on Solar Generating Technologies."

Exhibit 32: Performance and Cost Assumptions of Proxy Solar Power Plants

Proxy T echnology

'Distributed" I100-MW Dish Parabolic Trough Parabolic Trough
Dish Stirling Stirling w/ Heat

2.5MW Storage

Electric Capacity (MW) 100 MW 100 MW 100 MW
S (100 units) (4,000 units)

Solar to Electric Capacity Ratio 1 1 .1.8 125

Off-sun Generation None None 4 hours 24 hours

Cost

Capital Cost (S/kW) 2,650 2.2650 2,877 62,152

Fixed Cost (S/kW-year) 40 2.5 37 33

Non-fuel Variable O&M (S/MWh) 16.8 15 2 2

Fuel Cost (S/mmBtu) (1) N/A N/A N/A 3.87
Fossil Heat Rate (HHV) (Bt/KWh) N/A N/A N/A 10800
Project Lfe 30 years 30 years 30 years 30 years

SOURCE: Stirling Energy Systems and National Renewable Energy Laboratory (NRELI
NOTE: For details see Exhibit 40.
(1) Annual average gas price, please see text for details.
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Two proxy plants are dish Stirling plants. One is a "distributed" plant of 2.5 MW composed of 100
25-kW units, and the other is a 100-MW plant using 4,000 units. Capital cost assumptions on a
$/kW basis are the same for both, based on a total unit manufacturing of 4,000 units per year.
However, the economies of scale of a large plant allow for lower O&M costs. Considering a 100-
MW dish Stirling plant allows us to compare on equal footing dish Stirling to parabolic trough plants
with a unit size of 100 MW. The reason for including distributed dish Stirling systems is because
we believe this is a niche market for dish Stirling (and concentrating PV), as described later.

The two 100-MW parabolic trough plants include one that uses molten-salt heat storage and can
operate four hours at full load during cloud cover or after dark. The solar field of this plant is
oversized by 80% and thus allows it to store energy while the plant could still operate at full
capacity. It also allows for operation at full capacity when solar radiation would not be high
enough otherwise. The solar-to-electricity ratio at this unit is therefore 1.8 (180 MW solar/lO0
MW electric = 1.8). Naturally, the electric output of this plant, and hence its capacity factor, is
higher than it would be without oversizing the solar field and including thermal storage. Of
course, this 100-MW plant would also occupy about twice the area of a 100-MW dish Stirling
plant. The optimal heat storage and solar-to-electricity configuration were determined by eco-
nomic optimization done by NREL based on power prices provided by RDI Consulting.

The second parabolic trough plant is a fossil fuel hybrid. This means that a fossil fuel-fired boiler can
produce heat for the steam cycle during cloud cover or at night. Of course, power from this off-sun
generation will produce air emissions. Neither the efficiency nor the emissions control on such a boil-
er unit compares favorably to a combined cycle natural gas-fired plant. In addition, power generated
in hybridization mode will not receive any production tax credits or green energy premiums.

For more details on the technology and performance of dish Stirling or parabolic trough plants,
please refer to the section, "Thermal Solar Power."

Revenues and Production Cost
The true cost of power is determined not only by its production cost, but also by the value that
the power has in the market. A perfect example of this is the power generated by a simple cycle
combustion turbine. Its power cost can be two to three times more than the average price of
power in the wholesale market, but because it only operates when prices spike-and such price
spikes occur with sufficient frequency-it still produces enough revenue to be economic.

Similarly, the values of the four proxy solar generating technologies in this analysis differ not
only by their production costs, but also by how much money they can make in the market. The
best way to see this is by estimating the revenues of the four solar proxy plants in the proxy
market. For this mark-to-market approach, we created hourly price streams for electricity and
natural gas, as well as hourly sunshine data sets. We then operated the plants in this market
with the goal of maximizing the plants' net revenues.
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For electricity prices, we used SCE hourly market prices forecast for 2002, developed by RDI
Consulting's forecasting group. Because of the strong electrical interconnections between
Southern California and the rest of the Southwest, price differentials in the regional wholesale
markets are small. It is for this reason that the SCE prices in our model can be used to deter-
mine the revenues of a solar power plant in any location in the Southwest.

While these forecast prices show hourly variations, they do not display the volatility observed his-
torically in the market. In order to introduce volatility we used econometric models to simulate
electricity price volatility observed in 1999-prior to the California energy crisis. In this way, 100
annual hourly price data sets were generated, with the same statistical characteristics as the
mean of the 2002 forecast prices and the 1999 volatility. In order to account for some of the
regulatory intervention in California, we capped hourly prices at 100 $/MWh. This also makes
the revenue estimates more conservative.

We also created 100 annual hourly natural gas prices in the same way as the electricity prices.
Electricity prices and gas prices were correlated. The mean natural gas used in this model is
$3.87/mmBtu, and the level of the SCE power prices and the cost of power produced by the
parabolic trough hybrid both depend on this forecast natural gas price level.

Exhibit 33: Revenues and Production Cost of Proxy Solar Power Plants, Base Case

Proxy

Base Case Distributed Dish 1 00-MW Dish Parabolic Trough Parabolic Trough
Stirling Stirling /4-Hr w/ Fossil HybridStorage

Electric Capacity (MW) 2.5 100 100 100

Solar 25.2 25.2 34.1 25.2Capacity Factor (1)
IFossil N/A N/A N/A 25.4

Average Market Price
(S/MWh) (2) 41.17 41.17 41.17 41.17

Average Revenue Received
by Plant (S/MWh) (2) 48.50 48.50 53.40 56.17

Intermittence Cost (S/MWh)
(3) 1.41 1.41 N/A N/A

Fuel Cost (S/MWh) (4) N/A N/A N/A 40.13

Non-Fuel O&M (Variable and
Fixed) (S/MWh) 35.96 16.20 14.65 9.62

SOURCE: RD] Consulting
NOTE: Revenues and costs are expressed in $2000.

(1) Net of parasitic loads.
(2) Subject to a StOO/MWh price cap.

(3) Intermittence cost is incurred when the generator cannot dispatch committed capacity into an hour-ahead energy market.

(4) For electricity generated with natural gas.

NOTE: Because of the varying land requirements and different efficiencies, the capacity factors should not be used to deter-

mine which technology produces the most energy per area. For example, the heat-storage parabolic trough plant has a

capacity factor of 34.1% with an 80%-oversized solar field that occupies at least 5 acres per MW. The dish Stirling plant has

a 25.2% capacity factor but 1 MW of power requires 4 acres. Comparing apples to apples, the same area occupied by a

dish Stirling plant produces 60% more solar electricity than a parabolic trough plant.
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Hourly sunshine data were developed from 30 years of solar radiation data in Daggett,
California, provided by NREL. One hundred years of hourly sunshine data were generated from
historic data by adapting our proprietary volatility simulation models. It was not necessary to

correlate solar radiation and power prices on an hourly basis, because no such correlation
exists. It is well known in the power industry that load is correlated to temperature and humidity
(not sunshine). In addition, research in California has shown that the correlation is strongest with
regard to a 3-day moving average, rather than same-day or hourly. 17

In Exhibit 33 we show the results of our dispatch analysis, where we dispatched the four proxy
plants to optimize net revenues while considering the available sunshine and engineering constraints
of the respective technologies. For the dish Stirling plants, we used our in-house dispatch model and
entered the engineering parameters such as minimum threshold and part-load efficiency. Because
dish Stirling units can ramp up to full load within 20 seconds, ramp rates were ignored.

For the parabolic trough plants, RDI used NREL's parabolic trough dispatch model. This detailed
model accounts for heat loss in storage, ramp rates, conversion of two-axis-tracking solar data
to single-axis-tracking parabolic collectors, and so forth. We provided NREL with 100 years of
solar data and natural gas and power prices. The parabolic trough with heat~storage changed its
dispatch strategy monthly based on the mean-forecast hourly power price, while the dispatch of
the natural gas boiler was determined hourly based on the market price of power and the mar-
ginal production cost of the unit.

Exhibit 33 shows the dish Stirling plants operated at a capacity factor of 25.2%. The heat-stor-
age parabolic trough plant operated at 34.1% capacity factor, because of its 80%-oversized col-
lector field. The capacity factor of the solar portion of the generation for the parabolic trough
fossil fuel hybrid with a 25% oversized solar field was 25.2%, while the gas-generation account-
ed for 25.4%. Over the 100 years, the standard deviation of annual solar energy was ±2%. Such
consistency in solar radiation can be found in premium solar resource areas, such as the Mojave
Desert. The impacts on revenues of these changes in solar radiation differ with the generation
technology and are described below.

Exhibit 33 shows that, at an average annual gas price of 3.87 $/mmBtu, the average wholesale
price of power during all hours of the year was 41.17 $/MWh (subject to a 100 $/MWh price
cap). The average price that dish Stirling was able to capture was 48.5 $/MWh, or 18% more
than the average market price. Revenues varied by ±5.8% on an annual basis for the 100 years

of dispatch in our model.

The parabolic trough plants, which can dispatch power, were able to target hours of higher

power prices. This is why the average price received by the parabolic trough with heat storage
was 53.40 $/kWh. The plant can hold generation in the morning and can dispatch the stored
energy later in the day when prices are higher. The year-to-year changes in solar energy resulted
in variations in annual revenues of 6% (standard deviation).
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The fossil fuel hybrid parabolic trough plant was able to receive the highest average price in the
market-56.17 $/MWh-because the gas-fired boiler can be dispatched based on next-hour
prices. The solar portion of the generation, however, received a price similar to the dish Stirling
plants. Of course, the higher revenues also come with a higher production cost-24.5% of the
dispatch was due to natural gas, which increased the production cost by 40.13 $/MWh (from
9.62 $/MWh) for electricity generated when burning gas. However, because of the ability to
switch to natural gas as a backup fuel, earnings from the parabolic trough hybrid varied the least
from year to year. Over the 100 years of simulation, revenues had a standard deviation of 3.2%.

The Price of Solar Power
Even though we have to this point marked solar power plants to market as if they were merchant
plants, in the near term no solar power plant will operate this way. This is because, at the current
cost of solar power and forecast wholesale prices, these plants are not financially viable. In our
financial modeling, we assume that these solar power plants are built with independent power pro-
ducer (IPP) financing after securing a power purchase agreement (PPA) for at least 10 years for the
entire output of the plant. The price paid under such a PPA will allow adequate debt service and will
provide investors with an internal rate of return (IRR) based on the perceived risk of the technology.
Exhibit 34 shows the key financial assumptions of the discounted cash flow model.

In.Exhibit 35 we show the power prices of our four solar power plant proxies from the discount-
ed cash-flow model. The base case includes a 10% solar investment tax credit currently in place.
On the production side, we reduced output proportionally to the equivalent forced outage rate
(EFOR), which was assumed to be 5% for all technologies.

The power price for the proxies is also affected by the different IRR, which increases with the
perceived risk of the technology. The technology risk of a parabolic trough plant with fossil fuel
hybridization is very low and comparable to conventional power generating technologies,

because hundreds of megawatts of this technology have operated successfully for over a
decade in California. An IRR of 15% appears reasonable. For parabolic trough with molten-salt
heat storage, we increased the IRR to 18% to reflect the fact that molten-salt storage has not
yet been used commercially. But this level of IRR seemed adequate, since the remainder of the
plant is similar to the existing parabolic trough units.

Exhibit 34: Key Financial Assumptions

Item - Value Target IRR

Debt to Equity Ratio 70/30 Dish Stirling 20%

Debt Maturity 15 years Parabolic Trough w/ 18%

Debt Interest Rate 7.50% Heat Storage

Average Debt Service Coverage Ratio 1.5 Parabolic Trough 15%

Minimum Debt Service (overage Ratio 1.3 Fossil Hybrid

NOTE: Assumes IPP financing with long-term PPA of at least 10 years.
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Exhibit 35: Power Cost of Thermal Solar Power Plant Proxies

Proxy

Power Price $/MWh Distributed Dish 100-MW Dish Parabolic Trough Parabolic Trough
Stirling Stirling w/ Heat Storage Fossil Hybrid

Base case 187 167 134 93

+ Solar Property Tax 174 154 124 88
Exemption

+ 2 c/kWh Green 154 134 104 78+ Energy Premium -

For dish Stirling, we increased the IRR to 20%, because of the technology risk associated with
the Stirling motor. In our view, this IRR is very favorable. Investors could perceive a greater risk
for this technology and expect an IRR of 25% percent or more. In reality, for the first dish Stirling
plants, performance guarantees may be required in addition to a high IRR to draw investments,
because dish Stirling technology is still pre-commercial at this point. However, as described earli-
er, our financial analysis assumes installation levels of about 100 MW. We have thus assumed
that dish Stirling technology has proven reliable during the initial deployment and that the target
IRR here only needs to address long-term risk associated with this new technology

With these financial assumptions, and the capital and O&M numbers from Exhibit 32, the power
cost of distributed dish Stirling plants with a 2.5-MW plant size is 187 $/MWh, and 167 $/MWh
for a 100-MW dish Stirling plant. This compares to the 134 $/MWh of parabolic trough with heat
storage and the 93 $/MWh of parabolic trough with fossil fuel hybridization. The high capital
cost of dish Stirling and the 25.2% capacity factor are the reasons that, at today's cost, dish
Stirling is the most expensive thermal solar generating technology.

Power generated from a parabolic trough plant with fossil fuel hybridization, where about half of
the plant's output is derived from operation on natural gas, had the lowest cost of power of 93
$/MWh and is able to obtain the highest price in the market of 56.17 $/MWh. This hybrid solar
generation technology thus provides the greatest value to its owners. However, while the operation
on fossil fuels increases overall plant utilization and reduces cost, this energy relies on fossil fuel,
produces emissions, and continues to expose the price of power to volatility in natural gas prices.

In addition to our base case, in Exhibit 35 we also assess the impacts of a property tax exemp-
tion and a 2 C/kWh green energy premium on power cost for generation from pure solar. We
believe that solar power plants are likely to receive a property tax exemption for the portion of
land occupied by the solar collectors. Such property tax exemptions were granted to the SEGS
plants in California (see "The Circumstances That Made It Happen") and we anticipate that other
states or counties will provide similar tax incentives. With such a property tax exemption, the
power cost is reduced by about 5% to 8% for all solar technologies.
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It is our view that, in the near term, energy from solar power plants could be marketed into green
energy programs, which already exist in many parts of the country and are popular. Individual cus-
tomers can purchase energy from renewables through a surcharge on their electricity bills. Today,
the renewable energy in these programs typically comes from wind. Customers appear willing to
pay 2 to 3 cents more for every kWh produced by a renewable, non-polluting energy source. After
accounting for the.cost of administering these programs, we assumed that solar plants could
receive an additional 2 CAM (20, $/MWh) for their solar-electric energy. We applied this green
energy premium over the entire life of the project, which reduces the power cost of all solar tech-
nologies by a flat 20 $/MWh, except for the parabolic trough hybrid-where only half the output
qualifies as green energy and the cost reduction is thus only half that-10 $/MWh. After applying
these incentives, an electric power service provider would view the cost of power for a 100-MW
dish Stirling as 134 $/IVIWh and for the lowest cost parabolic trough plant as 78 $/MWh.

However, whether such a green energy premium can be obtained for the entire 15 years of the
project life is not certain because wind power is becoming so cost effective that it will soon be
able to provide cost-competitive green energy without the premium (and possibly without the pro-
duction tax credit [PTC1 as well). This puts solar energy at a disadvantage in a green energy
portfolio offering. The development of solar power, it appears, will require a mandated percent-
age in a green power portfolio or renewable energy standard.

Even with a property tax exemption and a 2 CAM green energy premium, with today's cost of
technology, solar power is still not competitive and would require additional financial incentives
to be able to enter the market, including, for example, a PTC. While today's cost of solar power
already makes optimistic assumptions about the level of annual installations, it does not reflect
the long-run cost of these technologies. What these technologies will cost, after hundreds or
even thousands of megawatts have been installed, is not known at this point. At best, the suc-
cessful cost reductions of wind power can be used as an example for possible cost reductions
for thermal solar generating technologies.

It is difficult to tell if, and how quickly, these cost reductions will be possible. It is our view that
performance improvements for dish Stirling and parabolic trough plants are imminent and only
moderate research and development is required to achieve them (see sections, "Improvement in
Heat Collector Efficiency" and "Dish Stirling to Set New Efficiency Record"). In contrast, efficiency
improvements in PV systems are contingent on overcoming significant material sciences chal-
lenges. When, if, and at what cost these PV efficiency improvements can be reached is not clear.

A significant portion of a parabolic trough plant is the steam plant, and no cost reductions are
likely there. But for heat collecting elements, mirrors, truss structures, Stirling motors, and heat
storage, cost reductions through volume manufacturing, better design, increases in unit capacity
(especially for dish Stirling), and efficiency improvements are likely.

Wind power's cost of power, which has dropped by over 70% over the last 15 years (see Exhibit
44) is still falling and is soon likely to be the lowest of all generating technologies, including conven-
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tional and renewables. Turbine sizes have increased from 55 kW in 1980 to 2.5 MW today, an
increase in unit size of a factor of 45! Therefore, it can be expected that economies of scale in unit
size and production volume will result in considerable cost reductions of CSP technologies as well.

How Solar Power Compares to Other Generating
Technologies
Our analysis shows that today's cost of CSP solar power is between 134 and 187 $/MWh. (The
levelized cost of the parabolic trough fossil fuel hybrid is not included, because its cost is deter-
mined by a combination of electricity from solar and natural gas.)

Decisions on new generation capacity are based on capital and production costs in today's
deregulated electricity market, as has been the case for years in the electric utility industry. At
current natural gas prices, the combined cycle plant is the cheapest form of energy. Because it
is clean burning and can be built quickly, combined cycle is the power plant of choice for inde-
pendent power producers. A natural gas-fired combined cycle plant can deliver energy between
45 and 48 $/MWh at a natural gas price of 3.87 $/mmBtu. Lower natural gas prices-as seen
in the fall of 2001-result in a significantly lower cost of power from natural gas-fired power
plants. According to research by our coal consulting group, coal-fired generation would only be
able to compete with natural gas if gas prices were between 3.50 and 4.00 $/mmBtu and if
these new coal plants operated at high capacity factors.

Solar power's direct competitor is wind power. The power cost of wind has fallen from 150
$/MWh in 1984 to about 40 $/MWh in 2000. New "Stateline" wind farms at the
Oregon/Washington border that came on-line in December 2001 have an estimated power cost
of 40 $/MWh and report a power cost of 25 $/MWh after considering the PTC. Power cost
(before the PTC) is expected to drop to as low as 25 $/MWh in the not-too-distant future. 18

Other generating technologies include nuclear, geothermal, and biomass. However, we do not believe
that any new nuclear power plants will be built due to the high capital cost of the technology (estimat-
ed at around 2,000 $/kW) and its associated environmental and political concerns, including spent
fuel storage. In addition, nuclear generating technologies, such as the pebble-bed modular reactor
(PBMR), that may be acceptable to the public are still in the research and development phase.

The cost of geothermal power critically depends on the type of geothermal resource and the cost
of drilling. The capital cost of a new geothermal plant is comparable to that of a steam plant plus
the additional costs associated with geothermal resource recovery, such as drilling and steam
production. According to an analysis performed by NREL, given the right steam resources, geot-
hermal would be cost-competitive if it received a PTC commensurate to that awarded to wind. 19

The cost of biomass generation depends on the fuel source. It appears that biomass generation
may increasingly occur through co-firing in coal plants. Until the cost of fuel for biomass facilities
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Exhibit 36: Capital and Production Cost of Electric Generation Technologies

Plant Type Power Cost Capital Cost Heat Rate (HHV) Fuel Cost (opacity Factor$/MWh S/kW Btu/kWh S/mmBtu

Coal 26-33 900-1,200 8,500-10,000 1.20 85%

Combined Cycle 45-48 525-600 7,100 3.87 80%

Combustion Turbine 110-135 325-450 10,900 3.87 8-10%

Wind 40 850 N/A 0 35-45%

Solar (1) Dish Stirling 187 2650 NA 25.2%
Power Tower 90 2,713 8 hrs .8x48%
Parabolic Trough 134 2,877 4 hrs, .8x341%

SOURCE: RDI Consulting.
NOTE: All costs are expressed in $2001 for currently available technology

decreases significantly, new capacity from biomass will be small and biomass generation will not
play an important role in future energy markets.

We provide a brief summary of the capital and production costs of electric generating technolo-
gies in Exhibit 36.

How to Account for External Costs
Exhibit 36 provides a comparison of generating technologies based on their costs. But environ-
mentalists and the developers of renewable energy sources have repeatedly argued that a fair
comparison of the cost of electricity should include the external costs of using coal, oil, nuclear,
or hydropower. For example, the fossil fuel industry does not pay the cost of treating respiratory
illnesses stemming from air pollution; instead, the health care system does. Yet, the fossil fuel
industry would argue that it makes royalty payments to the government, which in turn fund the
healthcare system. An endless number of examples can be found and any billions, or even tril-
lions, of dollars in external cost can be argued over-or away.

It is our view that the external costs of various fuels and generating technologies are indeed sig-
nificant. Nevertheless, they cannot be "calculated." The public knows about many of these exter-
nalities, and in this report we have discussed some of them. Legislators and regulators increas-
ingly acknowledge these costs and have begun to reward-with tax incentives or buydowns-
those who do not burden our society with waste or pollution. Especially in Europe, external costs
are widely recognized, and many have been priced higher than in the U.S.

Society values, via tax breaks or green energy premiums, clean sources of energy. And we have
considered this premium, and thus to a certain extent externality costs, in our financial model.

Our market-based approach accounts for the external costs of other forms of energy by assum-
ing tax credits and price premiums for solar energy that appear likely, have occurred in the past,
or are awarded now. Our base case financial assumptions, for example, include an investment
tax credit. Such an investment tax credit is an implicit acknowledgment of the external costs of
other sources of power.
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Endnotes
1 RDI Consulting did not provide cost data for concentrating PV, because we were not able to find

dependable data.

2 EPRI and U.S. Department of Energy, Renewable Energy Technology Characterization, TR-109496,

Topical Report, December 1997.

3 Available at http://www.nrel.gov/gis/.

4 Indian Energy 2001 organized by the Council of Energy Resources Tribes (CERT),

http://www.certredearth.com/.

5 Every thermal power generating station, whether coal, nuclear, or other, could in principle store

energy as heat, but this is not necessary as the energy is already "stored" in the fuels, such as coal,

processed uranium, or natural gas.

6 Assumed average consumption of 1 kilowatt.

7 This would be the summer capacity of the plant. The solar intensity used for this rating was 826

W/m 2 .

8 The all-time peak occurred on July 1999 at 3,993 MW.

9 Average expected solar radiation was determined from 30 years of data.

10 We anticipate that real-time satellite images of cloud formation will be an integral part of a solar

power plant's dispatch strategy in the future.

11 In this report we assume that hybridization of dish Stirling units with natural gas is generally not used.

12 This is true even if the solar energy is not adjusted for seasonality.

13 Air-conditioning loads are the primary reason for the summer peak demand.

14 Some of the external cost is accounted for by emission credits for fossil fuel plants or the decom-

missioning charge for nuclear plants.

15 This was indeed the situation in the 1980s and 1990s when the 354-MW SEGS solar power plants

were built near Barstow, California.

16 The forecast used in this study was produced in August 2001. Since then, power market econom-

ics have changed and RDI Consulting's current forecast differs from the one used here, but not in a

way that would be material for this solar power analysis.
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17 California Energy Commission Staff, High Temperatures & Electricity Demand: An Assessment of

Supply Adequacy in California Trends & Outlook, July 1999, available at http://38.144.192.166/elec-

tricity/1999-07-23_HEATRPT.PDF (size 704.2K).

18 NEWGen and Tom Gray, "Wind Energy's Cost Hit New Low," American Wind Energy Association,

accessed March 6, 2001 at www.awea.org.

19 Brandon Ownes, "An Economic Valuation of a Geothermal Production Tax Credit," NREL, working

paper (2001).
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Chapter 3

A Primer on Solar Generating
Technologies

Whereas the public often associates flat panel photovoltaic (PV) with solar power, it is in fact

thermal solar power plants, such as parabolic trough, power towers, and dish Stirling, that can

provide economic large-scale power generation today. With PV, electric power is produced by

light directly in a semiconductor, while in thermal solar generation the heat of the sun is used to

power an engine or turbine.

The 354-MW parabolic trough solar thermal power plants in California's Mojave Desert (see "The

354-MW SEGS Power Plants") contribute more than 70% of the worldwide production of solar

electric energy. The capacity of these plants is 140 times greater than the 2.5 MW of utility PV

installed in the West as of October 2000. And, it is 2.5 times larger than the cumulative capacity

of all PV cells-from calculators to the international space station-ever sold in the U.S. since

the solar cell was first invented.

Thermal solar power plants, such as dish Stirling, power towers, and parabolic trough, are cost-

effective means of generating electric power from solar energy. They are simple, well under-

stood, and already achieve efficiencies currently out of the reach of commercial PV cells.

Though both PV and thermal solar generating technologies have risks, the type of risk is differ-

ent. Thermal solar power plants are simply new applications of technologies originally developed

for fossil fuel power generation, the chemical industry, and the military. Solutions for most of the

technical challenges they would expect to face have probably already been devised, whereas

advances in PV will require advances in materials.

In the following sections we provide a primer on solar generating technologies from flat panel PV

to solar towers.

Photovoltaic Electric Power
At the heart of any PV cell, commonly known as a "solar cell," is a semiconductor junction,
which absorbs light within a certain frequency range and creates an electric potential. PV cells

with only one such junction, the typical PV cell, can only utilize a portion of the light spectrum.

This is one of the reasons that the efficiency of even the best single-junction cell does not
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exceed 16%. Inherent losses due to imperfections in the semiconductor and losses related to
the semiconductor's operating temperature are other reasons.

Multi-junction F`V cells are able to use a wider spectrum of light and thus achieve higher efficien-
cies. However, these devices are difficult to manufacture and so expensive that their use is limit-
ed to special applications, such as in space or for concentrating PV. Flat panel PV cells, typically
made from silicon, are used for small solar power applications, from solar cells on rooftops to
modules on traffic signals, and are easily recognized by their bluish panels.

In the last five years, the worldwide PV industry has seen gro ' wth of about 20% annually and the
industry is bullish about the future, especially after the California energy crisis. Domestic ship-
ments of PV cells increased 74% during the two-year period ending in 2000, reaching approxi-
mately 75 MW of peak power.1 It is doubtful, though, that this kind of growth is sustainable,
because the projected penetration levels of distributed generation, such as rooftop PV, appear
too optimistic in the face of near-term forecast power prices. The crisis mentality of the
California energy crisis is already subsiding, and the public is taking a more strategic approach
to meeting western energy supply needs.

Flat Panel PV

Flat panel PV is the best-known application of PV modules. Many semiconductor materials can
produce electricity, but today crystalline and amorphous silicon solar cells are still the only com-
mercially available flat panel PV cells. The high production cost of PV cells remains the technolo-
gy's biggest impediment to larger market penetration and large-scale power generation. It is for
that reason that PV research in the last decade focused on using alternative semiconductor
materials with the goal of achieving lower cost.2 While progress has been made on that front, it
is unclear at this point whether and when exotic PV materials will be able to compete with sili-
con-based cells.

A unique characteristic of flat panel PV is the fact that it can use both diffused and direct normal
radiation. This makes PV most attractive in areas with clouds and haze. But overall radiation lev-
els are likely to be low in such areas as well, and it is questionable whether utilizing a marginal
energy resource makes sense in the first place.

Exhibit 37 provides an overview of today's cost and performance of flat panel PV based on data
from an ongoing program to install flat panel PV units in the 70-100 kW range.3 The program has
seen module costs drop significantly in recent installations, but the structures necessary to sup-
port and connect the modules (balance-of-plant) will continue to comprise a considerable portion
of the unit cost. The cost reductions in the program were mainly due to better module-buying
strategy rather than module production cost reductions. Even at current annual production vol-
umes, which are already approaching 100 MW, the capital cost of flat panel PV is still very high.
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Exhibit 37: Cost and Performance of Flat Panel PV and Concentrating PV

Flat Panel Photovoltaic (1)P
Crystalline Silicon Amorphous Silicon

Unit Size 50 x 2 kW =100 kW 50 x 2 kW =100 kW 22-28 kW
Max Conversion Efficiency % (2) 13 6.5 18-19
Generation Threshold W/m2  -50 (3) _>50 (3) 50
Annual Average Efficiency % (4) 11 6 TBD
Annual Avg. Capacity Factor % (4) 24 24 30-32
Equiv. Forced Outage Rate (EFOR) TBD TBD 1-3
Off-sun Generation None None None
Acres/MW 3.8 7.6 8-10
(onstruction Time 2 weeks 4 weeks 3-4 days per unit
Capital Cost S/kW 7,500-8,500 TBD
Fixed O&M SAW-year 10 TBD 10
Variable Non-fuel O&M S/MWh 10 TBD 10
Production Capacity for U.S. Market MW/year 68 6.5 TBD
Cumulative U.S. Sales 140 MW 0.5 MW
Largest Unit in the U.S. 1 MW TBD
Demonstrated System Hours Unknown I Unknown TBD

SOURCE: National Renewable Energy Laboratory (NREL); Golden, Colorado, private communication; see reference in endnote 3.
(1) Commercially available technologies only. Crystalline silicon modules account for about 90% of the flat panel PV market, while amorphous silicon modules account for
the remaining 10%.

(2) At 1,000 W/m2.

(3) Direct normal and diffuse radiation.

(4) Premium solar resource area. Flat panel PV tilted to latitude.

Concentrating PV
PV cells using multiple semiconductor junctions are capable of converting a much larger spectrum
of sunlight to electricity than the single-junction cells used in conventional flat panel PV and thus
have much higher efficiencies-up to 30%.4 Nevertheless, multi-junction cells can be used more
cost effectively if sunlight is concentrated first. The same solar module then produces more
power than under normal light conditions. For example, if mirrors or lenses concentrate light on
multi-junction cells and increase the sunlight concentration by a factor of 10, that cell will produce
about 10 times more power than under direct sunlight. Concentrating PV (CPV) uses mirrors or
lenses to focus sunlight on high-efficiency cells. The concentrating optics, as in all concentrating
solar power technologies, can only focus direct normal radiation, but not diffuse light.

The idea behind CPV is that a few high-performance (and high-cost) PV cells are put to maximum
use by concentrating light on them by using either mirrors or lenses. Because the concentrating
optics is cheaper than PV modules, this approach is expected to result in an overall lower sys-
tem cost. Currently, most CPV systems use lenses to concentrate sunlight and employ two-axis
tracking mechanics to follow the sun as it makes its way across the sky. Exhibit 37 provides
cost and performance data on CPV.

We believe that CPV is a promising form of PV power generation because it uses only one-tenth,
or even less, semiconductor material than flat panel PV and it can thus employ more expensive
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and efficient PV cells. CPV uses cheap lenses to leverage the costly PV modules and is likely to
reach a lower cost of power than flat panel PV. Due to the smaller size of the panel per kilowatt,
the use of a two-axis tracking mechanism is possible, and worthwhile, which increases overall
system efficiency and capacity factors.

While PV benefits from technology transfer from the semiconductor and computer chip industry,
solutions to many of the challenges that will make PV economical are not known at this point. As
the recent decade has shown, efficiency gains and cost reductions in commercial PV are hard to
come by. Nevertheless, research in PV should continue. PV is reliable and requires little mainte-
nance. And CPV has the potential to leverage PV cell performance.

There are inherent advantages to using PV. Besides being able to use both direct and scattered
light, PV cells have no moving parts and, because PV uses the photoelectric effect, it can, in
theory, reach efficiencies not possible with any practical thermodynamic cycle. Yet, we believe
that in the near term PV, especially flat panel PV, will only play a small role in large-scale solar
electric generation.

Thermal Solar Power
Thermal solar power plants use the heat of the sun to generate electricity. By itself, the sun's
heat would not be enough to power engines or turbines. Therefore, in thermal solar power
plants, the sunlight is first concentrated using mirrors either on a single point or on a tube. For
this reason thermal solar power plants (and concentrating PV) are collectively referred to as con-
centrating solar power (CSP) technologies. There are three different thermal CSP technologies:
power tower, parabolic trough, and dish Stirling.

The three systems differ in the way they concentrate and collect sunlight, but the final step of
generating electricity is identical, in that an engine or turbine is used to convert heat to electric
energy (similar to a conventional power plant). The solar collectors concentrate the sunlight, and
the light then hits a heat collector, which contains a heat transfer fluid that powers an engine or
steam turbine. Simply put, a solar thermal power plant is a conventional power plant using the
sun's heat as the energy source. Therefore, thermal power plants can be hybridized with fossil
fuels because it is heat, not light as in PV, that powers the plant, and that heat can come from
any source.

Power Towers

Two systems were built in the 1980s and 1990s, as demonstration plants. The units operated
successfully, but were decommissioned after the demonstration period. Though new power
tower systems are not being actively pursued in the U.S., there is activity in Spain on a third
power tower (Solar Tres). If successful abroad and if a solar power market develops in the U.S.,
the companies involved in projects abroad would likely bring the technology back to the U.S.
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In the power tower concept, a large array of mirrors (called heliostats) tracks the sun in a way that
reflects the sunlight onto a central receiver mounted on top of a tower. The sunlight is absorbed
and turned into heat, which in turn powers a steam cycle. Exhibit 38 shows the design of a power
tower. Parabolic trough plants and power towers can use molten-salt heat storage or fossil fuel
hybridization to generate power when the sun does not shine. In molten-salt technology, salt is
heated to a point at which it liquefies, hence the term molten salt.

Power towers have some general advantages over other solar generating technologies. Because
an array of hundreds of mirrors focuses the light on one central receiver, the temperature of the
thermal cycle is very high, resulting in good steam cycle efficiency. Molten salt, the heat transfer
and energy storage medium, poses no threat to the environment. The high temperature of the
working medium also results in better heat storage cycle efficiencies than is possible with para-
bolic trough plants.

When heat storage is used, the solar field is usually oversized so that heat can be dumped into
storage while the remaining solar field continues to generate enough heat for the plant to con-
tinue to operate at its rated capacity. The ratio of solar field thermal capacity to electric capac-
ity is called the solar-to-electric capacity ratio. A solar power plant with a ratio of 1.8 has a
solar field that, under normal sun conditions, produces 80% more energy than the plant's elec-
tric power rating. A 100-MW plant with a solar-to-electric capacity ratio of 2.0 would have a
200-MW solar collector field.

The electric load shape and associated power prices in a market determine which solar-to-
capacity ratio with how many hours of heat storage provides the greatest value to the plant
owner. Optimization algorithms are used to determine the plant design. For the Desert

Exhibit 38: Design of a Solar Tower

Central
Receiver

Heliostats
SOURCE: Status Report on Solar Thermal Power Plants, Pilkinton Solar International, 1996. Used with permission.
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Southwest, it appears that at today's cost for solar collectors and heat storage, a solar-to-elec-
tric capacity ratio of 1.8 with four hours of storage provides the greatest value.5

While the two power tower demonstration projects were successful, the units only operated for a
limited time, and more long-term experience with the technology would be desirable. In particular,
the reliability of the solar receiver at the top of the tower is unclear until longer-term operating
experience can be obtained, even though the second receiver built for the Solar Two project veri-
fied the design expectations. In the receiver, thin-walled tubing and its joints are subject to consid-
erable thermal stress, which could lead to cracks. However, Boeing Co., the maker of the solar
receiver and the molten-salt storage system, has applied its experience from rocket engine nozzle
technology, where comparable high heat transfer thin-wall tubing technology is employed, to solar

towers, and it is confident that the receiver and storage technology will perform reliably.

On the downside, power towers must take advantage of economies of scale and can only cost-

effectively be built in 50- or 100-MW units. Also, power towers require the largest amount of

space per megawatt of energy produced of any CSP technology. Detailed cost and performance

data are summarized in Exhibit 40.

Parabolic Troughs
The solar field of a parabolic trough plant consists of long parallel rows of trough-like reflectors-

typically made of glass mirrors. As the sun moves from east to west, the troughs follow the tra-

jectory of the sun by rotating along their axes. Each trough focuses the sun's energy on a pipe

located along its focal line (see Exhibit 39). A heat transfer fluid, typically oil at temperatures up

to 400'C (750'F), is circulated through the pipes and then pumped to a central power block area,

where it passes through a heat exchanger. The heat transfer fluid then generates steam in a heat

exchanger, which is used in turn to drive a conventional steam turbine generator.

Exhibit 39: Design of a Parabolic Trough System

Absorber
Tube

Reflector

Solar Field
Piping

SOURCE: Status Report on Solar Thermal Power Plants, Pilkinton Solar International, 1996. Used with permission.
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Beyond the heat exchanger, parabolic trough plants are just conventional steam plants. It is for
this reason that parabolic trough plants, like power towers, can use heat storage with molten
salt, or hybridization with fossil fuel, to generate electricity when the sun does not shine. The rel-
atively low operating temperature of the parabolic trough steam cycle at 400'C (750'F) com-
pared to conventional thermal power stations, or even power towers, limits the efficiency of the
plant. This lower operating temperature also results in a lower heat storage cycling efficiency
than what can be achieved with power towers.

Several commercial units with sizes up to 80 MW have been built and still operate today ("The
354-MW SEGS Power Plants"). Detailed cost and performance data for parabolic trough plants

are summarized in Exhibit 40.

Heat storage for new parabolic trough plants will be accomplished using molten-salt storage.
This technology, which was demonstrated with power towers, has not yet seen a commercial
application, but it promises to be more economical and safer than the original technology
employed at one of the SEGS parabolic trough plants. One of the first SEGS parabolic trough
plants used Caloria, a mineral oil, for heat storage, which, like the heat transfer fluid in the col-
lectors of the troughs, is a highly flammable liquid. This 13-MW plant provided three hours of
heat storage, but an accident set the storage unit on fire and destroyed it.

This points to a general hazard at parabolic trough plants. The heat transfer fluid in the heat-col-
lecting elements of the solar field is currently a highly flammable organic compound, which is
also used in the petrochemical industry. Fires, therefore, pose a danger to parabolic trough
plants. However, a similar fire hazard exists at many industrial facilities that handle flammable liq-
uids, including refineries.

Like a conventional steam plant, parabolic trough plants require large amounts of cooling water,
which may be difficult to obtain in the desert where solar power plants will be located. Power
towers have similar cooling water requirements. Only dish Stirling and PV technologies do not
require cooling water.

Improvement in Heat Collector Efficiency

During a site visit at Kramer Junction, California, RDI Consulting toured the SEGS parabolic trough
plants. Sunray Energy operates units I and II, and the Kramer Junction Co. (KJC) operates units III
through VII, while units VIII and IX, a few miles down the road, are operated by FPL Energy.

The KJC and the FPL units recently received a row of new heat collecting elements (HCE) from
the manufacturer SOLEL, a vestige of the former LUZ development company. And at both plants,
the plant operators confirmed that the new elements had increased the heat collection efficiency
of the HCE by about 18%. This is a significant improvement in the performance of parabolic

trough plants and equivalent to a capital cost reduction of the solar field.
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Exhibit 40: Cost and Performance of Thermal Concentrating Solar Power Plants

Dish Stirling Parabolic Trough Power Tower

Standard Plant Size 2.5 MW/I 0 MW 100 MW 100 MW

Max Conversion Efficiency % (1) 30% 24% 22%
Generation Threshold W/mO 200 300 300

Annual Average Efficiency (2) 21.40% 13.70% 16.00%

Annual Avg. Capacity Factor (2)

Basic Plant 25.20% 23% 29%
With Thermal Storage (3) N/A 33% (4 hrs, 1.8 x) 48% (8 hrs, 1.8 x)
With Fossil Fuel Hybridization N/A 23-95% 29-95%

Equiv. Forced Outage Rate (EFOR) % 5 (estimate) 5 5 (estimate)

Off-Sun Generation Fossil Hybrid Heat Storage/Fossil Hybrid Heat Storage/Fossil Hybrid

Acres/MW of Collectors 4 5 8

Construction Time (4) 3-4 days per unit; 12 months 12 months
35 days/6 months

Incremental Copital Cost
Basic Plant SAW 2,650 1,956 2,065

Heat Storage S/kWh N/A 103 27
Additional Solar Field SAW N/A 510 540
Fossil Fuel Hybridization S/kW Not commercial 196 196
Fossil Heat Rate (HHV) (4) T1D 10,800 10,000

Incremental Fixed O&M S/kW-year

Basic 40/2.5 33 30

Heat Storage N/A 2 1.5
Additional Solar Field Only N/A 2 1.5

Fossil Fuel Hybridization N/A - -

Incremental Variable Non-fuel O&M S/MWh

Basic 16.80/15 2 2
Heat Storage N/A - -

Fossil Fuel Hybridization N/A -_-

RDI estimated new Capacity (MW) that could be built (5)

2002 0.7

2003 3.1 30 -

2004 27.5 100 50

2005 75 200 50

2006 100 300 150

Total 206.3 630 250

Cumulative U.S. Installations 118 kW 354 MW 10MW
Largest Unit in the U.S. 25 kW 80 MW 10 MW (decommissioned)

Demonstrated System Hours 80,000 300,000 2,000

(1) At 1,000 W/m2
.

(2) Premium solar resource area.
(3) The number of hours of full-load heat storage and the solar-to-electricity ratio are given in parentheses, e.g. "(3 hrs, 1.6 x)" means three hours of full-oad electric gen-
eration from heat storage and a solar field, which is oversized by 60% with regard to the electric capacity of the power island.
(4) Based on natural gas.
(5) Assumes sufficient tax or buydown incentives and private sector financing, but no government-backed programs, such as loan guarantees.
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Dish Stirling
A dish Stirling system consists of a parabolic-shaped point focus concentrator in the form of a
dish that reflects solar radiation onto a receiver mounted at the focal point. These concentrators
are mounted on a pedestal and can pivot on two axes to follow the sun. This two-axis tracking
mechanism allows the capture of the highest amount of solar energy at any time possible. A
schematic of the dish Stirling principle is shown in Exhibit 41, and a photo of a dish Stirling sys-
tem owned and operated by Stirling Energy Systems (SES) is shown in Exhibit 42.

The concentrated heat is utilized directly by a heat engine mounted on the receiver, which
moves with the dish structure. Stirling cycle engines are currently favored for power conversion.
All practical and commercial dish systems currently use Stirling engines. Dish Stirling systems
achieve peak efficiencies of up to 30% (net). The typical value for a unit's peak electrical output
is about 25 kW.

Conceptually, the dish Stirling system is the simplest of all thermal solar technologies, but the
Stirling motor that converts the heat is a sophisticated closed-cycle motor that is highly special-
ized for this application. Stirling motors are not found in many applications. They are used as an
ultra-quiet motor in attack submarines and for small power generation units (gen-sets). However,
market penetration of Stirling gen-sets is marginal due to the dominance of the combustion
motor (diesel gen-sets).

Stirling motors have accumulated tens of thousands of operating hours on dish Stirling systems;
one dish Stirling unit owned and operated by SES is 17 years old and demonstrates that most of
the materials that were used are durable. This system has operated, albeit with interruptions, for
over a decade and a half. Newer units, manufactured for Science Applications International Corp.
(SAIC) by STM Power, have not worked quite as reliably as expected, and this has raised ques-
tions about Stirling motor reliability. The motors used by SAIC and manufactured by STM Power
are different from the motors used by SES but there are some concerns as to whether new units
based on SES' design will work as well as its existing motors that were built over a decade ago.

Exhibit 41: Design of a Dish Stirling System

Q, U Receiver/Engine

Reflector

SOURCE: Status Report on Solar Thermal Power Plants, Pilkinton Solar International, 1996. Used with permission.
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It is for that reason that both SES and STIM Power have engaged in serious evaluations of their
motors. Both companies are confident that new motors could be produced in large numbers at
low cost and would be more reliable than current motors. However, doubts remain, because the
performance of laboratory bench prototype Stirling motors, which are fired by natural gas, does
not translate well into solar applications. This is because the solar flux that hits the heater head
of a dish-mounted Stirling motor is less homogenous, resulting in thermal stress and pressure
differentials in the pistons of the motor.

Aside from questions about the reliability of the Stirling motor, the dish Stirling is the quintessen-

tial thermal solar power plant:

" Its two-axis tracking mechanism allows it to maximize solar energy collection.

" The generation threshold is relatively low.

" The unit ramps to grid synchronization within a minute.

" It has the highest efficiency of any solar generating technology.

" It requires the least amount of land in relation to peak capacity and energy production.

" Its high engine-operating temperature allows air cooling, thus eliminating the need for
cooling water.

Exhibit 42 shows SES' dish Stirling system.

Dish Stirling units share many characteristics with wind turbines. Like wind turbines, dish Stirling
units are intermittent energy sources, have only a pedestal as footprint, can be built within days
(actual assembly takes only a few hours), and come in small unit sizes and are thus modular.
Tactics for marketing dish Stirling plants, therefore, could emulate some of the market penetra-
tion tactics used for wind turbines. They also allow for smaller solar farms. that may fit better
into renewable energy portfolios and can be expanded in modules. In contrast, a 100-MW para-

bolic trough plant requires an all-or-nothing investment decision of $200 million to $300 million.6

The same is true for power towers.

Dish Stirling to Set New Efficiency Record
Both SES and STM power are currently aggressively pursuing the introduction of dish Stirling
systems into the market and are engaged in the development and construction of new dish

Stirling units. Research at SES' existing units has shown that the air-cooling system was original-
ly over-engineered and that decreasing the cooling capacity can reduce parasitic loads.
Additional changes to the motor design and the collector system will, in SES' view, improve (net)

peak efficiency at its next units by 10% from currently near 30% to 33%. This would set a new
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Exhibit 42: SES Dish Stirling System

iUUKUL: titirling tnergy Systems. Used with permission.

world record for the efficiency of any solar power generating technology and would increase
annual electric output by 6.3%.

Beyond the Economics
In this section we compare some of the characteristics of CPV, dish Stirling, power towers, and
parabolic trough, because these technologies are very different from one another.

In this report we have presented both a "distributed" as well as a 100-MW dish Stirling solar
power plant, because dish Stirling is modular. Currently, individual units have a capacity of only
25 kW. These units are designed to be eventually fully automated, contain only small amounts of
hazardous coolant, and require no cooling water to operate. Further, they make very little noise 7

and have a relatively low profile. For these reasons, dish Stirling can be installed close to resi-
dential areas.

Their modularity and easy interconnection make dish Stirling systems attractive for small or mid-
sized customers. Even though dish Stirling is more expensive than parabolic trough or power
towers today, the amount of capital required to install the first unit is low-around $100,000.
This makes dish Stirling systems similar to wind turbines, and their early entry into the market
may come from small installations of one or a few dozen dishes.

Most of what we have said about dish Stirling systems also holds for CPV systems. Anticipated
CPV unit size is 22-28 kW, similar to dish Stirling, making CPV a direct competitor with dish Stirling.
CPV would even be more suitable for distributed installations because of its low O&M needs.
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Parabolic trough plants and power towers, in contrast, are large industrial facilities. Economies
of scale suggest that unit size should be about 100 MW (electrical). For a parabolic trough, the
heat transfer fluid used in the heat-collecting elements of the solar field is currently a highly
volatile organic compound and is hazardous. Because fires in parabolic trough plants are serious
threats (and have occurred), these facilities must be built away from residential or industrial
areas, with associated investments in transmission lines. Also, land below the solar collectors
needs to be kept free of all vegetation in order to avoid grass or brush fires that would have the
potential to destroy the solar plant. This weed control is currently done using herbicides, which
may concern local environmental agencies as well as customers who are shopping for green
power. Wind loading is also a greater problem for parabolic trough than for dish Stirling units.

Power towers avoid the hazardous heat transfer fluid by using molten salt. The salt is non-toxic
and, in fact, is used as a plant fertilizer. Soil sterilization is not required because the focal point of
the mirrors is at the top of the power towers-far off the ground-and no volatile heat transfer
fluids are present. Of all CSP technologies, power towers are the most visible due to the tall
receiver tower, and they occupy more land per megawatt-hour produced than any other CSP tech-
nology.

Parabolic trough plants and power towers also require large amounts of cooling water-com-
mensurate with those of other steam plants, for example, coal. Only natural gas-fired combined
cycle plants can achieve lower water requirements, and they only consume about one-half to
one-third of the cooling water required by a steam plant . Solar resources are greatest in desert
areas, but here water is a scarce and precious commodity. Therefore, the fact that cooling
water is required for parabolic troughs and power towers is a big drawback for these technolo-
gies. Both power technologies could, however, address this issue by employing dry cooling or a
mix of dry and wet cooling. However, these technologies, which are available to any thermal
power plant-solar, coal, or nuclear-result in a higher parasitic load and thus in a lower net effi-
ciency of the plant.

Parabolic trough plants and power towers can incorporate heat storage and fossil fuel hybridiza-
tion, which allows them to displace existing capacity from the market, as we have shown in the
section, "Using Supplemental Off-Sun Power." Their ability to dispatch power also allows them to
earn a higher average price for power.

The monthly energy production of parabolic trough plants is more seasonal than for other CSP
technologies. Parabolic troughs show a much greater drop in output toward the winter than dish
Stirling, CPV, and power towers. This is because the latter three technologies use two-axis track-
ing systems while the solar fields of a parabolic trough plant are composed of rows of parabolic
troughs that only pivot on one axis. This results in less efficient tracking of the sun in general
and in particular during the winter months.

The efficiency of dish Stirling power plants is the highest of all solar technologies, and as little
as four acres of land are required per megawatt of power. This means that a dish Stirling sys-
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tem can produce 60% more solar electric energy on the same plot of land than, for example, a
parabolic trough plant.

It is our view that an emerging solar power market will shake out the mix of solar power generat-
ing technologies. Dish Stirling, CPV, parabolic trough, and power tower are such fundamentally
different technologies that all could have a place in the market, at least initially. The optimal sup-
ply solution will be influenced by many factors, including economics, aesthetics, environmental
concerns, availability of cooling water, practicality, safety, and funding. Nevertheless, CPV and
dish Stirling will be in direct competition, as will power towers and parabolic troughs.

Existing Solar Power Plants in the West
While PV cells are often associated with solar power, only 2.5 MW of utility PV solar power oper-
ate in the West. The majority of this capacity has been built under the TEAM-UP program of the
Solar Electric Power Association since 1996.8 The largest facility is a 1-MW PV system owned
and operated by the Sacramento (California) Municipal Utility District. In contrast, nine units of
thermal solar plants using parabolic troughs located in the Mojave Desert near Kramer Junction,
Daggett, and Harper Lake in California have been delivering 354 MW of power to Southern
California Edison (SCE) for over a decade.

The parabolic trough plants are hybridized with natural gas and can deliver round-the-clock
power. However, by U.S. federal law, the energy supplied by natural gas is limited to 25% of the
total effective annual thermal plant energy output. During California's energy crisis in 2000 and
2001, these plants were able to forgo the use of natural gas and continue to deliver power to
SCE, thus providing a hedge against volatile fuel prices.

The 354-MW SEGS Power Plants

The 354 MW of parabolic trough solar power plants, called Solar Electric Generation System
(SEGS), in the California Mojave Desert in the vicinity of Barstow, were built over a seven-year
period in the late 1980s and early 1990s. The plants were developed by LUZ International Ltd.,
a U.S. firm with strong ties to Israel, and each plant is owned by a separate limited partnership.
Over the course of the project development, the unit size increased from 13.8 MW to 80 MW.
The first unit had a capacity of 13.8 MW; six subsequent units were 30 MW each; and the last
two units had a capacity of 80 MW each. SEGS I had two large (hot and cold) storage tanks for
heat storage that allowed the plant to operate off-sun for nearly three hours at full load.
Subsequent plants utilized a gas-fired boiler or heater to selectively supplement solar electricity
production during peak demand periods.

In the 1980s, the state of California strongly encouraged renewable power production. As a reac-
tion to the second oil price crisis, when the crude oil price rose to nearly US$40 per barrel, tax
incentives were given to independent renewable power projects, Further, the California Energy
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Commission required utilities to buy energy from so-called "qualifying facilities" (QF) under the fed-
eral Public Utilities Regulatory Policy Act (PURPA) at high fixed prices under long-term standard
offer contracts. Between 1984 and 1991, first under private agreements and then with the help
of the attractive standard offer long-term power purchase agreements plus federal and state tax
incentives, LUZ erected the nine parabolic trough solar power plants in the Mojave Desert. To
build these plants, $1.3 billion was raised-initially from private risk capital investors and next,
with increasing confidence in the maturity of the technology, from institutional investors.

The first step occurred in 1983 when LUZ negotiated a 30-year contract with SCE to sell elec-
tricity from the first two plants-a 13.8-MW facility followed by a 30-MW plant. Subsequently, the
standard offer 30-year power purchase agreements that were in place for the third to seventh
units had fixed energy payments for the first 10 years and energy payments based on the avoid-
ed fuel cost of the electric utility for the remaining 20 years, which were initially linked to the
price of fuel oil and later to natural gas. For the eight and ninth plants, the initial 10-year period
of fixed energy payments was eliminated. However, the standard offer capacity payments were
fixed for 30 years for the third through ninth plants. Given the expected high oil and gas prices
in the early 1980s, the forecast revenue stream was very good.

However, several developments changed the economic environment that LUZ encountered by
the time the seventh unit was completed.9 First, additional new QF capacity with increasingly bet-
ter heat rates had entered the market and thus lowered the avoided cost to utilities. Secondly,
when oil and gas prices rapidly fell in the middle of the 1980s and remained at a low level, non-
fixed energy payments dropped. Both effects significantly reduced the revenues projected for
potential owners. These and other market factors translated to a higher return on investment
being demanded by investors.

Up through the seventh plant, the capacity was artificially limited to 30 MW by FERC rules, but
this limitation was then lifted, allowing much larger 80-MW plants. Other technical changes by
LUZ, while beneficial, increased the perceived risk to investors, again raising the bar on the
required return on investment. In 1985, the investment tax credit legislation expired, requiring
year-to-year extensions to maintain this important incentive. During this time, LUZ also encoun-
tered difficulties with union labor issues, with premium payments to suppliers due to the tight
schedules, high internal financing costs, and pressure from investors to offer even more attrac-
tive returns.

Despite these barriers, LUZ continued its development with two 80-MW units. Late approval to
construct from the California Energy Commission, an early end date on the tax subsidy, and
problems with construction management led to significant construction cost overruns by the
completion of the ninth unit. While LUZ still achieved the construction of the plant, the company
was financially weakened.
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During the 1991 development of the 10th plant, another regulatory issue added further grief and
accelerated the end of the parabolic trough success story. The state of California recognize d
the greater property requirements for solar plants in comparison to conventional fossil fuel-fired

power stations and, therefore, exempted the solar system part of the plant from the state prop-
erty tax. This exemption expired at the end of 1990 and was not renewed until May 15, 1991.
This additional constraint, combined with the December 31, 1991, requirement for interconnec-
tion of the plant to benefit from the available tax credits, meant that the 10th plant had to be
constructed in about seven months, a period that was not manageable without high added
costs. This circumstance plus the other growing financial barriers resulted in the inability of LUZ
to obtain construction financing. This situation, combined with a generally weak financial condi-

tion, forced LUZ to file for bankruptcy in mid-1991.

The bankruptcy of LUZ, however, did not result in closure of the nine parabolic trough plants, as
each was owned by a limited partnership with a small LUZ involvement. The main need was to
replace the LUZ entity that operated and maintained the plants under contract. Today, units I and
11 are operated by Sunray Energy; units III through VII are operated by KJC Operating Co.; and FPL
Energy operates units VIII and IX. All units continue to operate with mixed success. Notably, the
Kramer Junction site, with SEGS III-VII, has set performance records in recent years and has sys-
tematically lowered its O&M costs. All nine plants deliver reliable power to southern California.

The demise of LUZ teaches some important lessons. Consistency and stability of tax and energy
policies are essential. Specifically, for highly capital-intensive new technologies, stable policies are a

prerequisite in an early development stage. The unpredictable changes experienced in this particu-
lar case not only exhausted LUZ financially but put additional risk and insecurity on the investors.

Exhibit 43: Units III Through VII of the LUZ Parabolic Trough Solar Power Plant in the Mojave
Desert, Kramer Junction, California

SOURCE: National Renewable Energy Laboratories (DOE). Used by permission.

93



FUEL FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

Endnotes
1 Associated Press, "Solar Gets Its Day in the Sun," NYTimes.com, accessed August 5, 2001.

2 National Renewable Energy Laboratory, Photovoltaics: Energy for the New Millennium, January

2000.

3 Solar Electric Power Association, Large System Cost Report, October 2000, Washington, D.C.

4 National Renewable Energy Laboratory [2].

5 This is, therefore, the design of the parabolic trough proxy plant with storage in our financial analy-

sis (see "The True Cost of Using Solar Power").

6 Smaller parabolic trough plants can be built, but these plants would forgo some of the lower costs

that result from economies of scale.

7 There is some noise from the fan of the cooling element, but it is comparable to the noise from a

car fan.

8 Solar Electric Power Association [3].

9 For an excellent discussion of the LUZ story written at the time by a LUZ executive, see Michael
Lotker, Barriers to Commercialization of Large-Scale Solar Electricity: Lessons Learned from the LUZ

Experience, SAND91-7014, Sandia National Laboratories, November 1991.
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Chapter 4

Benefits of Using Solar Power

An Untapped and Abundant Energy Source
Solar energy is the source of all energy on Earth with the exception of nuclear and geothermal

energy. Yet, very little of our energy needs are met directly by tapping into this abundant
resource. Only through the use of hydro, wind, and biomass have humans indirectly taken advan-
tage of the solar energy that reaches the Earth every day. For the greater part of our energy
needs, we rely on fossil fuels.1

Modern technology now allows harnessing solar energy directly for home heating or electric

power generation. Solar power can be produced using the photovoltaic effect or by using the

sun's heat to power engines or turbines.

The southwestern United States is home to world-class solar resources. The latitude, the low
humidity, and the high altitude of the Colorado plateau make southwestern solar resources likely
the best in the world.2 In the scorching deserts of California, Nevada, and Arinna lie some of
the greatest untapped domestic energy reserves.

As our analysis has shown, only 0.5% of western lands would have to be used to produce twice the
energy consumed in 16 states (excluding Alaska) of the Western Governors' Association (WGA)
using existing technology. This energy could be produced with no air emissions and indefinitely.

Fuel Diversity Hedges Against Fuel Cost

Today, the western states obtain 68% of their electric energy from fossil fuels. In 2001, this was
equal to 741,830 GWh, which is equivalent to 727 million barrels of oil.3 Of this portion, 24%
was natural gas (and some oil) and 44% of this energy was derived from coal. Over two-thirds of
western energy depends on the price of two fuels. In this report we have indicated that, in our
view, future volatility of natural gas prices may be higher than has been experienced historically
due to the increasing competition for natural gas to fuel generating units.

If western states want to hedge against fuel price volatility, then a diversification of energy

sources is essential. Renewable energies with no fuel cost, such as wind and solar, can play a

fundamental role in hedging against volatility. Portfolio theory clearly shows that even higher cost
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resources such as renewables can result in lower long-run energy costs at the same risk level.4

An energy policy with a long-term strategy of reducing' dependence on fossil fuels should not tie
the revenues of renewable electricity to current prices for fossil fuels. Instead, such a policy
should provide incentives that will generate sufficient revenues for emerging renewable technolo-
gies, to ensure that such technologies can enter the marketplace regardless of the price levels
of fossil fuels.

If an energy policy does not proactively work to encourage renewable technologies and instead
relies on tying renewable revenues to fossil fuel prices, the price signals from fossil fuels will only
attract investment in renewable power when it is too late. With low fossil fuel prices, the demand
for fossil fuel will increase, which in turn might accelerate the fossil fuel price, in some cases rap-
idly. The time is then too short to construct renewable technology to use instead of the now
expensive fossil fuel. An example is the low natural gas prices of the late 1990s, which attracted
hundreds of thousands of megawatts of natural gas-fired generation, which then resulted in
increased demand for this commodity, and finally the natural gas price spikes seen in 2001.

Solar Power Plants Meet Siting, Permitting Criteria
A fossil fuel-fired power plant sited in the countryside uses local water resources and emits pollu-
tants into the air, whereas its power is often consumed far from the plant. It is understandable
that local residents often object to a new power plant proposed in their county, in spite of its offer
of jobs and a tax base, because a power plant in the hundreds of megawatts is a large industrial
facility. In fact, a review of the development process of hundreds of power plants in the U.S.
shows that local opposition is a big obstacle to the construction of a new and needed generator.

Developers have learned to factor local opposition-often described as NIMBY ("Not in my back-
yard") or BANANA ("Build absolutely nothing anywhere near anyone") syndrome-into their contin-
gency plans. With the demographic shift from the cities to the countryside-the sub-urbanization
of America-more people with incomes not derived from the local economy live in rural suburbs.
These modern country folk moved from the city to escape the industrial face of America-and
not to live next to a power plant.

At the same time, power plants light our homes and fuel our high-tech economy. Without suffi-
cient and reliable electric generation, the comfort and convenience of today's world would simply
not be possible. Given these observations, the ideal power plant is one that does not pollute the
air; uses little or no water; and is located where people do not live yet is close to load centers.
Solar power plants meet these criteria more than any other conventional or renewable generat-
ing technology.
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Solar Farms Can Be Built in Deserts

All western solar resources are located in deserts. The Southwest has vast expanses of
extremely arid land that host few animals and plants, mostly congregated along rivers, streams,
and arroyos. The land in between these arteries of life is often barren. It is these hottest and
most lifeless parts of America's landscape that are most suitable for solar power plant develop-
ment. Much of this land is administered by the Bureau of Land Management (BLM) and, unless it
contains mineral resources, may be of little economic value.

All power plants occupy land and have an environmental impact, including solar power plants,
which require about 4 to 5 acres per megawatt. The desert ecology deserves protection, but
the best locations for solar power plants are on land for which there might be few other uses.

Western Solar Resources Often Close to Load Centers

At the same time, this land is close to some of the fastest growing load centers. Two reasons
explain this: one is the geography of California and the other is the migration of millions of
Americans into the Desert Southwest. People like areas with a lot of sunshine.

In close proximity to Los Angeles lie the vast expanses of the Mojave Desert, a premium solar
resource area. Often there will be clear skies over the desert while Los Angeles is cloudy. Large
deserts surround Las Vegas, another premium solar resource area and one of the fastest grow-
ing cities in the country. El Paso, Texas, and Phoenix, Arizona, which both have excellent solar
resources, are also surrounded by deserts.

The unique situation in the Desert Southwest and California offers an enormous potential for the
development of solar power plants. Characterized by high load centers surrounded by vast
deserts, this region likely offers the best solar power opportunities in the world.

Solar Popular with Residents

When people are asked to name a renewable energy source they usually reply "solar" or "wind."
Yet the information citizens have about these energy sources is often marginal. Solar power is
usually identified with PV cells, and the use of solar power for large-scale power production is
considered a utopian dream. Virtually unknown is the fact that thermal solar power plants can
produce large amounts of reliable power today.

Our research suggests that western policy makers are likely to find their citizens ready to
embrace energy from solar power. Green energy programs, which sell power generated from
renewable energies at a premium to customers, have been successful and in some areas up to
5% of consumers have switched to "green" energy.5 Most of these programs are running short
on green capacity and thus have had to cut back on their marketing. With better education of
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the public about the sources of power and the choices they have in today's deregulating energy
markets, and with larger-scale deployment of renewables, the penetration of green energy pro-
grams is likely to be even higher.

Until recently, consumers paid little attention to the source of electricity. But the California ener-
gy crisis changed the public's understanding of the issue dramatically. If one good thing can be
gleaned from the crisis, it is that Americans now know that power does not originate in the out-
let but is produced by power plants. Difficult choices have to be made as to the future sources
of electric power.

A recent poll conducted by eight utilities in Texas showed that 49% of retail customers prefer to
obtain their power from renewable energy sources. Only 14% prefer fossil fuel-assuming the
cost for conventional power and power from renewables is the same-and many customers indi-
cated they would be willing to pay a premium for green energy.6

It is likely that citizens will become even more involved in issues surrounding power generation.
We anticipate a cultural transformation in America's approach to energy issues, similar to what
has already occurred in Europe. American society could demand renewable energy not just as a
special product in a utility's energy offering, but as an important part of a comprehensive power
supply strategy.

Chances are that solar power would be a popular, if not the preferred, choice of renewable ener-
gy by the citizens of the Southwest.

Zero Emissions from Solar Plants
Solar power plants, at least theones that do not use hybridization with fossil fuel for off-sun gen-
eration during cloud cover or at night, produce no air emissions. Zero-emission solar generation
after dark or during cloudy days can be achieved with heat storage.

Solar power plants emit no pollutants such as NOX, which causes ozone. The "ozone season"
spans May to September, a period when sunlight and heat convert NOX and volatile organic com-
pounds (VOCs) into ground-level ozone, which is harmful to humans and animals. It is for that
reason that generation from fossil fuels in California is limited during this time period. At the
same time, output from solar plants peaks.

The Environmental Protection Agency (EPA) considers S02 to be a precursor of haze, and haze
compliance start dates are likely to be coordinated with those for PM2.5-small pollutant emis-
sions from fossil fuel power plants, mainly coal plants. S02 is also the primary source of acid
rain. Coal combustion also releases mercury, a toxic heavy metal.

Energy from pure solar power produces no emissions, can improve local air quality, and can help
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western states meet the goals of the Western Regional Air Partnership (WRAp)7 to reduce haze in
our national parks and restore the acclaimed vistas of the West. In addition, solar technologies with-
out fossil fuel hybridization produce no C02 and thus do not contribute to global climate change.

Solar Power Insurance Against Kyoto Protocol

Shortly after taking office, the Bush administration announced that it would not participate in the
treaty that has become known as the Kyoto Protocol, which was negotiated in 1997 in Kyoto, Japan.
The treaty intends to limit the emissions Of C02 and other pollutants that are believed to be linked to
the heating of the Earth's lower atmosphere-referred to as global climate change. As recently as
February 20b2, the Bush administration has affirmed its opposition to the Kyoto Protocol.

America is one of the world's largest emitters of these so-called greenhouse gases, and its rejec-
tion of the Kyoto Protocol puts the effectiveness of the entire agreement into question. The world
climate is an exceptionally complex system and it is fair to question the existence of a warming
trend of the atmosphere due to C02 emissions and other greenhouse gases such as methane,
Nevertheless, a study performed by the National Academy of Sciences on behalf of the Bush
administration and released in June 2001 reported to the president that there was overwhelming
evidence that global climate change is real. In particular the academy advised the president that:

Greenhouse gases are accumulating in Earth's atmosphere as a result of human activi-
ties, causing surface air temperatures and subsurface ocean temperatures to rise.
Temperatures are, in fact, rising. The changes observed over the last several decades
are likely mostly due to human activities, but we cannot rule out that some significant
part of these changes are also a reflection of natural variability. Human-induced warming
and associated sea level rises are expected to continue through the 21st century.

Regardless of the ultimate outcome of the discussion on global warming and the implementation
of the Kyoto Protocol, there are numerous other reasons to pursue the large-scale deployment
of renewable energy sources such as solar, including regional haze or hedging against fuel price
volatility. Yet, at the same time, solar power plants will act as an insurance policy against global
climate change and the possible implementation of the Kyoto Protocol, or its successor, by help-
ing to reduce future compliance costs under a climate treaty.

PV, Dish Stirling Require No Cooling Water
Because of the high operating temperature and high efficiency of the Stirling motor, air cooling
can be used with little compromise on overall solar-to-electric conversion efficiency. The only
water requirements for PV and dish Stirling are for occasional washing of mirrors and glass sur-
faces. This accounts for less than five gallons of water per megawatt-hour of power produced.

This total water consumption is one-100th of the water requirements of conventional power
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plants and makes PV and dish Stirling true water misers. This is especially important in the
Desert Southwest where water resources are scarce. Only wind power requires less water per
megawaft-hour for the occasional turbine blade wash.

Project Lead Time Is Short
Solar power plants can be built quickly and can thus follow demand growth more closely than
most conventional power projects. Capacity can be built within one to two years-start to finish.
This is primarily because solar plants have short development and construction times. The long
lead times of many types of conventional power projects, especially those of coal and nuclear
plants, combined with their large size, which is dictated by economies of scale, causes signifi-
cant lumpiness in supply additions.8 During such a long lead time, market fundamentals that
originally justified the investment may have changed substantially, putting the economic viability
of the project into question. Therefore, fast permitting and construction times are key competi-
tive factors for any power generator.

Pure solar power plants, such as dish Stirling systems, PV, and power towers and parabolic
trough plants without fossil fuel hybridization, do not have to apply for air permits. This lengthy
permitting process can take up considerable time in the development of a fossil fuel plant.
Further, because dish Stirling systems and PV by design do not require cooling water, another
regulatory hurdle can be bypassed.

Another advantage of PV, dish Stirling, and power tower plants is the fact that very little or no
toxic or combustible chemicals are part of the plant design. This eliminates most local permit-
ting issues related to fire hazards or surface water run-off containment requirements under the
Clean Water Act. Also, dish systems or PV have a lower visual impact than wind power plants,
which stand as tall as 300 feet.9 The size of the wind turbines also requires a detailed geologi-
cal study to guarantee the stability of the turbine foundation. For dishes, which are also mounted
on a pedestal, such studies are simpler because of the much smaller size of the structure and
because dishes avoid instead of seek wind loads, which wind turbines encounter by virtue of
their location and operation.

And finally, because the ideal locations for solar power plants are desert areas, acquiring these
lands, obtaining zoning, and performing environmental impact studies will typically be a more
rapid process than with urban and suburban areas targeted by conventional plants.
Nevertheless, because of fire hazards, the land on which the collectors of a parabolic trough
plant are located needs to be kept clear of vegetation at all times; this may cause problems
under the Endangered Species Act or state wildlife protection laws. The small footprints of PV
and the pedestal of dish Stirling cause a small impact on the land.

Because of the aforementioned reasons, solar power plants should have one of the shortest per-
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mitting and development times of any power technology. Overall project lead time is further
improved by the short construction time of solar plants. However, differences exist among the
technologies in terms of manufacture and construction, as the example of parabolic trough and
dish Stirling shows:

The power island of a parabolic trough plant is essentially a steam plant, which is connected to
the solar field through a heat exchanger, where the heat transfer fluid of the collectors produces
the steam for the turbine. Thus, the construction period of a parabolic trough plant is compara-
ble to that of a simple steam plant, which is estimated to be 12 months for a 100-MW power
island. The solar field can be built concurrently and., because of the modular nature of the collec-
tors, as quickly as desired.

Dish Stirling systems are entirely prefabricated and, once the foundation is set, can be erected
and electrically interconnected in less than four hours, assuming that the necessary transmission
interconnection has been completed. Since the units are self-contained, a dish can, in principle,
produce power immediately. Initially installed units can thus offset some of the interest during
construction with energy sales. While hybridization with fossil fuels is possible, in the near term,
dish Stirling systems will likely not use hybridization. For this reason, no fuel lines need to be
constructed to the dishes, which further simplifies construction. Dish Stirling power plants can
be built within weeks. An entire 100-MW dish Stirling solar plant comprising 4,000 units can be
assembled in a few months.

The current power plant construction boom in the U.S., with over 48,000 MW of new power
plants built in 2001 and 57,000 MW expected in 2002, has all but exhausted engineering, pro-
curement, and construction (EPC) contractor capacity in North America. It is for this reason that
the developers of new parabolic trough plants will face difficulties finding an EPC contractor in
the near term. In addition, RDI Consulting's research shows that in 2001 almost every large
power project was delayed by months. Large-scale dish Stirling power plants do not require an
experienced EPC contractor; thus no delays or difficulties in the construction of these solar
plants are expected.

Such fast construction times reduce the cost of financing and provide better matching of supply
to demand growth.
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Endnotes
1 Ultimately, the energy of fossil fuels also has its origin in solar energy, which made ancient forests

and organisms grow.

2 Department of Energy and EPRI, Renewable Energy Technology Characterization, Topical Report TR-

109496, December 1997, p. 5-4.

3 Assumes a fossil fuel to 1997 electricity conversion efficiency of 60%.

4 Shimon Awerbucher, "Getting It Right: The Real Cost Impacts of a Renewables Portfolio Standard,"

Public Utilities Fortnighly, February 15, 2001.

5 E SOURCE, "Making Green Electricity Programs Work: The Experts Speak Out," report GE-5,

September 2000.

6 Kathleen McFall, "Green Supply: Opportunity amid Uncertainty," Energy Insight, August 3, 2001,

www.einsight.com.

7 www.wrapair.org

8 Lumpiness means capacity being added in amounts larger than the increase in peak demand in that

year and thus requiring load to "grow into" capacity additions.

9 Based on 800-kW turbine, including rotor.
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