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BYTHE COMMISSION::,...
I.

STATEMENT OF PROCEEDINGS

On January 30, 2004, Georgia Power Corripany ("Georgia Power", or "GPC") and
Savannah Electric and Power Company ("Savannah Electric") (collectively referred to
herein as "Companies"). separately submitted to. the- Commission applications for
Integrated Resource Plans ("IRPs" or "Plans") for approval pursuant to O.C.G.A. § 46-3A1 et seq. .("IRP Act" or' "Act"). The Georgia Public Service Commission ("Commission")
issued a Pircedural and Scheduling Order. on March 5; 2004, finding it appropriate and
administratively convenient to hold concurrent and consolidated hearings in these dockets.
No party entered an objection to the consolidation of the cases. These proceedings were
declared to be contested cases as the term is defined in O.C.G.A. § 50-13-13 and were
also held to encompass complex litigation pursuant to O.C.G.A. § 9-11-33(a)..
The Procedural and Scheduling Order directed the Companies, at a-minimum, to address
those issues that are required by the IRP Act and Commission Rule 515-3-4 ("IRP Rules"),
as well as any directives issued for the Companies to follow in the 2001 IRP cases.', In
addition. to the issues that traditionally are included in an IRP case, the Commission
sought input from interested parties whether existing Utility Rule 515-3-4-.04(3), Request
for Proposals Procedure for Long-Term New Supply-Side Options, should be modified
to provide in greater detail the manner in which new supply side resources are to be
requested, evaluated and presented to the Commission for certification.
In accordance with O.C.G.A. § 46-3A-5(c), the Commission established fees for review of
the IRPs within sixty days of the filing of the applications. The Commission concluded that
$143,060.00 was the appropriate fee for Georgia Power Company, 2 and:$61,31 1.00 for
Savannah Electric. 3 On March 16, 2004, Georgia Power and Savannah Electric remitted
the established fee amount, thereby making the statutory deadline for this proceeding to
be July 14, 2004.
.
.
Pursuant to statute, the Commission Staff ("Staff") and the Consumer Utility Counsel
Division ("CUCD"). of the Governor's Office of Consumer Affairs were parties to these
dockets. Applications for. Intervention were filed as follows:
Docket No. 17687-U: Resource. Supply Management ("RSM")
intervened on February 18, 2004; Georgia Industrial Group ("GIG")
intervened-on February .19,. 2004; Georgia Textile: Manufacturers
Association ("GTMA"), intervened on February 20, 2004; Calpine
Corporation ("Calpine") intervened on February 25, 2004; Georgia
1. See FinalOrder, Docket Nos. 12499-U, 13305-U aand 13306-U, filed on July 17, 2001.

2 Docket No. 17687-U, Order EstablishingFee for Georgia Power Company's Application for Approval
of the 2004 IntegratedResource Plan,filed on March 22, 2004.
3 Docket No. 17688-U, Order EstablishingFee for Savannah Electric and Power Company's Application
forApproval of the 2004 IntegratedResource Plan,filed on March 22, 2004.
Docket Nos. 17687-U and 17688-U
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,Environmental: Facilities' Authority. ("GEFA") intervened on February
.-.
25, 2004;-Southem Alliance for Clean Energy ("SACE") intervened on . .
March 5, 2004;4 Live Oaks Co.mpany, LLC intervened on March 26,
2004; -Alliance to Save.Energy ("ASE").intervened on April 16,.2004;
Georgia Interfaith .Power and Light .("GIPL").intervened..on April 16,
2004; and Homeowners Opposing:' Powerline Encroachment,- Ilnc..
("HOPE") intervened on April 19,.2004..

.

'Docket ,No. .17688-U: ,Calpine,,intervened -on February, 25, 2004; a
SACE intervened, on March 5;- .2004;5. ..Live :Oaks Company, LLC
intervened on March 26, 2004; and ASE intervened on April 16,
.2

-~:2004..
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No party was denied intervention during the proceedings.'

On March 5,12004,. and-again; on May.-25,' 2004,-.the Commission :filed -amendments to its
Procedural -and Scheduling..Order.' Both sets oframendments were noti:substantive-in
nature; but, rather,..were .the result of the Commission's. need to modify the dates on which
. the hearings were to be held and filings were~to be made.
The Commission conducted the •hearings in three phases in this matter. During the -first
phase.of.the hearings,,the Companies presented their direct cases on April.k19,-2004, and
April20, 2004, through one panel of witnesses comprised of Mr. Richard A. White. Mr.
Larry R: White, Mr., Jeffrey A..Burleson, and Mr. Garey C. Rozier.7-

- '

, .

.-

-On May 25, 2004, the Commission Staff presented a-panel of witnesses setting forth'its
positions in these dockets. This panel consisted of Mr. Mark W. Crisp, Mr. Jerry W. Smith,
Mr. Evan D. Evans, Ms. Kathleen F. Best,' Mr. Daniel R. Cearfoss,' Jr. and Mr,.Phil M.
Hayet. GIG and GTMA co-sponsored-two witnesses, Mr. Jeffry Pollock and Mr. John A.
Mallinckrodt,.who testified on this same date, with Mr. Timothy Eves testifying on behalf of
Calpine in between the presentations ofthe two GIG/GN-G witnesses..-.
A -witness 'panel comprised .of;. Mr. Richard ,.F. Spellman.,and -.Mr. .Harry•:Misu dello :also
testified on behalf of ASE on May 25, 2004,: and:on-May. 26, 2004, as-well, followed by a
panel of three witnesses for SACE that :consisted of Mr. James Presswood 8, Ms. Rita
• Inthe Georgia Power IRP docket, an. Amended Application.for Leave'to Intervene was filed by SACE on
M ay.20, 2004...

5
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Also 6n' May 20, 2'004; "an"Amended A",4pplic'ati0"n' fo-r" Leave j-o Intervene wwa

Savahia'h -Electric IRP'dd'cket.

-,'

SACE...
in the...
.

yfiled"
,SACE in"the

"..

6 'Although

Mr'. John S. Ellis intervened on behalf of Live Oaks'Company, LLC,* no appearance at.the
hearings was made by Mr. Ellis on behalf of this party.
7 Both Mr. Burleson and Mr. Larry R. White are employed. directly by Georgia Power. Mr. Richard A.
White:is.employed by Savannah Electric..Mr. Rozier is employed by.Southern Company Services..See
1! 7
Pre-filed direct testimony of the Companies' panel of witnesses,- page.- '
8 Mr. Presswood testified as la subject matter expert during. the, hearings and. also served as SACE's
counsel in this proceeding.
Docket Nos., 17687-U and 17688-U. -,,.'..
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Kilpatrick, Mr.- William Prindle. 9 This second phase of the hearings concluded -fter the
testimony on behalf of a witness.sponsored by GIPL, Ms.: Melissa Heath, Was provided.
Thereafter,'during the third'and final phase of the hearing that was held on June 28, 2004,
the Companies presented rebuttal testimony through the -same -panel of Witnesses that
previously testified to support their-direct cases.
At the conclusion of the hearings in these dockets, closing arguments and/or proposed
final orders were filed by the Companies, ASE, Calpine, RSM, Staff, and the CUCD on
July 1, 2004, or on July 2, 2004, as permitted by the Commission.
On July 9, 2004, at a Special Administrative Session, the Commission considered the
positions of the various parties and rendered decisions on the Companies' respective
IRPs.
In conjunction with doing so, the 'Commission hereby adopts in this Final Order, with
'modifications and further directives, the IRPs filed by Georgia Power and Savannah
Electric. In doing so, the Commission sets forth -in this Order further direction to Georgia
Power and Savannah Electric for: further reporting and analysis to be performed and
provided to the Commission prior to or in conjunction with their next IRP filings,
amendments or applications for de-certification. Finally, this Order issues directives by.the
Commission that. are to be followed by its Staff in order..to facilitate a Demand Side
Management Working Group and initiate the process required for amending the agency's
existing Utility Rule 515-3-4-.04(3),: Request for Proposals Procedure for Long-Term
New Supply-Side Options.
Ih.

JURISDICTION AND AUTHORITY

Georgia Power and Savannah Electric are public electric utilities serving retail customers
within the State of Georgia. Georgia Power.and. Savannah Electric are- two of the five
retail operating companies of which the Southern Company system is comprised. This
Commission has-jurisdiction over Georgia Power's and Savannah Electric's IRPs pursuant
to O.C.G.A. § 46-2-1 et seg., generally, and the IRP Act in particular.
The IRP Act requires the Companies to file Integrated Resource Plans at least every three
years. 10 The Companies' obligations with respect to the information that is filed is set forth
pursuant to criteria identified in the Commission's IRP Rules. A "plan" is-defined in the Act
.as an Integrated Resource. Plan that contains the utility's: electric 0dremand and energy
forecast for at least a .20-year period; program for meeting the requirements shown in its
forecast in an economical. and reliable manner; the analysis of all capacity resource
9 Although Ms. Sara Barczak was identified on the pre-filed direct testimony as a witness who would be

testifying on behalf of SACE, she was unavailable to appear at the hearing to answer questions about the
?(0anel testimony. As such, the panel was permitted to proceed with its testimony in her absence.

O.C.G.A..§ 46-3A-2.
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options, including -both demand-side and -supply-side options;; and the assumptions! used and the conclusions reached with respect to the effect of each capacity resource option on
the future cost and reliability of electric service. The Plan also must:
(A) ..Contain the size and type of facilities which are expected to be ownedQr operated in whole or in part by such utility and the construction of.,
which is expected to commence during the ensuing ten years or such
longer period as the Commission deems rn'cessary and shall identify
all existing facilities intended to be removed from service during such
period or upon completionof such construction;
(B),;

Contain :.-practical .altematives ,to 'the fuel type and method. of
generation of the proposed electric generating facilities and set forth
in* detail'.:the, reasons for' selecting: the fuel type and .m6thod of
generation;

(C)--

Contain -a. statement of the 'estimated ..impact, of proposed and
alternativegenerating plants on-the-environment'andithe •means.by. ::
.
which potential adverse impacts will beavoided or minimized;-

(D)

Indicate' in'detail; the projected.demand for electric energy for a 20,year period and the'basis-for determining the projected demand;. -

(E),

Describe

-the

utility's relationship .-to .-other, Utilities in regional

:associations, power pools, and networks;
,

I'

.

I

•

.

..

-

.....

S-(F)"

Identify and describe all major research projects and programs which
will ;continue !or commence in .the' sUcceeding three years :and set
-forth the reasons for selecting'specific areas of research;.,

(G)
..

programs
and planned use;
describe and
existing
Identify andinefficient
and and policies to
excessive-power
discourage

":(H)--

Provide -any .other'. information. as ý-may :be. :required.- by the
.
,
Commission.'

The Commission is required under O.C.G.A. § 46-3A-2 to make deterninations as to the
adequacy of the IRPs and to ensure that the utilities', Plans have appropriately addressed
numerous&,matters.-, There ;:-must- be' a: determination, that ,the forecast' requirements
contained in the Plan are based on substantially *acuratedata and an adeqUiate method of
-forecasting.' 2 The.Commission must also find that the Plans identify and take into account
any present. and projected reductions in the demand for energy that may result from
.........................................
"

12

" . "...

O.C.G.A. § 46-3A-1 (7)..
0.C.G.A. § 46-3A-2(b)(1).
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measures to improve energy efficiency
in the industrial, commercial, residential, and
13
energy-producing sectors of the state. 3
Further, the Commission must determine whether the Plans adequately demonstrate the
economic, environmental, and other benefits to the state and to customers .of the utilities,
associated with the following possible measures and sources of supply:
(A)
(B)
(C)
(D)
(E)
(F)

.

Improvements in energy efficiency;
Pooling of power;
Purchases of power from neighboring states;.
Facilities that operate on alternative sources of energy;
Facilities that operate on the principle of cogeneration or.hydrogeneration; and
14
Other generation facilities and demand-side options.

After hearings have been conducted on a Plan, the Commission may approve the IRP;
approve it subject to stated conditions; approve it with modifications; approve it in part
and reject it in part; reject the. plan as filed; or provide an alternate plan, upon
determining that this is in the public interest.15
With regard to its rule-making authority to enact or modify regulations regarding the
manner in which new supply-side resources are to be attained for the Companies' retail
customers, the Georgia Legislature conferred upon the Commission a general blanket
of authority under which it may enact those rules necessary to execute the functions
that it has been delegated. 16 Along this avenue of authority, the.Commission included in
the Procedural and Scheduling Order a request for information from parties in order to
determine whether its existing Utility. Rule 515-3-4-.04(3), Request for Proposals
Procedure for Long-Term New Supply-Side Options, should be enhanced and, if so, in
what manner. In furtherance of this purpose, the agency's stated areas of interest
included:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

The procedures for the issuance of any Request for Proposals (RFP)
The contents of the RFP
The need for and role of an Independent Evaluator to oversee the RFP
process
Evaluation Criteria. and Procedures including selection process for a
competitive tier and/or short list of bidders
.Codes of conduct for participation in an RFP
The manner in which Information will be made available to bidders
Exceptions, if any, to the RFP procedures

.13 O.C.G.A. § 46-3A-2(b)(2).
14 O.C.G.A. § 46-3A-2 (b)(3).

"'GPSC Utility Rule 515-3-4-.01 (2).

16 O.C.G.A. § 46-2-30.

Docket Nos. 17687-U and 17688-U
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(h) ----.The inclusion of a "Self-build" option by a Georgia-regulated utility, in the.
RFP process; and
(i)
A description of, and the17use that is to be made of, a "Target Price" in the
RFP evaluation process..

III.

FINDINGS OF FACT AND CONCLUSIONS OF.LAW-

To. ensure that the competing interests of all 'parties were properly considered, the
Commission has carefully analyzed all evidence of record including the testimony given
and the Various exhibits entered 'by:. all the parties'.' - 'As set forth hereinafter,;*the
Commission makes' findings of fact and conclusions .'of law1 8 based on the evidentiary
record created, taking.into consideration any.joint proposals for a resolution to an issue
raised by this agency.

A)

REVIEW' AND' EVALUATION
OF THE:, -INTEGRATED
RESOURCE PLANS-FILED BY GEORGIA POWER COMPANY
ANDZSAVANNAH ELECTRIC AND.. POWER COMPANY' 9

1)

LOAD FORECAST

In Volume lA;,Table 4.2, on page 9 of the Technical Appendix 2° to Geo'gia Power
Company's 2004 IRP filing, the load-forecast for the years .2004ý through 2023 is set
forth as it pertains to the Companies' service areas as well as the Southern System as a
whole. With regard to the demand .and energy forecasts that are used to'project -load
for the Comnpanies, the Staff panel of witnesses was the only. one to comment on each
of them. A review of-the testimony provided. by: Staff -regarding the adequacy of the
forecasts'filed by Georgia Power: and Savannah Electric is -relevant t6,this Commission
making at determinatibn whether'rthey should be approved asfiled.
'

7 -Procedural
and Scheduling .Orer,March.5, 20.04,
18 The areas of discussion included in the body of

p6
.
the Order in terms of Findings of Fact and Conclusions

of Law speaks only to the areas of the Plans filed that were contested. Matters that were not disputed or
previously were decided by the Commission in these dockets are referenced in the ordering paragraphs
only.
19 Due to the way the transcripts of the three phases of the hearing were prepared in these dockets, there
is no way to identify specific pages in the transcripts .when pre-filed testimony-of any witness(es) is(are)
referenced. As a consequence, all statements 'referencedas.an authority in this Final Order will be cited
from a party's pre-filed testimony, which, -atthe hearing,.'was accepted into the record as'evidence.,
20 This information is contained in the Trade Secret version of the Georgia Power's filing.
.
Docket Nos.: 17687-U and 17688-U,
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a)

Sufficiency of Load Forecasts
.-Georgia Power Company

In conducting its analysis, Staff noted that Georgia Power used econometric models

developed in-house for the short-term forecasts (2004-2006), and a set of EPRI enduse models (REEPS, COMMEND and INFORM) for the longer-term forecasts (20072023). Georgia Power. also.: used .the :EPRI ýmodel,::HELM; to produce the •demand.
forecast. The long-term models used are well accepted industry-wide, and Georgia
Power performed an appropriate analysis.of data input and calibration for each of these
load forecast models. Staff acknowledged that.some judgment was necessary. in the
selection of variables for allmodels, and that Georgia Power appeared .to have made
reasonable decisions for the Budget 2004 forecast,..which was prepared during the
spring of 2003.21 The energy forecast is dependent on the input variables provided by

Economy.com.
In its analysis of load, Georgia Power provided data that indicated a recent tendency for
this company to over-forecast total company. demand, with the errors, ranging from
approximately 1% to 7%'on a weather adjusted basis 22.. However,, the more recent
interim forecasts appeared to have improved and were in the range of 1% to 4% error.
Staff determined that these percentages of errorsare in the range"ofwhat is acceptable.
23
A similar review of the weather adjusted comparisons for total company energy
revealed that on a total company basis, Georgia Power systemdatically also has overforecasted energy usage. However, the forecast errors are within acceptable ranges of
.3% to 5%, with more recent forecasts indicating improved. accuracy with variances of
approximately 1% to 3%.

Staff evaluated the .weather adjusted energy forecasts by- customer class 24 and
concluded that forecast accuracy is within acceptable limits, with the potential exception
of the industrial class. (Pre-filed Panel Testimony of.Staff, p. 49). The industrial class
energy forecast errors from .the.eBudget 1999.through the Budget 2001 .forecasts are in
the range of 15% over-forecasted. 3The Budget 2002 forecast improved accuracy
considerably to the 3% to 7% range. Georgia Power lost industrial customers from 1990
through 2003. Over the period, the number of industrial customers declined at the
average annual rate of 2.9%. Georgia Power forecasted an average annual rate of
decline for industrial customers of 1.-6% for the period of 2004 through 2023. The
industrial class represented approximately 24% of the total Georgia Power demand in
2003. A ratio has been projected by the Company to decline to about 20% in 2023. On

Georgia Power performed weather-normalization for both energy and demand data in order to provide
historically appropriate comparisons of forecasts to actual energy and demand..
21

22GeorgiaPower's2004 IRP Filing Technical Appendix Volume 2, Section 9, pages 189- 190.
23

24

Georgia Power's2004 IRP FilingTechnical Appendix Volume 2, Section 9, page 185. -

Georgia Power's2004 IRP FilingTechnical Appendix Volume 2, Section 9, pages 185-188.
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an energy basis,.the'industrialclass represented about 35% in 2003, a ratibisprojected
to'decline to 30% in .2023.25

...

-

.

Staff o0bserved ,that. Georgia Power "estimated- and adjusted "the industrial, class ,-to
account~for a trade secret concern that has the poteritial to .be realized in the upcoming
years. Id. at 50.' Minor adjustments start in 2007 and major adjustments :occur: in 2008
*and beyond. It is likely these estimates will change when trade secret concerns had.by
the Company are decided one way or another. Secondary economic effects of these
trade secret
concerns
were: included in the residential
and. :.commercial
classes also.'-.-.
. . ." ' . "
.
,
I"•. :i • . '",,S, . . . 4.i , .' .
. , ".. . . :..
:.
:i . : -, -i.•, . .• .
:,
• " •:
In looking at Georgia Power's forecast,, which was prepared in-the -spring of.2003, Staff
concluded, that -.there ýhave been; potential .-signs of some economic..recovery, in the
southeastern United iStates; .which make it-prudent to examine a case -where; some'
growth in the industrialclass resumes before 2008. In order to examine this scenario,
Staff recommended a: sensitivity caseto, be performed,-: that. in addition'to other data
changes, increased the total system.load-and demand by 1% over.the Georgia Power•
.Budget-, 2004 .forecasts, ,Id, at. 51. This :case 'represents ;the ,,possibility ý'that some
economic- recovery.is now'in progress but had not yet been picked up in the Georgia
Power forecasting models.

...

..

.Necessity for Update to'Georqia Power's Existinq Load Forecast
When. doing cross-examination of the' Companies'..direct. testimony, Staff inquired as to
whether there would be an updated load .forecast filed with the Commission by Georgia
Power for use in the upcoming 2004 rate cases. (Transcript (Tr.) 47.) Witness Jeffrey
Burleson- indicated that one. had not~beeii prepared'and there wasý-ro intention to 'file
one, (Tr.48.) During the rebuttal.phase of the hearing, Staff made additionalIinquiries
during cross-examination through which the genuine need for the Commission to obtain
a new or updated load.forecast from- Georgia 'Power was explored.' (Tr.984-997.) Among
the'points made by Staff that would:support a more current load forecast being filed by
Georgia- Power included :the-fact that some.,of-the, data .underlying: the .one.n 'the IRP
was from at least ,January.2003, maybe earlier (Tr.991-992); the growth predicted in the
forecast for the various retail customer'sectors may have far exceeded actual growth as
per recent Company-pronouncements (Tr.986-991); and the significant role'that'a load
forecast plays. in a rate case, which Georgia Power filed on July 1, 2004, seeking
increased rates. (Tr.990-994.)!:. .',
Through its. responses,. Georgia Power'"Witness Burleson disputed any, need for an
updated load forecast to be 'filed. He: indicated that," as -peif.the ýFinal Order in the 'last
IRP -'case (Docket'No•. 13305-U)i,-Georgia Power only hiad to notify the Commission if a
neWload forecast-was develojied~by the-Company. (Tr.980.)Mr. Burleson indicated that
information trackin'gL any.,valriances ,in, the: load 'forecast is routinely-imade aVailablet6
management of the :Company'in the form'of reports. (Tr.982.):
'
.'
.
.

25

.....
.;*,--.

...
: .•

: ,, '

•,

.

.

.9 *:, • •;••

..
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.

-

-
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•

; '* •-

Georgia Power Company's Technical Appendix, Vol. 2, Section 2, page 22.
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In furthering his opposition to' preparing. an updated forecast based on actual data
becoming available since it was prepared in early 2003, this witness contended that the
actual data, once weather normalized, would result in the forecast being lower than
what it is presently. (Tr.994-995.) While there' may. be actual: data. that:..shows •higher
sales for a customer class, :Mr. Burleson seemed to infer that such increases were
somehow offset by lowerthan predicted sales in the forecast for another.class. (Tr.986-

988)

When asked about the importance of its load forecast in terms of its upcoming rate
case, Mr. Burleson did concede that there would be overearnings by a utility if its
revenue requirements'were to be spread across a customer base that was lower-than
'what
was•forecasted..(Tr.992-994.)' In light of this and other inquiries made by Staff,
Mr.
Burleson stood firm in his position that a load update was not necessary.
While the Commission understands the position of Georgia Power in -this regard, it
shares Staff's concern about Georgia Powers decision that a more current.-load
forecast will not.be made available for the 'rate case that is to be decided later this year.
While Mr. Burleson possesses a great deal of credibility as a witness:,the Commission
would be derelict in its duty if it were merely to rely on his representations as to the
impact that the availability that actual data has had on the forecast, and not to direct that
this updated information befilled with this agency. Since the information necessary to
update the existing forecast appears to be readily available to representatives of the
Company, it should not be any hardship for the Company to. do an update to its load
forecast.
It also must be noted that the need for an updated load forecast is compounded by the
fact that a cost of service study has been done by rate schedule for the first time in the
.2004 rate case. Ifactual sales data deviates from that which is embedded in the existing
load forecast, it could result that certain customer classes will have rates set for them
that subsidize rates that will be set for consumers that. take service under another
class's rates. To eliminate any far-reaching ramifications, from .this occurring, -it is
imperative that by no later than August 15, 2004, Georgia Power must file an updated
'load forecast and budget comparison information with the most up-to-date information
as of March 31,2004.
.
Savannah Electric and Power Company
Staff noted that Savannah'-Electric prepared . short-term (2004-2006) econometric
models for most classes. (Pre-filed Panel Testimony of Staff, p. 53). For its industrial
class, the company tabulated individual customer forecasts to obtain the forecast of the
entire class. Savannah Electric used a set. of EPRI. end-use models (REEPS,
COMMEND and INFORM) for the longer-term forecasts (2007-2023), The company
also used the EPRI model, HELM, to produce the demand forecast. The long-term
models are well accepted industry-wide and Savannah Electric has performed the
appropriate analysis of data input and calibration for each of these models.
Docket Nos. 17687-U and 17688-U
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K.)

Like its sister. -company, ,,Georgia-. Power, Savannah.: Electric --performed .weather-,
normalization for! both energy and demand data in order 'toprovide historicallýy accurate
comparison of forecasts -to.,actual energy kand demand. It provided data indicating
forecast errors that are. in the range of. approximately,.1% to 5% on a weather adjusted
basis, with the exception of .the industrial .energy.. H owever, a..more recentinterim
Budget 20034orecast resulted in errors of 1% to 3%. As with Georgia.Po.wer, this ,range
of errors is acceptable, and the company's demand. forecast. is also -within ýstandard
tolerances. Id.
For theindustrial energy.forecast comparisons on.a weather adjusted basis, Savannah
Electric over-projected energy sales by.as, much as 15% in the most recent forecast. 27
Staff notedthat it was advisable to attempt add.itional econometric or other modeling for
the short-term industrial energy sector .to. See whether any improvement could-be
achieved since this class represented approximately 20% of the total sales in 2003.- Id.
Staff ultimately concluded that Savannah Electric's short-term models fit the historical
data, and appear..to be reasonable 'and" consistent ..with tr6nds,. 'withi the possible
exception of the industrial sales forecast, -and that the company's demand proje6tions
were reasonable.JId. at 54.
Necessity for Update to Savannah Electric's Existing Load Forecast
While Savannah ectric witness Richard Wihite was not. asked -the same questions
about; the, load forecast as -Georgia Power witness Jeffrey .Burleson, similar cnceirns
are present about the age of the.existing load forecast existsince Savannah Electric
also wVil be filing a rate case later this year.-, Irrespective of the concern.that this utility
does not share its sister company's situation in terms of doing a cost' of service by
individual rate, Savannah Electric -likewise is directed to update its.load forecast.and
budget, for filing with the Commission based on the ielevancy pf such information to the
rates that will be set nextyear as a result of-its 2004 ,rate case fiiing..

b)

Recommendations Reqardinq the Companies' Load Forecast.

Based upon the evidence in the record,.the Commission. finds and concludes that it is
appropriate to approve the.demand and energy forecasts as filed by Georgia PoIer.and
Savannah .,ElectricIIwithou-t modification to any projetiions to Iany. customer .class. In

doing so, .however, the commission does find the". concerns about the vintag46. 0fthe

forecast information, .which is'oldand.can easily be tupdated by actal data. Providing
this more current information is essential
•e•cause this. information wiii pfiay a critica&l,role
in the Company's upcoming rate' case. As such, tlh&eCbormmission" further finds' and
concludes that. Georgia Power and Savannah Electric .shall each update its forecasts
utilizing actual !data through March 31, 2.)004."...Once- updated, these.fore,6asts s'hall be
filed by the Companies 'on or before August 16,2004.
26

2

Savannah Electric's2004 IRP Filing,Technical Appendix,-Section -1 pages 46-47.,

71Id.at
46.

27
• Id.at
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2)

RELIABILITY-AUTHORIZED TARGET RESERVE MARGIN

in an effort to plan for a reliable system', allowances for capacity resources in excess of
a utility's projected peak demand requirement-are made for the purpose of recognizing
that generating units can. fail randomly, and load projections typically have some
measure of forecast Brror.. This commitment to have excess capabitV provides a
reasonable: assurance that the utility Will always'have resources available to serve its
load. A system with too large of a reserve margin Will tend to have high'revenue
requirements because it will overbuild capacity on its system. A system with too small
of a reserve margin• will have to depend on purchases from the wholesale 'market that
can be quite high 'at times of peak demand, once again --resulting- in high revenue
.requirements. The goal of a reserve margin study is to determine the level at which
revenue requirements are the lowest for.a given level of reserve margin. This results in
a well-planned, reliable, and cost-effective utility system.
In the 2004 IRP, the Companies have proposed that the ultimate system reserve margin
should be set at 13.5% for the first 3 years, and then 15% for the years after that. As
support underlying this recommendation, Southern Company Services conducted a
reserve margin study28 that updated the one that was previously done in 1999. The
conclusion reached in both studies was that 15% is the appropriate level of reserve
margin for the Southern Company System. In the 2001 IRP, Georgia Power cited to the
1999 study as. its basis for relying on 15% as its target reserve margin level for the
Southern Company System.2 9 Also, in the 2001 IRP, Georgia Power proposed a lower
System reserve margin' lev'el for the short-term, arguing that it was an acceptable level
for the first three years: of the IRP study period. Ultimrately, the Commission accepted
these target reserve margin levels for the 2001 IRP.
For purposes of its 2004 iRP reserve margin study, Southern Company Seivices relied
on its Monte- Carlo Frequency and Duration Model "MCFRED," to develop the
relationship between system revenue requirement and reliability based on Expected
Unserved Energy (EUE). The cost of EUE is the payment which one customer is willing
to make to avoid-an hour.of sudden, unexpected, firm load curtailment on a hot,
summer afternoon. The goal of the reserve margin study is to determine the appropriate
level of reserve margin. such that total system revenue requirement is minimized,
considering the cost of generating to serve load, the cost to build newcapacity and the
cost of expected unserved energy that might result from not having built quite enough
ca.pacity to serve load. In the 2004 filing, the reserve margin study explains that several
changes were made in. the modeling methodology- to more closely represent the
operational characteristics of the system.
Base on the results of the reserve margin study and the resulting analysis done by Staff,
the commission believes that the' Companies' proposed system reserve margin
28

29

See Technical Appendix Volume 1B of Georgia Power's filing.
Staff PanelTestimony filed May 11,2001, Docket Nos. 13305 and 13306, page 18 at line 5.
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recommendation, which includes a risk adjustment,30. .should be:approved in1this .1RP.
Their recommendation appears to be quite reasonable based on'a number of facts.
These include an acknowledgementthat, a.15%., reserve margin is:consistent with what
other ",utilities -typically use,; that ,presentlyý, there is ýconsiderable excess merchant
capacity in the southeast region and that Southern Company as a whole, is itself in an
over-capacity situation.
As such, the Commission finds and concludes that the Companies' proposed 13.5%
target reserve margin for the'2004.- 2006'time frame shall be-set at 13.5%, with.15% to
be used for the remainderof thestudy.period. It is furtherdirected that,:in future reserve
margin studies, :as with 'all evaluations that--are conducted as part of an, IRP, consistent
modelingdata should be used..to the greatest extent possible. .
-

3) -SUPPLY-SIDE

MANAGEMENT

Generation Expansion Plan

a)

Georgia Power Company's Resource Planning Process
Georgia- Power's base case"'supply-side ;Resource Plan,. which covers 'the 20-year
perio'd from'.2004 thrOugh 2023,-id~entifi6s the need for new resourcesýto begin in 2009
a nd continue' evbry -ye*ar thereafter th6rough 2023, In each of .those6 years, Georgia
Power proposes to add various combinations of gas-fired combustion'turbine ("CT") and
combined cycle ("CC") units. Between 2004 and 2008, the Companies' have already
made commitments to satisfy theiriresource6r6eeds basedon 'prior: IRPs; through
reduction in the peak demand forecast, and in accordance with Commission certification
prodeedings that took:place_ in'Decbember 2000 and December 2002.
The December 2000 certification allowed -Georgia Power to proceed With the following
.3'
resources:.,

*
..".

.. . .

•

..

1,800 MW of purchased 'po"wer coming online in -the 2003 '"nd 2004 time
period based on purchases from Southern Power Company. (The Franklin
.ndHarris• Piwer Purchaise Agreements (PPAs)':,-'•'...
-.-.

! . - ---'

' "

.

-

12 MW upgrades to the Goat Rock Hydro units
3,ný

'

tenC

mp

n

ev

' "

•

.

-
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.

'*'.
" ......

30On

.,
..

page 48 of the Risk Ma.rgin'study, Southern Company Services reported that the optimal -reserve
margin' for the .system 'is'-:6atualliy -lower". thain 'tlie `15%'i resenive-# margin"'that the- Companies have
reCo'immended. Howevr, th-'rugh a series of additional analyses, risk factors'Were deriged'an'dadded to
thelower IreserVe 'nmargiri: result.-' The nei 'resUlt'6f these'risk factors is that additional 'capacity has to'be
planned for the systemf to satisfy thb highe4`reserve' margin targets.. it:sehould be noted that the use of risk
adjustments is not unusual when they are applied in such a way-that the OitilitR may meet other goals' in
addition to those require'd by'thb6 basic m6th'dd601gy•Staff 'dt'terrfine'd tliat plahning for.a
reliable system
in an uncertain environment was an adequate reason in these filings to use a risk adjustrrient.' .:---....
.3 Georgia PowerCompany's 2004 IRP Main Document, pages 1-7.
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The December 2002 certification included:

S. •1,660 MW of purchased power coming online-in 2005 based on purchases
from. Duke - Energy Southeast Marketing, LLC and Southern Power*• . C6mpany.3 2
Savannah Electric's Resource Planning Process
Savannah Electric's base casesupply-side resource plan also covers the same 20-year
time frame and has identified the need~for new resources to begin in 2009. Just as in
the 'case of Georgia Power, after 2009, and through the remainder of the planning
period, Savannah Electric's resource plan calls for the addition of CT and CC units.
Based on decisions made in prior IRPs an.d approved in Commission certification
proceedings (one in March 2000, and another in December 2002), Savannah Electric
has already made commitments to satisfy its resource needs. coveringthe period of
2004-2008.
In ýMarch 2000, the Commission certification allowed Savannah Electric to proceed With
the following resources:.
*

200 MW of, purchased power coming online. in June .2002 based .on
purchases from Southern Power Company, from its Wansley Combined
Cycle Plant. This is a 7.5 year. PPA covering the, period of, June 2002•through December 2009.

The December 2002 certification provided approval for:
*

200 MW of purchased power coming online in June 2005 based on
purchases from Southern Power Company, from its McIntosh Combined
Cycle Plant.3

,

. ..
.. .

... .

The retirement of approximately 100 MW at Plant Riverside on May 31,
.2005, based on the purchase of McIntosh unit.
Based upon the information filed by the Companies in their IRPs, the Commission finds
and concludes that the Companies' respective Generation Expansion Plans appear to
be adequate.
Since both.Companies filed their, IRPs on January 30,. 2004, a joint application was made to the
Commission on May 7, 2004, requesting direction to buy the two units, McIntosh 10 and 11, which were
the subject of the purchase power. agreements that they previously• entered with Southern Power.
Company, and .which ,the Commission certified in December 2002. The Commission issued this directive
inan order.filed on May 19, 2004, in Dockets 15392-U and 15393-U and will be cohsidering the valuation
of them as part of a rate.case later this year.
• Savannah Electric andPower Company's 2004 IRP Main Document, pages 1-8.
34 See Footnote Number 17.....
32
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b) ,,

Study -"UnitRetirement
-.

..

,.

..

-

In ýconjunction -with -its 2004 .lRP filingsi the.Companies have considered whether. it.is.
prudent to, consider. for-- retirement .any. of their electric plants .or :,the individual units
located withinithem. In doing so, Georgia Power has requested that the Commission .decertify .the -Plant Atkinson CTs 5A and 5B, :which total 80 MW of capacity,, and which
were retired. from. service on December., 31, ý.2003- (Pre-filed. Panel • Direct -,of. the
Companies,,..pagej.7.) Upon examining whether Georgia's plans for theretirement- of
these two units are reasonable, Staff testifiedthat. they were. (Tr.485)No0 -other party
addressed this issue withGeorgia-Power. at the hearing.: ''
A decision to extend the life of a unit at Plant Kraft has been made by Savannah Electric
in .its IRP filing. This utility previously. had been planning for the retirement of.the Kraft
CT unit, which is a 17, MW combustion turbine that is capable' ofýproviding black,'start
service. However, .Savannah Electric since has performed further retirement'evaluations
(Pre-filed. Panel, Direct of the:Companies, page.':14) and is now.recommending that the
life of Kraft CT 17 MW be extended. Neither. Staff, (Pre-filed Staff- Panel. Direct
Testimony, pages 43-44) nor any other party. has opposed -Savannah -.Electric's doing

so
-

- '

"
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" .
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"
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Based.. on .these considerations, the Commission finds and concludes that it is
reasonable .fr,PlantAtkinson CT's;5 A, and 5B3 to be de-certified by Georgia Power
Company. The Commission .further finds and concludes that it is prudent for Savannah
Electric to extend the planned life of the 17 MW Kraft CT unit that is capable of
providing black starts and to remove it from'furtliercbnsideration for retirement.:
.
.c) :..;Fuel Forecast,
Staff .expressed concern in its direct testimony that natural.gas prices have risen sharply
in the.past year.or tWo.and .seem to be forecasted .to gradually.trend.lower from the
currently high levels for a few years before returning to an upwardly trending pattern
over the long .term- (Pre-filed Staff Panel Direct Testimonyi p.1.6.) Unlike. past,:history,
as the natural, gas. prices-decline in the next few years, none: of .-the. industry experts
appear to. expect prices*to drop ..back to, around $3.00/mmbtu again,•over:the next 20
years.' Id.. For. purposes%of making a, proper analysisof theý IRP~filings,-Staff compared
the Companies' base and'highgas forecast to other forecasts including NYMEX andthe
Energy -Information Administration's. ("EIA") forecast. Based-on: its comparison, ,Staff
concluded that the-Companies' reference case forecast may be a little. low.. Id,
'

•
4,?

:-

:i, ..

•

•

" " •

"-

1• "•

.

..- " "

The' Staff pointed -.out that .,.price .forecasts .currently ;;exhibited large fluctuations
associated with many uncertainties. in the:.markets.-ld.-•-.at 15. The EIA 2003 Energy.
Outlook forecast of the fuel prices may be low given the more recent developments in
the natural gas. markets ,The El, revised these price forecasts5.upward :in the .EJA2004
Energy .Outlook:published.:in December 2003,.The gas price for electric generators for
the Middle.Atlantic 'region,-4as reported; in the.2004-EIA.-Energy Outlook, was revised
Docket Nos. 17687-U and 17688-U
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upward by an average of 10.6% for the period 2004 to 2025.. Id. at 54-55. For the shortterm period 2004 to 2008, the average increase in the gas price forecast for the electric
generators is 18.4%., Id. For'the' period of 2009 tO 2025, ýthe average annual price
upward revision. is" about: 8.4%. At the retail level, the EIA -forecast. for. residential gas
prices in the Middle Atlantic Region was revised upward by. an average of 8.8% for the
period of 2004 to 2008, and an average of 3.7% for.the period of 2009 to 2023. Id.- For
commeicial customers and industrial customers; the price forecast revisions •are higher:
commercial users: 2004-2008,. 19.3%; 2009-2023, 10.3%; and industrial users: 20042008, 13.9%; 2009-2023, 9.8%. Id., Even though there is not full agreement with all of
the Companies' data assumptions, none were determined by Staff• to be completely
unreasonable. (Pre-filed Staff Panel Direct Testimony, p. 15.)
Within the testimony of John Mallinckrodt, the Georgia Industrial Group and Georgia
Textile Manufacturers Association expressed concern that GPC is planning to -rely
totally on- natural gas for future resource additions. (Pre-filed -.Testimony of John
Mallinckrodt, p. 2.) A'primary basis for GPC's reliance on natural gas is-an assumption
that natural gasý prices will. drop due to increased imports of liquid natu'ral gas ("LNG".).
Id. Mr. Mallinckrodt pointed out that domestic supply is declining, as are imports from
Canada, and that even assuming that all LNG that is projected .to be imported through
both existing, expanded and new terminals, LNG will still not significantly increase
domestic -gas supply. Id. at 5. GIG/GTMA argued that contrary to. GPC's projection of
.declining natural gas prices in 2004 to 2009 timefrfame, natural gas prices are not likely
...
to change significantly relative to current high levels. Id. at 7.
The fuel forecasts of Georgia- Power and Savannah Electric utilized in various~parts of
the IRP originated over a range of dates. For example, fuel prices used in some of the
forecast models were based on the EIA 2003 Energy Outlook published in December
2002 (Georgia Power's 2004 IRP Filing Main Document, page 3-3; Savannah Electric's
2004 IRP FilingTechnical Appendix, Section 1, page 76), and it appears that other fuel
forecasts were derived for.other analyses such as the Optimal Resource Mix Study.
Staff recommended ..that the Companies update and file, prospectively their fuel
forecasts on June 30th of each year. (Pre-filed Staff Panel Direct Testimony, p., 87.)' As
per Staff, the 'updates should include an assessment of how the conclusions and
recommendations reached by. the Commission in the most recent IRP order may need
to be modified as a result of the updated forecasts. These updates should also include a
comparison of the forecasts used in the previous IRP with the actual data for the current
year. The Staff also recommended that the Commission consider cohtinuing its previous
order requiring Georgia Power and Savannah Electric to file load and fuel forecasts,
together with detailed supporting information and analyses each year, rather than at the
threeyear. IRP intervals, in order to capture significant changes in the region. Id...
With regard to three of Staff's recommendations, the Companies argued that, pursuant
to Commission Rule 515-3-4-.06(5), they -already are already required to notify the
Commission of. any major changes in any condition that-.would impact resource
Docket Nos. 17687-U and 17688-U
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planning.. (Pre-filed Panel "RebUttal of the.Companies, page 41.) Georgia Power and
Savannah Electric also are currently under the obligation to file with the Commission a
copy of each load forecast update prepared by the Companies as soon as such update
becomes-aVailable.. Id, Similary_,since. the.Companies* already currently.file a copy of
the Environmental Compliance Strategy each year, as well as filing a status report of
their certified DSM programs, -the obligation .to..make a-.further in-this area would be
burdensome and unnecessary, In sum, the Companies argued tiat Commission already
has in place several -mechanisms through which it-can stay abreast of their resource
•planning process in between filed IRPs and additional filings to report on same would be.
redundant. 1Id.

.

,

,

..

. .

.

.

.

.

The Commission is concerned about the volatility in the price of. natural gas, the
increasing cost of fuel, and the IRPs' long term reliance on natural gas. In order for this
-agency to adequately monitor the iSsues surrounding'fuel that have developed in recent
years -and are expected to continue, the Commission, finds. and concludes .,that both
Companies- shall- promptly.- notify -the ..Commission of. any , changes. in fuel price
conditions, including external forecasts that may warrant development of a new,-utility.
price forecast. In imparting this information, Georgia. Power and Savannah electric also
shall advise the Commission of the impacts these changes may have on the long range
• IRP.

-.

The Commission further finds -and concludes, that the Companies shall make available
any fuel forecast update assoon as it is available.:This information shall be provided as
appropriate within each 6-month Progress Report to, the Commission. as required by.
Utility. Rule 515-3-4-.05. ,

4)'

DEMAND SIDE MANAGEMENT'
-

a)
-

Demand Side 'Management Issues.Raised by The .Comrnpanies
-

~Propiosalls

-

Neither th'e" IRP 'filing for. Georgia Power nor the filing nmade by Savannah Electric
contained a-6en• ne",.Dema'nd Side"-Management ("DSM") programs"because, :the
Companies corntend6d, ron'6:were focind t6 be c'ost-effective by applying the screening
.tests specified in the Commission's rules and prior orders. (Pre-filed Panel DireCt of the
Companies, page 41.) Georgia Power and Savannah Electric have indicated' that it
reri.ains appropriat'I fer this Commissio0 .to 'u~ethe Rate/ mpact Measure ("RIM") test
as h6 firial scr~ening tool- to-'a etermine whether ' a , DSM measure should be
implemenited. Id. att
and 16. Both: Companies
o10
also Stated their intent t6 continue the
Power .Credidt-progr.r•n, which was reauthorized by the Commission in its 2001`,IRP
order. Id. at 9 ahd 16. .
'
.
-.
Georgia'j power'ilso proposed to marintain its Low Incomre Weatherization Assistance
Program 46d to continue existing energy- information pr6g•r•ms that Oro'vide 'cstomers

Docket Nos:17687-U and 17688-U
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With cost-effective energy saving options. Id._L at 10. Similarly; Savannah Electric has
made the same proposal. Id. at 16..
1)

-Implementation of Additional Measures to Foster Enerqy.Efficiency
a) -

Partnership with Enerqv Star®

-

Georgia Power and Savannah Electric indicated that in April .2004, they entered into a
partnership with Energy Star®, through ,which appliances -acknowledged as having a
certain level of energy efficiency would be promoted by the Companies in ways such as
providing consumers with manufacturers' coupons for energy efficient appliances with
their bills. (Tr.1029.)
The: Commission finds and concludes that both GPC and Savannah Electric shall
continue'.to :develop the partnership that it has entered-into with Energy Star® through
which appliances acknowledged as having a-certain level of energy efficiencies would
be ':promoted by 'the Companies in : ways' such- .as, providing- consumers *with
manufacturers' coupons for energy efficient appliances with their bills.
b)

Desire for Greater Levels of Customer Education

It was apparent to the Commission through comments made by public witnesses that
most of them supported additional education regarding efficient use of electricity. Public
witness Ms. Peggy Bartlett stated in relevant part that "[w]here I expected some folks to
be quite resistant to suggestions that they change their personal habits with regardto
lights, computers, small appliance, copy machines, . . . we have found extremely
positive response. People want to know what to do. - They are. grateful jfor educational
specifics of what they should do." (Tr.428.) Afiother citizen who made public comments,
Ms. Elizabeth Mojica, stated -that she was -"disappointed in Georgia's lack of renewable
-energy sources and the poor education of consumers on energy co nseivation issues."
(Tr.446.) Mr. John Heavener, also a public witness who gave up his personal time to
come to the hearing, commented that "[a] part. of that strategy could be encouraging
commercial and residential consumers to utilize. Energy Star@ appjiances and building
products as well as instituting education campaigns on howto reduce the demand for
energy." (Tr.458.)
The interest among consumers in making efficient usei of. electric energy also was
addressed by Staff witness Evan. Evans, who testified that helping people understand
how to set.programmable thermostats already located in their homes could itself b.e a
program design, and that education along those lines incorporated into the informational
program that Georgia Power already has in place would produce benefits. (Tr.521.) In
terms of understanding how to exact energy efficiencies from current electric Usage,
ASE's witness, Dick Spellman, noted that the existence of market barriers resulted in
most people lacking -awareness ofenergy efficient- technologies, which is why

Docket Nos. 17687-U and 17688-U
Page 18 of 42

KD

educational. programs -like the: one .provided. by-. Georgia Power through. brochure
information are greatly needed to educate the public. (Tr.849-850.).
Georgia Power. and Savannah: Electric stated on.rebuttal that "[a]lthough [they] work.
with customers dailyon, how to, use. energy efficiently, the Companies are.also willing to:
engage. in: additional :customer educatio.n -regarding. DSM." (Company. Panel ..Rebuttal
testimony, page 7.). As support for this representation, the Companiesrnoted A number
of ways that .they proposed to do so. The Companies further stated their willingness tomore •aggressively. promote. their, willingness. to conduct energy audits for customers
upon requestin an effort to raise customer awareness of the availability of this service.
(Tr. 1027-1037.)
Based .upon the foregoing, the Commission finds and concludes -that the Companies
shall initiate customer education programs through which they .each will disseminate.
information 4to consumers! about, the efficient use. of electricity. Georgia Power, and
Savannah Electric also shall more aggressively promote the availability of energy audits
for interested customers.
c)

Funding for Educational Initiatives,'

In .order for Georgia Power. and Savannah Electric to properly implement the customer
education programs that .they have ,been charged with initiating,, the, Commission finds
and concludes that Georgia Power shall fund with no more than. $2,000,000 annually an
energy efficiency campaign that.it-shall implement to promote consumer: awareness of
those energy efficiency measures and practices that produce the greatest economic
efficiency and benefit to a participant. Savannah Electric shall support a similar initiative
with no more than $200,000,annually in funding todo so. -..
All of the fundingi authorized. for these programs shall be directed, to, promoting
education regarding those energy efficiency• measures and practices. that produce the
greatest economic efficiency, and ,benefit for the p aricipant. in terms of. outreachto
achieve this goal, the Companies may use any recognized medium through which their
customers could reasonably ..be, expected to0v be reached with energy. -efficiency
information, including,: but not. limited to, television: advertisements,: radio, spots, and
advertisements in local nevwspapers and periodicalsi. ..
A.lL.such, advertisements .made through., these ...mediums :shall 'be.,for, the exclusive
purpose of promoting education in the area of energy eff iciency and shall not serve as a
forum to promote the Southern brand (or that of its subsidiaries) in anyway, 'or to further
other .initiatives of, the Companies outside. of, those' contemplated herein:•:.Television,
radio and/or print ads shall provide as much information about managing.electric usage
as possible in the time/space allotted. A general understanding of electric energy
efficiency.and conservation, should be. able to be, derived ,by the average yviewer.after
viewing/listening, to any .advertisements. The theme -of all. advertisements should be
st-rictly education-based..: Any advertisements that the Commission, in its sole discretion,
Docket'Nos. 1.7687-U and 17688-U
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finds not to be adequate forits intended purpose -shallnot be financed with monies
allocated in this order for consumer education.
•Copies of television. ads,; radio scripts and print advertisements containing, information
that is to -be disseminated to'the public shall first be. provided to. the Commission's
Consumer :Affairs Office, 'the' Commission's 'Public Information Office -and. the
Commission's Electric Staff in advance of being published. 'Upon their receipt of same,
Staff will immediately give other interested parties five (5) business days to-review the
content of what the Companies seek to publish in order to raise any objection as to the
content of the ads, The Commission shall be the ultimate decision maker as to whether.
an advertisement shall be approved.
In order for Staff to monitor the spending that the Companies will be doing in providing
energy efficiency education, the Companies shall filed, quarterly reports with the
Commission detailing with specificity the expenditures made through this. education
program. None of the funds allocated shall be used for any expenditure:not expressly
contemplated by.this order.
d)

DSM Working Group.

The Integrated Resource Planning statute requires this Commission to consider both
demand side and supply-side options. In doing so, this Commission must evaluate "the
economic, environmental, and other benefits to the state and to consumers of the utility"
associated with these various options. O.C.G.AN §§ 46-3A-1 (7) and 46-3A-2(b)(3).
In the early 1990's, the Commission embraced numerous DSM programs that ultimately
proved costly to non-participants and provided little system-wide benefit. The primary
reason for this failure was that there was no real focus or targeted objectives in
approving those DSM options. As a result of this failure, in its 1995 IRP Order the.
Commission adopted the RIM test, which virtually eliminated implementation of any
DSM initiative. As it has turned out, the Commission went from one extreme to another.
Since 1995,.much has •hanged in the electric industry that now may impact this
Commission's opinion about the need for more DSM. Among other'things, many states
have found ways to improve and refine these DSM programs. The move towards retail
electric deregulation has all but ended, and many regulators are once again considering
th6 p"ublic service obligatiorfsofutilities that haVe' been granted monopoly rights. These
factors, coupled with a.-dramatic increase in fuel costs to generate 7energy over the past
few years, make the issue of energy efficiency one that must be more closely examined
to see whether the position that this agency supported in 1995 regarding the RIM test
should be revisited.
In light of these factors, the Commission seeks to find a solution that will strike a
balance between -economic efficiency and fairness and equity when considering
implementation of DSM programs. Regrettably, the record that was created in these
Docket Nos. 17687-U and 17688-U
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dockets has not been notadequately developed in ;this area for the Commission to be
able tO1find that balance. The positions of the Parties on DSM were very far apart and,
for-most •of:the hearing,--the parties seemed to .be -talking past each other and' not
attemptinglto reach any middle ground...
* As such, rather•than:returninglto the hearing process at this time to further develop the
*record, :the Commissionbelieves- that a'more productive way to proce6d would be to
form a DSM Working Group that shall meet to develop a proposed DSM.initiative for this
Commission to consider. Instead of the all-or-nothing approaches that were presented
at the hearing, it is the sincere desire of this agency that the Working Group will develop
a reasonable and credible DSM initiative.
, .
•Based.on the foregoing, the Commission finds"and-concludes that a Working Group of
interested stakeholders to develop -a proposed DSM Plan for residentialand commercial
customers for the Commission's consideration. The Commission Staff shall organize
and :act as the facilitator of the Working.Group, which shall consist of. the. parties in the
IRP: cases-:1i
The Companies shall not .be- required to pay the cost,-.of retaining a
consultant as requested by ASE during the hearing
The Working Group shall convene for the first time no later than August 15, 2004, and
meet as often .as,:needed thereafter. Within 10 days after eachof. its meetings, 'the
Working: Group! shall file. reports with the. Commission-, in these IRP..dockets. These
reports shall detail the minutesof-the meeting'and provide status, information regarding
the project, including milestones reached and a timetable for completion of remaining
milestones; ,The 'Commission, does not -find it-appropriate to require the.'Companies to
provide;.$300,000,as ;requested byASE todpay costs .tha.t;may be incurred by the group
in executing and fulfilling its mission.
The Companies will provide, to: the: Working Group such :data. as may be reasonably
necessary.for the. Working Group -to perform its .tasks and develop its proposed DSM
Plan. To the extent that the Companies contend that any such information is proprietary,
it shall be filed with the Commission and be made available to members of the group
pursuant: to theCommission's Trade'.Secret rules.
The proposed DSM Plan shall be a comprehensive proposal consisting of 1) a mix of
DSM .initiatives .t be-.recommended to the Commission for approval, ..including detailed
information -regarding how eachW-.of:- the' initiatives would -be implemented; .-2) :a
recommended ..!pro'cess 'for..othe-., selection of..' DSM. initiatives '"in 'the.- future;'! and. .3).
recommendations regarding the need for changes to the Commission's IRP 'rules
regarding DSM or for proposed legislation.
The recommended mix of DSM initiatives in the DSM Plan shall be selected by the
.
criteria:; -. , m
Working Group using the follow
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a. The proposed DSM Plan should minimize upward pressure on rates and
maximize economic efficiency. This directive is extremely critical given
Georgia Power Company's! $328 million pending rate increase request
and Savannah Electric and Power Company's scheduled rate filing..
b. The cost/benefit analysis results of each initiative using all 3 tests (RIM,
Total Resource Cost test and Participants test) shall be considered by the
.-Working. Group and shall balance between economic efficiency and
fairness and equity.
c. An examination of where growth is occurring on the :system shall be
performed by the Working Group, which shall attempt to concentrate its
recommended initiatives there. :Consideration shall also be given to
initiatives that encourage participation by low-income customers..
d. In addition to traditional DSM programs, the Working Group shall consider
rate design initiatives. In considering such initiatives, the Working Group
should consider the cost/benefit analysis of such initiatives and the time
periods that such initiatives would be available to a customer.
e. Every. effort should be made by the parties to develop innovative programs
and market approaches that will prevent upward pressure on rates and
subsidies between participants and non-participants.
.
f. Where appropriate, the. Working Group should consider the development
of pilot initiatives (limited enrollment, limited-terms) as a tool to gauge
initiatives.
g. The Working Group shall also provide -input to the utilities in the
development of the energy efficienby educational efforts approved by the
Commission.
By no later than February 15, 2005, the Working Group shall conclude its mission by
submitting a proposed DSM Plan to the Commission.
After the Working Group has tendered its recommendation to the Commission, this
agency will consider any further action to be taken regarding the appropriate mix 'of
DSM initiatives to be adopted and the process for the selection of DSM initiatives in the
future.
e)

Increased Weatherization Program Funding

In their rebuttal testimony, the Companies acknowledged the Commission's concerns
regarding low-income customers and expressed a continued commitment to the lowincome weatherization assistance programs that have been established for these
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customers., (Tr.1025-1026.) Under cross .examinationby.the: Staff duringj 'the"rebuttal
phase of the hearing; the Companies indicated that they were amenable to'increasing
the existing -level of.funding 1for their respective. low-income weatherization programs. Id.
Georgia Power. proposed.'raising its funding level by. $300,000 annually (Tr.O 025), while
Savannah Electric indicated .that it believed a $30,000 per. year-funding increase of its
program was ýappropriate. ('Tr.1 026.)
".'
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During the Special Administrative Session held on July 9, 2004, to issue'a decision 'in
this matter,- the Commission Chairman read a letter (that also was made part of the
record) from Georgia Power in which it was stated this utility, and not its ratepayers,
would provide this extra funding.- Savannah Electric, he .noted, was working toward
35 ..
doing the'same thing.
As such, the Commission finds and concludes that the low-income weatherization
program of Georgia Power Company shall be continued. Its level of funding, now set'at
$1,000,000, shall be increased by $300,000, thereby making $1,300,000 the total sum
of. money. that. shall be. dedicated to. the. program -annually-for. the.:.next three:years.
Georgia Power Company has :agreed that this additional $300,000 in annual fund.ing
shall not be recoverable from ratepayers. .r;

Y

Savannah Electric's- low-income-.weatherization program also shall be continued.. Its
level of: funding, -now. set at $100,000, shall be increased by $30,000, thereby: making
$130,000 the total sum of money that shall be dedicated to the program-annually for the
next three years. Savannah Electric shall.work toward supplying the additional funding
so that the $30,000 will not be paid by ratepayers. After doing so; Savannah Electric
shall report back to the Commission with irnfornmation asto whether-this is possible.
In - terms: of.. executing their - weatherization -programs, -.both Companies: shall, offer
programmable thermostats to."customers with central. heat, and air who wish to' have
them installed.; Education regarding the use of these thermostats also shall be provided,
to the participants in these programs.

f)

.

"

"

;

*'-'.'''

.

-.Staff's Programmable Thermostat Recommendation.-

During its direct case, .Staff recommended that Georgia Power and Savannah Electric
should be required to develop and implement pilot programs that provide customers an
incentive to, install. programmable. thermostats: (Energy.;Star®) in,.existihg residences,
and that pilot programs be initiated by:both Companies. (Pre-filed Direct:Testimdny of
Staff Panel, page:58.) Initially, it was proposed by Staff that Georgia Power's program
should be limited to 25,000 participants, while Savannah Electric's program should have
Id. I.,;• . .:.. . -,-.
up.to
2,000 participants
• .!- : .
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In the rebuttal testimony of Georgia Power and- Savannah Electric, the Companies
expressed support for all of Staff's DSM recommendations except for this one. (Pre-filed
35Transcript

of Special Administrative Session,July 9,,2004;'pages 4-5.-.;
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Panel Rebuttal Testimony of Companies, •page 19.) This lack of support stemmed from
Georgia Power's further.. examination of this measure 36 in which programmable
thermostats were represented as having passed the RIM test by only $1.00 before any
rebate was conrsidered.'.d.Id. After the $25 rebate recommended by.Staff was added to.
the cost of the program, Georgia Power noted• that the programmable -thermostat
program failed the •RIM test by at least $24 per thermostat. (Tr. 545.) It also was
represented that additional program costs would .only serve to worsen this disparity, and
that the specifics for Savannah Electric regarding -this measure's implementation would
be similar. Id.
In light of the Commission's decision to create a Working Group to further consider
DSM initiatives, the Commission declines to adopt the Staff recommendation on the
development of pilot programmable thermostat program at this time.
2)

Continuation of Power Credit Program

As proposed by the Companies, the Commission finds and concludes that Power Credit
program should be'continued. However, as. recommended by Staff. (Pre-filed Panel
Direct of the Staff, page 60), the program shall be further evaluated -by fhe Georgia
Power and Savannah Electric based upon the marginal costs that result from this filing
and be included with the updated evaluation of other DSM measures within 3 months of
the issuance of the Commission's final order in these dockets. Furthermore, until such
time that the Companies project that they will begin activating the programs to reduce
peak loads, these programs only should be evaluated as providing reliability benefits.
3)

Request for Updated DSM Data Made By Staff

With regard to the "consistency of. data" issue discussed elsewhere in this order,
Georgia Power and Savannah Electric agreed during cross examination by Staff to file
the demand side management evaluation, just as it .has always done; with what would
be the most current data available at the time of the filing. (Tr.1039.) The Companies
did, however, indicate the need to come back with a supplemental filing, probably in the
-late March/early-April time frame, whichwould show the results of'the DSM evaluation
using all of those new cost assumptions that were developed in the IRP process. Id.
Georgia Power Company and Savannah Electric noted that it would be their intent to try
and have that data available prior to the presentation of the Companies' direct cases for
the next IRPs filed. Asa consequence, Georgia Power and Savannah Electric would be
providing updated evaluations for all of those measures with the exact same cost data
used in the IRP process itself. (Tr.1037.)
To move towards consistency of data in all analysis performed,. the Commission finds
and concludes that it is appropriate for the utilities to update the DSM evaluation as
described herein during the next IRP filing.
36 This

examination centers on use of such a thermostat in a home heated by natural gas.
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5)"-. Use-Made of:Real Time Pricing.Tariffs
In reviewing the Companies' various pricing options, Staff, pointed out a number of
hort€-comings with Geor~ia"Power's Real Time Pricing'("RTP') tariffs in lterms "of it being

viewed a6sa load

anafna'g'ement tool. Staff argued that,due'to theway thistariff hMs'been'
adrmiiristered; RTP has not 'resulted in a sizable-reduction of load, during peak peri6ds.'
(Pre-filed Direct Testiry0f
'
Staff Panel,. pa'ge 60:) Radther, Staff contedded 'that since
it 4ppears that RTP is' being used to dorpete -for new loads;, the- Company s clairmsif
15eak load reduction benefits to its system really do not exist... d.Staff did 'not dispUte
thaft RTP can bea to0ol for econromicall adjusting the
"oad
shapes of articipants ih-a.
mn nner that can benefit not onily them'*, but non-participants as ..well. "It:did take the
position,-hoWever, that in order to'be effeictive 'and benefici.l,''the hourly price signals
must be adequate to encourage participants to chaInge lthieir' hol-Miy load -shapes.jd. at
60-61. Prices c harge d of 'par'tici ants on -these tariffs miUst" be s't to ensure that thlese
customers are supporting the marginal costs'incurred to serve them, plus lprd'vide
a
reasonable contribution toward fixed costs. Id. Ifthey are not set to recover these costs,
then non-participOating Customierswoulbed 136 subsidizing thebu'stom6rs on these rates.that thle" tariff does not contain sUfficient
The- saff alsO 'ipressed ,orcern
a
reqCirements for establishing a'firm Customer Baseline' Load '(CBL) bel6w the actual
projec-ted 1oad for new load. Id.*at"61. The RTP tariff autrmaticaly Opermitsdan industrial
cu'stocmer to establish 'its CBL at 60%,of 'the forecasted load for new lo.dw,ithout proof
that it'can actually' oprate at 60%of the forecasted load. in additiohn-the
CBL for'new
basis for only two'-.(2)
loads 'can": be fuirther reduced by' reducing load odn a one-time
consecutive, hours, with a day-ahead notice. RTP customers have significant economic
incentive to reduce their loads for these two hours, -considering the fact that
37 they can
achieve significant potential savings on all additional load reductions. Staff was
concerned that, while RTP tariffs provide significa'it";':iricentive÷ fOr-.6.citormers to
temporarily reduce loads to obtain lower RTP prices, reductions may not materialize
when thebneed.for sighifi6bant, sustained:load to b1e6shdd. in the future. Id: at 62.-This
cohcen Is supported by'the fact thtt estimated, RTP redictions for 2003 were such a.
small' fraction ,of :the t6tal RTP o1oa',d above'..CBL on Georgia" Power's"-system. If -a
customer's" CBL' is, set; artificiailiy6low,: then thabt customerhwould :not-'be making an
appr6prfiate contribution'towrds fixed costs and th6ose'costs would have to be'shifted to
the remaining nbn-participating customers.: "*K. ,
'

.",

Staff testified at -the'-' hearings :Fthat' Georgia". PoWer's-: RTP :tariff',1. as-"presently
administered,. has not achieved an appreciable. level of load reduction relative to total
load 'above.the CBL Id. at 63'As'such, it should be subject to;revisiohsin ithe upcoming
rate base"to .achieVe -this"€6al, 'if the Commission regards -the purpose' of RTP to be a
load manage6ient tool.-ld,' In addition,1the Staff recommended that, in its next IRP filing,
This information was derived from the Staff Report filed with the Commission in Docket No. 16896-U.
Proceeding to Examine Alleged Discrimination in the Application of Georgia Power Company's Real Time,
37

Pricing Tariff, filed on November 14, 2003, p. 8-9.

Docket Nos. 17687-U and 17688-U-,.,
Page 25 of.42 ?.i

..

. -

'

Georgia Power provide an updated study of the peak load reduction benefits
.and
of RTP. Id.

costs

In rebuttal testimony Georgia Power argued that the Staff recommendations do not
recognize the primary. purposes of the RTP tariffs, which are'to provide marginal cost
based rates to customers in-. Georgia that represent market conditions while fully
-covering cost and making a contribution to fixed costs of customers. (Pre-filed Panel
Rebuttal of the ..C.ompanies, :page 21-22.),Georgia. Power further argued that its RTP
tariffs 'helped it to compete in the customer-choice market, which results in downward
pressure on rates to all of its customers. It was further noted that load management also
was a, benefit derived from RTP. tariffs,. through 'which customers .could. compare the
value of electricity to their cost and make a decision whether or not to purchase energy.
Id. Georgia Power testified that'it has seen RTP. load reduction of.over 800 MW in
previous years when constrained capacity resources forced the RTP price to extremely
high levels' Id..
The Commission finds and. concludes. that the RTP tariffs shall be further evaluated
during the Georgia Power 2004 rate case. If it is found to be appropriate in that case for
modifications to the RTP tariffs to be made, the Commission will consider doing so in
conjunction with issuing its final order in that-docket. For purposes of. this case,
however, from a system reliability.standpoint, it is extremely important to have the.best
information .available to evaluate the load. impact of RTP tariffs on the system.
Therefore,*the, Commission finds and concludes that, in its next IRP filing, Georgia
Power shall provide an updated study of the peak load reduction benefits from" its RTP
tariffs.

6).

Green Power Programs,

Georgia Power Company's 2004 IRP filing includes a-stated intention to pursue Green
Energy contracts that .will[ provide . renewable resources to meet customer
requirements.38 Savannah Electric stated, in its IRP filing 3 9 that it will participate in the
Green Power Program approved in Docket No. 16574-U. These programs will. not
provide capacity resources but will allow willing customers to purchase green energy at
zero-cost to* non-participants. Both are designed so that they. are voluntary for the
participants and will have no adverse impact on non-participants. The green portfolio as
contemplated will likely include solar, wind, and landfill gas resources.
In the summer of 2003, the Commission approved for. each company a Green Energy
tariff that authorizes it to sell renewable energy under certain terms and conditions.
Despite obtaining this approval, however, the Companies have represented that they
are having difficulty in finding local viable sources for their Green Power Programs
(Tr.89), which presently are not active. In its testimony, the Staff Panel recommended
3P See pages 1-7.

39 _ee page 9.
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that'the Companies increasetheir ,:efforts to- locate and, contract for green energy
resources. (Pre-filed testimony of Staff Witness Panel, p. 71.)
In conjunctionwith their.doing so,-Staff also recommended that a-target date-of one
year be establishedfor them to identify a, source or sourcesof, green energy, to secure
these' resources, to establishthe,-availability.of the option and, to,,initiates ubscriptions
with their customers. Id; lf,'h6wever,;within ihe one year period from Augusta ,.2004, the
Companies remain',unable to .establish'-a, contractual..relationship renewable,-energy
despite "-employing their .best efforts, they,,should be-. required to,, returnmto the
Commission with an explanation and request that their Green ,Power P.rograms be reevaluated. Id. The Companies indicated that they agreed with this recommendation in
their rebuttal testimony.: (Pre-filed testimony of Companies" Rebuttal Panel,-pages 2-3.)
As a consequence of the, foregoing, the Commission finds ,and ,concludes that.the
Companies shall ,increase their efforts- to, locateo-and contract, for-green energy
resources. A target-date of one year from the date of this final order shall be established
at which time, the. Companies shall identify a green energy, source or sources; contract
to secure the resources;..confirm the availability .of the tariff witht interested: consumers,
as ,'well -as..commence, their,, pre-planned,- advertising, campaigns;-, ahd. to :initiate
subscriptions.,with-their customers..,If;,by August 1, 2005, the Companies, remain unable
to! successfully :execute these -functions despite- employing their. best efforts,- Georgia
Power and .Savannah Electric' shall file notification of the underlying circumstances with
the Commission by September 1, 2005, so that the agency can re-evaluate their Green
Power Programs.-,,

7)
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The Staff Panel was the only set of'Witnesses that'providedanytype of examiination of
the Companies" transmission system planning, the results of which will be set forth
geherally'ihe~renafter.rIn'doing' s'o, Staff found that theC'omipanies maddean-assessrment
of the adequacy and reliability !6f'-th-efrfrahs"Mission' 'system'i by usin 'the'6Guiidelihes for
Planning the Southern C6mpahy'Tri'hsmissi6n"S~stbm^(the "S6uth'ýifi"Guidelirifs"),"the
Guidelines for Planning the Georgia Integrated Transmission System ("ITS Guidelines"),
the North American Electric Reliability Council ("NERC") Planning Standards, and the
t the NER.C-planning
Southeastern Electric Reliabili'tjyCo6u cl .(PSERC ):.Suppe
Standards. The Companies used two basic criteria for determining its reliability of the
trchsmissiPn "gridS'(1).'6qi6rlodds 'on' line conductors '(ba!3'ed -ontheir thermal limits), and
,(2) under-voltage'on transmrissiofi 'bisses. (Pre-filed"Pane Testimony of Staff, pages
StAff'observ'ed that; these'criteria,,were applied first to Ihfe -"base: case" 'where-.all
generation and loading conditions are at levels that are expected to be "normal."
40

There are othe'rpianning criteria such as ,transient-stability but the criteria-mentioned above -are, the

m ain ones.-,,
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Subsequently, the criteria were applied'to contingency' cases (in particular to firstcontingency failure situations), where' a generation unit or a -transmission 'line (or
transformer) is removed from service. Id. at 67. Under these contingency conditions, the
Companies-would be able to determine where trouble spots are given likely operating
conditions which 'wo~uld'allow-them to determine whether operating solutions exist to
solve the problem," or Whether new transmission -facilities 'must be built to .solve it.
Insofar as their.., planning,. procedures are concerned; the Companies -took- a typical
approach' to identifying andproposing yarious' solutions to problem .-areas on the
transrmission --system, eliminating solutions that do .not 'work, and selecting the most
coSt-effectiVe solution for the long-term.'.
Staff's analysis resulted- in a finding that'three basic -types of transmission projects
existed: 1) projects related to general improvements to the transmission grid; 2) projects
related to-the-addition of new generation to the transmission grid; and 3) projects related
to the increase in interface transfer capacity (imports or exports) between the -Southern
Company (Georgia Power and Savannah, Electric in particular) 'and adjacent: utility
systems. Although Staff's review was limited to only 12 projects, 'each of them appeared
to be justifiable. Id,,.at 68-.69. The Companies were believed to have identified projects
in the ten-year transmission plan that presently are or will be necessary to provide
adequate and reliable ,electric service to their respective customers.. Id...Of course, the
Commission 'does not 'certify transmission projects in the, IRP, and-decisions on-the
inclusion of transmission costs in base rates is a decision that is made in rate cases.
In terms of recommendations, Staff had just one. In future IRP filings, Staff would 'like
the Companies to provide the most inclusive and detailed data available for the first half
of its 10-year plan. For the remaining half of its plan, the data provided could contain
less in-depth informatiori. Id. at 91. In considering Staff's request in this regard, the
Companies have indicated in their rebuttal that they are not opposed to doing so. (Prefiled Panel Rebuttal Testimony of the Companies, page 3.)
As such, the Commission finds and concludes that future. IRP, filings should. provide
specific, comprehensive, detailed data for the, first 5 years of the 10-year transmission
plan, and less detailed data for the. remaining 5 years of the plan.

8)

ENVIRONMENTAL COMPLIANCE STRATEGY.

In analyzing the Companies' IRP filings, Staff reviewed the 2002/2003 Environmental
Compliance Strategy, Report contained, in the Technical Appendix, Volume. 1 B. of
Georgia Power's IRP filing. In doing so, the Environmental Compliance Strategy Report
was examined to determine if the many environmental issues impacting electric utility
operations were adequately analyzed and properly incorporated into the IRPs. Staff also,
Despite making this statement, Staff noted that it could not be stated with certainty that every other
project is absolutely necessary, nor could it be said definitively that there might not be other alternatives
to some of the projects that the Companies are proposing.
41
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evaluatedthe' environmental.:-issues, and assumptions., utilized -in the Unit 'Retirement...-,
Study, which is also found in Technical Appendix, Volume:1 B.
As a. result of :conducting. its review,.. Staff made three recommendations to -the
Commission in which. it sought additional information to what had been filed in the IRPs.
Its first..recommendation. was, that,-within 60 'days of a final order -in :these dockets, a
comrprehensive assessment 'be :filed 'by the Companies,- detailing all of the., possible
impacts of all pending environmental regulations that may take effect in the-next twelve
months. This assessmentshould provide the Commission with an annual update of the
impact of newly promulgated -environmental regulations or proposed legislation -that may,
modify the Companies' most recently completed IRP process. It also should include a
high and low.'range of potential capital cost! requirements if.a. particular regulation is
promulgated or legislation is enacted; and state whether compliance with the enactment
will .materially,. change -the'; recommendations..'made in 'the '2004-'1RPs. Staff fu'rther
proposed that the'-Companies:'be., directed'to provide 'the Commission .with 'an annual
Update of their Environmental Compliance Strategy along with an analysis of howthe
updated strategy ..will 'impact. the Companies': planning.: processes for the addition of
generation .and transmission:. (Pre-filed Panel Testimony of Staff; pages 91-92.)
A second 'recommendation made by Staff was for the' Companies to use in future IRP
filings the'same.environmental scenarios'from their Unit Retirement Study as they do in
the:Resource Planning Model'(IRP Base Case). Id. at 92, This request~was made based
on a'belief that., in.:.the :2004 filings,: the, Unit Retirement' Study used. included two
additional cases recognizing the potentia forincreased levels of compliance, including
Regional Particulate,: Regional Hazej.State. NOx' 8-hour. Ozone 'SI Ps, 7Mercury. MACT,
Clear Skies Act, Clean 'Power Act and Clean ýAir PlanningAct. Id. The scenarios used in
the Resource Planning Model Base Case, however, appeared toStaff' to only! include
previous Acid Rain provisions, the 1-hour ozone requirements and the Regional NOx
SIP-Call for. Georgia beginning in 2007. -Using the same scenarios in both the IRP. base
case'and'the :Unit Retirement Study was promoted by 'Staff as providing for. greater
homogeneity.!

-

•-

Staff's third recommendation was for Georgia Power to prepare and file an assessment
of the potential impact of increased environmental costs due to hydropower re-licensing.'
Id._at 92-93. The' assessment sought should include the potential' impact of increased
environmental costs .due to. hydropower relicensing,: reflecting not only the costs- of -re-.
licensing 'but also the potential for lost capacity. due to operational modifications to
mitigate environmental concerns and the potential increased 'capacity as a result of unit
rehabilitation. In addition thereto, Staff recommended that Georgia' Power,be directed to
provide an assessment of the impact of lost hydropower, generation on theexisting IRP.
resource mix if, during relicensing, capacity loss occurs due to environmental mitigation.
With respect to its first recommendation, it should be noted that the Company filed on
May 21, 2004, Southern Company's' 2003/2004 Environmental. Cmpliance Strategy
Review,-.- which ,is. an ,annual, filing that is ".made: on i.behalf. of,; Georgia. Power, and
Docket Nos."17687-U and 17688-U:
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Savannah Electric. This 2004 environmental filing, which was 'made -one week after
Staff's panel testimony was filed, contains much•. of the- information. that Staff
recommended be filed, although perhaps not to the level of detail that was identified in
the panel testimony. (Pre-filed Panel Rebuttal of the Companies, page 43.)
As it pertains to-Staff's second recommendation, the Companies indicated ,that there
was no objection :with compliance but n6ted that it appeaýed to be the product of Staff's
confusion that the environmental scenarios from the IRP base case were different from
those used in the'Unit Study whenthis was not the case. (Pre-filed Panel Rebuttal of
the Companies, pages 49-50)..'
Regarding the third recommendation, however, Georgia Power has expressed concerns
in its panel rebuttal testimony regarding Staff's request as it relates to the preparation
and filing of an assessment of potential impacts of increased .environmental costs due to
Hydropower Re-licensing. In doing so, Georgia Power noted that such an analysis was
done in compliance with the 2001 IRP order in which it was noted that cost and other
issues related to facility upgrades were largely unknown some'5 years before the first
facility was to be relicensed.4 2 (Pre-filed Panel Rebuttal of the Companies, page 53.)
Based upon the foregoing, the Commission finds and concludes that the Companies
shall continue to file their Environmental Compliance Strategy Review on an annual
basis; provided, however, that the scope of this filing shall besupplemented to include:
1) a high and low range of potential capital cost requirements-if a particular regulation is
promulgated or legislation is enacted, and information whether compliance with the
enactment will materially change the recommendations made in the 2004 IRPs; and 2)
an analysis of how the updated strategy will impact the Companies' planning processes
for the addition of generation and transmission.
The Commission further finds and concludes that it is appropriate for Georgia Power to
keep this agency and its Staff abreast of any developments that Will result. in more
concrete information becoming available regarding cost estimates and facility upgrades
for the hydropower facilities that are to be relicensed. Information that should be
provided to the Commission on this issue, when available,. shall include the potential
impact of increased environmental costs due to hydropower relicensing,.. reflecting not
only the costs of re-licensing but also.the potential for lost capacity due to operational
modifications to mitigate environmental concerns and the potential increased capacity
as a result of unit rehabilitation. In addition thereto, Georgia Power shall provide in its
Environmental Compliance Strategy, Review an assessment of the impact of lost
Hydropower generation on the existing IRP resource mix if, during relicensing, capacity
loss occurs due to environmental mitigation.

•42 The hydropower facilities to be relicensed within the next 20 years include Morgan Falls (2009),
Bartletts Ferry (2014) and Wallace Dam (2020).
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9)

GENERAL RECOMMENDATIONS
a)

Anticipated Impacts of Resource Plans'on Rates-

In its .rebuttal ,testimony, the Companies opposed providing more detailed information
regarding individualC.lnmany.. rate. imrpacts.* r'esuiting'i fr0m thie' undelying" resource
selections. (Coi-pani6s'Prefiled Rebuttal Panel Testimony, p. 48.) The panel indicated
that moredetailedl inf 'rmation, re.garding rate impacts of resource selections was nht the
purioose of the IRP hearing, whic.h Was heldto' examine the development of resou'rce
plans and not project rates. (Tr. 101:3-,01.4.) However, when pressed as to what type of
hearing' would take place-..at which the Commission .ould ha..ve . the 6pportunity to
examine the 1otential rate impacts, given that gas prices:are high,' ehvironmental Costs
are growing and the comparny plans to do nothing but. build gas-fired .Units,*no forum
could be identified. Id. It was also noted during rebuttal that what information had •been
provided about rate analyses in Exhibit A-i. to Georgia Power's Technical Appendix 1-A
pertained to the Southern Compa'ny foot print as a whole,- and not-to each of the
individual operating companies. (Tr. 1004-1005.)'
Base.d upon'.the absera'ce of -o0mpahy'-specific' details regar!irate-ahayses fr the
resources identified, in' the plan, the Commission finds' and concludes that the
Comp6,anies m.ust mo're fullyi communicate .in futurre IRP filing's information regarding the
anticipated impacts their r-esource plans, have on' th6ir'forecaste'd rates. The nature of
the COmpanies': resource mix cea.rly is changing. .Operating .companies' rates are
vulne'rable to *such things. as 'fuel Spikes, .environmental.,actions'. and technology
advancements. As the •es.ur'ci mix changes, from one that primarily.Uses coal and
nUclear energy to one that more heavily .relies on natural gas, the .vulnerabilities .and
rate impacts that accompany such change mdst be clearly arid accuratebly articulated
within the IRP filings. Furthermore, at such timeas the ultimate decision is to be made
a
c:ts
soleutingd o6ie tech nolgy type over anothe r, .the 'knowledge f fo6.rechasted rate'
imcsh
pvide6additional
pould
giiidance in selecting.the apiproprate resource type.,
The IRP. reiew, with its focus
a Iong-:ter.mnevaluation of resof irbe'planis'would be the'
ideal proceeding to also evaluate the resUlting impacts on individual 6perating company

customer rats

'.

b), ,.' Filing of Information in lrtegrated Resource.Plans',....'
In future IRP filings,"'the Comoanies are encour.ged to use consistent data in evaluating
all aspects of the IRP. Again, this includes transmission analyses, DSM modeling,
retirement studies, as well as the load forecast, etc.
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B)

DIRECTIVES

PERTAINING:" -'TO..

THE ".IRP"

REGARDING' THE PROCESS FOR ISSUING
EVALUATING REQUESTS FOR PROPOSALS

RULES

AND

As previously stated.in this Order, the .Commission invited interested parties to provide
testimony, duringthe hearings on various topics related to the manner in which bids'for
purchase power contracts'are solicited and evaluated'on behalf of the Companies. The
purpose of seeking this. information was to consider amending Utility Rule 51573-4.04(3),. Request for Proposals Procedure for Long-Term.New Supply-Side
Options, to
when a competitive
followed
be
to
were
that
steps
tlie
specificity
greater
state with
solicitation was to be issued for purchase power to fill a designatedsupply-side need.
Recommendations were made that pertain to the timing issues related to the bidding
process to be considered in future solicitations.
-a)

Modifications Proposed to Existinq Utility Rule 515-3-4-.04(3)

The Staff, Calpine, and GTMA/GIG pre-filed testimony 43 that responded to the issues
identified by.the.Commission on this subject, all of which was supportive of having some
form of an independent evaluiator involved in the RFP process. Each of the Witnesses
testifying on this topic, however, had different ideas regarding the details that would
need to be laid out regarding the manner in which the RFP was to be issued, how they
Were to be. evaluated, and how the winning. solicitations were to be selected and
presented to the Commission for certification. The Companies, While not as adamant as
the other responding parties'as to theneedto have an independent entity perform these
functions, offered testimony as to what they believed would be a fair process through
which an independent monitor could assist in th RFP. 44
As the hearing progressed, representatives of Staff, Calpine, GTMA/GIG, the CUC and
the Companies met to discuss this issue'to see if a joint solution could be reached.
During the rebuttal ' phase of the hearings, the Companies,' on' beha of 'all of the
aforementioned parties, entered into evidence as "Joint Parties Exhibit-1" a Stipulation
endorsing the acceptance of measures to be applied'in futu re supply-side solicitations
over which a Commission-selected Independent Evaluator would preside. The structure
proposed therein represents principles and- procedures. the sponsoring entities believe
should be captured and embodied in a rulemaking by the'Commission to modify existing
Rule 515-3-4-.04(3) in order to adopt an Independent Evaluator ("IE") for use in. all

43 Staff's initial view on the RFP related issues can be found on pages 76 through 87 of its pre-filed panel

testimony. Calpine's preliminary position on these issues was provided by Mr. Timothy Eves on pages 8
through 20 of his pre-filed testimony. GTMA/GIG's stance on this subject matter was provided by Mr.
Jeffry Pollock on pages 5 through 10 of his pre-filed testimony.
44 The positions taken by the Companies on the contemplated RFP process changed throughout the
hearings and can be found on pages 17 through 27 of their pre-filed direct testimony, as well as later in
their proposal modifying this initial position found on pages 22 to 40 of their rebuttal.
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future RFPs., To, make,. the.- changes.: called 'for,. by the. Stipulation,' .it was; further
recommended that a rulemaking be commenced by the Commission.,,,-,
Based on the agency's..yreview ••f .the. Join.t Stipulation, -which. is attached and
incorporated by reference herein, the Commission. finds and concludes that it is.
appropriate to approve and accept itslterms.and provisions as part of the Final ýOrder in
these dockets. In'order to properly further the enhancements that-have been authorized,
the Commission. -finds .-and concludes that' aF rulemaking proceeding -shall .be initiated
before the end ofAugust 2004,.in which the..Commission shall. accept ,•and incorporate
the proposed amendments to-the RFP .Rule in -accordance with the. RFP/IE structure
endorsed by the stipulation.

b)

.

.

:

"

'ý.,

44_

Detailed Code of Conduct To Be.Prepared by the Companies

The Commission also finds and concludes that the Companies, shall prepare ,and file for
the agency's approval no later than August 31, 2004, a detailed code of ethics regarding.
affiliate communications,• particularly.as they relate to'the. preparation and-evaluation of
competitive solicitations: The. depth and breadth of: the code -.of conduct that is,'to be
proposed-by, Georgia ;Powe~r and Savannah, Electric.: shall be extended to coverthose
individuals that are directly or. indirectly in the ..employ- of any. of. its: affiliates or. parent
company~and shall be executed in the manner contemplated by the Joint Stipulation.
'c)
Status Of ,.The 70130 " Directive- Regarding The -.Ownership.:
-Percentage OfcAnd;-lThe Purchased :Power'- Percentaqe- Of
2001 IRP Order': '.
For In the
Called
'Capacity
"'""."". "
"" :"°' ."..
. .'.
.
. . . ..:•"
' " . .
" :
:: .
: .
! . . i ,
. "
.
. . .

.

:

In his pre-filed testimony, Calpine witness Tim Eves argued that the directive calling for
of capacity by ••,the Companies and not more .than 30%
at least 70% ownership
46
purchasedpower. -shotuld be !.r*g~a*rde'd-as 'a flexible Cofmm*nission "guideline" and not a
"hard cap.' (Pre-filed testimony of Calpine, p. 21-22.) However, the manner in which
the liirifttions on ithe-ber6ent•age o'f purchased 'power works is now governed by the
termns of th6Joint- stipu~iatioriThe o/ly remaining question is' ehetherithe oCm mis:sin,'
I'd "odify t16se' pefcentagbs.. Having consideredoing 'sd, the
at this' time, 'sho'uld
Commissi6n -expre'ss y-de-lines .tmaere-anysuch modification !at this time. 'In dting
are nottand
nie"nages, the Commission 'notes that the Compa'in
not to• change the
will'notbe 'in th~en'e•. 3'years"'in-a situati~n inwthich th eissue the 30%.capp will 'be
reached•Co;•sistertwith' the t'erms of the `Joint stipulatibn, the 'Co'rmrission will revisit

the iss ie-in the 2i07 iRp. "". .'. .
'

4

5

-...

.,

"

On transcript pages, 962-966, Companies' witness Garey C.,Rozier provided a good summary of the

contents of th6-Stipul•ti6n, 'which will not. be rb cit"ed again in' this Order,-but rather, will be Irfmade an
.
'.
"
.' .
' '
•tta'chrnent toand be inidiorp6rated by'refe6'eice.:
6 This 70/30 directive is contained in the FinalOrderissued in IRP Docket Nos. 13305-U and 13306-U.:.
-
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. d)

Directives Pertaining to the Contemplated Solicitation for 2009'
Capacity Needs
1).

.

Inclusion of Life of Unit Solicitations in Future IRPs

During the hearing,_ Staff made a recommendation: that future capacity solicitations
should include requests for consideration of propodals for ."life-of-unit" proposals. (Prefiled: Direct Staff Panel Testirmony, page 90.),As understood by the Commission, these
bids effectively permit .a merchant unit owner to sell the capacity and energy to the
Companies for thesame time period that the Companies themselves would operate a
self-build-option..On rebuttal, the Companies indicated that it was opposedto seeking
life-of-unit proposals on the grounds that it would cause a loss in operating flexibility,
was unnecessary since the existing 7.to 15 year solicitations have yielded good results,
and would cause confusion as to what is actually meant in by the phrase "life-of-unit" in
submitting and evaluating such a bid..(Tr.'1014-1016.)
.
The Commission disagrees with the Company in part, and would like to see such bids
solicited in ;order to foster competitive bidding in Georgia. In seeking life-of-unit bids,
however,.the Commission doesagree that there exists a potential for confusion as to
what exactly is being sought in terms of a supply side resource..: -.
Based on these concerns, the Commission finds and concludes that in the 2009 RFP,
the Companies shall -seek 30-year. contracts for purchased power in. addition to the 7.and 15-year contracts.that it has-been soliciting in.recent time.- In the..,event that this
directive would conflict with the Commission's 30% limit on total supply-side purchased
power resources, the life-of-unit purchases could then be structured as an actual sale of
the unit(s) to the Companies.
2).

.

Schedule of Actions for the Next RFP to be Issued

In. furtherance of the objectives. set forth in the Join t Stipulation regarding the
competitive bidding process referenced above, the Commission ,.finds and concludes
that the a schedule of events for the release *of an, RPF shall be adhered to in
conjunction with seeking the most economical supply-side capacity assets in the
immediate future. On or before July.15, 2005, the COmpanies will file for approval with
the Commission a proposed. schedule of events for the release of RFPS for the time
pe'riod 2009 through 2012. This filing shall also. include target dates for submitting
proposed IE's, REP. Service Dates, dates for notification of bid'and evaluation team
members, dates for filing of draft RFP's and standard purchase power agreements and
capacity to be sought in each RFP.
Once approved by'the Comrmiission, any deviations, planned or unintended, from the
established schedule must be authorized by this agency before they are made by the
Companies.
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IV.,.-. ORDERING PARAGRAPHS

..

:,..-WHEREFORE IT- IS ORDERED., that the Commission adopts the Integrated
Resource Plans developed by Georgia,; Power- and .:Savannah Electric .with .the
augmentations and/or modifications set out below.
ORDERED FURTHER, that the demand and.energy forecasts filed by Georgia
Power and Savannah Electric be approved without modification to any projections to
any.customer class...
ORDERED FURTHER, that-Georgia Power and.Savannah Electric .shall•update,
their demand and energy forecasts and budget comparison information through March
31, 2004, in order to reflect actual usage that has occurred since these forecasts were
finalized in the spring of 2003. Once updated through this time frame;- these iforecasts
shall.be filed with the Commission by no later than August 16, 2004.
ORDERED FURTHER, that in conducting future reserve margin studies, as with
all evaluations that are conducted as part of an IRP, consistent modeling data should be
used to the greatest extent possible.
ORDERED FURTHER, that the Companies' target reserve margin for the 20042006 timeframe shall be set at 13.5%, with 15% to be used for the remainder of. the
study period.
ORDERED FURTHER, that.the .Companies'. Generation Expansion Plans shall
be regarded as adequate based upon the information that has been made available to
the Commission.

ORDERED FURTHER, that Plant Atkinson CT's 5 A and 5B shall be de-certified
by Georgia Power Company.

.

-

..

,

ORDERED FURTHER, that Savannah Electric shall extend the planned life of
the.17 MW -Kraft CT.unit capable..of providing blackstarts and: remove -it from,.further
consideration for retirement until such time when such action is shown to~be warranted.
ORDERED FURTHER, that :Gebrgia Power and Savannah Electric shall inform
the Commission in a filing of any changes in fuelprice, conditions, including external
forecasts that may warrant development of a new utility price forecast and advise the
Commission on the; impacts these changes. may have on':-the long .range' IRP. The
Companies also shall make available~any fuel forecast update as soon as it-is available.
within each 6 month Progress Report to the-Commission called for by Utility Rule 515-34-.05.

-

-

-

--
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ORDERED FURTHER, that both GPC and Savannah -Electric .shall further
develop the. partnership that it has entered into with Energy Star® through which
appliances acknowledged as having a certain level of energy efficiencies would be
promoted by the-Companies in ways. such as providing consumers -with manufacturers'
coupons for energy efficient appliances with their bills.
ORDERED FURTHER, that Georgia Power and Savannah Electric also shall
more aggressively promote the availability of energy audits for interested customers.ORDERED FURTHER, that the Companies shall offer as part of their low-income
weatherization programs the option of having programmable thermostats installed to
those customers with central heat- and air that wish to have the thermostat installed.
Education as to how to use the thermostat shall also be provided.
.
ORDERED: FURTHER, that' a Working Group* be created of interested
stakeholders to develop a proposed DSM Plan. for residential and commercial
customers for the Commission's consideration. The Commission Staff shall organize
and act as the facilitator of the Working Group, which shall consist of the parties in the
IRP cases.
ORDERED FURTHER, that the recommendation by ASE and supported by
SACE and GIPL for the Companies to be required to fund a consultant for a working
group is rejected in its entirety.
ORDERED FURTHER, that the Working Group shall convene for the first time no
later than August 15, 2004, and meet as often as needed thereafter.
ORDERED FURTHER, that within 10 days after each of its meetings, the
Working Group shall file reports with the Commission in these IRP dockets.- These•
reports shall detail the minutes of the meeting and provide status inforh ation regarding
the project, including milestones achieved and a timetable-for completing those that
remain.
ORDERED FURTHER, that the Companies will provide to the Working Group
such data as may be reasonably necessary for the Working Group to perform its tasks
and develop its proposed DSM Plan. To the extent that the Companies contend that any
such information is proprietary, it shall be filed with the" Commissi6n and be made
available to members of the group pursuant to the Commission's Trade Secret rule.
ORDERED FURTHER, that the proposed DSM Plan shall be a comprehensive
proposal consisting. of 1) a.. mix of DSM initiatives to be recommended to the
Commission for approval, including detailed information regarding how bach -of the
initiatives would be implemented; 2) a recommended process for the selection of DSM
initiatives in the future; and 3) recommendations regarding the need for changes to the
Commission's IRP rules regarding DSM or for proposed legislation.
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ORDERED FURTHER, that the recommended mix-of.DSM initiatives in the DSM
Plan shall be selected by.the Working Group using the following criteria:
.
a. The proposed DSM Plan should minimize upward 'pr'rssure ion 'rates and
maximeize economic efficiency. This directive is .extremely: critical giveh
.Georgia- Power Company's $328million pending rate increase requestand Savannah Electric and Power Company's scheduled rate filing.--

.

. b.: The cost/benefitanalysis results of each initiative *using all 3tdsts (RIM,
Total resource Sot. test and Participants test) -shall be considered by the
Working. Group '"and shall- ba'lance between ecolnomic' efficiency -and
-fairhess'and equity.'

*

"

c. An examination, of where growth is occurring on the system shall :be
performed by the Working Group, which shall attempt to concentrate its
recommended initiatives there. Consideration 'shall also' be•given. to
initiatives that encourage participation by low-income customers:.-:.
d. - In addition to traditional DSM programs,' the Working Group shall consider
• ratedesign initiatives. In considering.-such initiatives, the Working Group
should cbnsider'the cost/benefit analysis. of-such initiaitives and the time
periods that such initiatives would be available to a customer...
e: "Every effort should be made by the parties to de velop innovative programs
and market approaches that will prevent upward pressiure •on rates -and
subsidies between participants and non-participants.
f. Where appropriate, the Working Group-should consider the development
.of Pilot Initiatives: (limited enrollment;- limited terms); as'.a, tool to'"gauge
initiatives.
'

g. The"working 'group shall also provide inpout to "the utilitie's' in the
development of 'the energy efficiency educational efforts approved by the
Commission.
',
."
'
'
ORDERED FURTHER, that by no later than February 15, 2005, it shall conclude
by submitting a proposed DSM Plan*t6 the Commission'.'
-;ORDERED: FURTHER, :that the Commission does not find -it appropriate -to
require the Companies to provide $300;000 as :requested by ASEltopay costs that may
be incurred by the group in executing and fulfilling its mission.
,
ORDERED

FURTHER, -that, after"'the Working" Gf6-up

has tendered

its

recommendation to'the Commis~sion, this agency will considerany further action to be
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taken regarding the appropriate: mix of DSM initiatives to be adopted and the process
for the selection of DSM initiatives in the future
.,.ORDERED FURTHER, that given .the Commission decision to create a Working
Group to consider DSM programs, the.Staff recommendation that the Companies
develop a. pilot programmable thermostat DSM program is -not adopted by the
Commission at this time.,.
ORDERED. FURTHER,.. that- the low income weatherization program of Georgia
Power Company shall be continued. Its level of funding, now set at $1,000,000, shall be
increased by $300,000, thereby. making $1,300,000 the total sum of money that shall be
dedicated to the program annually for the next three years. Georgia Power Company
has agreed that this additional $300,000 in annual funding shall not be recoverable from
ratepayers.
ORDERED FURTHER, that Savannah Electric's low-income weatherization
program also shall. be. continued. Its level of funding, now set at $100,000, shall be
increased by $30,000, thereby making $130,000 the total sum of money that shall be
dedicated to the program annually for: the next three years. Savannah Electric shall
work toward supplying the additional funding so that the $30,000..will not be paid by
ratepayers. After doing so,. Savannah Electric shall report back to the Commission with
information as to whether it can do so.
-ORDERED FURTHER, that-additional education on the efficient use of electricity
shall be made available by the Companies.
ORDERED FURTHER, that Georgia Power shall fund with no more than
$2,000,000 anenergy.effiCiency campaign that it shall implement to promote consumer
awareness of.those energy efficiency measures and practices that produce the greatest
economic efficiency and benefit to a participant.
ORDERED FURTHER, that Savannah Electric shall, fund with no more than
$200,000 an -energy.efficiency campaign that it shall'implement .to promote consumer
awareness of those energy efficiency measures and practices.that produce the greatest
economic efficiency and benefit to a participant.
ORDERED FURTHER, that in order to further their respective energy efficiency
educational campaigns, the Companies may use any recognized medium through which
their customers could reasonably be expected to be exposed, including, but not limited
to, television advertisements, radio spots and advertisements in local newspapers and
periodicals.
ORDERED FURTHER, that all information disseminated through the media shall
be for the exclusive purpose of promoting education in the area of energy efficiency and
shall not serve as a forum to promote the Southern brand (or that of its subsidiaries) in
any way, or to further other initiatives of the Companies outside of those contemplated
Docket Nos. 17687-U and 17688-U
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herein. '-Television, radio:,and/orý, print.:ads -shall provide t;as'. much'-information about
managing electric, usage -as.possible, in ,the time/space-allotted., A .general understanding
of electric energy efficiency and conservation should be able to be derived by :the
average viewer after seeing/listening. to any advertisements. The. theme of all
advertisements should be ..strictly: education-based. .'Any,-'advertisements .:that the
Commission, in its sole 'discretion, finds not to be,.adequate for- its -intended purpose
shall not be financed with monies allocated in this order for consumer education.
ORDERED" FURTHER, :that-6opies of television: ads,• radio scripts and print
advertisements containing information that is to be disseminated to the public as part of
the: energy efficiency programs shall first be* provided to the'C6i mrissionh's Consumer
Affairs Office, the•: Commission's '. Public :Information Office-; and'- the 4Commission's
Electric'• Staff in ,'advance of:: being published.- Upon: their receipt..of -same; Staff -will
immediately give othe r-iHterested parties five (5) business days :to review'the content of
what the Companies seek to publish .in: order .to&-rais&','any .objection thereto. The
Commission shall be the ultimate decision maker as to whether an advertisement shall

be approved.,,

"

-, ,

"

'

-

ORDERED. FURTHER that -the Companies shall file quarterly reports -at the
Commission 'detailing .with 'specificity."the expenditures made through: this, education
program. None of'the funds allocated sfiall be used for any expenditure'.'not expressly
contemplated by this order.
ORDERED FURTHER, that to move towards'consistency of data in allanalyses
performed, the Commission finds that'it is' appropriate forlthe-utilitiesto update the DSM
evaluation as described herein during the next IRP filing.
''ORDERED FURTHER, that -the.Companies shall c'6ntinue their implementation
Of the Power Credit. P'rogram;•
ORDERED FURTHER, that'theiPower Credit program shall be further. evaluated
by. the: ompanies based Upon the 'marg inal costs :.that 'resdlt fromthis'5 filing and' be
included' with -the .'updated evaluation of other DSM; me'asures within 3 months -of: the
issuance of the Commission's Final Order in these dockets. -

'*''-

..

.

•
-ORDERED:;.FURTHER,
'that with"''regard to 'th'e "66'nsiten'cy,•-f.f.data'" issue
discussed els6Where, in-this order, as it relates t6 the'DSM screening -analysis,Georgia
Power 'and Savannah 'Electric 'hall -file the denand: side management'evaluation with
what would be the-`Most currenrt data available at .the time of the filing, 'but'ther 'come
back "with 'asupplemental filing;"in thelate March,'!early April: timrrieframe,;th'at would
show the! results of the'DSM -evaluation usihg, 'all of those new cost.'assumptions' that

Were developed ih theIRP pr.cess.; -''
%::.. .

I

-

. '•.,

",

.

...

'...

ORDERED FURTHER, the Companies shall update their DSM evaluation in the
manneb describbd in this order'for'use intheir2007-IRP filirigs.-•
Docket Nos.-17687-U and 17688.-U
Page 39 of 42.

. - :ORDERED FURTHER, that the Commission shall evaluate the RTP tariffs during
the Georgia Power-2004 rate case and make any appropriate tariff revisions at that time
as it sees fit.'
ORDERED FURTHER, that,-in its next IRP filing, Georgia Power shall include an
updated study of the peak load reduction benefits from RTP tariffs.
.

ORDERED FURTHER, that the Companies shall increase their efforts to locate
and contract for green energy resources for their Green Energy Programs.
ORDERED FURTHER, .that a target date of one year from the date of this Final
Order shall be established during which the Companies shall identify a green energy
source or sources; contract to secure the resources; confirm the availability of the tariff
with interested consumers, as well commence their pre-planned advertising campaigns;
and to initiate subscriptions with their customers...
ORDERED FURTHER, that if, by August 1, 2005,. the Companies remain unable
to successfully execute these functions relating to renewable resources. despite
employing their best efforts, Georgia Power and. Savannah Electric. shall file a
notification of the underlying circumstances with the Commission by September. 1,
2005, so that the agency can re-evaluate their Green Power Programs..
ORDERED FURTHER, that in future IRP filings, the Companies provide the most
.comprehensive;, detailed data- available for the first half of their 10-year transmission
plan. For the remaining half of its plan,. less detailed data may be filed.
ORDERED FURTHER, that the Companies shall continue to file their
Environmental Compliance Strategy Review on an .annual.-basis; provided, however,
that the scope of this filing shall be supplemented to include: 1) a high and low range of
potential capital cost requirements if a particular regulation is promulgated or legislation
is enacted, .and information whether compliance with the enactment .will -materially
change the recommendations made in the 2004 IRPs; and 2) an analysis of. how the
updated strategy will impact the Companies' planning. processes -for. the -addition of
generation and transmission.
ORDERED- FURTHER, that Georgia Power shall keep this agency. and its Staff
abreast of any developments that will .result, in .more. concrete information becoming
available regarding cost estimates and facility upgrades for the hydropower facilities that
are to beý relicensed. Information that should be provided to the Commission .on this
issue, when available, shall include the potential impact of. increased environmental
costs due to hydropower relicensing, reflecting not only the costs of re-licensing but also
the potential for lost capacity due to operational modifications to mitigate environmental
concerns and the potential increased capacity as a result of unit rehabilitation.
ORDERED. FURTHER, that Georgia Power shall provide in its Environmental
Compliance Strategy Review an assessment of the impact of lost Hydropower
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generation on the existing IRP resource mix if, during relicensing,, capacity. 1ossoccurs
due to environmental mitigation.,
-..
ORDERED. FURTHER, that the Companies must more fully communicate to the
Commission ..in future'-JRP-- filings' information...regarding ..the anticipated, impacts: Atheir
resource; plans have on their forecasted rates. The Vulnerabilities and rate impacts .that
accompany the resource mix change being planned for must be clearly and accurately.
articulated within the IRP filings.:,.
ORDERED FURTHER, that in.conducting IRP studies the-Companies should tothe greatest extent possible, set as an objective to use consistent data throughout all
analyses conducted as part of the IRP.
* ORDERED FURTHER, -that, the Joint Stipulation regarding the,'RFP/IE. rule.
enhancements agreed toby interested pa.rties in these. dockets is approved as partof
the Final Order in, the. dockets,., a. copy of. which is. attached and incorporated by.
reference herein.

.:.!.'.ORDERED. FURTHER, that a rulemaking proceeding shall be initiated by Staff
before the end of August 2004, in .which the Commission shall promulgate: as,rule
amendments the RFP/IE structure endorsed by the Joint Stipulation.
.ORDERED FURTHER, that the Companies shall.,. prepare and file, forlthe
• agency's approval no later than August 31, 2004, a detailed code .of conduct. regarding
affiliate communications, particularly as they relate to the preparation and evaluation of
..
.
.
.
competitive solicitations...
ORDERED FURTHER, that the depth and breadth of.the code of conduct that-is
to be proposed by Georgia Power and Savannah Electric shall be extended to cover
those individuals that are directly or indirectly inrthe employ.of any-of:its affiliates..or
parent company and shall be executed in the manner contemplated by..the Joint
Stipulation.
ORDERED FURTHER, that consistent with the IRP Final Order issued July 5,
2001, the Commission.:shall limit the amount of supply-side capacity provided through
of total supply,-sideý resources.
s--.A•'A
purchased power contracts .o-,t'30.ercent
determination of whether this cap shouId be increased, decreased or elimninated in' its
entirety is an issue that this Commission will not have the need to contemplate until the
2007 IRP.
ORDERED FURTHER, that in-the 2009 RFP, the Companies shall seek 30-year
contracts for purchase power in addition to the 7- and 15-year contracts that it has been
soliciting in recent time. In the. event that this directive would. conflict with the
Commission's 30% limit on total supply-side purchase power resources, the life-of-unit
purchases could then-be structured as an actual sale of the unit(s) to the Companies.
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ORDERED FURTHER, that on or before July 15, 2004, the Companies will file
for approval with the Commission a proposed schedule of events for the release of
RFPs for the time period 2009 through 2012. This filing also shall include target dates
for submitting proposed IE's, REP Service Dates, dates; for notification of :bid and
evaluation team members,. dates for filing of draft RFP's and standard purchase power
agreements and capacity to be sought in each RFP...
.

0

ORDERED -FURTHER, that once approved by the Commission, any deviations,•
planned or unintended, from the established schedule of events must be authorized by
the agency before they are made by the Companies..
ORDERED FURTHER, that no determinations .are made as to the need,
effectiveness or reasonability of any rates, tariffs and pricing strategies filed *in
conjunction with the IRPs in this Order.-The feasibility and -determination of the
appropriate level of these rates,.tariffs and pricing strategies shall be made in the
general rate cases that have been or.will be filed by the Companies in 2004.
ORDERED FURTHER, that all findings of fact and conclusions of law contained
within the preceding sections of this Order are hereby adopted as findings and conclusions
of this Commission.
ORDERED FURTHER, that a motion for reconsideration, rehearing or oral
argument or any other motion shall not stay the effective'date 'of this Order, unless
otherwise ordered by the Commission.ORDERED FURTHER, that jurisdiction over this matter is expressly retained for the
purpose of entering such further Order or Orders as this Commission may deem just and
proper.
The above by action ofthe Commission during a Special Administrative Session held on
July 9, 2004.".

REECE MCALISTER
EXECUTIVE SECRETARY

H. DOUG EVERETT
CHAIRMAN

DATE

DATE
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Executive Summary

1.

Executive Summary

1.1. Introduction
* In recent decades, many energy utilities and public agencies have made strong and sustained efforts to promote energy efficiency through
programs and standards. These efforts have brought significant economic benefits to energy customers and have contributed to ongoing
initiatives to enhance the environment and improve public health nationwide.
" However, the state of Georgia has not invested in energy efficiency as vigorously as most other states. In fact, Georgia is one of a small number
of states in which energy efficiency programs are barely in evidence.
" For this reason, there is now great opportunity to seize energy efficiency as a large untapped source of economic and environmental benefits for
the state of Georgia. Building upon the successes and failures of a wide range of other energy efficiency efforts, Georgia is in an excellent
position to. stimulate greater investment in energy efficiency.
" In order to quantify the benefits: that such investment might. have, the Georgia Environmental Facilities Authority (GEFA) retained ICF Consulting
to evaluate Georgia's potential for cost-effective and achievable energy efficiency inrthe residential, commercial) and industrial sectors..This,
report summarizes the results of that study and seeks to answer several core questions:
- HoWmach -cost-effective energy-efficiency is available to be tapped in Georgia?
- What imrpacts would the capture of this energy efficiency have?
- How could state policymakers prudently act in order to realize these energy efficiency improvements?

1.2. Overall Structure Of the Assessment
a

The project was structured in four,substantive tasks. See Section 2.2 for a full description of the project approach.
Collect Data-Data characterizing Georgia electricity-and gas load, wholesale and retail costs of energy/and end use efficiency technologies
were.rcollected to develop a detailed end use profile of.energy use in Georgia.
Estimate Achievable Energy Efficiency Potential and Related Impacts-ICF then used its Energy Efficiency Potential Model (EEPM) to
estimate Georgia's tech'ically feasible: economically viable, and realistically achievable potential for energy efficiency.
-

Estimate, Public Benefits of Energy Efficiency-Next, ICF employed its Integrated Planning Model (IPM®) to assess the direct impacts of
this enelgy effilc!ncy potential ongeneration, generating calacity,. and wholesale electricity prices. ICF also estimated the projected,.
potential's effects On pollutant emissions, public health, water consumption, and ecohiomic development.
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Review Public Policy Options-Finally, ICF reviewed an array of state public policies for-their likely efficacy and cost-effectiveness in
capturing untapped achievable.energy efficiency potential in Georgia. The results of this policy review are summarized in a complementary
document-Strategies for Capturing Georgia'sEnergy Efficiency Potential.

1.3. Energy Efficiency Potential Defined
Energy efficiency potential may be expressed in severalways:
- Technical Potential-Technical potential is a quantification of the savings that could be realized if energy efficiency measures were applied
in all technically feasible instances, regardless of cost.
-

Economic Potential-Economic potential is the subset of technical potential that is cost-effective.

-

Achievable Potential-Achievable potential represents energy savings that can be realistically achieved through program and policy
interventions. In order to estimate achievable potential, it is necessary to consider not only what is technically and economically feasible, but
the extent to which policy interventions could increase the' adoption of energy efficiency technologies. Two concepts are important in order to
put estimates of achievable potential in the proper context:
a Naturally Occurring Conservation--Due to improvements in efficiency standards, natural market adoption of efficiency equipment, and
existing program intervention, some amount of conservation will occur without any additional policy intervention.
a Energy Efficiency PolicyTarget-The energy efficiency policy target represents the achievable potential that exists'above and beyond
naturally occurring conservation. All estimates of achievable potential in this report'are expressed as energy efficiency policy targetsachievable potential less naturally occurring conservation.
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1.4. Energy Efficiency Potential Results

"

The results presented in this report are our projections of current technical and economic potential and of achievable potential for the 2005-2015
period. See Section 3 for a complete presentation of the results.

" By 2010, we project achievable potential of between 2.3% and 8.7% of electricity sales, 1.7% and 6.1% of electricity peak demand, and 1.8%
and 5.5% of natural gas sales (See Table 1).: The actual achieved savings within these ranges will depend on the intensity of policy intervention.
Three intervention scenarios have been modeled: Minimally Aggressive, Moderately Aggressive, and Very Aggressive.
" The figures on the next page show our projections of achievable potential in the context of Georgia baseline energy forecasts. For the Minimally,
Moderately, and Very Aggressive scenarios, we have plotted revised forecasts that reflect the impacts of energy efficiency policy interventions.

Table 1. 2010 Achievable Potential-Total Potential and Percent of 2010 Load
Load Type

Minimally Aggressive

Reduction in Electricity Sales (MWh)

3,338,924

Reduction in Peak Demand (MW)
Reduction in Gas Sales (MMcf)

ICF Consulting
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447.
7,041

.

-Moderately Aggressive

Very Aggressivq

2.3%

8,704,577

6.0%

12,546,554

8.7%

1.7%

1,149

4.4%

1,608

6.1%

1.8%

16,972

4.4%

21,343

5.5%
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Figure 1. Achievable Potential (Electricity Sales)

Figure 3. Achievable Potential (Gas Sales)
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Figure 2. Achievable Potential (Peak Demand)
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1.4.1.

Achievable.Potentialby Sector

Achievable potential is relatively evenly distributed across the residential, commercial, and industrial sectors, though there are a few important
observations abbut'the relative importance of the sectors to total potential (See figures below).
-Residential sector potential is significant in electricity and gas sales savings, but nonresidential sectors dominate peak demand potential.
- The commercial sector plays the largest role in electricity sales and peak demand potential, but the smallest role in gas sales potential.
-

-

Industrial sector potential is most pronounced for gas sales.

Figure 4. 2010 Achievable Potential by Sector
. (Electricity Sales)

Figure 5. 2010 Achievable Potential by Sector
(Peak Demand)
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Figure 6. 2010 Achievable Potential by Sector
(GasSales)
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1.4.2.

Achievable Potentialby End Use

* A handful of end uses make up the majority of total potential. Please note that industrial heating, ventilation, and air conditioning end uses are
combined and included in the space heat end use in the figures below.
-

Electricity Sales-Lighting comprises the largest share of electricity sales savings potential, making up 43% of total savings. Air conditioning
is the next most significant end use with a 13% share. Commercial office equipment (12%) and a combination of all industrial process end
uses (19%) also contribute substantially to total potential (See Figure 7).

-

Peak Demand-Air conditioning makes up 37% of total peak demand savings, reflecting the significance of cooling loads at the time of the
electricity grid's summer peak. Lighting accounts for an additional 28% of potential, though because of residential lighting usage patterns,
most of this savings is found in the nonresidential sectors. Industrial process end uses (21%) are also significant sources of peak savings
(See Figure 8).

- Gas Sales-Space heat, industrial processes, and domestic hot water make-up 44%, 32%, and 24% of gas savings potential, respectively,
with minor savings in other end uses (See Figure 9).

Figure 7. 2010 Achievable Potential by End
Use (Electricity Sales)
Space Heat
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Conditioning
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Figure 8. 2010 Achievable Potential by End
Use (Peak Demand)
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Figure 9. 2010 Achievable Potential by End
Use (Gas Sales)
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1.4.3.

Achievable PotentialCost-Effectiveness

* The achievable energy efficiency potential identified in this study has significant direct net economic benefits for the state of Georgia.
* From a "Total Resource Cost" or TRC perspective, thetotal net benefits to the state from energy efficiency improvements implemented from
2005-2015 in each of the policy intervention scenarios are between $0.9 billion and $1.6 billion in net present value dollars.
* The benefit-cost ratios for the three intervention scenarios are between 1.5 and 2.2.
* Benefits and costs are measured in the following way from a TRC perspective:
- Benefits are measured as-the reductions in costs utilities experience as a result of reduced demand for electricity or gas.
- Costs include all costs incurred in order to purchase, install, and maintain efficiency technologies plus any administrative costs required to
. implement energy efficiency programs. ..
Figure 10. TRC Benefits and Costs for Achieviable Potential Scenarios

Table 2. TRC Explained & TRc Net Benefits and Benefit-Cost Ratios

$5

Scenario

Net Benefits (Billionis)

Minimally Aggressive "

.

$0.9

Moderately Aggressive
Very Aggressive

$1.6
..

$1.5

.

1.8

0

1.5

" "

"'

S$4

0
U)

.2 $3

In Figure 10, the blue (left) bars show how much it would cost to provide the.
energy that could be saved through efficiency programs. This cost includes
elements such as fuel'costs at power plants, the cost of building new power
plants, the cost of usingd power lines or pipelines to deliverelectricity or gas, and
any other costs that the energy utility could avoid by reducing the amount of
energy they need to provide.

$2

•-$1

z

.The other bar.shows how much it would cost to save that same amount of energy,.
including the~ital cost of energy-saving equipment and any administrative'costs
fequired to irmplementenergy, efficiencyprograms. The cost Of efficient equipment
can be paid by any combination of program participant out-of-pocket expenses
arid financial incentives provided by the program.
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In,essence, the TRC test measures whether.it is more expensive to generate and
deliver a given amount of energy or to implement programs to save that energy.
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1.4.4. PowerSector Impacts
" Using ICF's Integrated Planning Model (IPM®), we simulated the effects of projected

energy efficiency potential on electric power system
capacity and costs. IPM'! models the operations of every boiler and generator in the'nation in order to develop forecasts for plant dispatch,
capacity expansion, and power prices under a range of possible environmental, transmission, energy demand, and other constraints.

" IPM® reflects the regionaI markets making up the nation's power system. Taking into account all appropriate constraints, the model projects a
least-cost mix of regional generation options to meet the demand for power in Georgia. Therefore, changes in Georgia's electricity demand do
not necessarily impact instate'generation proportionately.1
" The IPM® analysis allows us to draw several important conclusions about the impact of projected energy efficiency potential:
-

Realization of projected energy efficiency potential would yield measurable differences in capacity expansion for the Southern power region
by 2015 (See Table 3). Because of the regional nature of power markets, it is not possible to determine whether these capacity reductions
would occur within Georgia.

- The overwhelming majority of reduced power production would come from natural gas generators.
- A large majority of generation reductions would come from units outside of Georgia. This finding reflects relatively low costs of generation in
Georgia-generators in Georgia are not the marginal resources (See Table 4).
-

The percentage reductions in pollutant emissions in 2010 are smaller than percentage reductions in generation (See Table 5).

-

Each achievable potential scenario would cause a measurable reduction in Southern region wholesale electricity prices (See Table 6).

Based on avoided wholesale energy costs, the costs of implementing energy efficiency programs, and reductions in utility revenues resulting
from lower sales, we estimated overall long-term impacts on required average utility revenue within Georgia (See Table 7).
Table 3. Total 2015 Southern Region Capacity Reductions Resulting from Achievable Potential Scenarios
Scenario

2015 Capacity Change (MW)

Minimally Aggressive

679

Modefately Aggressive

1,410

Very Aggressive

1,425

I IPMO relies on data and information on the electric generation system and key drivers to derive wholesale energy prices and other IPM® model outputs. These assumptions were based on *EPA

Base Case 2004.' They are fully documented in EPA Modeling Applications Usingthe Integrated PlanningModel (httpltwww.epa.gov/airmarkets/epa-ipm).
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Table 4. Generation Reductions from Achievable Potential Scenarios-GWh in Georgia, National GWh, and Percent of National GWh in Georgia
2010
2015
Scenario•
Georgia GWh
National GWh
% GWh in Georgia
Georgia GWh
National GWh
%GWh in Georgia
Minimally Aggressive

1,207

3,457

35%

2.021

5,926

34%

Moderately Aggressive

2,874

9,023

32%

2,714

10,577

26%

Very Aggressive

4,749

13,065

36%

2,805

11,166

25%

Table 5. 2010 Generation and Emissions Reductions Within Georgia from Achievable Potential Scenarios-Total and Percent of State Power Sector

-Scenario;

-.

Minimally Aggressive
Modfei'ately Agg•'essive,

N..;eryAggressive

..

j

'

Generation (GWh)
1,207
2,874

"

4,749 1

NOx (Thousand Tons)

- SO (Thousand Tons)

0.7%

0.5

0.3%

1.8%

1.8

1.2%

2.9%

2.7

1.9%

1.1
"4.8
7.6

C02 (Thousand Tons)
0.2%

634.

0.6%

0.8%

1,692

1.5%

1.3%.

2,710 1

2.4%

Table 6. Changes in Southern Region Electricity Wholesale Prices from Achievable Potential Scenarios
Wholesale Prices (Southern Region)

ICF Consulting
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SScenario

2010

Minimally Aggressive

-0.4%

-0.5%

Moderately Aggressive

-0.7%

-3.8%

Very Aggressive

-1.8%

-3.9%
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2
Table 7. Changes in Georgia Electricity and Gas Average Revenue (LRIRIM)1-Total One-time Increase and Percent of Estimated 2005 Average Revenue

Scenario

f.4.5.

Electricity

Natural Gas

$/kWh

Percent

$IThm

Percent

Minimally Aggressive

$0.001

0.9%

$0.007

0.8%

Moderately.Aggressive

$0.002

2.5%

$0.018

2.2%

Very Aggressive

$0.003

3.9%

$0.030

.3.7%

PublicBenefits of Energy Efficiency

Public Health Impacts
" Using the EPA'S National Co-Benefits Risk Assessment Model (COBRA), we estimated the likely effects of the projected emissions changes on
public health in Georgia.
" Using more sophisticated atmospheric modeling techniques would allow for a more precise assessment of health impacts. However, based on
our COBRA analysis, it is clear that the health benefits related to emissions changes will be small.

2The

lifecycle revenue impact (LRIRim) represents the one-time change inaverage revenues required to match utility revenues to revenue requirements over the life of a program. Itis calculated by
dividing the utility's net costs of a program over energy sales for the full life of the program, yielding the average revenue per unit of energy (i.e., $/kWh or $/Thm) required to meet increased costs.
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Water Consumption Impacts
* Energy efficiency can also contribute to reductions in state water usage in two possible ways:
-

Implementation of efficiency measures that also reduce end user water consumption (e.g., low-flow showerheads)

-

Reducing the amount of water required to cool electric power generators

" We assessed the imnpacts of both of these factors and have projected the effects on Georgia water consumption (See Table 8 and Table 9).

Table 8. Reductiohs in Power Sector and End Use Water Consumption in Georgia
Consumption (Million Gallons per Day)
2010

2015

Minimally Aggressive

58

121

Moderately Aggressive

123

155

Very Aggressive

224

159

Minimally Aggressive

3

3

Moderately Aggressive

8

4

Very Aggressive

10

4

Minimally Aggressive

61

124

Moderately Aggressive

131

159

Very Aggressive

234

164

Power Sector

.

End Use

*

Total

ICF Consulting
M5013

.

1-11 .

.

Georgia Environmental Facilities Authority
May 5,2005

Executive Summary

Table 9. Changes in Power Sector Water Withdrawals and Consumption in Georgia and Total Southern Region

Scenario

Withdrawals
2010

Georgia

I

Consumption
2015

2010

2015

___"__

Minimally Aggressive

-1.3%

-2.0%

-2.9%

-4.8%

Moderately Aggressive

-3.5%

-2.6%

-6.1%

-6.2%

Very Aggressive

-6.0%

-2.6%

-11.1%

-6.4%

Minimally Aggressive

-0.8%

-1.2%

-2.8%

-4.5%

Moderately Aggressive

-2.1%

-1.5%

-5.9%

-5.8%

Very Aggressive

-3.8%

-1.5%

-10.8%

-5.9%

Southern Region

Economic Development Impacts
* To assess economic development impacts, we subcontracted with the University of Georgia's Carl Vinson Institute of Government to use the
Georgia Economic Modeling System (GEMS), a regional simulation model for the Georgia economy. Provided with several inputs on the costs of
energy efficiency equipment, customer energy bill savings, and program administrative and incentive costs, GEMS yielded findings on the
economic impacts of the achievable potential scenarios:
- Relative to the GEMS baseline economic forecast, each scenario would result in long-term net employment increases in Georgia. By 2015,
GEMS projects that these increases would range between 1,500 and 4,200 jobs.
-

Each scenario would also produce increases in personal income relative to the baseline forecast. GEMS projects that these increases would
be between $48 million and $157'milliori by 2015.
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Figure 11. 2015 Employment Impacts from Achievable Potential Scenarios
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Figure 12. 2015 Personal Income Impacts from Achievable Potential Scenarios
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2.1. Introduction
211
akgound
A number of sophisticated analyses prepared over the past several years document large untapped potential for cost-effective energy-efficiency

improvements. These studies have been conducted in a number of states across the US:
- Wisconsin-ICF Consulting, 2003, and 2004
- Califoýn'ia--KEMA-XENERGY, 2002 and 2003.
- Arizoni, Colorado, Nevada, New Mexico, Utah;'Wyoming-Southwest Energy Efficiency Project (SWEEP) et al, 2002
-

New Jersey-KEMA-XENERGY, 2004

-

Connecticut-GDS Associates and Quantum Cornsulting, 2004

* Capture of0this potential can.yield a variety of benefits including:
Lowebrcbnsumer energy bills

"

•"

-

Reduced emissions from powe'rplants with associated health benefits

-.

Increased local economic'activity."

2.1.2.

Objectives

* In-an effort to befter-understand the magnitude of cost-effective and achievable energy efficiency potential in Georgia, the Georgia Environmental
Facilities.AAuthority (GEFA).commissioned ICF Consulting to perform a study of the Techno-Economic Potential for Energy Efficiency in the state.
GEFA had several core objectives when commissioning this analysis:
- Quantify Economic Potential-Assess how much energy efficiency would be economical compared with the total resource costs of
supplying*and;delivering the electricity and naturalgas that would otherwise be required.
- A sses
6sAchievable Potential-Given currenit market barriers, estimate how much of'total economic potential is realistically achievable. Of
thiseachievable potential, determine what portion is naturally occurring-likely to occur as a result of natural market forces and existing energy
efficiency programs. The difference between total achievable potential and naturally occurring conservation defines the energyefficiency
policy target.
ICF Consulting
1-023

.
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-

Evaluate Public
Policies-Determine which state policies wooild be most successful and cost-effective in achieving the energy efficiency
3
policy target. •

-

Estimate"Environmental Dividends"-Project the public benefits that would flow from realizing achievable energy efficiency potential in
terms: of air pollutant emission reductionsi, public health benefits, and economic development impacts.

2.2. Approach,
" To accomplish the objectives of this project, ICF sought to unite demand-side energy: efficiency modeling (EEPM) with supply-side

power
generation modeling (IPM®) and environmental policy and regulation analysis. The goal of thissynergistic approachwas to comprehensively
answer the questions:

-

How much cost-effective energy efficiency is available to be tapped in Georgia?

-

What impacts would the captureof this energy efficiency have?

- How could state policymakers prudently act in order to realize these energy efficiency improvements?
" The studywas structured in four substantive tasks, each of which is described in detail later in this section. See Figure 13 for an illustration of the
overall structure of the assessment.
- Collect Data--Data characterizing Georgia electricity and gas load, wholesale and retail costs of energy, and end use efficiency technologies
were collected to develop a detailed end use profile of energy use in Georgia.
-

Estimate Achievable Energy Efficiency Potential and Related Impacts-ICF then used its Energy Efficiency Potential Model (EEPM) to
estimate Georgia's technically feasible, economically viable, and rbalistically achievable potential for energy efficiency.

-

Estimate Public Benefits of Energy Efficiency-Next, ICF employed its Integrated Planning Model (IPM®) to assess the direct impacts of
this energy efficiency potential on generation, generating capacity, and wholesale electricity prices. ICF also estimated the projected
potential's effects on pollutant emissions, public health, water consumption, and economic development.

- Review Public Policy Options-Finally, an array of state public policies were reviewed for their likely efficacy and cost-effectiveness in
capturing untapped achievable energy efficiency potential in Georgia.
* Below is a description of the demand-side (EEPM) and supply-side (IPM®) modeling tools used for this analysis.

3For

a complete discussion of public policy options, see the accompanying report-Strategies for CapturingGeorgia's Energy Efficiency Potential.

Qy
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Table 10. ICF Consulting Demand-Side and Supply-Side Modeling Tools

DEMAND-SIDE: ENERGY EFFICIENCY POTENTIAL MODEL (EEPM)

" ICF Consulting actively develops and maintains a sophisticated
measure-based Energy Efficiency Potential Model (EEPM) that
projects the technical, economic, and achievable potential of a
wide range of gas and electric efficiency upgrades under several
market intervention scenarios.

SUPPLY-SIDE: INTEGRATED PLANNING MODEL (IPM®)
" ICF's Integrated Planning ModeI-(IPMO) is a detailed engineeringeconomic capacity expansion and production-costing model of the
power sector supported by an extensive database of every boiler
and generator in the nation.

- Savings and cost information for demand-side efficiency
technologies

" The model uses a dynamic linear programming approach to
•develop a least-cost forecast of plant dispatch and capacity
expansion given demand for electricity; environmental
requirements; transmission capacity; fuel prices; and operational,
financing, and reserve margin constraints. The model forecasts
over the entire study horizon and outputs capacity and generation
forecasts, wholesale power price forecasts, emissions projections,
and fuel prices.

- Retail and wholesale energy cost forecasts

* IPM's applications include:

" EEPM utilizes several types of input data to project this potential:
- Base case load forecasts segmented by sector, subsector (i.e. :
building type or SIC/NAICS code), end use, and technology
type

- Saturation of efficient end use equipment already installed and
penetration of high-efficiency equipment in current equipment
sales
" The final results of the modeling process include extensive data on
which sectors, markets, building types, industries, end uses, and
measures promise the greatest opportunities for energy efficiency
improvements. In addition, EEPM projects annual equipment,
administrative, and monetary incentive costs required to purchase
efficient equipment and to finance programs to stimulate the
purchase of that equipment.

- Wholesale power market price forecasting and analysis
- Generating unit asset valuation and dispatch assessments
- Emissions projections of SO 2 , NOx, C0 2, and Hg
- Allowance prices for capped pollutants
- Fuel market forecasting and analysis
-

Grid operations including transmission

- Cogeneration market analysis,

I

ICF Consulting
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Figure 13. Overall Structure of the Assessment
Customer Load Data",
Saturation & Market Share Data
EE Measure Data:,',

EEPM
EE Measure Database

Applicabli~ty and
Interactivity Matrix

Segmented Load Forecast

Technical Potential
Avoided Costs & Retail
Cost Forecast

==V

MeasureAssessment
(RIM, 7R4 PCT)

Review
Policy
Options

Economic Potential

'S

Market Share Projections
Achievable Potential

NaturallyOccuring

EE ProgramCost

NetAchlevable Potential

~I ~

IPM
PollutantEmissIons

*
*

ICF Consulting
05A13

•

Wholesale PriceEffect&
Capacity Changes
Compliance Costs

'2.4

k
Retail
PriceEffects
PublicSeneflts
o Water
o Healthb
o Economic

Georgia Environmental Facilities Authority
K-'qy 5, 2005

Introduction and Approach

2.2.1.

Data Collection

The complexity and difficulty of data collection activities was significantly increased by our inability to gain access to critical Georgia-specific
information already collected as a part of Georgia Power's 2004 integrated resource plan (IRP). The following redacted 2004 Georgia Power IRP
data, had they been available, would have contributed significantly to the efficient and timely completion of data collection for this assessment.
Future demand-side analysis efforts would benefit greatly from increased transparency and availability of these data.
-

End Use Load Forecasts-The 2004 Georgia Power IRP contained sophisticated long-term end use electricity sales forecasts for the
residential, commercial, and industrial sectors-the type of end use segmented forecast required for this type of end use demand-side
analysis.

-

Utility Avoided Costs-In the same IRP, Georgia Power used its projected avoided costs of generation to screen nearly 200 demand-side
measures for cost-effectiveness. Such estimates of avoided costs are necessary to screen demand-side measures for their economic viability.
This type of screening is a critical component of any assessment of energy efficiency potential and any demand-side program design and
analysis.

" Though other utilities often make such data publicly available, Georgia Power considers them a trade secret and not appropriate for public
disclosure. Citing concerns that these data could be exposed directly or reverse-engineered from final results, Georgia Power was also unwilling
to provide them under a confidentiality agreement for this study. Ultimately, we were unable to reach a compromise that sufficiently allayed these
concerns. Credible substitutes for these data were developed for this assessment, but increased disclosure could improve the quality and
consistency of demand-side analyses conducted for the state.
Though Itwould have been useful to incorporate the results of other Georgia-specific studies 1hto this analysis, the US Department of Energy
does maintaih a large collecti6ro of up-to-date data and long-term forecasts on how energy is consumed in various sectors, subsectors, and end
uses: across the country. These data and forecasts are the most comprehensive, consistent, and reliable sources of public energy information in
the country and are highly suitable for studiesýsuch as this. The principal drawback of these data is that they lack state-level resolution. For that
reason, we have characterized energy consumption in Georgia based onprofiles of several states inthe Southeast region of the country.
Data collection activities consisted of three basic subtasks, described in detail below.
In summary, our principle sources of data were as follows:
-

Department'of Energy (DOE) Energy Information Administration (EIA)

- • Database for Energy Efficiency Resourcescnduteby
(DEER)
C using DE2sfwr
Buildi'ng energy consumption simulations conductedDOE-2 software
-

Base Case IPM' projections
ENERGY STAR sales and market share tracking data

ICF Consulting
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Collect Georgia Load and Utility Cost Data
At the core of our assessment of energy efficiency potential are load and utility cost data. These data were used to characterize the types of
customers using energy, how they are using it, and what it costs to supply it. We collected three types of data to complete this subtask:
- Customer'Load Data-In lieu of using the long-term end use forecasts in Georgia Power's IRP, ICF collected forecast customer electricity
and gas sales data disaggregated by sector, subsector, end use, and technology type from the EIA's 2004 Annual Energy Outlook. This
forecast, obtained by request from the EIA, offered fully disaggregated projections of electricity and gas sales through 2025 for the South
Atlantic Census Division. For the industrial sector, ICF collected some additional data from the EIA's most recent Manufacturing Energy
Consumption Survey (MECS).
- AvoidedCost Data-Because Georgia-specific electricity avoided cost data were not available, ICF estimated avoided costs from Base Case
IPM® runs for the Southern region. This region includes Georgia and portions of Florida, Alabama, and Mississippi. ICF obtained natural gas
avoided costs from the EIA.
- Load Shapes-ICF obtained Itron's eShapes®.product - a collection of load shapes specific to Georgia sectors, subsectors, and'end'uses for use in development of disaggregated peak demand forecasts and hourly achievable potential results for input into IPM•.
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Refine Efficiency Measure- Data

Figure 14. Georgia Climate Zones

" ICF maintains a comprehensive database of several hundred
energy efficiency measures for use in achievable potential
analyses and DSM program design.-

......

" To ensure that all measure data were up-to-date and applicable to
the Georgia market, we made the following refinements to the
datalbase:
--

-

_:20,663

As necessary,, measure cost and savings data were reviewed'v.
and updated in the context of changing energy efficiency
standards..

o .e..

In order to strengthen our analysis of energy savings potential
for-industrial"pr6cess efid uses, we conducted an extensive
review;6f facility'auditcdata collected in'the DOE Indust'ial
Assessment Centers (IAC) Database. This database holds

thousands of recommendations made to individual facilities
Pseeking to reduce high energy consumption and costs.. Cost and.
savings data Were compiled and added to our measure
database for measures impacting the process heating, process
cooling, and. process machine drive end uses.
-

Weather-sensitive measures applicable to heating, ventilation,
-'and airconditidriing end uses'were modeled using DOE-2
building simulations. These simulations were conducted for two
residential building types and ten non-residential building.types
fokreach'of.the climate; zon esinýGebrgia.The final climate zone
,savings characteristics of the measures considered were
compiled as population-weighted averages for the entire state.
Figu0re14 illustrates Georgia's climate zones.
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Compile Energy Efficiency Market Share Data
* Though market share data for energy efficiency measures are-generally scarce, several sources provided some insight into the current state of
the market for energy efficiency equipment in Georgia.
-

ENERGY STAR sales and market share tracking data offered Georgia-specific market shares for efficient appliances.

-

Market share tracking projects based in California showed time series of market shares for several HVAC, lighting, and appliance end use
technologies. Though these data were not Georgia-specific,'they are some of the only domestic estimates available.

2.2.2.

Estimate Achievable Energy Efficiency PotentialandRelatedImpacts

* With the required data in hand, we utilized EEPM to estimate technical, economic, and achievable potential.
* After this analysis was complete, ICF projected the related impacts of achievable energy efficiency.
* This portion of the analysis consisted of several steps, detailed below.

Establish Market Baseline
" The market baseline characterizes

the baseline forecast of energy use in Georgia for electricity sales, peak demand, and gas sales disaggregated
by sector, subsector, end use, and technology type. See Figure 15 for an illustration of the derivation of the baseline Georgia forecast.

" This baseline forecast includes all customer load data collected from the EIA, offering a view of how total load is broken down to a fine level of
detail.
" Because each sector is modeled separately, the most basic load split is by sector. Within each sector, the load is further divided into the
appropriate subsectors, end uses, and technology types. Technology types in the lighting end use, for example, could include exit signs and
linear fluorescent fixtures.
" We developed the Georgia market baseline as follows:
-

-

First, we scaled the EIA disaggregated forecasts to match Georgia's actual level of sales in each sector. Georgia 2003 sales data were
provided by EIA.
Next, subsector, end use, and technology type disaggregations were developed by dividing the scaled Georgia sales forecasts in the same
proportions as the EIA's South Atlantic forecast.
Peak demand forecasts were developed by utilizing end use load shapes from Itron in conjunction with the disaggregated electricity sales
forecasts.
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Figure 15. Establishing the Market Baseline

Total Load
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Assess Energy Efficiency Measures
* Using the refined efficiency measure database, we evaluated the cost-effectiveness of measures and measure bundles using the Total Resource
Cost (TRC), Participant Cost (PCT), and Ratepayer Impact Measure (RIM) tests. Measures with a TRC benefit-cost ratio of 1.0 or greater were
considered for inclusion in economic and achievable potential.

Estimate Technical, Economic, and Achievable Potential
* Technical potential quantifies the savings that could be realized if energy efficiency measures were applied in all technically feasible instances,
regardless of cost.
-

Applicability factors, which ýepiresent a measure's applicability to a specific end use, were used in conjunction with measure savings factors to
estimate technical potenrtial•.
Measures are combined within each end use to construct savings potential for the end use as a whole. It is important that measures in the
same end use6 be'conisidered together to avoid over-counting of savings. For example, iftwo non-exclusive lighting measures are installed,
one savingA10% of liglhting electricityV use and the'other saving 25%, the savings of the two measures installed together does not equal the
sum of the percentage savings (35%). Instead, the first measure installed saves 10% and the second saves 25% of the usage remaining after
installation of the first measure, yielding total savings of 32.5%.
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" Economic potential is the subset of technical potential that is cost-effective from a TRC perspective.,

" To project achievable potential, EEPM estimates the adoption of cost-effective energy efficiency measures over time. The derivation of
achievable potential involves several stages:'
- Starting with initial market share data, EEPM projects the market penetration of energy efficiency measures along the characteristic S-shaped
adoption curve. The steepness of that curve is controlled bya parameter called the "adoptive influence" or "A," which can be varied between
zero and one to simulate various policy intervention scenarios. For reference, the diffU'Sion of VCRs into the market, known as a quickly
adopted technology, progressed along an S-shaped curve with an A value of approximately 0.44. Figure 16 shows market adoption curves
under a range of possible A values.

Figure-16. Projected Market Adoption Curves Under a Range of Scenarios
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EEPM also tracks the turnover of energy consuming equipment.
As existing'equipmnent reaches the end of its: useful life and is replaced, new equipment is purchased at either a base or high-efficiency
level •as determin6d. by the project6d market sha'res for high-efficiency equipment.:'

-

'

.o, Replace-on-fail measures are only available for implementation as older equipment is replaced, but retrofit measures may be implemented
.
.at anytime. Retrofit measures include:
* Measures that do not replace any existing equipment (e.g., pipe insulation added to non-insulated pipes).
.:

* *"Measures'
that replace existingequipment bdt are cost-effective even when'the full cost of the new high-efficiency equipment is

,considered. For example,.the incremental cost-of a high-efficienicy 15 SEER residential central air conditioning Unit is the difference in
cost between a 15 SEER unit ahd a standard 13 SEER unit- For an equipment'replacement such as this, cost-effectiveness for replaceon-fail is calculated basedon this incremental cost and the incremental savings achieved by selecting a 15 SEER over a 13 SEER unit.
,, However, ifthe incremental savings.achieved by the 15 SEER unit were enough to overcome the full cost of the equipment and
installation, the existing Unit may be6replaied by the'15 SEER at'an~ytime.

-:

Once the penetrations of measures are projected for a given scenario, the resulting energy savings can'be calculated using an applicability
and, interactivity analysis similar to that used to estimate technical and economic potential.
Based: on our research of historical energy'efficiency program influence on market shares, we have calibrated EEPM's market adoption
curves to several scenarios:
-Naturally Occurring-This scenario reflects efficiency gains from turnover of older equipment to current standard equipment and the.
• adoption of high-efficiency equipment due to natural market forces and existing energy efficiency programs.
i Minimally
.ý
Aggressive--This scenario is consistent with a'portfolio of energy, efficiency programs offering modest financial incentives,
(-25%.of incremental costs),with limited marketing and outreach'.

....

Moderately Aggressive-.This scenario is consistent with a portfolio of energy efficiency programs offering more generous financial
incentives (-50% of-incremental costs) with more extensive marketing'and outreach.
.Very Aggressive-This scenario is consistent with a portfolio of energy efficiency programs offering highly aggressive incentives (-100%
of incremental costs) with extensive marketing and outreach efforts. This type of scenario is considered to reflect the maximum possible
achievable potential. Efficiency potential in the Very Aggressive case still does not capture all economic potential. Even with financial
incentices covering the full cost of efficient equipment, some customers will not be influenced to invest in energy efficiency.

-

As a final step, EEPM estimates:the costs of achieving each level of achievable potential..Three basic types of costs are considered:
Incremental; Costs--The cost of purchasing, installing, and maintaining the high-efficiency equipment over and above what would be paid
for standard-efficiency equipment.'
•
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Incentive Costs-Monetary incentives paid to program participants for the installation of high-efficiency equipment. As described above,
these costs are assigned as a percentage of incremental costs.:
Administrative, Marketing, and OutreachCosts-Additional costs associated with engaging program participants, stimulating their
investment in energy efficiency, and back office support for programs. Each of these cost categories is calculated as a percentage of
incentive costs.-

Estimate Effects on Electricity Generation .and Capacity

"

Inorder to assess the capacity, generation, and emissions impacts of the energy efficiency scenarios, EEPM's estimates of hourly load impacts
were provided as inputs to IPM®. Figure 17 illustrates our hourly savings estimates in 2010 for the Moderately Aggressive Scenario.

" By using these time-specific load decrements, impacts on-peak were distinguished from impacts in off-peak hours, and the system peak could be
adjusted to reflect the projected energy efficiency. Electricity transmission and distribution losses were also calculated based on IPM®'s projected
difference between reductions in generation requirements and reductions in electricity sales.
" Though the projected end use energy efficiency impacts are specific to Georgia, power markets are largely regional, Therefore, energy efficiency
improvements in Georgia would impact generation throughout the Southern region.
" IPM® modeled each achievable potential scenario for the 2007-2025 period, with energy efficiency load impacts beyond 2015 assumed to be
equal to those in 2015.
" Impacts on the generating system were estimated'for each scenario by comparing the achievable potential IPMO scenario results to a Base Case
scenario of energy demand. All inputs and assumptions were the same between runs except the level of electricity sales in Georgia.
Comparisons between these IPM' runs revealed differences in capacity, generation, and emissions within the state, of.Georgia, in the Southern
region, and across the nation.,
" As noted above, reductions in electricity sales in Georgia would be expected to have impacts on generation outside of Georgia. This would be
true, for example,-if Georgia had low-cost generating resources that would continue to supply the region, despite reduced demand for electricity
in Georgia. Customers of Georgia retail subsidiaries Would see the benefits of energy efficiency, and perhaps, depending on ratemaking rules
and procedures, benefits from increased power sales outside the region.
" Changes in capacity additions; generation by unit type; and in emissions of NO., SO 2, Hg, and CO 2 were identified and recorded. Note that
because there is a national SO 2 cap and trade program in place, no total changes in SO 2 emissions are expected. Small temporal or regional
shifts may occur,;though generally reductions in electricity sales do not yield changes in emissions when an emissions cap is in place. Instead,
generating units take advantage of the opportunity brought about by lower compliance requirements to reduce compliance costs..To assess the
impact of this phenomenon, we recorded the reductions in emission allowances prices associated with each achievable potential scenario.
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Figure 17. Hourly Savings for 2010 Moderately Aggressive Scenario
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Assess Impacts on Average Revenue
Though IPM® produces estimates of wholesale prices as one of its standard outputs, average revenues are influenced by many factors in
addition to the wholesale price. We have-estimated the influence of energy efficiency on long-term average revenue based on the lifecycle
revenue impact (LRIRIM), which represents the one-time change in average revenues required to match revenues to revenue requirements over
the life of a program. We have calculated these changes in average revenue to establish an overview of the likely impacts of energy efficiency
rather than a precise forecast. The Ratepayer Impact Measure (RIM) and other cost-effectiveness perspectives will be described in greater detail
in the results. Equation 1 illustrates the formula for calculating the life•ycle revenue impact.

Equation 1. Derivation of Lifecycle Revenue Impact

-E
* Where the terms are defined as follows:

-

discounted costs from aR_1tepayebr Impact Measure (RIM) perspective

-

CRIM equals

-

BRIM equals discounted benefits from a RIM perspective

-

E equals discounted energy sales

Perform Alternative."Risk Management" Analyses Reflecting Cost of-Emissions
The analyses described above evaluated the role of energy efficiency in the context of air regulations and policies in place and in force today.
Specifically, these Base Case regulations include the Acid Rain provisions (Title IV)of the Clean Air Act (CAA), which limit annual emissions of
S02 nationally, and the NOx SIP Call, which limits emissions of NOx during the ozone season in 22 eastern states and the District of Columbia
(DC). For this subtask, GEFA sought to uncover the impact of possible future emissions control scenarios on the cost-effectiveness of energy
efficiency. We considered several emissions scenarios and modeled the impacts of these scenarios on wholesale electricity prices using IPM®.
These new wholesale price projections were then used as inputs to EEPM, and achievable potential was reassessed for each emissions
scenario. the following emissions regulations were considered:
-

Clean Air Interstate Rule (CAIR)-The recently adopted CAIR limits NO, and SO2 emissions in 28 eastern states and the District of
Columbia. These regional limits to SO 2 are in addition to those national limits imposed by Title IV of the CAA.

Cj5,)2005
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-

CAIR & Clean Air Mercury Rule (CAMR)-This scenario includes, in addition to CAIR, the recently adopted Clean Air Mercury Rule.
(CAMR), :whichestablishes a national mercury emissions cap applicable to all of the Nation's coal-fired boilers over 25 MW. When fully'
implemented, CAMR, in aditibn:to the' impacts of the CAIR, Will limit mercury emissions to15 tons a year, a rediuction of about 70 percent
from historic- levels based on EPA estimates.
CAIR,CAMR,. & Co 2 Cazpý-In addition'to0capturing th6 impacts of recently promulgated regulations,'we'examined the potential impact of a
hyp0thetidal mandatorY carbon emissions policy on the cost-effectiveness of energy efficiency. In order to0assess these potential impacts, we
modeIed'a nationaIl Ievel:carbon emissions cap on the power sector.-

2.2.3.

Estimnate Puibc Benefits of Energy Efficiency

* Under this task we estimated the direct, indirect, and ancillary effects of deploying energy-efficiency.

Pollutant Emissions,
* Pollutant emissions from power plants are a direct output of IPM®. Thus, we recorded the change in emissions relative to the Base Case for each
of the 'achievable potential scenarios..

Consumptive Water Use Savings and Cost Savings"
Changes in generation outputs also cause changes in the quantities of water withdrawn and consumed in the production of electricity.
Based on IPM'sP, projections of power plants' changes in generatioh and data from the EIA oneach plant's water withdrawals and consumption.•
per unit of electricity generated, we calculated .the changes in power sector water withdrawals and consumption associated with each achievable
potentialscenario.
• In addition, based on the water, saving characteristics of some energy efficiency measures, we assessed each scenario's impact on end user
water consumption.

Public Health Benefits
" We assessed the impacts of pollutant emissions changes on public health in Georgia using the EPA's National Co-Benefits Risk Assessment

Model (COBRA).
" Our projections 6f pollutant emissions change's'w-ere input into the COBRA model for each of the three policy intervention scenarios. COBRA's
6utptS inctludecountylevel impacts on a widerarigeof po11iltant-related health problems. COBRA estimated only slight health'benefits for each
scenario, sothe full quantitative results are not presented in this report.
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Economic Development Impacts
" To estimate economic development impacts, we subcontracted with the Regional Dynamics to use their GEMS regional simulation model for the
Georgia economy. Tosupport this analysis, we provided several important inputs:
-

Direct expenditures on energy efficiency measures

-

Direct cost savings to consumers from reduced energy bills

-

Incentive and administrative costs associated with implementation of energy efficiency programs

" Using these input data, GEMS projected the impacts of the achievable potential scenarios on a variety of important economic metrics including
employment, gross state product, and government revenues.

2.2.4.

Review PublicPolicy Options

" We conducted an extensive review of the public policy options available to realize our projections of achievable potential.'Our analysis evaluated
alternative frameworks for the administration and funding of a statewide portfolio of energy efficiency programs. In addition, we developed
several program design templates to illustratesome of the important components of a successful and cost-effective program portfolio.
" The full results of this policy review are contained in an accompanying report-Strategies for CapturingGeorgia'sEnergy Efficiency Potentia/.

2.3. Caveats
Because of data limitations and the nature of modeling any complex system, there are several important caveats to be aware of when reading
and interpreting the results of this study.
- System Dynamics--EEPM models the likely impacts of policy interventions on the adoption of energy efficiency equipment as a simple
causal system. However, energy efficiency programs operate within the greater dynamic systems of the energy industry and the regional
economy. Investment in energy efficiency has effects on the entire system, and we have captured some of these effects by assessing
economic development and power sector impacts. What is not modeled are the possible feedbacks from the economy and power sector on
the adoption of energy efficiency 'equipment; For instance,' IPM® shows that wholesale power prices are lowered because of energy efficiency
improvements. But in turn', EEPM does not consider what effect those price changes have on the cost-effectiveness of energy efficiency
measures-a possible balancing feedback within the system. Such feedbacks could be explored in greater detail with a more complex
modeling effort but are only implicitly incorporated into this study.
- Aggregation Bias-Energy efficiency measures are represenited with average savings and cost values. However, the cost-effectiveness of
each measure may vary for different applications depending on the efficacy of the measure' for the chosen application, consumer energy use

ICF Consulting

C"

2-16'

Georgia Environmental Facilities Authority
N-1y5, 2005

U

(Ij
Introduction and Approach

patterns, and actual purchase prices for the measures. Variations from the selected average values are limited to some extent by subsector
disaggregations, but all deviations from the average are not completely captured.
-

Emerging Technologies-The measures modeled in EEPM are all currently commercially available. In the future, new energy efficiency
technologies will be available, yielding new opportunities for cost-effective energy efficiency. As those opportunities emerge, achievable
potential will likely exist in excess of what we have projected in this study. For that reason, our estimates of potential in later years should be
considered conservative.

-

Baseline Forecasts-All baseline forecasts used in this study were appropriately scaled to match actual Georgia energy sales. However, it is
not clear how closely the regional EIA forecasts collected for this study reflect top-line growth trends or subsector and end use load
disaggregations for Georgia. The fully disaggregated residential and commercial baseline forecasts from the EIA were originally developed for
the South Atlantic Census Division. This Division includes Georgia, Florida, South Carolina, North Carolina, Virginia, West Virginia, Maryland,
Delaware, and Washington D.C. As noted above, industrial load was disaggregated based on the EIA's MECS survey. NAICS subsector load
segmentations were available for the South Census Region, which includes all of the South Atlantic Division plus Kentucky, Tennessee,
Mississippi, Alabama, Texas, Louisiana, Arkansas, and Oklahoma. The percentage end use segmentations within each NAICS code are from
national level data. Though we cannot know exactly how well these regional forecasts and segmentations approximate Georgia load, they are
the best available information available in lieu of Georgia-specific data.

-

Consumer Adoption-Perhaps the greatest source of uncertainty in our projections of achievable potential are the estimates of market share
growth under each policy scenario. Consumer response to energy efficiency programs is inherently complex, and there are very few historical
Georgia-specific data on which to base our estimates of market penetrations for the state. Moreover, policy strategies and the quality of
program design and implementation can all vary widely, with similarly disparate results.
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3.

Estimates of Energy Efficiency Potential

3.1. Introduction
Below are our estimates of current technical and economic potential as well as projections of achievable potential over the 2005-2015 period.
-

Our technical and economic potential estimates show total gross potential, including some potential that may be achieved due to naturally
occurring conservation in the future. These assessments represent the full extent of technically feasible and economically viable energy
efficiency potential in Georgia.

- Achievable potential is presented as the net of naturally occurring potential, showing only what is achievable above and beyond naturally
occurring conservation. These projectionsrmay be viewed as energy'efficiency policy targets-incremental energy efficiency improvements
attainable through policy intervention.
Because this study considers currently available energy efficiency technologies, the projections of achievable potential are most accurate over
the short- to medium-term--from present through about 2010.
- The intent is to identify latent energy efficiency potential that can be readily captured through policy interventions in the next five to ten years.
- Towards the later years of our projections (2010-2015), new energy efficiency technologies will be developed that supplement and/or replace
the commercially available technologies we have modeled. As these technologies emerge, cost-effective and achievable potential will likely
exist in'dxcess of W~hat we estimate here.
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3.2. Technical and Economic Potential
Before considering the magnitude of energy efficiency improvements that could realistically be achieved through policy intervention, it is useful to
formally quantify what is technically and economically possible-technical and economic potential.
* Technical and economic potential estimates, as we have presented them here, have no time dimension; it is assumed that all energy efficiency
technologies are installed instantaneously. To accomplish this, measure savings factors are applied to all technically or economically feasible
applications for which energy efficiency upgrades have not yet been completed.
" Technical potential ranges from about 20% to 30% of overall 2004 Georgia load for electricity sales, peak demand, and gas sales. Economic
potential ranges from approximately 10% to 20% of 2004 load (See Table 11). Economic potential includes only those measures with a TRC
benefit-cost ratio of 1.0 or greater.
" For electricity sales, peak demand, and gas sales, the majority of technically feasible energy efficiency is also cost-effective. This is particularly
true for electricity sales, where nearly 70% of technical potential is also economic.
" Table 11 shows our estimates of technical and economic potential both in absolute terms and as a percentage of 2004 load.

Table 11. Technical and Economic Potential-Total Potential and Percent of 2004 Load
Load Type.

-

Reduction in Electricity Sales (MWh)
Reduction inPeak Demand (MW)
Reduction in Gas Sales (MMcQ)
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Technical Potential

Economic Potential

35,492,561

29%

24,709,395

20%

7,703

33%

4,199

18%

63,341

19%

36,048

11%
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3.2.1. Technicaland Economic Potentialby Sector
" The residential sector has the greatest technical and economic potential, followed

by the commercial and industrial sectors.

* A very high proportion of what is technically feasible in the industrial sector is also cost-effective, whereas technical potential in the residential
sector far exceeds economic potential.
" The figures below show our estimates of technical and economic potential by sector, presented in the context of 2004 load. Table 12 presents
technical and economic potential by sector both as absolute potential and as a percentage of 2004 load.

Figure 18. Technical & Economic Potential
by Sector (Electricity Sales)

2004Load
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Figure 19. Technical & Economic Potential
by Sector (Peak Demand)
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Figure 20. Technical & Economic Potential
by Sector (Gas Sales)
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Table 12. Technical and Economic Potential by Sector-Total Potential and Percent of 2004 Load
Load Type

Technical Potential

Economic Potential

Residential
Reduction inElectricity Sales (MWh)
Reduction inPeak Demand (MW)
Reduction in Gas Sales (MMcI)

15,884,676

33%

10,396,499

21%

3,836

41%

1,882

20%

41,292

31%

17,833

13%

13,480,921

33%

8,947,117

22%

2,602

33%

1,432

18%

15,492

28%

11,747

21%

•17%

5,365,779

15%

Commercial
Reduction inElectricity Sales (MWh)
Reduction in Peak Demand (MW)
Reduction in Gas Sales (MMcf
Industrial
Reduction in Electricity Sales (MWh)

"6,126,964

Reduction in Peak Demand (MW)

1,265f

21%

885

15%

Reduction in Gas Sales (MMcf)

6,557

4%

6,468

4%

35,492,561

29%

24,709,395

20%

7,703

33%

4,199

18%

63,341

19%

36,048

11%

Total'
Reduction in Electricity Sales (MWh)
Reduction in Peak Demand (MW)
Reduction in Gas Sales (MMcf)
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3.3. Achievable Potential

"

Our estimates of achievable potential represent energy efficiency savings that could be realistically achieved through policy interventions in the
2005-2015 time period.

" As described earlier, we have calibrated EEPM's market adoption curves to several scenarios:
-

Naturally Occurring-This scenario reflects efficiency gains from turnover of older equipment to current standard equipment and the
adoption of high-efficiency equipment due to natural market forces and existing energy efficiency programs.

-

Minimally Aggressive-This scenario is consistent with a portfolio of energy efficiency programs offering modest financial incentives (-25%
of incremental costs) with limited marketing and outreach.

-

Moderately Aggressive-This scenario is c6nsistent with a portfolio of energy efficiency programs offering more generous financial
incentives (-50% of incremental costs) with more extensive marketing and outreach.
- Very Aggressive-This scenario is consistent with a portfolio of energy efficiency programs offering highly aggressive incentives (-100% of
incremental costs) with extensive marketing and outreach efforts. This type of scenario is considered to reflect the maximum possible
achievable"potential.' Efficie ncy potential in the Very Aggressive case still does not capture all economic potential. Even with financial
incentives covering the full cost of efficient equipment, some customers will not be influenced to invest in energy efficiency.
" All achievable potential estimates presented here are net of naturally occurring conservation and therefore represent the'incremental savings
that may be gained through targeted policy intervention.
" By 2010, we project achievable potential of between 2.3% and 8.7% of electricity sales, 1.7% and 6.1% of peak demand, and 1.8% and 5.5% of
gas sales (See Table 13).

Table 13. 2010 Achievable Potential-Total Potential-and Percent of 2010 Load
Load Type

Minimally Aggressive

Moderately Aggressive

Reduction inElectricity Sales (MWh)

3,338,924

2.3%

8,704,577

6.0%

12,546,554

8.7%

447
7,041

1.7%
1.8%

1,149
16,972

4.4%
4.4%

1,608
21,343'

6.1%
5.5%

Reduction inPeak Demand (MW)
Reduction inGas Sales (MMcQ)
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Figure 21. Achievable Potential (Electricity Sales)

Figure 23. Achievable Potential (Gas Sales)

180,000,000

450.000

160,000.000

400,000

140,000,000

350,000

120,000,000

. 300,000

M
8 0
.•80,000,000

7,

-

(

200,000

€

150,000

u-Very

Moderately Aggressive

Forecast
-Minimally Aggressive
-- Moderately Aggressive
-Very Aggressive

Aggressive

Z 60,000,000
S!
ILl

z

40.000,000

100,000

20,000,000
0
2002

~250,000
2-Base

-Base
Forecast
-Minimally Aggressive

50,000

2004

2006

2008

2010

2012

2014

2002

2004

2006

2008

2010

2012

2014

2016.

Figure 22. Achievable Potential (Peak Demand)
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3.3.1.

Achievable Potentialby Sector

Achievable potential is relatively evenly distributed across the residential, commercial, and industrial sectors, though there are a few important.
observations about the relative importance of the sectors to total potential (See figures below).
-

Residential'sector potential is significant in electricity and gas sales savings,-but nonresidential sectors dominate peak demand potential.

- The commercial sector..plays the largest role in electricity sales' and' peak'demand potential, but the smallest role in gas sales potential.
-

Industrial sector potential is mbst pronounced for gas sales.

Figure 25. 2010 Achievable Potential by
Sector (Peak Demand)

* Figure 24. 2010 Achievable Potential by
Sector (Electricity Sales)
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3.3.2.

Achievable Potentialby End Use

A handful of end uses make up the majority of total potential. Please note that industrial heating, ventilation, and air conditioning end uses are
combined and included in the space heat end use in the figures below.
-

Electricity Sales-Lighting comprises the largest share of electricity salessavings potential, making up 43% of total savings. Air conditioning
is the next most significant end use with a 13% share. Commercial office -equipment (12%) and a combination of all industrial process end
uses (19%) also contribute substantially to total potential (See Figure 27).

-

Peak Demand-Air conditioning makes up 37% of total peak demand savings, reflecting the significance of cooling loads at the time of the
electricity grid's summer peak. Lighting accounts for an additional 28% of potential, though because of residential lighting usage patterns,
most of this savings is found in the nonresidential sectors. Industrial process end uses (21%) are also significant sources of peak savings
(See Figure 28).

-

Gas Sales-Space heat, industrial processes, and domestic hot water make'up 44%, 32%, and 24% of gassavings potential, respectively,
with minor savings in other end Uses (See Figure 29).

* The figures on the following pages present 2010 achievable potential by sector and end use, providing an overall context for the contribution of
each sector and end use to total potential.

Figure 27. 2010 Achievable Potential by End
Use (Electricity Sales)

Figure 28. 2010 Achievable Potential by End
Use (Peak Demand)
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Figure 29. 2010 Achievable Potential by End
Use (Gas Sales)
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Figure 30. 2010 Achievable Potential by Sector and End Use (Electricity Sales)

Ind. Process Heat
9% . .

i,

Com. Office Equipment
12%
Res. Clothes Washerr
0.03%W
Dryer
Res.

0.01%
Res, Dishwasher
0.002%
Res. Hot Water4%

J/3CL

Corn. Refrigeration
"
1%
Res. Freezer_
0.02%
Res. Refrige ration
0.1% Ind. Exterior Lighting"
. Extro L
g

Ind. Interior Lighting

Corn. Interior Lighting

Com. Exterior Lighting
4%

1%.

ICF Consulting
05-o13

. •;..
. . : .... . ..

3 -9 :'

Georgia Environmental Facilities Authority
May 5, 2005

Estimates of Energy Efficiency Potential

Figure 31. 2010 Achievable Potential by Sector and End Use (Peak Demand)
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Figure 32. 2010 Achievable Potential by Sector and End Use (Gas Sales)
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3.3.3.

Achievable PotentialCost-Effectiveness4

* The achievable energy efficiency potential identified in this study has.significant direct net economic benefits for the state of Georgia.
* From a "Total Resource Cost" or TRC perspective, the total net benefits to the state from energy efficiency improvements implemented from
2005-2015 in each of the policy intervention scenarios are between $0.9 billion and $1.6 billion in net present value dollars.
* The TRC benefit-cost ratios for the three intervention scenarios are between 1.5 and 2.2.
Figures on the following pages assess the cost-effectiveness of each policy intervention scenario from a variety of perspectives. With each
figure, there is a description of the benefit-cost perspective presented. Subsequent to these figures are three tables detailing the costeffectiveness of each sector and end use. Each of the three tables reflects the, cost-effectiveness of one policy intervention scenario.
" For all cost-effectiveness tests, dollars are presented in net present value terms, showing what future costs and savings are worth today. To
clarify, money spent or saved some number of years in the future is less valued than money spent or saved today. To account for this, we have
discounted future expenditures and savings at an annual rate of 8.15%.
" Table 14 shows the costs associated with each achievable potential scenario. Several types of costs are included:
-

Participant Costs-Incremental capital, installation, and maintenance costs incurred for energy efficiency equipment.

-

Program Incentives-Monetary incentives paid through energy efficiency programs to encourage the adoption of efficient equipment.

-

Program Administration-Any administrative, marketing, or outreach costs-required to run the programs and engage customers.

Table 14. Net Present Value (Thousands) of Participant, Program Incentive, and Program Administrative Costs
Scenario

Participant Costs

Program Incentives

Program Administration

Minimally Aggressive

$655,860

$163,965

$89,192

Moderately Aggressive

$1,463,379

$731,690

$501,035

Very Aggressive

$1,825,967

$1,825,967

$1,000,910

4California Public Utilities Commission. CaliforniaStandardPracticeManual: Economic Analysis of Demand-Side ProgramsandProjects, October 2001.
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Total Resource Cost Test (TRC)
* The Total Resource Cost Test assesses the costs of an energy efficiency program relative to other energy supply options.
-

Benefits-TRC benefits include avoided energy supply costs.

Costs-TRC costs include the total costs of the energy efficiency measures installed plLiS any program administrative costs. Measure costs
may be paid by any combination of program participant expenditures and program incentives.
Figure 33 compares avoided energy supply costs with the'sum of program administrative and measure costs (comprised of a combination of

•

participart co'sts and program incentives).

Figure 33. TRC Benefits and Costs for Achievable Pdtential Scenarios

Table,1 5. Total Resource Cost Test (TRC) Explained
Inessence, the TRC test measures whether it is more expensive to generate and
derwer'a ,given amount of energy or to'implement programs to save that energy.
In Figure 33, the blue (left) bars show how much it would cost to provide the

'

Total Benefits (Utility Avoided Costs)
Program Admin & Marketing

/

-

0 Program Incentives

_$4-

energy that could be saved through efficiency programs. This cost includes

Z

elements such as fuel costs at power plants, the cost of building new power
plants, the cost of using power lines or pipelines to deliver electricity or gas, and
any other costs that the energy utility could avoid by reducing the amount of
energy they need to provide.

0

0 Participant Costs Less Incentives

._ $3
..

The other bars show how mu'ch itwould cost to save that same amount of energy,
including the total cost of energy-saving equipment and any administrative costs
required to implement energy efficiency programs. The cost of efficient equipment
can be paid by any combination of program participant out-of-pocket expenses
and financial incentives provided by the program.
As is the case for each of the cost-effectiveness tests, the difference between the

'

$2-

C
..

a)

a.

"

bars represents net benefits-benefits minus costs. Any program or efficiency
measure for which benefits are greater than costs is considered cost-effective and
passes the TRC test. These cost-effective measures and programs yield benefits

to Georgia inexcess of the costs of investment even without considering any

$5

$

$.

___4

Minimally Aggressive

,

Moderately Aggressive

Very Aggressive

additional environmental or secondary economic benefits. The TRC test does not
identify specifically who will benefit from the programs, but any program or
measure that passes the test will benefit customers overall.

ICF Consulting
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Participant Cost Test (PCT),
" The Participant Cost Test quantifies
-

benefits and costs from the perspective of program participants.

Benefits-PCT benefits include participant energy bill savings plus any program incentives paid to the participant.

- Costs-PCT costs include the total costs of the energy efficiency measures installed.
" Figure 34 compares the sum of participant energy bill savings and program incentives with total measure costs paid by the participant.

Table 16. Participant Cost Test (PCT) Explained

Figure 34. PCT Benefits and Costs for Achievable Potential Scenarios

The PCT test measures how much program participants benefit from taking part
inan energy efficiency program.
InFigure 34, the left bars show the financial benefits that participants receive as a

1
.
2

$8

'0

$7

,

result of taking part in energy efficiency programs. These benefits include energy
bill savings resulting from installed efficient equipment and any financial
incentives paid by the programs to encourage the adoption of that equipment.

Participant Bill Savings
Program Incentives
11Participant Costs

773-

The right bars show the additional costs participants must pay inorder to
purchase, install, and maintain high-efficiency equipment. Inmany instances,
high-efficiency equipment costs more than its standard efficiency counterpart.
This incremental cost iswhat participants must pay inorder to achieve energy
savings.
As is the case for each of the cost-effectiveness tests, the difference between the
bars represents net benefits-benefits minus costs. Any program or efficiency
measure for which benefits are greater than costs is considered cost-effective
from a PCT perspective and passes the PCT test.

$5
.•

$4

U)

P
I.

$2

"

The PCT test is a reasonable estimate of the quantifiable benefits to participants

$0

inenergy efficiency programs. However, because customers are also influenced

Minimally Aggressive

Moderately Aggressive

Very Aggressive

by a range of unquantifiable factors, the PCT test cannot balance all of the crteria
on which customers make their decisions to participate ina program.

ICF Consulting
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UtilityCost Test (UCT)
" The Utility Cost Test, sometimes

called the Program Administrator Cost Test, measures the costs of administering an energy efficiency program

relative'to energy, supplydptions'.
-,

"Benefits-UCTbenefits include-avoided energy supply costs.
Costs-UCT costs include all costs incurred by'the utility or program administrator-program administrative costs plus program incentives.

-

" Figure 35 compares avoided energy supply costs with the sum of program incentive and administrative costs.

Figure 35. UCT Benefits and Costs for Achievable Potential Scenarios

Table 17. Utility Cost Test (UCT) Explained,

$5
E
fTotal Benefits (Utility Avoided Costs)

The UCT test measures whether it is more costly for a utlity to generate and

B Program Admin & Marketing
8-.

deliver a'given amount of energyior'to implement programs to save that energy.
InFigure 35, the blue (left) bars show how much itwould cost to provide the

$.

energy that could be saved through efficiency programs. This cost is identical to
that used for the TRC test and includes elements such as fuel costs at power
plants, the cost of building new power plants, the cost of using power lines or
pipelines to deliver electricity or gas, and any other costs that the energy utility
could avoid by reducing the amount of energy they need to provide.

0 Program Incentives

0

0
.0

$3

.

The other bars show how much the utility would have to pay to implement
programs to save that same amount of energy. This cost includes financial
incentives paid to program participants to encourage the purchase of efficient
equipment and any administrative costs required to implement the programs.

2

As is the case for each of the cost-effectiveness tests, the difference between the
bars represents net benefits-benefits minus costs. Any program or efficiency
measure for which benefits are greater than costs is considered cost-effective and
passes the UCT test.

" $1 -

'

$2

$.....
Minimally Aggressive
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Ratepayer Impact Measure (RIM)
" The Ratepayer Impact Measure assesses the impacts of an

energy efficiency program on utility revenues in relation to utility avoided energy

supply costs.
-

Benefits-RIM benefits include avoided energy supply costs.

-

Costs-RIM costs include program administrative and incentive costs plus utility lost revenues due to customer energy bill savings.

" Figure 36 compares avoided energy supply costs with the sum of program incentive/administrative costs and utility lost revenues.

Figure 36. RIM Benefits and Costs for Achievable Potential Scenarios

Table 18. Ratepayer Impact Measure (RIM) Explained

$12

The RIM measures the amount that utility average revenue (i.e., $/kWh or $/Thm)
would have to change in order to cover the costs of an energy efficiency program.

(~$10

InFigure 36, the light blue (left) bars show how much it would cost to provide the
energy that could be saved through efficiency programs. This cost is identical to
that used for the TRC and UCT tests and includes elements such as fuel costs at
power plants, the cost of building new power plants, the cost of using power lines
or pipelines to deliver electricity or gas, and any other costs that the energy utility
could avoid by reducing the amount of energy they need to provide.

(,'I
0

__$6

The other bars show the cost to implement programs to save that same amount
of energy and the utility sales revenue lost as a result of customer bill savings.
The program implementation cost includes financial incentives paid to program
participants to encourage the purchase of efficient equipment and any
administrative costs required to implement the programs. Utility lost revenues are
the reductions in utility bills that customers experience due to energy savings.

0.0

'

As is the case for each of the cost-effectiveness tests, the difference between the
bars represents net benefits-benefits minus costs. Unlike other costeffe6tiveness metrics, however, RIM ii typically used as a program design tool for
minimizing rate impacts rather than a test for screening programs or measures.
For this reason, RIM is best viewed not as a cost-effectiveness test per se, but
rather as an indication of how a utility's average revenue would need to change to
meet its revenue requirement, all else being equal.
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* Table 19 shows net economic benefits and benefit-cost ratios for each achievable potential scenario from a variety of cost perspectives.
* The tables on the following pages show this same information for each sector and end use.
-

As for all estimatesof economic and achievable potential, each end use includes savings and costs from measures with TRC benefit-cost
ratios ofI .0 or greater.
These end use groupings approximate the pieces that would make up a comprehensive portfolio of energy efficiency programs across all

sectors.

Table 19. Net Benefits (Billions) and Benefit-Cost Ratios for Achievable Potential Scenarios

Sa....
Scenario.

."..

TRC

Mihirmalj Aggressive'
ModeratelyýAggressive
VeryiAggressive'

lCF Consulting
M5-013

"

PCT

Net Benefits

BC Ratio

Net Benefits

$0.9

2.2

$1.6.
$1.5

I

.

UCT

BC Ratio

Net Benefits

$2.3

4.5

$1.4

1.8

$5.4

4.7

1.5

$7.6

5.2

3-17

RIM
BC Ratio

Net Benefits

BC Ratio

6.5

-$1.4

0.5

$2.3

2.9.

-$3.8

0.5

$1.5-

1.5 .

-$6.1

0.4

.
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Table 20. Net Benefits (Millions) and Benefit-Cost Ratios for Achievable Potential by Sector and End Use (Minimally Aggressive)
Scenario
Residential Space Heat

TRC
Net Benefits j
.$54

PCT

UCT

RIM

BC Ratio
2.1

Net Benefits
$172

BC Ratio
5.1

Net Benefits
$85

BC Ratio
6.1

Net Benefits
-$118

I

BC Ratio
0.5

Residential Central A/C

$70

3.5

$174

8.2

$88

10.1

-$104

0.5'

Residential Room A/C

$2

1.6

$6

3.8

$3

4.5

-$5

0.5

Residential Lighting

$161

1.8

$570

4.2

$293

5.2

-$409

0.5

Residential Hot Water

$50

2.7

$141

6.5

$69

7.7

-$91

0.5

Commercial Heating

$44

2.5

$111

5.3

$64

7.2

-$66

0.5

Commercial Ventilation

$8

1.8

$27

3.8

$15

5.8

-$18

0.5

Commercial Cooling

$54

3.0

$131

6.7

$71

8.7

-$77

0.5

Commercial Interior Lighting

$59

1.4

$297

3.0

$173

4.2

-$237

0.5

Commercial Exterior Lighting

$31

2.3

$87

5.0

$48

6.5

-$56

0.5

Commercial Refrigeration

$4

2.1

$12

4.7

$7

6.1

-$8.

0.5

Commercial Office Equipment

$31

2.3

$100'

5.9

$46

6.7

-$69

0.4

Commercial Hot Water

$14

1.5

$53

3.2

$32

4.3

-$39

0.5

Industrial HVAC

$13

1.7

$23

2.4

$25

4.9

-$10

0.8

Industrial Process Cooling

$31

5.0

$38

6.6

$36

14.5

-$7

Industrial Process Heating &Boiler Fuel

$187

4.8

$227

6.3

$219

13.8

-$40

0.9

Industrial Interior Lighting

$15

1.8

$25

2.4

$28

5.4 •

-$10

0.8

Industrial Exterior Lighting
Industrial Process Machine Drive

$4
$79

2.1
4.6

$6
$96

3.0
6.0

$7
$93

6.1
13.2

-$2
-$18.

0.8
0.9

Total

$911''1

2.2

$2,296

4.5

$1,403

6.5

-$1,385

0.5
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Table 21. Net Benefits (Millions) and Benefit-Cost Ratios for Achievable Potential by Sector and End Use (Moderately Aggressive)
TRC
..
.PG...UCT
RIM
scenario

..

-

Net Benefits T

BC Ratio

Net Benefits

BCRatio

Net Benefits U

BC Ratio

Net Benefits

BCRatio

Residoential Space Heat

$92

1.7

$397

5:3

$139

2.7

-$305

0.4

Residential Central NC

$144

2.8

$426

8.2

$174

4.4

-$282

0.4

Residential Room A/C

$2

1.3

$16

4.0

$5

2.0

-$14

0.4

Residential Lighting

$273

1.4

$1,580

4.4

$508

2.3

-$1,307

0.4

Residential Hot Water

$91

2.2

$322

6.6

$120

3.4A

-$231

0.4

Commercial Heating.

$79

2.1

$246

5.5

$107

3.2

-$167

0.5

Commercial Ventilation

$14

1.6

$62

4.0

$24

2.6

-$48

Commercial Cooling

$98

2.5

$284

6.8

$122

3.9

-$186

0.5

Commercial Interior Lighting

$49

1.1

$630

3.1

$197

1.9

-$581

0.4

Commercial Exteror Lightng
Commercial Refrigeration

$50
$7

1.8
1.7

$i79
$'$28

5.2
4.9

$71
$10'

2.9

-$130

0.5

2.7

-$21

0.4

Commercial Office Equipment

$48

1.9

$201

6.1

$67

2.9

-$154

0.4

Commercial Hot Water

$16

1.2

$119

3.4 •

$41

2.0

-$103

0.4

Industrial HVAC

$19

1.4

$56

2.6

$36

2.2

-$38

0.6

Industrial Process Cooling

$61

4.1

$82

6.8

$68

6.4

-$22

0.8

Induitrial 5Process Heaing &Boiler Fuel

$367

4.0

$496

6.6

$412

6.3

-$128

0.8

Industria Interior Lighting

$20

1.5

$55

2.6

$38

2.4

-$35

0.7

industrial
. Exterior Ughting

$7

1.7

$14

3.2 .

$10

2.7

-$8

0.7

Industrial Process Machine Drive

$157

3.7

$218

6.2

$178

5.8

-$61

•_Total...

$1,594

1.8

$5,412

4.7

$2,326

2.9

-$3,818
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Table 22. Net Benefits (Millions) and Benefit-Cost Ratios for Achievable Potential by Sector and End Use (Very Aggressive)
TRC

ScenarioI

PCT

UCT

RIM

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Residential Space Heat

$89

1.5

$576

5.7

$89

1.5

•-$487

0.4

Residential Central NC

$162

2.3

$598

8.6

$162

2.3

-$435

0.4

Residential Room A/C

$1

1.1

$23

4.4

$1

1.1

-$22

0.3

Residential Lighting

$125

1.1

$2,077

4.8

$125

1.1:

-$1,953

0.3

Residential Hot Water

$97

1.8

$452

7.1

$97

1.8

-$355

0.4

Commercial Healing

$85

1.7

$356

5.9

$85

1.7

-$270

0.4

$14

1.4

$93

4.5

$14

1.4

-$79

0.4

Commercial Cooling

$108

2.1

$395

7.3

$108

2.1

-$287

0.4

Commercial Interior Ughting •

-$13

1.0

$948

3.6

-$13

1.0

-$962

0.3

Commercial Exterior Lighting

$47

1.6

$250

5.6

$47

1.6

-$202

0.4

Commercial Refrigeration

$6

1.4

$41

5.4

$6

1.4'

-$34

0.4

Commercial Office Equipment

$46

1.6

$274

6.5

$46

1.6

•-$228

0.4

Commercial Hot Water

$6

1.1

$182

3.9

$6

1.1

-$177

0.4

Industrial HVAC

$13

1.2

$96

3.1

$13

1.2

-$83

0.5

Industrial Process Cooling

$73

3.5

$115

7.2

$73

3.5

-$42

0.7

Industrial Process Heating &Boiler Fuel

$443

3.4

$694

7.0

$443

3.4

-$251

0.7

Industrial Interior Lighting

$16

1.2

$90

3.0.

$16

1.2

-$74

0.5

Industrial Exterior Lighting

$6

1.5

$22

3.7

$6

1.5

-$16

0.6

Industrial Process Machine Drive

$189

3.1

$311

6.6

$189

3.1

-$123

0.7

Total

$1,512

1.5.

$7,592

5.2

$1,512

1.5

-$6,080

Commercial Ventilation

ICF Consulting
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3.3.4. Achievable Potentialin Depth
" To assist more directly in any future energy efficiency

program design strategies, we have modeled the potential for energy efficiency in each
sector separately and assessed the subsectors and end uses in which the greatest potential lies.

" Below are the complete results of the EEPM modeling effort for each sector. Table 23 shows 2010 achievable potential by sector both in
absolute terms and as a percentage of 2010 load.

Table 23. 2010 Achievable Potential by Sector-Total Potential and Percent of 2010 Load
Load Type

Minimally Aggressive'

Moderately Aggressive

Very Aggressive

Residential
: Reduction inElectricity Sales (MWh)
Reduction inPeak Demand (MW)
Reduction inGas Sales (MMcf)

806,010

1.5%

2,908,146

5.3%

5,157,717

9.4%

78

0.8%

280

2.7%

487

4.8%

2,378

1.6%

5,947

3.9%

7,523

4.9%

1,654,957

3.3%

3,725,692

7.5%

4,763,509

9.6%

229

2.4%

537

5.7%

698

7.4%

2,167

3.4%

4,928

7.7%

6,100

9.5%

877,957

2.2%

2,070,740

5.2%

2,625,327

6.6%

140

2.1%

423

6.3%
4.6%

Commercial
Reduction inElectricity Sales (MWh)
Reduction inPeak Demand (MW)
* Reduction inGas Sales (MMcf
.,=" .

",

Industrial
Reduction inElectricity Sales (MWh)
Reduction inPeak. Demand (MW)
Reduction inGas Sales (MMct
Total

Reduction in Peak Demand (MW)
Reduction In Gas Sales (MMcf)

05-013

4.9%

1.5%

6,097

3.6%

7,720

3,338,924

2.3%

8,704,577

6.0%

12,546,554

447

1.7%

1,149

4.4%

7,041

1.8%

16,972

4.4%

[

.

Reduction in Electricity Sales (MWh)

lCF Consulting
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333

2,496

-
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Residential Sector Achievable Potential
OVERVIEW

" By 2010, we project achievable potential in the residential sector of between 1.5% and 9.4% of residential electricity sales, 0.8% and 4.8% of
residential peak demand, and 1.6% and 4.9% of residential gas sales (See Table 24).
" Unlike the commercial and industrial sectors, the residential sector was not modeled in segregated subsectors (i.e., single- or multi-family
housing). Because of the overall dominance of single-family housing to residential energy consumption, single-family energy profiles were used
wherever there was a known difference between single- and multi-family measure savings characteristics.
" Because residences have a lower occupancy rate on the type of summer weekday afternoon that characterizes electricity system peak,
residential sector peak demand savings are lower than electricity sales savings would seem to suggest.
* Significant natural gas savings in the space heating and hot water end uses make the residential sector a large source of gas sales potential
overall.

Table 24. 2010 Residential Achievable Potential-Total Potential and Percent of 2010 Load
Load Type
Reduction in Electricity Sales (MWh)
Reduction in Peak Demand (MW)
Reduction in Gas Sales (MMcf)

ICF Consulting
05-13

Minimally Aggressive

Moderately Aggressive

Very Aggressive'

806,010

1.5%

2,908,146

5.3%

5,157,717

9.4%

78

0.8%

'280

2.7%

487

4.8%

2,378

1.6%

5,947

3.9%

7,523

4.9%
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RESIDENTIAL SEiTOR ACHIEVABLE POTENTIAL BY END USE
* Below are descriptions of the main end uses contributing to residential savings potential. Figures on the following pages show projections of

residential achievable potential and the relative shares of each end use.
Electricity Sales
- Electricity sales savings potential is dominated by the lighting end use, making up 59% of total potential. The primary measure influencing this
potential is the replacement of highly inefficient but common incandescent light bulbs with compact fluorescent lights (CFLs), which use
approximately 25% of the energy consumed by incandescent bulbs.
- The central air conditioning and room air conditioning end uses follow lighting as the next most significant sources of electricity sales savings,
with-a combined share of 19%. Most geographical regions can gain peak demand savings from air conditioning measures, but Georgia's
warm climate also makes air conditioning measures highly important to energy sales potential.
- Water heating (13%) and space heating (9%)'also contribute notable shares to total residential potential. Many households utilize natural gas
as fuel for these energy services, but these end uses also make up a significant portion of residential electricity usage and savings potential.
Absent from this list of significant end uses are residential appliances. The high-efficiency appliances reviewed for this assessment, including
refrigerators, freezers, clothes dryers, clothes washers, and dishwashers, were not cost-effective on a TRC basis and therefore were not
included in policy-driven achievable potential scenarios. Some appliance savings result from an increased replacement rate of older
appliances to current standard efficiency units.
* Peak Demand
- Central air conditioning (61%) and room air conditioning (4%) make up the clear majority of peak demand potential. Because system peak
demand typically occurs on a summer weekday afternoon, air conditioning makes up a'very large proportion of total residential peak demand
and savings potential.
- Lighting plays a substantial but lesser role in.peak demand savings, with a 24% share of potential. This result also reflects residential
electricity usage patterns on a typical peak summer afternoon. Residential lighting is not as extensively used during this time period, so its
contribution to peak demand potential is less than its contribution to energy sales potential.
- Water, heating holds a sizable portion of peak demand potential (10%), but space heating has no impact on peak demand savings.
-Gas Sales
-

-

Space heating makes up the majority of gas sales potential, with a 62% share. Programmable thermostats and infiltration reduction measures
are the most important contributors to this potential.
Water heating accounts for nearly all other gas sales potential, contributing 38% to the total. This potential consists of measures reducing heat
loss (e.g., pipe and tank insulation) and measures restricting hot water usage (e.g., faucet aerators and low flow showerheads).

ICF Consulting
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Figure 37. Residential Achievable Potential (Electricity Sales)

Figure 39. Residential Achievable Potential.(Gas Sales)
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Figure 38. Residential Achievable Potential (Peak Demand)
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Figure 40. Residential Potential by End Use (Electricity Sales)

Figure 42. Residential Potential by End Use (Gas Sales)
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RESIDENTIAL SECTOR ACHIEVABLE POTENTIAL COST-EFFECTIVENESS
*

From a TRC perspective, the total net benefits to the state from energy efficiency improvements implemented from 2005-2015 in the residential
sector are between $0.3 billion and $0.6 billion in net present value dollars.

" The TRC benefit-cost ratios for the'three intervention scenarios are between 1.4 and 2.1.
* Table 25 shows the net present value of costs associated with residential sector programs.
* Table 26 shows the direct net benefits and benefit-cost ratios for each intervention scenario from a range of cost perspectives.
The tables on the following pages present the net benefits and cost-effectiveness for each end use contributing to overall residential achievable
potential.

Table 25. Net Present Value (Thousands) of Participant, Program Incentive, and Program Administrative Costs (Residential)
Scenario

Participant Costs

Program incentives

Program Administration

Minimally Aggressive

$271,147

$67,787

$39,372

Moderately Aggressive

$683,568

$341,784

$247,718

Very Aggressive

$834,206

$834,206

$484,278

Table 26. Net Benefitsý (Billions) and Benefit-Cost Ratios for Residential Sector Achievable Potential Scenarios
Scenario

TRC
!..
,
Net Benefits

UCT

PCT

RIM

BC Ratio

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Minimally Aggressive

$0.3

2.1

$1.1

4.9

$0.5

6.0

-$0.7

0.5

Moderately Aggressive

$0.6

1.6

$2.7

5.0

$0.9

2.6

-$2.1

0.4

Very Aggressive

$0.5

1.4

$3.7

5.5

$0.5

1.4

-$3.3

0.4

ICF Consulting
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Table 27. Net Benefits (Millions) and Benefit-Cost Ratios for Residential Achievable Potential by End Use (Minimally Aggressive Scenario)
TRC
Residential Space Heat

Net Benefits
$54

Residential Central NC
Residential Room NC

j

PCT

UCT

RIM

BC Ratio
2.1

Net Benefits
$172

BC Ratio
5.1

Net Benefits
$85

BC Ratio
6.1

Net Benefits
-$118

BC Ratio
0.5

$70

3.5

$174

8.2

$88

10.1

-$104

0.5

$2

1.6

$6

3.8

$3

4.5.

A5.

0.5

Residential Lighting

$161

1.8

$570

4.2

$293

5.2

-$409

0.5

Residential Hot Water

$50

2.7

$141

6.5

$69

7.7-

-$91

0.5

Total

$336

2.1

$1,063

4.9

$539

6.0

-$728

0.5

Table 28. Net Benefits (Millions) and Benefit-Cost Ratios for Residential Achievable Potential by End Use (Moderately Aggressive Scenario)
TRC

Scenario

PCT

UCT

RIM

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Net Benefits

BC Ratio

NetBenefits

BC Ratio

$92

1.7

$397

5.3

$139

2.7

-$305

0.,4

Residential Central NC

$144

2.8

$426

8.2

$174

4.4

-$282

0.4

Residential Room NC

$2

1.3

$16

4.0

$5

2:0

-$14

0.4

Residential Ligliting

$273

1.4

$1,580

4.4

$508

2.3

-$1,307

0.4

Residential Hot Water

$91

2.2

$322

6.6

$120

3.4

-$231

0.4

5.0

$945

2.6

-$2,138

0.4

Residential Space Heat

Total
."$603
'Total'. .___$603

ICF Consulting
05013

-

1.6

_$2,

$2,741

j
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Table 29. Net Benefits (Millions) and Benefit-Cost Ratios for Residential Achievable Potential by End Use (Very Aggressive Scenario)
Scenario

TRC

PCT

UCT.

RIM.

Residential Space Heat

Net Benefits
.$89

BC Ratio
1.5

Net Benefits
$576

BC Ratio
5.7

Net Benefits
.$89

BC Ratio
1.5.

Net Benefits
-$487

BC Ratio
0A

Residential Central NC

$162

2.3.

$598

8.6

$162

2.3

-$435

0.4.

Residential Room A/C

$1

.1.1

$23U

4.4

$1

1.1

-$22

0.3

Residential Ughting

$125

1.1

$2,077

4.8

$125

1.1

-$1,953

0.3

Residential Hot Water

$97

1.8

$452

7.1

$97

1.8

-$355

0.4

Total

$474

1.4

$3,726.

5.5

$474

1.4

-$3,252

ICF Consulting
05013
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Commercial Sector Achievable Potential
OVERVIEW
* By 2010, we project achievable potential in the commercial sector of between 3.3% and 9.6% of commercial electricity sales, 2.4% and 7.4% of
commercial peak dermand,: and 3.4% and 9.5% of commercial gas sales (See Table 30).
* As hoted above, the commercial sector is byfar the most significant source of total electricity sales (43%) and peak demand (47%) potential. The
sector'simportance to overall gas potential is much less, representing only 29% of the total.
The'commercial sector has been segregated into eleven subsectors, defined by building type' These building types are the same as those
defnedtin the EIA's energy consumption forecasts:
- Education

-

Health Care

- Mercantile/Service

-

Assembly

-

Lodging

-

-

Food Sales

-

Office - Large

- Other

-

Food Service

Warehouse

office - Small
O-

The large office, small office, and mercantile/service building types dominate electricity sales and peak demand potential, but natural gas savings
potential is more evenly distributed among subsectors.•

Table 30..2010 Commercial Achievable Potential-Total Potential and Percent of 2010 Load
Load Type

[

Minimally Aggressive

RedUction in Electricity Sales (MWh)

I

1,654,957

3.3%

229

2.4%

2,167

3.4%

Reduction in Peak Demand (MW)
,
..

.

..

lCF Consulting
013

Reduction in Gas•Sales (MMcI)

[

*

Moderately Aggressive -

[

3,725,692
537
4,928

77.5%

*

Very Aggressive
4,763,509..1

"

9.6%

5.7%

698

7.4%

7.7%'

6,100

9.5%

. .......

.
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COMMERCIAL SECTOR ACHIEVABLE POTENTIAL BY SUBSECTOR AND END USE

* Below are descriptions of the main end uses and building types contributing to commercial savings potential. Figures on the following pages
show projections of commercial achievable potential and the relative shares of each end use and building type.
" Electricity Sales
- The large office (22%),ý small office (13%), and mercantile/service (24%) subsectors are the principal sources of electricity savings potential.
- Interior lighting is the largest portion of electricity sales plotential, with a 35% share. These savings are derived from the installation of highefficiency technologies in the linear fluorescent, incandescent, high-intensity discharge, and exit lighting technology types. Significant savings
also exist inexterior lighting applications, which hold a 10% share of total potential.
- Office equipment is the next most important segment of potential, making up 28% of the total. Measures for this end use principally include
technologies designed to reduce electricity consumption when computers, monitors, printers, copiers, and other equipment are not in use.
- Cooling (air conditioning) also makes up a sjgnificant percentage of potential, contributing 17% to the total.
Peak Demand'
- Large office (16%), small office (14%), and mercantile/service (26%) building types also hold the most peak potential, though significant.
cooling savings in the lodging subsector propel it to a notably large share of potential as well (13%).
- As is the case in the residential sector, cooling comprises the dominant share of peak demand potential,.with 47% of the total.
- In contrast to the residential sector, commercial interior lighting is used extensively during peak hours and contributes 41% to total commercial
peak demand potential.
- Despite a large contribution to overall peak usage, office equipment does not have as significant peak savings potential (8%). Because most
office equipment measures save energy by reducing energy consumption while the equipment is not in use, savings potential during the peak
period is'small relative to overall electricity sales potential.
* Gas Sales
- Gas sales potential is more evenly distributed among-building types, with notable shares in the warehouse (16%), mercantile/service (15%),
lodging'(14%), and'health dare (14%) subsectors.
- As in the residential sector, heating makes up the majority of gas savings potential, comprising 636/6 of the total.
- A variety of hot water measures make up the remaining 37% of potential, with a negligible portion attributable to gas space cooling measures
(0.4%).

ICF Consulting
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Figure 43. Commercial Achievable Potential (Electricity Sales)

Figure 45. Commercial Achievable Potential (Gas Sales)
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Figure 44. Commercial Achievable Potential (Peak Demand)
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Figure 46. Commercial Potential by End Use (Electricity Sales)

Figure 48. Commercial Potential by End Use (Gas Sales)
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Figure 47. Commercial Potential by End Use (Peak Demand)

Refrigeration

Office Equipment
Ventilation
8%

Exterior Ughting
1%

Coof4ng
47%

IOF Consulting
VA-13

'3-32

C-

Georgia Environmental Facilities Autho~ty
01',v5,2005

Estimates of Energy Efficiency Potential

Figure 49. Commercial Potential by Building Type (Electricity Sales)
Other

3%

Figure 51. Commercial Potential by Building Type (Gas Sales)
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Figure 50. Commercial Potential by Building Type (Peak Demand)
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COMMERCIAL SECTOR ACHIEVABLE POTENTIAL COST-EFFECTIVENESS.

" From a TRC perspective, the total net benefits to the state from energy efficiency improvements implemented from 2005-2015 in the commercial
sector are between $0.2 billion and $0.4 billion in net present value dollars.
" The TRC benefit-cost ratios f6r the three intervention scenarios are between 1.3 and 1.8.
* Table 31 shows the net present value of costs associated with commercial sector programs.
Table 32 shows the direct net benefits and benefit-cost ratios for each intervention scenario from a range of cost perspectives.
* The tables on the'following pages present the net benefits and cost-effectiveness for each end use contributing to overall commercial achievable
potential.

Table 31. Net Present Value (Thousands) of Participant, Program Incentive, and Program Administrative Costs (Commercial)

Scenario.
Minimally Aggressive
Moderately Aggressive
Very Aggressive

Participant Costs

Program Incentives

Program Administration

$278,819
$557,833
$703,990

$69,705
$278,917
$703,990

$34,829
$174,565
$353,116..

Table 32. Net Benefits'(Billibns) and Benefit-Cost Ratios for Commercial Sector Achievable Potential Scenarios
Scenario

TRC

PCT

Net Benefits
$0.2

BC Ratio
1.8

Net Benefits
$0.8

Moderately Aggressive

.$0.4

1.5

Very Aggressive

$0.3

1.3

Minimally Aggressive

ICF Consulting
05-013ý

j

UCT

RIM

BC Ratio
3.9

Net Benefits
$0.5

BC Ratio
5.4

Net Benefits
-$0.6

BC Ratio
0.5

$1.7

4.1

$0.6

2.4

-$1.4

0.4

$2.5

4.6

$0.3

1.3

-$2.2

0.4
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Table 33. Net Benefits (Millions) and Benefit-Cost Ratios for Commercial Achievable Potential by End Use (Minimally Aggressive Scenario)
Scenario

TRC

PCT

Net Benefits
$44

BC Ratio
2.5

Net Benefits
$111

Commercial Ventilation

$8

1.8

Commercial Cooling

$54

Commercial Interior Lighting

I

UCT

RIM

BC Ratio
5.3

Net Benefits
$64

BC Ratio
7.2

Net Benefits
-$66

BC Ratio
0.5

$27

3.8

$15

5.8

-$18.

0.5

3.0

$131

6.7

$71

8.7

-$77

0.5

$59

1.4

$297

3.0

$173

4.2

-$237

0.5

Commercial Exterior Lighting

$31

2.3

$87

5.0

$48

6.5.

-$56

0.5

Commercial Refrigeration

$4

2.1

$12

4.7

$7

6.1

-$8

0.5

.$31

2.3

$100

5.9

$46

6.7

-$69

0.4

$14

1.5

$53

3.2

$32

4.3

-$39

0.5

1.8

$818

3.9

$456-

5.4

-.$571

Commercial Heating

Commercial Office Equipment
Commercial Hot Water
Total

ICF Consulting
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$246
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Table 34. Net Benefits (Millions) and Benefit-Cost Ratios for Commercial Achievable Potential by End Use (Moderately Aggressive Scenario)

Net Benefits

BC Ratio

Net Benefits

Commercial Heating

$79

2.1

Commercial Ventilation

$14

Commercial Cooling

j

RIM

UCT

PCT

TRC

Scenario

j

BC Ratio

Net Benefits

BC Ratio

Net Benefits

$246

5.5

$107

3.2

-$167

0.5

1.6

$62

4.0

$24

2.6

-$48

0.5

$98

2.5

$284

6.8

$122

3.9

-$186

0.5

Commercial Interior Lighting

$49

1.1

$630

3.1

$197

1.9

-$581

0.4

Commercial Exterior Lighting

$50

1.8

$179

5.2

$71

2.9

-$130

0.5

Commercial Refrigeration

$7

1.7

$28

4.9

$10

2.7

-$21

0.4

Commercial Office Equipment

$48

1.9

$201

6.1

$67

2.9

-$154

0.4

Commercial Hot Water

$16

1.2

$119

3.4

$41

2.0

-$103

0.4

Total

$361

1.5

$1,750

4.1

$640

2.4

-$1,389

0.4

ICF Consulting
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Table 35. Net Benefits (Millions) and Benefit-Cost Ratios for Commercial Achievable Potential by End Use (Very Aggressive Scenario)
TRC

ScenarioI

PCT

UCT

RIM

Net Benefits

BC Ratio

Net Benefits

1BC Ratio

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Commercial Heating "

$85

1.7

$356

5.9

$85

.1.7

-$270

0.4

Commercial Ventilation

$14

1.4

$93

4.5

$14.

1.4..

-$79

Commercial Cooling

$108

2.1

$395

7.3

$108

2.1

-$287

0.4

Commercial Interior Ughting

-$13

1.0

-$948

3.6

-$13

1.0

-$962

0.3

Commercial Exterior Lighting

$47

1.6

$250

5.6

$47

1.6

-$202

0,4

Commercial Refrigeration.

$6

1.4

$41

5.4

$6

1.4

-$34

0.4

Commercial Office Equipment

$46

1.6

$274

6.5

$46

1.6

-$228

0.4

Commercial Hot Water

$6.

1.1.

$182

3.9

$6

1.1

-$177

0.4

$299

1.3

$2,538

4.6

$299

1.3

-$2,240

0.4

Total
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Industrial Sector Achievable Potential
OVERVIEW
" By 2010, we project achievable potential in the industrial sector of.between 2.2% and 6.6% of industrial electricity sales, 2.1% and 6.3% of
industrial peak demand, and 1.5% and 4.6% of industrial gas sales (See Table 36).
" The industrial sector has been segregated into eleven subsectors, defined by NAICS code. These'subsectors include the ten largest electricity
consumers, according to EIA South Census Region data, and a compilation of all other load in other manufacturing and non-manufacturing
industries:
- 325-Chemicals

-

311-Food

- 336-Transportation Equipment

- 331-Primary Metals

-

324-Petroleum and Coal Products

- 332-Fabricated Metal Products

- 322-Paper

-

326-Plastics and Rubber Products

- Other/Non-Manufacturing

- 313-Textile Mills

-

327-Nonmetallic Mineral Products

The chemical and primary metals industries are the most significant contributors to electricity sales and peak demand potential. The chemical
industry is most dominant as a part of gas sales potential, comprising a 38% share of the total.

Table 36. 2010 Industrial Achievable Potential-Total Potential and Percent of 2010 Load
Load Type
Reduction inElectricity Sales (MWh)
Reduction in Peak Demand (MW)
Reduction inGas Sales (MMcf)

Minimally Aggressive

Moderately Aggressive

877,957

2.2%

2,070,740

5.2%

2,625,327

6.6%

140

2.1%

333

4.9%

423

6.3%

2,496

1.5%

6,097

3.6%

7,720

4.6%

ICF Consulting
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INDUSTRIAL SECTOR ACHIEVABLE POTENTIAL BY SUBSECTOR AND END USE
"

Below are descriptions of the main end uses and NAICS codes contributing to industrial savings potential. Figures on the following pages show
projections of industrial achievable potential and the relative shares of each end use and NAICS code.

" Mirroring tihe custom nature of industrial processes, the measures considered for the process end uses in the industrial sector do not represent
specific technologies or practices. Rather, based on extensive audit data collected from facilities targeted for their high energy consumption, the
process.measures modeled are designed to reflect a range of typical estimated implementation costs to achieve one unit of energy savings (i.e.,
$/kWh or $/Therm) in a certain end use.
* Electricity Sales
- The chemical and primary metals industries, which are also the two largest industrial electricity consumers in Georgia according to EIA data
for the South Census Region,; make up the, greatest single portions of electricity sales potential, with 17% and 15% shares respectively.
The process heating and boiler fuel (36%), process machine drive (32%), and process cooling (12%) end uses make up most of electricity
savings potential in the industrial sector.
Non-process end uses including interior, lighting (10%), HVAC (7%), and exterior lighting (3%) also contribute notably to total potential.
" Peak Demand
- Peak demand savings potential is split among NAICS codes very similarly to electricity sales potential, with the chemical and primary metals
industries making up 16% and 13% of total potential respectively.
- End use distributions are also very similar to those in electricity sales potential. The HVAC end use, driven primarily by air conditioning
savings, makes up a notable 19% of peak demand savings potential.
" Gas Sales

- The chemical and petroleum/coal products industries contribute the most to total industrial gas sales savings potential, comprising 38% and
12% of "otential respectively.
- The process heating and boiler fuel end use makes up the vast majority of gas savings potential, with an 87% share.
- Most f the remaining potential is derived from the HVAC end use, primarily heating, accounting for 11% of the total.
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Figure 52. Industrial Achievable Potential (Electricity Sales)

Figure 54. Industrial Achievable Potential (Gas Sales)
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Figure 53. Industrial Achievable Potential (Peak Demand)
8,000

7,000
6,000
•

5,000
0 -

-Base

Forecast

-Minimally•- Aggressive
-Moderately Aggressive

cc 4 ,0 00
E
S30~/Very
3.000

Aggressive

0

2,000
1,000
0
2002

ICF Consulting
-13 C

2
2004

2
2006

2
2008

2
2010

2
2012

1

2014

2016

3-40

C

Georgia Environmental Facilities Authority
__'vv 5, 2005

C

(
Estimates of Energy Efficiency Potential

Figure 57. Industrial Potential by End Use (Gas Sales)

Figure 55. Industrial Potential by End Use (Electricity Sales)
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Figure 56. Industrial Potential by End Use (Peak Demand)
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Figure 60. Industrial Potential by NAICS Code (Gas Sales)

Figure 58. Industrial Potential by NAICS Code (Electricity Sales)
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Figure 59. Industrial Potential by NAICS Code (Peak Demand)
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INDUSTRIAL SECTOR ACHIEVABLE POTENTIAL COST-EFFECTIVENESS
*

, From

a TRC perspective, the total netbenefits to the state from energy efficiency improvements implemented from 2005-2015 in the industrial
sector are between.$0.3 billion and $0.7 billion in net present value dollars.

*.The

TRC benefit-cost ratios for the three intervention scenarios are between 2.6 and 3.7.

Table 36 shows the net present value of costs associated with industrial sector programs.
• Table 38 shows the direct net benefits .and benefit-cost ratios for each intervention scenario from a range of cost perspectives.
* The tables on the following pages present the net benefits and cost-effectiveness for each end use contributing to overall industrial achievable
potential.

Table 37. Net Present Value (Thousands) of Participant, Program Incentive, and Program Administrative Costs (Industrial)

T

Participant Costs

Program Incentives

Program'Administration

Minimally Aggressive

$105,893

$26,473

$i4,991

Moderately Aggressive

$221,978

$110,989

$78,752

Very Aggressive

$287,771.

$287,771

$163,516;

Scenario

Table 38. Net Benefits (Billions) and Benefit-Cost Ratios for Industrial Sector Achievable Potential Scenarios

Net Benefits
Minimally Aggressive

.$0.3"

RIM

UCT

PCT

TRC

Scenario

BC Ratio

Net Benefits

BC Ratio

Net Benefits

3.7

$0.4

4.9

j

BCRatio

Net Benefits

BC Ratio

$0.4

10.8

-$P0.09

0.8

Moderately Aggressive

$0.6

3.1

$0.90

5.1'

$0.7

4.9

-$0.3

0.8

Very Aggressive

$0.7

2.6

$1.3

5.6

$0.7

2.6

-$0.6

0.7
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Table 39. Net Benefits (Millions) and Benefit-Cost Ratios for Industrial Achievable Potential by End Use (Minimally Aggressive Scenario)
TRC

Scenario*
Industrial HVAC

.

Industrial Process Cooling

PCT

UCT

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Net Benefits

$13

1.7

$23

.2.4

$25

..$31

5.0

$38

6.6

$36

RIM
BC Ratio

Net Benefits

BC Ratio

-$10

0.8

14.5

-$7

0.9

.4.9

Industrial Process Heating &Boiler Fuel

$187

4.8

$227

..6.3

$219

13.8

-$40

0.9

Industrial Interior Lighting

$15

1.8

$25

2.4

$28

5.4

-$10.

0.8

Industrial Exterior Lighting

$4

2.1

$6

3.0

$7

6.1

-$2

0.8

Industrial Process Machine Drive

$79

4.6

$96

6.0

$93

13.2

-$18

0.9

Total

$329

3.7

$415

$408

10.8-

-$86

0.8

]

4.9'

]

Table 40. Net Benefits (Millions) and Benefit-Cost Ratios for Industrial Achievable Potential by End Use (Moderately Aggressive Scenario)
TRC

ScenarioI

•PCT

UCT

Net Benefits
$19

BC Ratio
1.4

Net Benefits
$56

Industrial Process Cooling

$61

4.1

$82

%6.8

Industrial Process Heating &Boiler Fuel

$367

4.0

$496

Industrial Interior Lighting,

$20

.1.5

Industrial Exterior Lighting

$7

Induttrial HVAC

Industrial Process Machine Drive

$157

Total

$630

lCF Consulting
05-013 C

-

..

*

.-

BC Ratio
2.6

Net Benefits
$36

I

RIM
BC Ratio
2.2

Net Benefits
-$38

BC Ratio
.0.6

$68

6.4

-$22

0.8

6.6

$412

6.3

$128

0.8

$55

2.6

$38

2.4

-$35

0.7

1.7

$14.

3.2 •

$10

2.7

$8

0.7

3.7

..$218

6.2

$178

5.8

-$61

0.8

3.1

$921.

5.1

$741

4.9

• ,
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Table 41. Net Benefits (Millions) and Benefit-Cost Ratios for Industrial Achievable Potential by End Use (Very Aggressive Scenario)
TRC

Scenario

PCT

UCT

RIM

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Net Benefits

BC Ratio

Industrial HVAC

$13

1.2

$96

3.1

$13

1.2

-$83

0.5

Industrial Process Cooling

$73

3.5

$115

7.2

$73

3.5

-$42

0.7

Industrial Process Heating &Boiler Fuel

$443

3.4

$694

7.0

$443

3.4

-$251

0.7

Industrial Interior Lighting

$16

1.2

$90

3.0

$16

1.2

-$74

0.5

Industrial Exterior Lighting

$6

.1.5

$22

3.7

$6

1.5

-$16

0.6

$189

3.1

$311

6.6

$189

3.1

-$123

0.7

$739

2.6

$1,328

5.6

$739

$589

0.7

Industrial Process Machine Drive
Total
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4.

Power Sector Impacts

4.1. ,Impacts on Generation, Emissions, and Capacity
4.1.f.

Overview

The"IPM® analysis allows us to draw several important conclusions about the impact of projected energy efficiency potential:
Realization of projected energy efficiency potential would yield measurable diffefences in capacity expansion for the Southern power region
by 2015 (See Table 42). This region includes almost the entirety of Georgia and portions of Florida, Alabama, and Mississippi. Because of the
regional ýnature of power m~rkets, itris unclear'whether these capacity changes willocciur in Georgia itself.
- The overwhelming majority of reduced power production would come from natural gas generators. See the tables on the next pages for a
detailed account of which generation fuel types experience the greatest changes in generation and emissions.
- A large majority of generation reductions would come from units outside of Georgia. This finding reflects relatively lowcosts of generation in
Georgiagenerators
in Georgia are - not
the.marginal resources (See Table 43).
.•, .1:.,
.
.77
;•..
Table 42. Total 2015 Southern Region Capacity Reductions Resulting fýom Achievable Potential Scenarios
Scenario

ICF Consulting
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2015 Capacity Change (MW).

Minimally Aggressive

679

Moderately Aggressive

1,410

Very Aggressive

1,425

4.1
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Table 43. Generation Reductions from Achievable Potential Scenarios-GWh in Georgia, National GWh, and Percent of National GWh in Georgia
Georgia GWh

2010
National GWh

% GWh In Georgia

Georgia GWh

Minimally Aggressive

1,207

3,457

35%

Moderately Aggressive

2,874

9,023

Very Aggressive

:4,749

13,065

Scenarior1T
Scenario

2015
National GWh

% GWh inGeorgia

2.021

5,926

34%

32%

2,714

10,577

26%

36%

2,805

11,166

25%

J

Table 44.2010 Generation and Emissions Reductions Within Georgia from Achievable Potential Scenarios-Total and Percent of State Power Sector
Scenario

Generation (GWh)

NOx (Thousand Tons)

j

SO (Thousand Tons)

CO (Thousand Tons)

Minimally Aggressive

1,207

0.7%

0.5

0.3%

1.1

0.2%

.634

0.6%

Moderately Aggressive

2,874

1.8%

1.8

1.2%

4.8

0.8%

1,692

1.5%

Very Aggressive

4,749

2.9%

2.7

1.9%

7.6

1.3%

2,710

2.4%

Table 45. 2010 Generation and Emissions Reductions Within Southern Region from Achievable Potential Scenarios-Total and Percent of Regional
Power Sector
Scenario

Generation (GWh)

NO1 (Thousand Tons)

SO2 (Thousand Tons)

CO (Thousand Tons)

Minimally Aggressive

1,616

0.6%

0.5

0.2%

2.2

0.2%

805

0.4%

Moderately Aggressive

5,432

1.9%

2.1

0.7%

6.0

0.6%

2,790

1.3%

Very Aggressive

8,707

3.1%

3.2

1.1%

9.5

0.9%

4,510

2.1%
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Table 46. 2010 Generation and Emissions Reductions Within Georgia from Achievable Potential by Fuel Type (Minimally Aggressive)
Fuel

Generation (GWh)

NOx (Thousand Tons)

SO (Thousand Tons)

Coal

142

0.1%

0.3

0.2%

1.1

Gas

1,052

4.3%

0.2

8.0%

-

-

-

13

2.0%

-

-

1,207

0.7%

0.5

0.3%

1.1

Hydro
Renewable/Other
Nuclear
Total

CO (Thousand Tons)
0.2%

0.2%

145

0.1%

490

4.7%

634

0.6%

Table 47. 2010 Generation and Emissions Reductions Within Georgia from Achievable Potential by Fuel Type (Moderately Aggressive)
Fuel

NOx (Thousand Tons)

SOz (Thousand Tons)

Coal

653

0.7%

1.4

1.0%

Gas

2,208

9.0%

0.4

16.6%

Hydro
Renewable/Other
NTuclearl
Total

lCF Consulting
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Generation (GWh)

....

_

13

2.0%

28J.
2,874

1.8%

1
1.8

4-3

-

4.8

0.8%

663

0.6%

-

1,029

9.0%

-

-

--

,

.

1.2%

CO (Thousand Tons)

4.8'1

0
0.8%

1,692 i1.5%
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Table 48. 2010 Generation and Emissions Reductions Within Georgia from Achievable Potential by Fuel Type (Very Aggressive)
Fuel
Coal

1,020

1.0%

2.2

1.6%

Gas

3,716

15.1%

0.5

23.6%

Hydro
Renewable/Other
Nuclear
Total

lCF Consulting
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SO2 (Thousand Tons)

NO. (Thousand Tons)

Generation (GWh)

-

-

13

2.0%

-

1.3%

1,035

1.0%

1,675

16.1%

-_-

...

4,749

7.6

CO2 (Thousand Tons)

-

-

2.9%

2.7

4-4
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7.6

1.3%
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4. 1.2. GenerationandEmissions Impacts by State
e The tables above show modest reductions in generation and C02 emissions by 2010, with

somewhat smaller reductions in S02 and NO,. These

results highlight a few important dynamics of the wholesale power sector:
-

Unlike S02 and NO, emissions, which can be controlled by technologies specifically designed to reduce their release to the atmosphere, C02
is'an inevitable product of fossil fuel combustion. As a result, C02 emissions closely mirror changes in generation, while changes in S02 and
NOx do not. Instead, S02 and NO. are determined mostly by emission control regulations and technologies..

-

Because of existing cap and trade regulations, we do not expect overall reductions in electricity sales to impact S02 and NOx emissions in the
long term. Under.the current S0 2 and NO, cap and trade systems, regulators set an overall emissions cap for the power sector and allow
pOwer producers totrade emissions allowances to meet that cap cost-effectively. Emissions controls requirements are not specified for

individual emitters. Instead, the"powe"r sector isp'ermitted to trade allowances in order to meet an overall emissions cap in the way that is least
expensive to the'industry. Ifelectricity sales are reduced as we have modeled here, emissions may fall temporarily,' but power producers will
eventually adjust and emit up tolthe'allowed cap.
- Moreover, cap and trade systems will only impact those states and regions that fall under the regulation. Wholesale electricity sales do not
follow these boundaries, however. As a result, states not restricted by a particular emissions regulation may sell electricity to regulated states,
possibly leading to greater emissions in the unregulated states. This "leakage" is particularly relevant to the Southern regional power market in
which Georg.a sits. The Southern region includes many emissions sources im.pacted by the NO. SIP Call •regulations 5 but is bordered by
Florida, which is outside this regulated region. This issue in particular underscores the importance of regional approaches to energy efficiency
and emissions regulation.

5

For this analysis ahdforothers conducted for the EPA, IPM® assumes thatthe NOx SIP Call applies in Georgia. However, note that though Georgia falls within the NOx SIP Call region for Phase II,
twolegalchallenges'are currentlydelaying itsimplemrientatibn. Nonetheless, the current NOi reductions inGeorgia's non-attainment 'egions have achieved the vast majority of thie emissions
reductions that Would be required under the NOx SIP Call. Alsonote that both Georgia and Floridawill be covered by the recently adopted Clean Air Interstate Rule (CAIR), altering the applicable

NOx regulations for both states..
ICF Consulting
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" As we extend the time horizon to 2015, each of these issues becomes strongly evident: The figures below show 2010 and 2015 changes in

generation and power'sector emissions for the Minimally, Moderately, and Very Aggressive energy efficiency potential ,scenados.7The states
individually'represented are Georgia, Florida, Tennessee, South Carolina, Mississippi, and Alabama: Reductions for all other stýtes are summed
and presented in the "Other" category.
" Each graph shows changes in generation or emissions as stacked bars, with the full stack representing the national total change. Some states
show increases in generation or emissions, represented by bars extending above zero. The total net national change is the total positive state
changes minus negative state changes--increases minus reductions. If the sum of decreases is greater than the sum of increases, there is a net
national reduction in generation or emissions, and vice versa.
" Figure 61 shows generation changes, which follow the reductions in energy sales for each achievable potential scenario. The states making up
these reductions change substantially from 2010 to 2015, with Florida in particular reducing very little generation in 2010 and a great deal in
2015. Figure 62 shows CO 2 emissions changes, which closely mirror reductions in generation. However, note that in Florida these CO 2
emissions reductions are relatively smaller than generation reductions. The underlying cause of this is related to another point to be discussed
below.

Figure 61. Changes in 2010 and 2015 Generation by State
2010

2015

2010

2015

2010

Figure 62. Changes in 2010 and 201'5 C0
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Figure 63 shows S02 emissions changes. Reflecting what we would expect under the existing cap and trade system, there are some reductions
in 2010, but these reductions are essentially zero by 2015.
" Figure 64 shows NO, emissions changes. Note that there are national net NO, reductions in 2010 for all scenarios, but by 2015 there is a
national net increase in emissions for all achievable potential scenarios. This phenomenon is the result -ofsome of the issues presented above:
-

As noted earlier, mos'f Igeneration reductions occur outside of Georgia, meaning that Georgia is exporting electricity to neighboring states
rather than backing down generation. Figure 61 (above) shows that Florida in particular is able to reduce generation by 2015.
By 2015, IPM® projects that the reduction in Florida generation requirements would delay the construction of new combined cycle natural gas
generating capacity. As a result, a portion of the generation that would have come from this new capacity is made up by older oil/gas steam
generation. The newer combined cycle capacity would have a very low rate of NOQ emissions per unit of generation, but the older oil/gas
capacity emits at a much higher rate: Therefore, there is an overall increase in emissions for Florida relative to the Base Case in 2015.

-

Note that within the NO, SIP Call regiorn, the net change in NOx emissions is essentially zero. Thus, the national increase in emissions is due
to this "leakage" outside of the regulated area-to Florida, highlighting the regional nature of power markets and the importance of
corresponding regional approaches to energy efficiency and emissions regulation.
Figure 64. Changes in 2010 and 2015 NO. Emissions by State

Figure 63. Changes in 2010 and 2015 SO 2 Emissions by State
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4.2. Impacts on Prices and Compliance Costs
" Each achievable potential scenario would cause a measurable reduction

in Southern region wholesale electricity prices. Table 49 shows these

percentage reductions for each scenario.
" Based on avoided wholesale energy costs, the costs of implementing energy efficiency programs, and reductions in utility revenues resulting
from lower sales, we estimated overall long-term impacts on average utility revenues within Georgia (See Table 50). We estimated this change in
long-term average revenue based on the lifecycle revenue impact (LRIRM), which represents the one-time change in average revenues required
to match revenues to revenue requirements over the life of a program.
" Note that despite lower wholesale prices and generation requirements, average revenues will still likely need to go up. Reduced.costs from lower
wholesale prices are offset by both the costs of implementing DSM programs and lost revenues associated with reduced energy-sales.
" Table 51 shows the effect of each achievable potential scenario on emissions allowances prices. As the table shows,.there are very modest
reductions in prices for the Moderately and Very aggressive scenarios and no impacts for the Minimally Aggressive scenario.
Table 49. Changes in Southern Region Electricity Wholesale Prices from Achievable Potential Scenarios
Wholesale Prices (Southern Region)

Scenario

,2010

I

2015

Minimally Aggressive

-0.4%

-0.5%

Moderately Aggressive

-0.7%

-3.8%

Very Aggressive

-1.8%

-3.9%

Table 50. Changes in Georgia Electricity and Gas Average Revenue (LRIpjM)-Total One-Time Increase and Percent of Estimated 2005Average Revenue
Scenario
•i-S/kh

$IkWh

Minimally Aggressive'
Moderately Aggressive'
Very Aggressive

ICF Consulting
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$0.001:
"

Electricity
!
Pecen

Percent

.

Natural Gas
,$[Thm..

Pec

Percent.

0.9%

$0.007

0'8

$0.002

2.5%

$0.018

2.2%

$0.003

3.9%

$0.030

3.7%
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Table 51. Estimated Changes in Allowances Prices Due to Achievable Potential Scenarios
2015

2010
Minimally Aggressive
S02

.

Tfle IVShadow Price

-

NO1 SIP Call Shadow Price

Moderately Aggressive
S02 Title IVShadow Price

-

NOx SIP.Call Shadow Price

-

-0.35%

...

-0.08%

-0.09%

-0.35%

-

Very'Aggressive "__-

SO2 Tite IVShadow Price

.

NOx SIP Call Shadow Price

,1
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05-013

4-9

Georgia Environmental Fadilities Authority
May 5, 2005

Power Sector Impacts

4.3. Alternative "Risk Management" Analyses Reflecting Price of Emissions
4.3.1.

Introduction

For this subtask, GEFA sought to uncover the impact of planned and potential emissions control scenarios on the cost-effectiveness of energy
efficiency. We considered several emissions scenarios and modeled the impacts of these scenarios on wholesale electricity prices using IPM®.
These new wholesale price projections were compared to our Base Case wholesale prices and used as inputs to EEPM in order to reassess
achievable potential for each emissions scenario. The following emissions regulations were considered:
-

Clean Air Interstate Rule (CAIR)--The recently adopted CAIR limits NO, and S02 emissions in 28 eastern states and the District of
Columbia. These regional reductions in SO2 are in addition to those reductions required by Title IV of the CAA. Finalized on March 10, 2005,
CAIR is designed to reduce emissions of sulfur dioxide (SO2) and nitrogen oxides (NO.), contributors to the formation of fine particulates
(PM2.5) and ground level ozone. The final CAIR requires annual SO2 and NO, reductions in 23 states and the District, while 25 states and DC
are also subject to a NO, cap specifically for the ozone season. The rule establishes emissions budgets for NO, of 1.5 million tons in 2010,
and for SO 2 of 2.6 million tons, with further reductions required in 2015. Emissions banking is allowed, so actual emissions could differ from.
this level. Under CAIR, the states can achieve their required emission reductions either by requiring their power plants to participate in an EPA
administered interstate cap-and-trade system or by implementing their own measures, including those that may target other sectors. For
purposes of modeling however, it is assumed that all effected states participate in the regional trading program.
- CAIR & Clear Air Mercury Rule (CAMR)-ln addition to issuing the CAIR rule, on March 15, 2005, EPA finalized the Clean Air Mercury Rule
(CAMR), implementing a cap and trade program for mercury emissions from utility power plants. Unlike the CAIR rule, the Mercury Rule is
national in scope, setting a national level emissions cap applicable to all of the Nation's coal-fired boilers over 25 MW. When fully
implemented, the Mercury Rule, in addition to CAIR's impacts, will limit mercury emissions to 15 tons a year, a reduction of about 70 percent
from historic levels based on EPA estimates. Like CAIR, EPA has assigned each state and two tribes an emissions budget. Each state may
choose how to meet the budget, including participating in a Federal trading program, implementing an in-state trading program, or facility-byfacility limits. For purposes of modeling, we assumed universal participation in the national trading program.
- CAIR, CAMR, & CO 2 Cap-GEFA also-wanted to examine the potential implications of a mandatory carbon policy on the utility sector. No
such policy has been proposed by the Bush Administration or EPA, though others have sponsored legislation including carbon cap-and-trade
provisions. Nearly 100 legislative proposals have been introduced in Congress that specifically address global climate change and
greenhouse gas emissions. In the current 10 9 th Congress, several bills have been introduced. Some of these include:

6Within

EEPM, as projected avoided wholesale prices go up, more energy efficiency measures pass the cost-effectiveness screening. As a result, economic and achievable potential also increase.
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S.366: The Clean Power Act of 2003, which would require reductions of C02, SO 2, NO,, and mercury emissions from electric power
plants. C02 emissions would be reduced to 1990 levels by 2009. (See H.R.2042.) Sponsor: Sen. James M. Jeffords (I-VT) (19
cosponsors).
s.485: The Clear Skies Act of 2003, which would require reductions of power plant emissions of SO 2, NOx, and mercury, but not C02.
S
This act would also exempt new power plants from the current requirement that they disclose their C02 emissions. (See S.1 844 and
H.R.999.) Sponsor: Sen. James M. Inhofe (R-OK) (1 cosponsor). Introduced at the request of the Administration.
S.843: The Clean Air Planning Act of 2003, which would require reductions in C02, SO 2 ,. N0x, and mercury emissions from electric
S
power plants. C02 emissions would be reduced to 2006 levels by 2009 and to 2001 levels by 2013. (See H.R.3093.) Sponsor: Sen.
Thomas R. Carper (D-DE) (3 cosponsors).
[ H.R.2042: The Clean Smokestacks Act of 2003, which would require reductions of C02, SO 2, NO,, and mercury emissions from electric
power plants. C02 emissions would be reduced to 1990 levels by 2009. (See S.366.) Sponsor: Rep. Henry A. Waxman (D-CA) (97
- cosponsors).
In the 1 0 9•th. Congress, the Clean Smokestacks Act of 2005 (introduced in House) [H.R.1451.IH] and the Clean Power Act of 2005
(introduced in Senate) [S.150.1S] have been reintroduced.,
..
.
*..

" In order to assess the potential impact of a carbon program, ICF analyzed a hypothetical carbon policy. For this analysis, we evaluated the
requirement that C02 emissions from the power sector be capped at current or near-term year levels by 2009, and be brought down to some
past h istoric level in the future. Specifically, we examined a po!icy~where emissions are limite'd to 2007 levels beginning in 2009 and to 2001
levels by the year.2013.
.
" This policy was not intended to represent any particular bill or proposal, though it does-reflect the general level of carbon reduction levels' that
have been proposed in some bills in'the past. For examble; this policy is similar to those called for under the Clean Air Planning Act. Despite the
relationship to aspects of past legislative. proposals, it is important to note that we have not attempted to model some of the detailed provisions of
this or other acts. For example, the Clean Air Planning.Act allows that off-system emissions reductions can be used to satisfy the reductions,
required under'thei cap. This provision couldhave a significant impact on the costs of the policy, as some low cost offset emission reduction
op!ions areI available..Moreover, the propIosal calls for output-based6allocation of permits for.carbon, which could also impact the cost aridprice
impacts of the policy. We did not model these details, but simply imposed the emissions caps noted above and required that emission reductions
comiefrom the powdersector.
:
,
.

.

.

*Projected avoided energy costs from this analysis were examined and input into EEPM to assess the potential impact of each emissions policy
scenario on the cost-effectiveness of energy efficiency.
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4.3.2.

Wholesale PriceImpacts

• As noted above, we modeled a hypothetical carbon policy requiring that CO 2 emissions in 2009 return to 2007 levels. This represents a 6.5
percent reduction relative to a scenario without CAIR or CAMR and a 5.6 percent reduction relative to a scenario with CAIR and CAMR. The
policy also requires that emissions return to their 2001 levels by 2013. This 2013 target requires a greater level of reductions. By 2015, the
regulation requires a 12.7 percent reduction relative to a scenario without CAIR or CAMR, and an 11.6 percent reduction relative to a scenario
including CAIR and CAMR. Note that in both years, CAIR and CAMR rules reduce carbon emissions by about 1 percent.
Nationally, the primary means of meeting the reductions is to shift generation away from coal-fired resources to lower emitting natural gas-fired
resources. In 2015, for example, coal-fired generation declines from.50 percent of the generation mix in the Base Case to 40 percent of the mix
under the CAIR, CAMR, and CO 2 policy run. Conversely, gas-fired generation increases to 32 percent of the mix under the CAIR, CAMR, and
CO 2 policy from 23 percent in the Base Case.
This increased reliance on natural gas-fired generation increases marginal energy prices. This is a result of increases in the amount of time that
gas-fired generation is on the margin (and therefore setting the price) and also changes in the cost of capacity. The net effects are substantial
increases in marginal energy costs. For example, on a national level, we estimate that 2010 marginal "all-in" energy prices would increase by 47
percent. Note that this is not a direct indication of the increase in retail electricity prices that customers would experience. Wholesale prices are
only one component of total electricity prices, thus the retail rate impact would likely be smaller. Wholesale price effects dampen over time, with a
36 percent increase in wholesale prices in 2015.
The Southern power market region, within which Georgia sits, experiences similar increases-slightly higher in the first year of the policy (51
percent) and lower in 2015 (28 percent). This result reflects the region's slightly greater dependence on coal relative to the nation as a whole.
Table 52 shows our projections of Southern region wholesale price changes associated with each emissions control scenario relative to the Base
Case.

Table 52. Percentage Change in 2010 and 2015 Southern Region Wholesale Power Prices for Emissions Control Scenarios Relative to Base Case
Scenario

0"13

2010

J

2015

.

3.1%

2.3%

CAIR &CAMR

3.3%

2.7%

CAIR, CAMR, &C02 Cap

50.5%

27.5%

CAIR
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4.3.3.

Energy Efficiency PotentialImpacts

o The wholesale price increases resulting from the emissions controls scenarios described above have a modest but notable impact on our
projections of achievable potentialf(See figures below and Table 53 on the following page):
CAIR-The CAIR scenario yields increases in 2010 electricity sales savings potential of between 1.2 and 2.2 percent and increases in 2010
peak demand savings potential of between 4.5 and 8.9 percent relative to the Base Case.
-

CAIR & CAMR-The CAIR &CAMR emissions scenario has an essentially identical impact on achievable potential.

-

CAIR, CAMR, & CO 2 Cap-'The CAIR, CAMR, and CO 2 cap scenario causes a somewhat larger increase in achievable potential, with
increases of between 5.4 and 5.7 percent of 2010 electricity sales savings potential and between 8.4 and 12.1 percent of 2010 peak demand
potential relative to the Base Case.

* As illustrated in previous figures in this report, the figures below show our projections of achievable potential in the context of Georgia baseline
energy forecasts. The bands below the baseline forecasts represent the full range of energy efficiency potential estimates under the Base Case
and the three alternative emissions control scernarios. In general, the upper bound of each range reflects the Base Case emissions scenario, and
the lower bound reflects the CAIR, CAMR, & C0 2 cap scenario.
Figure 66. Range of Achievable Potential Outcomes for Emissions
Control Scenarios (Peak Demand)

Figure 65. Range of Achievable Potential Outcomes for Emissions
Control Scenarios (Electricity Sales)
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Two results in particular stand out in the detailed results (See Table 53):
-

The effect of the emissions scenarios are more pronounced for peak demand savings potential. Coincidentally, many 6of the energy efficiency
measures that fail the cost-effectiveness screen by a small margin for the Base Case avoided costs scenario impact the air conditioning end
use. Thus, when avoided costs increase for the various emissions controls scenarios, these air conditioning measures pass the screen and
yield substantial peak impacts.

-

By 2015, the projected increases in peak demand savings potential associated with the emissions scenarios are large relative to achievable
potential for the Base Case-between 20 and 45 percent. This result also reflects the nature of the measures that pass the cost-effectiveness
screen under the emissions controls scenarios. Many of the air conditioning measures noted above are larger pieces of equipment such as 15
SEER residential air conditioners and commercial high-efficiency chillers. These types of equipment have large peak impacts but.are typically
installed only when old equipment is replaced, explaining the relatively larger impacts in later years.

Table 53. Percentage Increases in 2010 and 2015 Achievable Potential for Emissions Control Scenarios Relative to Base Case
Scenario

2010

Peak Demand

Electricity Sales
2015

2010

2015

CAIR
Minimally Aggressive

1.2%

4.3%

4.5%

20.8%

Moderately Aggressive

1.7%

6.7%

6.7%

36.1%

Very Aggressive

2.2%

8.0%

8.9%

43.4%

Minimally Aggressive

1.2%

4.3%

4.5%

20.8%

Moderately Aggressive

1.7%

6.7%

6.7%

36.1%

Very Aggressive

2.2%

8.0%

8.9%

43.4%

Minimally Aggressive

5.4%

6.1%

8.4%.

22.0%

Moderately Aggressive

5.7%

7.6%

10.4%

36.3%

Very Aggressive

5.7%

8.6%

12.1%

43.3%

CAIR &CAMR

CAIR, CAMR, and CO Cap
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5.

The Public Benefits of Energy Efficiency

5.1. Public Health Impacts
5.1.1.

Introduction

A variety of human and environmental effects have been associated with power sector emissions:
-

Nitrogen Oxides (NO.)
o Contribute to ground-level ozone, acid rain, and particulate formation.
* Ozone and particulates are responsible for a host of respiratory problems.
* Ozone can damage vegetation and reduce crop yields.
Acid rain damages fish habitat and causes deterioration of exposed structures.
Particulates contribute to haze.
Contribute to water quality deterioration, as increased nitrogen loading in bodies of water alters the chemical balance of nutrients vital to
plant and animal life. The problem is particularly acute for estuaries.
S.Contribute to global warming.
o

-•

'Form toxic chemicalsin the-air as NOx reacts with a variety bf organic compounds.

Sulfur Dioxide (So 2 ).
'

Contributes to acid rain and particulate formation.
Contributes to respiratory and cardiovascular problems.

-- Carbon Dioxide (CO 2)Y
a Contributes to global warming.
The geographical distribution of pollutants' health impacts are, difficult to predict given the complex atmospheric interactions that determine
formation and ambient concentrations of ozone and particulates in any specific region. Tracing the impacts of emissions changes from power
plants typically requires the use of sophisticated air quality.models.
.
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Quantification of health effects involves a number of inputs, including epidemiological effect estimates, baseline incidence and prevalence rates,
potentially impacted populations, and estimates of changes in ambient concentrations of air pollution. Although there are limitations to its
capability, we used US EPA's current Beta version of the COBRA model to estimate public health impacts. These estimates were based on the
changes in emissions resulting from achievable energy efficiency for the Base Case emissions scenario and COBRA's internal structure for
translating these emissions changes into impacts on public health.

5.1.2.

Emissions Impacts in Context

* The results of the COBRA analysis indicate that health benefits resulting from the projected pollutant emissions reductions are likely to be slight.
* This conclusion is not surprising if one considers the magnitude of our projected emissions impacts relative to those estimated for other types of
policy interventions. Table 54 shows projected emissions reductions under the Very Aggressive scenario and from'implementation of the Clean
Air Interstate Rule (CAIR), formerly known as the Interstate Air Quality Rule (IAQR). The table shows 2010 Very Aggressive scenario reductions
for Georgia both in absolute terms and as a percentage of total projected 2010 CAIR emissions reductions. Note that our COBRA-based
estimates of health impacts are not dissimilar from what we would approximate by simply scaling down EPA's projected health impacts under
CAIR to fit our achievable potential scenario emissions reductions.

Table 54. 2010Emissions Reductions for CAIR and Very Aggressive Scenario (Thousand Tons)

CAIR - Georgia
Achievable Potential - Georgia
Achievable Potential %of CAIR - Georgia
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5.2., Impacts on Water, Consumption

* We have considered two impotant'connectionswatr has'to energy efficiency:
-

Water is withdrawn in large quantities from various bodies of water to cool-electric power generators. In fact, this use is the one of the greatest
• contributors towater withdrawals in the US. Much of the water withdrawn is returned to its source at a higher temperature, but a proportion is
consumed throughevaporation.
-..Some

energy efficiency measures,.such as low-flow showerheads and efficient dishwashers, also reduce domestic water.consumption.

* Table 55 shows the impactsof both ofthese effects on water consumption in Georgia. Table 56 details the influence of energy efficiency on
power sector water withdrawals and consumption, where consumption is the difference between water withdrawals-and discharges.

Table 55. Reductions in Power Sector and End Use Water Consumption in Georgia
Scenario
Scenario

Consumption (Million Gallons per Day)
2010
2015

Power Sector
Minimally Aggressive

58

121

Moderately Aggressive

123

155

Very Aggressive

224

159

Minimally Aggressive

3

3

Moderately Aggressive

8

4

Very Aggressive

10

4

End Use

Total
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Table 56. Changes in Power Sector Water Withdrawals and Consumption in Georgia and Total Southern Region

I

Withdrawals

Scenario

Consumption

2010

2015

2010

2015

Minimally Aggressive

-1.3%

-2.0%

-2.9%

-4.8%

Moderately Aggressive

-3.5%

-2.6%

-6.1%

-6.2%

Very Aggressive

-6.0%

-2.6%

-11.1%

-6.4%

Minimally Aggressive

-0.8%

-1.2%

-2.8%

-4.5%

Moderately Aggressive

-2.1%

-1.5%

-5.9%

-5.8%

Very Aggressive

-3.8%

-1.5%

-10.8%

-5.9%

Georgia

Southern Region

5.3. Economic Development Impacts
5.3.1.

"

Introduction

Investment in energy efficiency typically represents an economic stimulus. This stimulus is the result of direct spending on energy efficiency
measures and the increase in net consumer disposable income generated by energy savings. Moreover, these direct impacts tend to have a
multiplying effect so that $1 spent on an energy efficiency measure translates into a greater benefit as the impact ripples through the economy.

* Efficiency measures requiring local, labor for installation tend to have positive local economic effects. Purchases of energy-efficient technologies
such as high-efficiency air conditioners have less of a beneficial impact since the equipment often is produced'outside of the local economy.
" However, energy efficiency programs also can impose some costs on thestate economy. The reduction in sales of-electricity and natural gas
slow the growth of the utility sector. In addition, the costs of energy efficiency programs require a funding source. Though benefits of the
programs outweigh costs over the entire study period, these program costs are incurred at the time energy efficiency measures are implemented,
while savings gradually accumulate over time. The need to pay these upfront costs, in effect, reduces other spending and investment. These
negative impacts also ripple through the economy with similar amplifying effects.
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" The economic impacts of the three energy efficiency scenarios were simulated by the University of Georgia's Carl Vinson Institute of Government
using'the Georgia Economic Modeling System (GEMS). This model is one of the most sophisticated regional economic models available and
provides the ability to estimate the investment response of the economy to changes in direct spending.
" We modeled the economic impacts of the three energy efficiency scenarios under a variety of program funding assumptions. While the
magnitude of the resulting impacts varied for each set of assumptions, GEMS projected a net increase in employment and personal income over
the study period for all assumptions.

5.3.2.

Results

The following set of charts and tables summarizes the results of the GEMS analysis. These results should be considered illustrative and not
definitive given that economic impacts are quite sensitive to both input assumptions and choices regarding how inputs should be represented
within the GEMS model.

Employment and Personal Income
" The GEMS analysis suggests that, relative to the base case forecast, employment and personal income would grow less rapidly in the early
years of the efficiency programs and more rapidly in later years. This phenomenon is typical of investment programs in which costs are incurred
immediately, while benefits accrue over time. Employment and personal income effects turn positive as the stimulus from the re-spending of
consumer net savings begins to outweigh the drag caused by the need to pay for the programs and utility lost revenues. By the end of the study
period in 2015, the efficiency investments would generate between roughly 1,500 and 4,200 additional jobs.
" Sectors expected to experience the largest increase in employment include construction and retail. Sectors that likely would see the greatest
drag on employment include public utilities and wholesale.
" The employment impacts should be read as the equivalent of net person-years of employment per year and are not additive over time. More
importaritly,' note that none of the scenarios cause Georgia to 'lose jobs. The negative nret annual employmnent figures in the early years of the
•analy is doreduce the rate of job growth, but this early effect is more thanoffset as the benefits from -energy efficiency investments come to
fruition and cause increased employment (See Figure 67).
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Gross State Product and State Revenue
* Because energy efficiency replaces a market activity (the purchase of energy resources) with a fundamentally non-market activity (energy
conservation), investment in energy efficiency tends to slightly reduce the rate of increase in gross state product.'
" Note that the projected impact on state product growth is negative even as the employment impact turns positive. This dichotomy is due to an
underlying change to the composition of the Georgia economy. Specifically, economic activities that involve a great deal of capital in production,
primarily within the utility industry itself, are being replaced with economic activities that involve more human capital but use less capital and
produce less output.
" Revenue impacts for state and local governments are also projected to be negative. However, the hypothetical energy efficiency programs also
cause areduction in government expenditures that is more than enough to offset all revenue decreases throughout the forecast period.

Figure 67. Impacts on Net Annual Employment Relative to Base Case Forecast (Average of All Funding Scenarios)
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Table 57. Economic Development Impacts (Average of All Funding Scenarios)
2006

2010

2015

, -650

222

1,487

Personal Income"(Millions of Dollarsj"

-$33.

-$17

$48

Gross State Product (Millions of Dollars)

-$37

-$101

-$160

-2,432

-693

3,323

-$118

-$108

-$134

4-$341

Minimally Aggressive
Employment

.

Moderately Aggressive
Employment

.

..

...

.:..
-

Personal Income (Millions of Dollars)

[.

Gross State Product (Millions of Dollars)
Very Aggressive
Employment.

__

_

I

,

Personal Income (Millions of Dollars)

-5,197

Gross State Product (Millions of Dollars)

-.
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, -$342
_

-1,491

4,159

-$242

-$168

$157

-$279

-$546

-$396
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5.3.3. Summary of Economic ImpactAnalyses from OtherStates & Regions
" A number of other studies of energy efficiency potential prepared over the past several years have attempted to provide estimates

of the
economic impacts of energy efficiency investments. The methods usedto estimate macroeconomic impacts vary considerably. Some have relied
on basic input-output models such as IMPLAN to provide estimates of impacts, while others have used regional economic simulation models
such as REMI.

" We reviewed several studies for which comparable net energy cost savings and employment impact estimates were available in an effort to
place the GEMS estimates in context. Based on our comparison of a simple index of employment impact per dollar of net benefits, we find that
the GEMS estimates provided here are in line with those generated by other studies. Table 58 compares the range of GEMS results for the 2015
Moderately Aggressive scenario to the results of two similar studies. The range of GEMS results presented covers Cases 1-3 described above.
* Note that the SWEEP and ACEEE analyses were prepared using IMPLAN, an input-output model that does not contain many of the elements of
a regional simulation model such as GEMS. Nevertheless, the results are quite similar and suggest that the proportional employment benefits of
energy efficiency-in Georgia would be not unlike those projected for other regions.

Table 58. Comparison of Economic Development Impacts Results for Several Recent Energy Efficiency Potential Studies
Employment Impact Per $

Study

Million Net Benefit
Assessment of Energy Efficiency Potential inGeorgia

1.6 -2.8

SWEEP 20027

•2.07
1.54

ACEEE-Illinois 19988

Energy Efficiency Project, The New MotherLode: The Potentialfor More Efficient ElectricityUse in the Southwest, November 2002.
8Marshall Goldberg, Martin Kushler, Steven Nadel, Skip Laitner, Neal Elliott and Martin Thomas, Energy Efficiency and Economic Development in Illinois,American Council for an Energy Efficient
Economy, December 1998.
7Southwest
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6.

Conclusions

" Overall, the potential for increased energy efficiency in Georgia is large, with a wide range of associated positive impacts on the economy and
environment.
" Prudently pursuing this energy efficiency will be a complex challenge. Our goal in completing this study has been to explore the nuances of
capturing Georgia's achievable energy efficiency potential. To that end, we hope that our findings will be a valuable guide as stakeholders
balance the benefits and costs of various energy efficiency strategies.

6.1. An Untapped Resource
* The results of this study allow us to draw the following core conclusions:
- Significant opportunity exists to motivate greater investment in energy efficiency across all Georgia market sectors over the next decade.
- Capture of this energy efficiency would cost Georgia less than supplying the same amount of energy.
- Energy efficiency would reduce the number of electric power plants required to meet Georgia's electricity demand.
- Energy efficiency would have a moderate positive impact on the environment due to reduced pollutant emissions and water consumption.
- Increasing investment in energy efficiency would have modest positive impacts on Georgia's long-term employment growth and modest
negative impacts on gross state product.

6.2. Challenges
" Though significant cost-effective. energy efficiency, potential exists, implementing policies and programs to realize that potential will require
dedicated efforts from multiple stakeholders sustained over many years. As noted above, we have assessed a number of possible approaches to
meeting this challenge' and summarized the results in'anaccompanying report-Strategies'fOrCapturingGeorgia'sEnergy Efficiency Potential.
" There are several overarching questions that Georgia will face as it considers further investment in energy efficiency:
- What' are appropriate energy efficiency goals for Georgia? This study should provide valuable guidance on this question, but the state's
ultimate goals will need to balance the concems and interests of a wide range.of stakeholders.
- What is the best organizational structure for funding and administering theseenergy efficiency programs? A wide spectrum of
alternative strategies for program administration has developed across the country. Forging the optimal or most practicable solution for
Georgia will require careful consideration of several issues and factors:
Proven effectiveness of various organizational structures for reaching energy efficiency goals

ICF Consulting
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Conclusions

o

Current energy regulatory and utility market structure in Georgia

,3 Aspects of administrative and funding structures that will make them attractive to Georgia ratepayers,.utilities, and regulators
How will program implementers design programs that effectively engage energy customers in Georgia? A wealth of knowledge and
experience has developed around how programs can cost-effectively bring energy efficiency to a wide range of customer markets.
Nonetheless, program implementers will need to exhibit great flexibility and ingenuity to design and implement effective energy efficiency
programs in a market unaccustomed to such interventions.

-

" It is clear that none of.these questions will have a simple answer. All stakeholders will need to voice their concerns and be. prepared to
compromise in order to develop strategies that appropriately balance the needs of all Georgians.
" However, based on the experiences of other states, it is also clear that such a process can succeed in delivering thebenefits of energy efficiency
to a multiplicity of parties. IfGeorgia elects to more aggressively pursue energy efficiency, the state will stand to realize many of those benefits.
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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. Coalfired generation provided about 44% of the electricity generated in the West and gas-fired generation 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 combined cycle power plants, are expected to come on-line in the West. The large amount of gasfired 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 electricity from the sun. Hundreds of megawatts of CSP solar-generating capacity could be brought on-

Q

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 Dese§rt Southwe'st and, given the geographic andclcitic
I
condios potentia
e hicn
h
cimaic on iion','potn'tally
the best in the world. Inaddition, 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. Inthe Mojave Desert, 354 MW of parabolic trough thernial solar "generating capacity has been operating for over a decade. Most of
the public is familiar with PV cells, used on 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 inthe 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 greatly 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 intiming by. hour.,and
month will need to.be accommodated..
The success of wind power developers .inupgrading 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 sufficient 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.Market

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 miade up by the states of the*Western Governors' ASsociaii6n (WGA). This area includes
16 states west of the 93rd meridian, Alaska, Hawaii; and three U.S.-flag Pacific islands. The territbry encompassed bylthe WGA is shown' in Exhibit I.The states of the WGA in the Lower 48 are geographically contiguous, but electrical interconnections between the states are regional. It is for this reason that sub-regions must be defined when
describing'western electricity issues.
Inthis paper we have created regions that follow state boundaries, and at the same time approximate regions that'are defined by transmission constraints. Indeed, some states are split electrically 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 reaggregate data on a state-by-state level and permits reasonable comparisons to data based ori
electric reliability regions aefined by thee North American Electric Reliability Council (NERC).1
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Exhibit 1: States and Regions of the Western Governors'.Association
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The Northwest consists of the four states of Montana, Idaho, Washington, and Oregon. Colorad"

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. Areport by the
California Independent System Operator (Cal ISO) published in March 2001 painted a gloomy picture of the summer and stated that "minimizing blackouts will require ... a bit [of] luck." The cataclysmic events of late 2000 and the spring of 2001, with massive power curtailments inthe
state, sent a shock wave through the Golden State. As a result, c6nsiumers have made great
* strides in conserving energy. Data by'the. California Energy Commission indicate that the state's
peak demand inAugust 20)1 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 strongly influenced by summer temperatures.
Inthe 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 serviceafter 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.
In2001i electric energy supplies in the West-remained tight. Elsewhere, regions that had previously been critically short reached balance or near balance'as a result of new power plants coming 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 eventually 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 plaht 'constructiOn continued,
though at a slow6'er aV'erage 'pace of 5,600 MW per year. In the 1990s",as a resultof the cdmbi-nation of a ca"pacity surplis; the inability of the utilities to get recently constructed power plants'
into their rate bases,,iand the influx'Of independent power producers (IPPs);, power plant con-''
struction essentially stopped f6r -the entire decade, while demand growth picked up and ate
a~vay at the surplusesuntil demand eventually outýtripoed'supply.
Over the past few years, reservemargins 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 ocluftred duririg the' surfihner of 1998ieVen th•uýh hydro availability was highe'r th•ifi"'
expected. The situation reached a crisis in 2000 when the Cal ISO called for conservation measures for 30 days thro'dgh'mid-September'. Sho6tage~driven power prices hit price caps numerous'
times iri the'summer bf 2000, inciddiihg 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 forecast 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 theWestern
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 dangerously 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 Interc6nnection into turmioil 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 construction boom that still continues. For the Prairie States, the demand and supply balance is a little 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 th.e 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 totake
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 suggests that interregional transmission--by sending power from where it is abundant to where it is

7
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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 Balancein the'Wist, Summer 2001
Resierv&Mar Th
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Transmission Wires Are Stretched
Traditionally utilities pro.vide 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 business. Early in the history of the industry, utilities were mainlj, ccOncerned with meeting their own
loads. The transmission network was generally laid out tocornnect neighboring utilities to the
extent that it allowed for delivery of remotb 6apaciity owned by the receivin-g utility (for long-termn
power purchases and sales bebween utilities.) or for emergency transfers. Inthe We'st, howevei',
utilities ;Perceived significant benefittthat 'could be achievedthrough strong transmission inter-'
connections. Four mas sive 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 existacross the West, whica'would limit the
transactions desired in a:liquid electricity cormnodity markefor to.accommodate large scale
development of rehewable' energy resources, such as solar, from the Desert Southwest. These
bottenecks were identified in the August 2001 WGA report, ColiceptfiaiPlansfor 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 onrTransmission
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 investment in electric lines may benefit their competitors just as much as themselhes. 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 developed 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, 6nd Colorado and Wyoming
regions. Transmission is particularly strong between the first three regions, and, unless regional
demand greatly exceedsthe transmission. capacities for the exchange of power, power prices
across the regions track fairly well. For example, wholesale p6wer prices in San Diego, Phoenix,
or Las Vegas.are within a few percent of each other during most hours of the year.
Inthe 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 ehvironrhental reasons demand that the Plants be built
close to the mine and far fromconsumers. This, however, means investing in new transmission
line construction or transmission line upgrades. Just such a trend can currently be observed at
5
proposed coa-fired power plants.
.9
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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 consideratiorns about the future of the transmission system should'
be part of any discussions by~the Western governors in shaping their policy recommendations.
* Awell-connected and well-designed transmission system will assure a high level of reliability'and can minimize market power by a few generators in load pockets.
* Modern transmission technologies allow the development of a system with higher performance and less impact.-High-voltage electric transmission is a very efficient and practical way to move .energy.,
.
* Energy resources are not distributed evenly in the West. Iffuel 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'66lat
resources through avefagirig. Therefore, if th& West wants to adopt a widespread use of
intermittent renewable energy sources, an adequate trahsmission system is important. 6
* Local opposition to high-voltage transmission lines remains strong, because of alleged
health problems, aesthetics, rights-of-way, and property value issues.

Insummary, a strong transmission system is inthe interest of western statei and is essential if
western states intend to provide a large portion of their energy needs from intermittent renewable energy sources such as wind and solar.

Meeting Future"Electdicity 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 consumed over the course of the year, as Well as pelak'demand, the highest hourly demand across
the hours of the year, will continue to increase. Peak demand in theWest is typically 60% to
65% higher than the average annual demand.7. This relationship has not exhibited any particular
trend over the course of thedlast decade and, for our base case demand forecast, we assume
that this relationship continues to holdover the next 10 years. Therefore RDI Consulting's projected demand growth rate 'are the same for energy and peak demand.
For purposes of reliability, peak demand is what matters in most regions. 8 Ifpeak demand outstrips 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 power for 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
i-

Kim
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SOURCE.
RDIConsultng, 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
Rqioa'2001
Horihwest
(0and WY
Cohifornla
Southwest
PraireStates
Tex "
.

~-

207,693
58,174
266,883
133,487
87,6371
338,2851

2002

26031ý- -

211,499
59,728
272,064
137,074
" 89,4611
345,05 -

215,608
61,321
277,601
140,784
91221

004X
•

-

9,75
62,405
283,704
143,265
92,901
359,261

165;~b~ -:_______

22,496
63614
292,174
146,072
94,473
367,263 "

24,148
69485
337,635
162,629
100,976
409,072

SOURCE: RDI
Consutting
:
.
NOTE: Base case forecast. Gigawatt-hours are a thousand times megawatt-hours (NWM).

Exhibit 6:.Peak Demand Forecast by Region, 2001-2010
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The Drivers of Growth

..

-..

-

Since the 1991 recession, annual growth in U.S. gross domestic product (GDP) has averaged
about 4%. Duringthe 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 activity 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, however, may not provide as.much insight as required to determine the impact of retail prices on
electricity demand. This is primarily b'ecause'retail customers do not in generalget price signals
at or near the time that they consume electricity. Their signal is the bills they receive for electricity consumed in the previous month. Thus, price elasticityf6r-lectricity 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 experienced 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 destined 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. Ifthe economy should slow more than expected, comp)anies will conltinue
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 the Internet have spurred, or will spur, demand growth. Ifanything,
the digital economy seems to have resulted in higher energy efficiency as measured by the relation 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 1998, 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
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these server farms will add only 1,500 .MW of incrementaldemand between 1998 and 2003 •
nationwide, or less than an average of 300 MW a.year. Even ifthis entire load were located in
the West, itwould 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-respon. ive demand may result in signpificant 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 coin'cides 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 system operator, regulator, or NERCregion.....
.
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
patte.rns, 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 margins 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 reservemarginwould 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~exchang`e 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 margins 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 peakdemand and thUs'allow for lower installed capacity as well as lower reserve
margins.:'A'lower reserve margin could result, because.meeting peak demand could becomel
less essential d~e to the responsivene-s' of load'....
.:
,
. . ,,.
-

.:

.

.

.,..:...'..

--..

:.~~~~~~~~..:
,.;•".:..-:....

..

14

,

.?

....

.'•

FUELFROM THE SKY: SOLAR POWER'S POTENTIAL
FOR WESTERN ENERGY SUPPLY

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. 1 2 Exhibit 7
shows the'capacity mix in each region. The West is char'acterized by large amounts of gas- and
coal-fired capacity, which account for 24% and 44%, respectively, of the electricity generated.
That is, over tw0: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 generated. 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 resulted 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 lowcost 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 gasfired combined cycle plants as the Lone Star state.
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Exhibit 7: Capacity Mix in 2001, by Region
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Exhibit 8: 2001 Generation by Fuel (modeled).
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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 renewable 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 increasingly 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 faci.ities andn*were familia#ritli combined cycle power plants. At the end of the 1990s.turbine manufacturers'had excess turbihe:
production capacity because of the slump in new plant construction. The IPPs and turbine manufacturers realized that, with the low natural gas prices at the time and rock-bottom prices for turbines, 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, andat $216 $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 purchase 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 generators to sell electricity to marketers, instead of to utilities, which, in turn, were now able to market 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 permitting rules made the state one of the most popular development areas. Large amounts of capacity 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 sdmineri
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 econdmic' and regulatory environment needs to be in plabe 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 utilty, have not only embraced the combined cycle powe'r plant as the cleanest fossil fuel 'generating technology, but will also bring online nearly all of the 1,229 MW of wind power in 2001. In the West, 5% of all n'eW capacity additions are'forecast to be wind power.
IPPs are looking at all generating technologies, from gas to coal to renewables.- If the public, policy makers, and regulators want to create more fuel diversity and desire renewable energy generation as a large contribution to western energy supplies, then regulatory certainty, tax incentives, 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
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Exhibit 10: New and Proposed Capacity by Plant Type and Development Status
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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, th'e proposals included robin 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 incentives 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 Demiand
RDI's NEWGen database, which tracks power plaht 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 probabilities to specific units based on the unit's status (proposed, early development, advanced development, sure development, or under construction), region, and technology. For example, projects 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 Iprojects. 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 probability distribution. The model also accounts for projects with rfiore' 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. Insummer 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 MWof 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 pbwer 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 ourforecast.
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.
Itis, 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 customers 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 withnho 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 bilt in markets with significant regula-"
tory risks and significant permittingarnd 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 hesitating to enter the California market because of the looming uncertainty. This is becoming a bigger factorrelative to local opposition and "environmental constraints as the r'eal 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 trillioncubic feet. (Tcf) of natu- .
•ral gas, about one-fifth, or 4.9 Tcf, was attributable to residential use. Power generation accounted for 9.3 Tcf. Natural gas use bylpoWer plants ha• accelerated sig'nificantly sinceM950.
..
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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 ýquadrupled to 40%, while the .share of residential use held constant.
Natural gas consumption by IPPs grew from 2.5 Tcf 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 online 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 participants embrace such changes, will determine the level of price and attendant volatility that residential customers could see on their energy bills in the future. An important factor in the
California'energy crisis wasthe 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 6igger. 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 electricity consumption can relate to both savings in energy and reductions in peak demand. Both
have very positive impacts on reliability and the pride of electricity. Inthe 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
23
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Exhibit 12: Household Appliances Certified .with the Energy:. Star Significantly Reduce
-Residential Energy Consumption...
inoce
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Washer
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50%

VCR
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46.

23%

ishwasher

R(ck
Stereo
System
87
67
23%
SOURCE,
End-Use Data and Market Trends, EsOaUCe,
2001, and National Renewable Energy Laboratory, private commurncation.

as refrigerators, washers, dryers, 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 saturated (every household has at least one refrigerator),: population growth and a shift tosrmaller
households will increase the overall number of appliances. This increase in the number of appliances can be expected to result in greater energy consumption. However, this does not necessarily 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 projects 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. household appliances and compare their consumption to energy use of products labeled with thbe
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 Gove66rs' 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, maraging
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 proportion. 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 terperatures in many regions of the. country at the time
appear to be the more likely reasonwhy 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.
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During the few hours of peak demand each year when' electricity demand reaches its highest levels, 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 Intemet, and other new technology, voluntary load reduction (VLR) programs are
becoming increasingly efficient to implement and administer. Participants inVLR programs, which have
been in existence for well over 20 years, are financially rewarded for forgoing power consumption during 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.
IfVLR programs can penetrate energy markets to the point that they have a sizeable effect on
peak demand, the traditionail 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 favorable environmental performance currently make natural gas-fired combined *cyclepower 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 inadequate 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 ene'rgy resource options.
The West is approaching a pbint 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 technoiogies 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 production and new deep-water natural gas wells in the Gulf of Mexico are depleting faster than historically had been the case, which may require increased drilling activity. This is in the face of an*
ever-increasing demand for energy.
Inthe first. half of the 20th century western states were faced with a different resource -challenge: how to supply adequate amounts of water. The result was the Colorado River Project,
which culminated in theconstruction 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. Inthis
section we will provide an overview of western energy resource options, which will be discussed
in greater detail in Chapter 7, "ACloser Look at Energy Resource Options." .
-

InExhibit 13 'we provide estimates of the energy potential of .the five most impoitant fuiure westerm energy resources: coal, gas, hydro, w-ind, and solar. We'have'not included nuclear generation in this sidmmary table, because it is our view that in the near and interrnediate term no
nuclear facilities will be built in the West. We further believe that biomass will only p'lay"a snimall
role in meeting future western energy supply, becauke resources appearto be insufficient in r6lation 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
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pacity factor is based on 2001 energy•,'emand. For typical capacity factors of generating technologies, see Exhibt 36.
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- .
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, .
(7) For detils, see Exhibit 15
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the ability to dispatch the plants. Hydro -generation was included in the exhibit, because it is currently the only important renewable source of energy in the West, and it.is interesting to compare 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 allthe electricity id the West. For natural gas and
coal, we have alsb 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 westem 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, natural 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 (SO2 ) and nitrogen oxides (NOx) if
all generation wereto 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
friot likely to increase its share as a source of western energy, unless CO2 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 generating 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 primarily 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 capa' city.
For both solar and wind, RDI Consulting conducted.a detailed resource assessment that is
described in the sections, "Wind" and "The Solar Energy P.otential." 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 provide, 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"7
enormous. According to our analysis, 1,051,466 GWh could be generated by premium solar
resources alone and would be comimensurate with total western energ 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 po•er, has few wind energy resources: available for development compared to
other western states. Wind generating technologies were developed in the U.S. in the 1980',
but it was in Europe that wind emerged from a niche technology to become today's fastest growing generating technology. The U.S., including the West, is currently seeing an explosion of new
wind farms. According t0 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 nfuclear' powe'r t6day; is also the sdur~e of ei6'rrnous 'coritroversy due to the inherent dangers
in Operating with and storing nuclear material..Given the current environment,,we do not believe.
' • .' ..
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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. Ifnuclear fusion could ever be used for power generation (the technology 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: resource 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
generatiorn 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,. t .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 geherated 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. Geothermal 15
and biomass generation contribute the rest, but only account for a small amount. In Exhibit 14
we show the projected NOx and SO 2 emissions from western power plants in 2001 and 2010.
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Exhibit 14: Air Emissions from Western"Powef Plants, 2001-2010, Base Case Forecast
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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 computer 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 I 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 forecat,' we have assuined a business-as-usual scenario, which is our base case. Under
this scenario,We :_icIude'all ann6unced 6o'Wer plant additions and retirements that we'b'eIiev'e
are likely to o'ccur, retirerments of'uneconomical units based on model results, as well as automatic additions of n6w'caipacity by plant type based on load shape, capital' cost, and forecast
fuel pri6es. Thereforebour base caserscenario pictures'an energy future that continues to rely
hea yoiiydon'atutaI gas and coal. We believe t6at thfis-business~as';sual scenario pro0ides'a good
referenc'e point:;
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Inthe base case forecast, the retirement of less efficient units, the penetratidn of more natural
gas-fired power plants, and fu'-rther implementations of airIregulations shlow tha western air will
receive less pollution (with the exception of C02 ).from power plants in 2010 than today. Ifrenewable energy. sources,, such as wind and.solar, were given an opportunity to m ke 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 generations 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. In2001,.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. Inaddition, they
can be harmful to forests, water bodies, and fish, and can decrease visibility in scenic areas. 16
Inaddition, generation from fossil fuels is the major source of CO2 emissions inthe West.
Nationwide, 40% of all CO2 emissions are estimated to originate from power plants; the percentage for 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 CO2 (or equivalent pollutahts) by 7%
below 1990 levels by 2010. Ifthe power generation sectorwere to meet this goal on its own,
today's CO2 emissions of 658 million tons would have to be reduced by 143 million tons, or 22%.
InExhibit 15 we show the air emissions of NOx, S02, C02 , and particulates by generating technology. 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 d02 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 electricity 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 produces 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 SO2 by about 15% over the next decade. However, this trend would still result in a net
increase Of CO2 emission~s 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 rriay tilt the
scale more toward renewables, which provide a hedge against volatile fuel pricesPThe California
energy crisis has shown the vaiul of such hedges, where, for example, the parabolic trough
solar plants'in the Mojave .Deser continued solar electric generation at the contracted, fixed
cost despite the high natural gas"prices in California at the tirne.
Nuclear and renewables emit neither CO2 nor other air or water pollutants. As discussed elsewhere, 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. 1 7
Given the easy access to solar and wind, and the vast amounts of resources, these types of
renewable generation emerge as the West's bestalternative to drastically reduce air pollution
and, in particular,' CO2. While natural gasý 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)
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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 thermodynamic. process, in which heat is converted into electricity. Immutable laws of physics dictate that the efficiencyof this process dependson 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, howevei, decrease the efficiency of the plant.
In Exhibit 16 we show the amount of cooling water required to produce one MWh 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 discharged because it condenses into brine, which jeopardizes plant. equipment as well as the environment. 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 discharged 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 c6oling 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 combustion 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
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SOURCE:
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NOTE:
Evaporative Cooling. Process water includes that used for make-up water for steam turbines, combustion turbine wash, air inlet fogging, ioar mirror wash, wind
turbine blade wash, etc.
(I) Included in coofing water.
(2)The amount of process water for turbine washes and inletair fogging depends on location and application of turbine.
..
: • •
a......:. .. ....
(3) RDIConsulting estimates based on dishStirling.

process water is used for turbine blade orglass and mirror washing. Therefore, these generating 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'per•cent of human energy needs are derived either by burning fossil fuels, such as coal,
oil, or natural gas, or bylburning wood, dung, and other types of biomass. Inthe combustion
process, CO2 is formed and discharged into the atmosphere. Part of this CO2 is converted Iby
photosynthesis (that is, plants) or absorbed by the oceans, with the remainder increasing the
CO2 concentration in the atmosphere.
From •pre-industrial times to the present, the CO2 concentration'in the atmosphere has risen
fiom"280 •artsper million (ppm) to cose to 360 ppm. ltý concentration is currentl, increasing
at an acceIerating rate, which is now about 3 to 5 ppm per year. Althou'gh the physics and
chemistry of the Earth's'atmosphere are not understood wellenough to draw precise conclua large part of the scientific
sions about the effects of an increase, in CO2 on the world's'climate,
community concludes from atmospheric data and theoretical models that manmade CO2 emissions will resutinman increa'seof the global surface temperature. (See also section, "Solar
Power Insurance Against Kyoto Protocol.")
According to these stientists, 'sch an increase iritemperatdre would result in dramatic climate
changes, whichin 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 confirms global climate change from CO2 emissions, then the U.S. .power industry, which currently
produces 40% of U.S. CO2 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 emission reduction goals. Carbon sinks are ecosystems that haturally 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 CO2 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 istargeted 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 emissions "only" to be the size of Earth. 20 Despite the differing estimates, thM 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 busirness in~thfe"current naturai gas-fired genei'ation 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 CO2 and climate change is further corroborated, the U.S. may
need to drastically reduce carbon emissions. While carbon mitigation techniques-such as
sequestration of CO2 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 geological formations is either significant or practical. In Exhibit 17 we show the CO2 emissions from
western power plants in 2001, 2005, and 2010. Un'der 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 emissions cost, a'nd 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 scenario, C02 emissions actually increase by-88 million tons.:
In2001, 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 normal 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 averaged 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.
Inorder to. see the impact of these renewables on carbon emissions, we assumed for each GWh
of electricity 1,000 tons of C02 would be saved by avoiding generation of I GWh from coal.
(However, if those renewables were to displace energy from natural gas, the C02 emissions
reductions would only be abouthalf as big.) By 2010 this rapid renewable energy deployment of
wind and solar, the most abundant western renewable energy resources, would more than compensate 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
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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 renewables, reduce emissions through greater use of natural gas or nuclear, sequester carbon underground or in new forests, or trade emissions with other states or countries.
Emissions trading would seek to lower global CO2 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 CO2 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 CO2 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 significant, 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 c'onsumption is that other large sources of C02 , will have an even harder 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, including C02 , has decided to stand outside the agreement.21 This has created considerable uncertainty for the U.S. industry and coal generators, which must factor possible CO2 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 fore'st 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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Endnotes..
1

Detailed analyses on demand and supply balances would preferably follow NERC region boundaries.

Nevertheless, we believe that the regions as defined herein provide information directly applicable to
state-level concerns.
2

Edison Electric Institute, Electric Reliability: Potential Problerms and Possible Solutidns, Washington,'

D.C., May 2000, available at www.ehirst.com..
3 Economists, transmission planners,. regulators and policy makers: are grappling with the question of

how to structure a business model around transmission systems: Who should control it? How are
decisions for transmission expansions made? And how are costs 'allIocated betwee[nbuyers and sellers of power? The Western Governors' Association also took up these queistions at its annnu.al meeting
in August 2001 and continues to evaluate options. (Western Governors' Association, Conceptual
Plans for Electricity-Transmission in.the West, August 2001, available at www.westgov.org .)
4 Edison Electric Institute, Transmission.Planningfor a Restructuring U.S. Electricity Industry,
Washington, D.C., June 2001, www.ehirst.com.
5 NEWGen data and analysis service, August 2001, RDI/Platts.
6 Denmark, where wind generates 10% of the country's'electricity, has mitigated reliability concerns
through geographic diversity of its wind farms and improved wind forecasting abilities.
7 The average annual demand is the total annual energy divided by the 8,760 hours in a year.
8 In the Pacific Northwest, rain and snowfall patterns limit hydro generation in all months except a
few months during years with above average snowpack and precipitation. Therefore, reliability in this
region is based on energy rather than peak demand.
9 Peak demand numbers are reported on'a NERC region level. In order to develop peak demand numbers for the regions of this study, RDI Consulting has estimated peak demand using state-by-state
energy demand and regional load factors. Load factors are the ratio of average demand divided by
peak demand.
10 Mark P. Mills, The Internet Begins with Coal, The Greening Earth Society, May 1999.
11 K. Kawamoto, J. Koomey, M.Ting, B. Nordman, RE. Brown, M. Piette, and A. Meier, Electricity

Used by Office Equipment and Network Equipment in the U.S.: Detailed Report and Appendices,
Lawrence Berkeley National Laboratory Berkeley, California, LBNL-45917, February 2001.
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12

Total nameplate capacity in the West is higher than 237,078 MW, but the large amounts of hydro

generation need to be derated from the nameplate capacity to account for the significant variations in
rain and snowfall experienced from one year to the next.
13

Includes 9,201 MW operating, 24,915 MW under construction, and 21,161 MW forecast.

14

National Energy Policy, Report of the National Energy Policy Group, The White House, May 2001.

15

Geothermal generation results in small.amounts of air pollutions due to iolatile. compounds that

are naturally diluted in the brine from geothermal fields.
16

The White House, the National Energy Policy,.May 2001, p. 3-3.

17

Geothermal steam sometimes contains pollutants and is, therefore, strictly speaking not a zero-

pollutant generation source, but emissions are very low.
18 U.S. Environmental Protection Agency (EPA). "Recent trends in U.S. Greenhouse Gas Emissions,"
Tables ES-1 and ES-5, wwW.epa.gov/globalwaeming/emissions/national/re nds.html.
19 Jeff Goodbell, 'Blasts from the Past,' The New York Times Magazine, July 22, 2001, p. 31.
20 Assumes
21

a C02 sequestration rate of a forest of 5 tons of per acre per year.

'Kyoto Rescued?," The Economist, July 28, 2001
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Chapter 2

Q9

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 largescale 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 technologies 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 fiat panel PV and CSP technologies.
Exhibit 18: Solar Power Cost and Performance Overview
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(1)Based on current technology, standard plant size, and assumed installation levels. See sections, The True
Cost of Using Solar Power' and 'APrimer on Solar Generating Technolagies."
(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 particular 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 technologies 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 systems (Solar One and Two) operated as demonstration projects"in the .1980s' nd 1990s; but are
now decommissioned. During the demonstration project, the units operated for about 2,000
hours. System experience with CPV is still low 6omlhared to dish Stirling, which targets a similar
niche in the p6wer market, but a fevw CPV s.ytems are cur rently in operation, *mainlyby Arizona
Public Service, and are abcurmulating morp system hours.
In this study, We will use the cost and p6rforma'nce of parabolic trough and dish Sfirling as plroxy
technologies to demonstrate the contribution that CSP could make to western energy and to
evaluate the economics surrounding CSR Parabolic troughs and dish Stirling technologies are
similar, r"spective ttlpowertwers and CPV. Much'of the analysis performed specifically for
parabolic troughs and diWh Stirling can be applied to p6wer towers and CPV. Because of similar'
performahce characteristicý and econorhies of scale, generalili power towers compete with paraboli 6troughs, 'aid CPV is a competitor with dish Stiriing.
The 6hoice'of parabolic tr6uglhs 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 Sýbrling 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 'tchniologies a.e.dis-cuss~ed in detail in the chap.ter, "APrimer on Solar Generating Tecýhnoigies," Vwhich also•provides a dtetiaileddiscussion~oftthe
cost data summarized in Exhibit 18. Power towers show the lowest solar pqwer cost, but capital
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and O&M costassumptions 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 inthe section, "Capital andProduction Costs of Solar Power." Inthis 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 inthe 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, contain some of the most interesting findings of our study.

The Solar Generating. Potential.
Inorder 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 smaIl fraction of 6u energy needs? GeothermaI 'power plants

are an important source of renewable energy, but the potential exists inonly 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 answerto this last question is: Yes. Solar energy is an abundant and underiitilized energy
source'in the West. Solar resources are optimal in the Desert Southwest and-,giveri th6 geographic and climatic conditions-potentially the best in the world: Not only are there hundreds of
square miles that could be used foe soiar generation, this land is also close to some major western 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 outiide the atmosphere is 'bout 1,300 watts per square meter
OW/m 2 ). 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, iunshine is comnposed of diffuse (scattered) light and rays that come undisturbed 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..:
Hazeincreases 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 (CPV, 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 humidityand 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.change's during the day. and
with the seasons. Inthe 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 thesun .
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 efficient soil& generating technology (dish Stirling), an area the size of an NBA basketball court located in a premium solar"reso'urce would generate 60,740 kWh of blectlicity a year.ý To generate the
same amount of electric energy, natural gas equivalent to 60 barrels of oil wduld have to be
burned in a cormbined cycle p6wer plant. Exhibit 20 displays this 'energy and shows that solar radiation is a concentrated form of power.; Current technology clan capture large amdunts of this energy and convert it to electricity-indefinitely, domestically, and with no pollution or price volatility.
Exhibit 19: Direct Normal, Diffuse, and.Global Solar Radiation
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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 Jper Year
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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/m 2/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:
9 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 development and how much of this land is in good, excellent, or premium solar. resource areas?
* How much energy could be generated on this'!and?
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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. Inaddition, 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 cbnve-rt toelectricity depends on the technology. For example, dish Stirling systems produce more energy per acre than power tower plants.
Here, for the purpose of comparing the land requirementsof solar power plants to conventional
plants, we'used typical performance values of CSP plants. Inorder to estimate the energy produc-"
tion, we used engineering data and hourlý 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 developmrient
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.
InExhibit 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. Inorder to provide 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 Pr6duction
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(1) Typical concentrating solar power plant in premium solar resource area (average radiation z 7.0 kWtVm2./day).
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2 Power
Cang7.
*
'
(3) 1995-2000 average.

46

TED
TED
TED
22%
6%

FUELFROM THE SKY: SOLAR POWER'S POTENTIAL
FOR WESTERN ENERGY SUPPLY

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 needed for other uses such as resource extraction, that is, mining or drilling. And, by using heat storage, 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 construction 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 itsdeployment. Solar's advantage, 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 coild 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 generation capabilities could not be justified today in terms of the associated environmental impacts.

The Solar Energy Potential
Critical to evaluating solar powers potential for western energy supply are the questions of how
6much
land is available in the western U.S. for solar power plant development and what is the quality of the solar resources. To answer these questions, RDI Consulting performed a *detailedanalysis
using solar radiation data 3 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/m 2/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 -inan 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
Resource Oass.

verge Aoiinio Soiaor
(kWhfri2/dnt)'
Erne'g

Good

6.0-6.5__

Excellent
Premium

6.5-7.0
more than 7.0

-

_

_

-

SOURCE:
RDIConsulting

tainous. And finally, some areas of the West have seena dramaticloss 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 otherwise unsuitable. in particular, we used the following algorithm in our GIS analysis. We excluded:
e 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;

o National Park Service land with a five-mile buffer;
* National Forest Service land;
e cropland;
e major highways with a half-mile buffer;
e navigable waterways with a half-mile buffer;
e

lakes with a two-mile buffer;

• major urbanized areas with four-mile buffer;:.:,
e railroads with a 500-foot buffer; and
* locations 9,000 feet above sea level with a 4 5-mf"ile bubffer ar60 nd 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. Inthis map land that is excluded from
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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 Z 7 0 khVm2/day are considered prermur, 6 5-7 0 exceflent, 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 thermil soiar. 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 estimate for assessing the generating potential and are typical for CSP technologies.
It is important to note that these capacityJfactors are the capacity factors of the solar field-the.
right quantity for. assessing the solar resource potehtial-,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 al-MW power
island would have an electric capacity factor of 25% in a premium resource area. However,.if the
solar field were oversized by,afactor 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 electri'c generator could continue •
to produce power on stored heat when the sun does not shine..

Exhibit 24: Estimated Solar Resources in the West
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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.
Ifexcellent 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 l6ad centers.
Inorder 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
482,226 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 beequivalent in size to a square of'41.5 x 41.5 miles.
For the purpose of solar power plant development, five areas inthe 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 development 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 mies. Ne'ar Harpe'-'Lak'e, California, an estimated 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 proximity 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
2001 Generation
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RDIConsulting
NOTE.
2001 generation by fuel type was renonnarized to noimat 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 enterprise zones. Inthe 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.
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 construction is needed. Tax advantages for developments on tribal lands could make the
Navajo and Hopi nations a preferred solar development area. Estimated available prem um solar resource is 424 square miles..
* Tucson Around Tucson, Arizoha, and re'aching into southern New Mexico are large
amounts of premium solar resour'ces 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 i'cated inside the ERCOT transmission System. Texas consuhnes more power
than any other western region and the interconrnedtion rules.of the ERCOT system operator allow7
for easy intercOnnection.wvthin'the region. However, a large amount.of new generating capacity
recently dame on-line in the'state. This andthie'factthati Texas' Rene'wable Energy Portfolio:
Standcard islready Oversubscribed could make it hard for solar plant developers to count on
regulators to mandate more renewable eniergy.
"
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.

Intermittence of Sun aChallenge

..

.

. . *.. ....'ii

,pi*,.*

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. Thearrival 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
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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 tr•nsmission grid
would allow the transfer. of solar poweracross the West-transmitting electricity from where the
sun -shines to where it does not. To a limited degree, the existing transmission grid of the
arn aready perform this fdin'ti6n:.
Western Systems CoordinatingC'.i'ncil (WSCC)
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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 intermittence is even less of a problem, because sunshine is easier to forecast than wind. Further, sunshine in top solar resource areas is very consistent. The challenges stemming from the weatherrelated intermittence of wind and solar resources may often be overstated.
While geographic diversity can address weather-related intermittence, the nightly setting of the
sun requires some form ofoff-sungeneration. 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 povher 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, however, demand continues to be-relatively high for a few hours into the night, which suggests that offsun generation, either with fossil fuels or heat energy storage, would be beneficial for solar
power plants.
Inthis 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-c'lock generation. These technologies are inherent to thermal 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 technologies 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 fuei hybridization is easily incorporated 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 storage 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 technologies-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 advaritage of power tower ai 'Parabolic trou'gh-solar thermal power plants is the avail-'
ability of a 'relatiVely inexpensive way 6f sitoring energy in the form of heat, 5 espe'ciaIly compar'ed
with other intermitteni 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. Infuture applications, the heat reservoir will, therefore, likely be alarge tank of
molten salt rather than oil. The heat capacity of thesestorage 'systems is.very large. For exIample, six-hour full-load heat storage of a 100-MW parabolic trough contains enough ehergy to
power a hdine for riearly 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 plantat full output when clouds pass over
the plant lo6ation. Theffectiveness of heat storage increa'ses 'wvitihth operating termperature' 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 exampie, during periods of low hourly pbwer 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 i eriod 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 therrhil solar plant with storage come's 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 configuration of storage hours and solar-to-electric capacity ratio.
Using heat storage, solar power plants canr displace installed capacity irn the1market. To dembnstrate this point, consider a 1,250-MW solar power plant 7 with 3.5 hours of full-load storage in
the Nevada Power market area. For simplicity of this illustration of the effectiveness of heat storage for meeting power needs, we assume that the solar-to-electric capacity ratio remains at 1.0.
(Inreality.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 conventionaI 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 Power's Summer
Peak Month*(August)
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Exhibit" 27: Geneiration of 1,250"MW of Solar -with' 3.5 Hours OfStoriage-During Nevada
Power's Summer Peak Month (August)
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Ifwe noW add 3.5 hours 'of full-load heat 'storage tO the i";250-MW solar po~ver plant, the picture
changes dramatica'lly/. InExhibit 27, we show the same 1,250-MW plant but now with storage. '
From sunrise untllaround 7:30*a.m. the plaht stores all th~e energy collected by the solar field•
.•p.m. (1•3:00 hours). Atthis point, no=
reaches by
and then slowly ra•mp's 'up to full load, which itfilledwith
3.5 hours of full-load ener and .the plaot
energy is stored, instead the heat storage is

begins to tap into its reservoir. With hours of full-oad •storage available, the plant can rnow conitinue to run (with decreasing output) until midnight.
of bmount
energy to the market as earlier. However, the

Thesolar plant still delivered the same

is that the plant now• produc'es ;electricit]"~intil midnight, at which time •
important difference ....
Nevada Power's load has dr;opped fo 2,000 MW. The loadt will not reach a level as high as 2,000
MW again untll the next morning. By that tim•, the solar power plant will begin to dispatch again.
Therefore, 1,250 MW of solar generatingcapacity with 3.5.hours of full-oad storage is able to

displace over 1;000 MW of conventional capacity inthe 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-r
tinues to provide a similar level of functionality,hbecause, while the daily energy production of the
load,.as a large porso is the average
a
solar power plant is7lowe" outside of the summerseason,
tion of Nevada Power's load is due to air conditioning. For most months outside the summer,
in oniore
n
solar outpuat. Thils whiillb described
Nevada Powapn's demarndefalls off more rapidofthan
i"ght.
et in the section; seasonalmty.
RDhConsulting 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 storage 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,p-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 boiier 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 BtukWh 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 emissions 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 comparedto a combined
cycle plant, the levelized cost of hybridization is reasonable because hybridization uses equipment that otherwise would be idle (except for the. boiler, which. is only built for use in hybridization mode). The reason for considering hybridization for off-sun generation is that it is less capital intensive than heat storage. However, it forgoes the advantages of zero emissions and continues to expose a portion of the plant's energy productionto 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 parabolic trough units near Kramer Junction use hybridization for off-sun generation.

57

FUEL
FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

Accounting-for Cloud Cover-.
In top solar resource areas, cloud cover is relatively rare, especially in the. summer, but it is possible 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 his shown that electric sup'ply remains reliable even at a 10% penetration 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 managing 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 pattern 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 1 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 Tlhis is the time when a solar plant would operate on average at 100% of its rating. The
black stock-€hart type bars in Exhibit 28 show that during certain years the solar radiation during that monthiW'as mor& or less thani the average. The length of the bari"epresents the .stan'dard deviation around the average. For example, the graphs show that in'both areas solar generation 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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Alook at Exhibit 28 shows the variability of solar generation with the seasons and the differences between a premium and an excellent solar resource area. Inboth areas, energy production 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. Inearly
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 season, clouds, and shorter days affect the output. Inthe following section we will look at the com59
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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. Inthe northern hemisphere,
days are shforter in the wikter'and the sun is'lower on the horiz'on, which reduces the solar energy 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 iSrernium 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 variation 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 lowerthan sfiown in Exhibit 29.
Inthe 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
Solar plant located near Las Vegas serving Nevada Power
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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, southwestern 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. Incontrast, 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 thermal 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 inthe Mojave Desert, where solar energy production
in January or February would be lower by about 40% than the maximum solar output inuiune;
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 production in this market follows electricity load very well, and solar power can provide enough
energy despite the seasonal variation in sunshine.
Inmany 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. Inthese regions, solar energy is also.expected to .be a good match to the load profile.

The True Cost of Using Solar Power
Inorder 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:

61

FUEL
FROM THE SKY: SOLAR POWER'S POTENTIAL
FOR WESTERN ENERGY SUPPLY.

First, we created an hourly plant dispatch model,-.which simulates the operation of a solar powerplant in thesouthwestern wholesale :market and determines-the revenues theplant would
receive. For this we created an "artificial" sun that simulates hourly sunshine in the West. In addition, 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 'tources doe§ hobt account f6or these external cOstsO4 Instead oftrying to' estimate
external costs, we use the premium that society attaches to rehewable energy as a proxy for the
external costs of other formis of energy. for example, the remmium for renewable efiergy is the
sum of tax credits and green energy prefriiums (the amount of money.consumers are willing to
pay for green power above their usuai electricity bills). This premium resijIts in a revenue
increase to the Utility' and a cost reduction to the developer for renewables.
In estimating today's cbot' f power from solar te~hnology, we took'the following approach. We
defined today's cost as the cost of building and oiperatirnga solar power-plant with current techl
nology and where the project is not one-of-a-kind. At the same time, we assumed the industry
would not yett take advantage of cost reduction's through investments in production capac ity, but
would instead satisfy its equipment heeds through outsourcing. Such a situation would be one
where short-term' financial inceht ives allwed Ithe development 6f hundreds of megav'attS of

solar capacity, while a long-term sustainable market for solar power ,was not in place.' 5 For estimating today's cost we did, however, take into account discounts from volume purchas'es in the
outsourcing. Specifically, we assumed that about 250 MW of parabolic trough or power tow!er
mirrors and about 1o MW of dish Stirling systems were ordered annually..
.
We are aware that the iO00MW annual production v6lumes for'dih Stirling ar n't likely wif.h
start of incentives such as tax credits o? buydowns, which could provide a market for this and'
other CSP technologies, b6cause' dis'h Stirling technology may require a slower ramp-up to over'" "
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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 inthe Mojave Desert and received the forecast wholesale 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 understand 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.
Inthe 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
inthe Southwest. This observation is important for understanding the role solar power can play
inwestern power markets.'

Solar Energy Production and Electricity Prices
Ina 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 tekhhologies that produce power primarily or=
solely during the periods of peak prices, and especially during times of price spikes, can produce power that is more expensive than cycling or baseload power plants. This is why a simple
cycle combustion turbine is economic to installdespite 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 Storagel). Further, during the year, southwestern rnonthly 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 thaton average-maximum output from solar power plants with no heat storage or fossil fuel
hybridization is shifted from the daily peak demand bya few hours (depending oh the season
and location) each day and from the annual peak. by about two months. This rmeans that.solar
power plants do not operate like a "peaking" plant, which is understood to (primarily) dispatch
during hourns 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 tothe. 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 pricescan be used'as a proxy in this analysis. In
Exhibit 30 we show a sdatter plot of hourly'poWer prices versus solar radiation'during the southwestern 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 notcorrelated. Therefore, solar power plants that produce power proportional to the instan-'
taneous solar radiation do not target peak pricesin the Desert Southwest.
Some correlation between local load and local solar, radiation mayexist, but this is unlikely given
the daily and monthly offset of average load and solar radiation. Inaddition, as long as a regional 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 correlate 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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Putting a Costton 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 marketbased 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 predicted 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 technologies. 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 Pioduction Costs of Dish StiflingfiParabolic Trough, and
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rience at the SEGS solar power pla•ti (see "The 354-MW. SEGS Power Plants"), no new parabo!ic trobgh plant has beeS built'in over a decade. On the other ha.d,theongo.n. purchases of
replacemint mirrors atSEGS'lrovide a good idea of the capital cost of the'collector field. And
there are few questions about the cost of the stearm-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
molt.en-salt heat storagoe,.which has been used iii only one power tower demonstration project.
Also, the cost estimates of power towers are based'onily on thre 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 uncertairn.
.. . . . .
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Our.cost tates for dish Stilin
ver.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 thirdparty manufacturers. fo building new'nits:. .- .
.

The critical component of the dish Stirling system is the Stirling engine. This engine can be produced by the automotive industry, taking advantage of that industrys enormous economies of
scale and.technical sophistication. Therefore, it appears that projected cost estimates are possi-.
ble. Yet, there remains some concern as,towhether. new,.motors, at.the.cost quoted bythe 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 system 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 So'dthern'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 success 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 pow6r, thermal CSP technologies use ordinary technology in an extraordinary way. Cost reductions are
expected to come overwhelmingly from learning, volume production and ecofiomie's 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 Idad energy storage for a 100-MW plant Would add 1 hour x 100
MW x 103 $AWh = $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 parabolictrough) by simulating these plants in the energy. market. Todo 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 plantswould 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 technologies 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 forecast 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 forthe year 16
2002, which we chose because we expect that by.thattime electricity prices should return to
normal and'2002 would be the earliest on-line date
for a sbtar '
plant. BY creating volatility,
dat fraslrPowerpaitByceinvotlt,
the price streams differ greatly in their exact shape from year to year, while their statistical characteristics, such as averages and standard deviations, remain the same.

The Solar Power Plant Proxies
In Exhibit 32 we show the Cost and perfoiarfcane 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
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Two proxy plants are dish Stirling plants. One is'a "distributed" plant of 2.5 MW composed of 1000.)
25-kW units, and the other is a 100-MW plant using 4,000 units. Capital cost assumptions on a
$AW 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 100MW dish Stirling plant allows us to compare on equal footing dish Stirling to parabolic trough plants
with a unit size of 100 MW. Te 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/100
MW electric = 1.8). Naturally, the electric output of this plant, andhence 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 economic 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 boiler unit compares favorably to a combined cycle natural gas-fired plant. Inaddition, 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.,1Because of the strong electrical interconnections between
Southern California and -the rest of the Southwest, price differentials .inthe regional wholesale
markets are small. It is for this reason that the SCEprices 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 historically 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 the2002 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
p5arabolic trough hybrid both depend on this'forecast natural gas price level.

Exhibit 33: Revenues and Production Cost of Proxy Solar Power Plants, Base Case.
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I00u
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N/A
.

40.13
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SOURCE:
RDIConsulting
.
NOTE.
Revenues and costs are expressed in $2001.
(1)Net of parasitic loads.
•
(2) Subject to a $100/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 determine 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% capa&ity 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. Itwas 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
17
regard to a 3-day moving average, rather than same-day or hourly.
InExhibit 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 marginal production cost of the unit.
....
Exhibit 33 shows the dish Stirling plants operated at a capacity factor of 25.2%. The heat-storage parabolic trough plant operated at 34.1% capacity factor, because of its 80%-oversized collector field. The capacity factor of the solar portion of the generation for the parabolic trough
fossil fuel hybrid witha 25% oversized solar field was 25.2%, while the gas-generation accounted for 25.4%. Over the 100 years, the standard deviation of annual solar energy was t2%. 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 stdndard 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. Inour.
financial modeling, we assume that these solar power plants are built with independent power producer (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.
InExhibit 35 we show the power prices of our four solar power plant proxies from the discounted 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-.
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NOTE:
Assumes IPPfiancing with long-term PPA of at least 10 years.
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Exhibit.35: Power Cost of Thermal Sol6r Pow6r Plant Proxiesý
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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 veryfavorable. Investors cou!d perceive a greater risk.
for this technology andexpect an IRR of 25% percent or more. In reality, for the first dish Stirling
plants, performance guarantees maybe required in addition to a high IRR to draw investments,
because dish Stirling technology is still pre-commercial at this point. However, as described earlier, 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 $/MWh of parabolic trough with fossil fuel hybridization. The.high capital
cost of dish Stirling and the 25.2% capacity factor are the: reasons that, at today's cost, dish
Stirling is the most expensive thermal solar. generating technology.., . "' .
Power'generatedfrom .a parabolic trough plant with.fossil.fuel hybridization, where about.half of.
the plant's output is derived from operation on natural gas, had the lowest cost of power-of 93
*$/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.
*Inaddition to our.base case, in, Exhibit 35 we also assess the impacts of.a property tax exemption and, a, 2 .C/kWh green energy premium on power .cost for. generation from.pure so!ar. 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"lt 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%to8%4forall 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 customers can purchase energy from renewables through a surcharge on their electricity bills. Today,
the renewable energy in these pro'grams typically..comes'from wind. Customers appear willing to
pay 2 to 3 cents more for every kWh-p•oduced iby a.rne"wable, hOn-polluting energy s6urce. After
accounting for the cost of administering these programs, we assumed that solar plants could.
receive an additional 2 C/kWh (20 $/MWh) for their solar-electric energy. We applied this gre enenergy premium over the entire life of the project, which reduces the power cost of all solartechnologies by a flat 20 $/MWh, except for the parabolic trough hybrid-where only half the butput
qualifies as green energy and the cost reduction is thus only half that-1-0 $/MWh. After applying
these incentives, an electric power service provider would view the cost of power for a 100-MW
dish Stirling as 134 $/MWh and for the lowest cost parabolic trough plant as 78 S/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 production tax credit EPTC] 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 C/kWh 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 successful 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 challenges.'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 conven74
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tional and renewables. Turbine sizes have increased from 55 kW in 1980 to 2.5 MW today, an
increase inunit 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 reductiorisof 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 determined 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 naturaf gas prices,' the combined cycle plant is the cheal~est form 6f energy. Because it
is clean burning and can be built quickly, combined cycle is the power plant of choice for independent power producers. Anatural 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
inthe 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
Oregoh/Washington border that came on-line in Decermber 2001 have an estimated power cost
of 40 $/MWh and report a power cost of 25 $/MWh after considering the PTC. Power cost
18
(before the PTC) is expected to drop to as low as 25 $/MWh in the not-too-distant future.
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 $AkW)*and its associated environmental and politida Iconcerns, including 'spet'
fuel storage.'rInaddition, nuclear generating technologies', such as the pebble-bed modular reactor
(PBMR), that may be acceptable to the public are still inthe 'research and development'phase.
Th'e costr of geoth'ermal power, criticalIy depends on t he type of geothermal reource andI 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, geothermal would be cost-competitive if it received a P.TC commensurate to that awarded to wind. 19
The cost of bio6iass generation doperids 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
75
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Exhibit 36: Capital and Production Cost of Electric Generation Technologies
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NOTE:
Allcosts are expressed in$2001 for currently avaiable 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 technologies in Exhibit 36..
How to Account for External Costs
Exhibit 36 provides a comparison of generating technologies based on their costs. But environmentalists 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 c6st 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 trillions, 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 significant. Nevertheless, they cannot be "calculated." The public knows about many of these externalities, and in this report we have discussed some of them. Legislators and regulators increasingly acknowledge these costs and have begun to reward-with tax incentives or buydownsthose who do not burden our. society with waste orpollution. Especially in Europe, external.costs
are widely recognized, and many have been priced higher than in the U.S.
Society yalues, 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 Consuiting 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, Re,3ewabie Energy Techndlogy Characterization, TR1109496,

Topical Report, December 1997.
3 Available

at http://vww.nrel.gov/gis/.

.

4 Indian Energy 2001 organized by the Council of Energy Resources Tribes (CERT),

http://www.certredearth.com/.
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.

-5

6

Assumed average consumption of 1 kilowatt.

7 This

W/m2

would be the summer capacity of the plant. The solar intensity used for this rating was 826
.

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 Inthis 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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California Energy Commission Staff, High Temperatures & Electricity Demand: An Assbssment of. "
Supply Adequacy in California Trends & Outlook, July 1999, available at http://38.144.192.166/electricity/1999-07-23_HEAT_RPT.PDF (size 704.2K).
17

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 utilitiy 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 costeffective ineans of generating electric power from solar energy. They are simple, well understood, and already ac'hieve efficiencies currently out of the reachlof commercial PV cells.*
Though both PV and thermal solar generating technhologies have riski, the type of risk is different. Thermal solar power plants are simply new applications of technologies originally developed
for fossil fuel power generationn, 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 PVY
will require advances. in materials..
In the following sections we provide a primer on solar generating technologies from flat panel PV
to solar towers.

PhotovoItaic 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 juniction, 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 PV Ceils are able to use a wider spectrum of light and thus achieve higher efficiencies. However, these devices are difficult to manufacture and so expensive that their use is limited to special applications, such as in space or f6r 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.
Inthe last five years, the worldwide PV industry has seen growth 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 approximately 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 inthe 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 commercially available flat panel PV cells. The high production cost of PV cells remains the technology'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 silicon-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 levels 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 inthe 70-100 kW range. 3 The program has
seen module costs drop significantly in recent installations, but the structures necessary to support 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 volumes, 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
.

Conientrating PV
ryotwA:;cIiýW tnoo
1.ousSTi
UnitSize
50x2kW=100kW 50x2kW=100kW
22-28kW
Max Conversion Efficiency %(2)
13
6.5
18-19
Generation Threshold Woes. .."
-:50 (3)
>_50 (3)
.
50.
Annual Average Efficiency %(4)
11
•6
TED
Annual Avg. Capacity Factor %(4)
24
24
30-32
Equiv. Forced Ouigqe Rote ([FOR)
TED•TED
1-3
Off-sun Gener•tion
"
None
None
Haone
Acres/MW
3.8
76
7D
8-3
Construction lTime
2weeks
4 weeks
3-4 days per unit
Capitol Cost
SAW
7500-8500
TED
Fixed O&M
SAW-year
10
TED
10
Variable Non-fuel 0&M S/MWh'
0
TED
10
Produodion
Capoadty
for U.S.
Market MW/year
68
"6.5
TED
rumul@ive U.S. Soles "
.140 MW
0.5 MW
Largest Unit inthe U.S.
1MW
TED
Demonstrated System Hours
Unknown
Unknown
TED
SOURCE. National Renewable Energy Laboratory (NREL)
Golden. Colorado, private communication; see reference inendnote 3.
(l)Commercially available technologies only. Crystalline silicon modules account for about 90% of the flat panel PVmarket, while amorphous
...

the remaining 10%.

sicon modules account for

.

(2) At1,000 W/mZ.
(3)Direct normal and diffuse radiation.
(4) Premium solar resource area. Flat panel PVtilted 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 CPVis 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 system 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 prcvides,
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 arenot known at this point. As
the recent decade has shown, efficiency gainsand cost reductions in commercial PV arehard to
come by. Nevertheless, research in PV should continue. PV is reliable and requires little maintenance. And CPV has the potential to leverage PV cell performance.
There are inherent advantages to using PV. Besides being able to use both direct anrd 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 referried to as concentrating solar power (CSP) technologies. There are three different therimal CSP technologies:
power tower, parabolic trough, and dish Stirling.
The three systems differ inthe 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). Ifsuccessful 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.
82
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Inthe 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 atwhich 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 parabolic 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 continue to operate at its rated capacity. The ratio of solar field thermal capacity to electric capacity 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 electric 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-tocapacity 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
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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-electric 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 unitsonly operated for a
limited time, and more long-term experience.with the technology would.be desirable. Inparticular,.
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 verified the design expectations. 'Inthe receiver, thin-walled tubing and its joints are subject to considerable 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 costeffectively 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 reflectorstypically made of glass mirrors. As the sun moves from east to west, the troughs follow the trajectory 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 (7507F), 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
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SOURCE:
Status Report on Solar Thermal Power Plants, Pilknton Solar International, 1996. Used with pernission.
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Beyond the heat exchanger, parabolic trough plants are just conventional steam, plants. It is for:
,t;
*
I.........
........ .!. .. :.1
:-.4..... ...
' ý-'.- ' ~~~~~~..
this reason that parabolic trough plants,:like power towers, can use heat storage with molten
salt, or hybridization with fossil fuel;' to generate' electricitY W he Sun does not shine.Te rel-.
atively low operating temperatueo.6f the parabolic trough .teanm cýi6e at 400oC (7500 F)cornmpared to conventional thermal ýpower stations, or .even power towers, limits the efficiency of.:the
plant. This lower operating temper'rture 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 hav' been built and still oper'ate today (The.
354-MW SEGS Power Plants"). Detailed cost and performance data for parabolic, trough plants..-,.-r..
.
are summarized in Exhibit 40..........'
-

.

Heat storage for new parabolic trough plants will be accomplished using molten-salt storage.
This technology, which was demionstrated 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 th6 first SEGS parabolic trough
plants used Caloria, a mineral oil, for heat storage, 'which,'like the heat transfer fluid in the-collectors of the troughs; is a .highly flammabte liquid. This 13-MW planf'pro6vided 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-collecting elements of the solar field is currently a highly flammable brganiccompound, which is.
also used in the petrochemical industry. Fires, therefore, pose .a danger toparabolic tr" gh
plants. However, a similar fire hazard exists at many.industrial facilities that handle flammable liq-..
....
...
.........
uids, including refineries, ..
large amounts of cooiing wtear,
Like a conventional steam plant, parabolic trough plants require
which may be difficult to obtahn.in the des.ert where so'lar"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 Colector 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
_____________________

Standard Plant Size

Dfsh Stirliiacý,~ `-Parabolic roi1:'
2.5 MW/I 00MW
100MW "

'>Powerower~
1"OOMW

Max Converffn'Efficienc,•(1)'I22%
Generation Threshold W/0
.

3%
.. 200

Annual Average Efficiency (2)
AnnualAvg.C apd Fact
dor(2)

21.40%

13.70%

15.00%
"

Basic Plant
With Thermal Storage (3)
With Fossf Fuel Hybridizolion

25.20%
N/A
N/A

23%
33% (4hrs, 1.8 x)
123-9SM

29%
48% (8 hrs, 1.8 x)
29-95%.

5
Heat Storage/Fossil Hybrid

5(estimate)
Heat Storage/Fossil Hybrid

Equiv. Forced Outage Rote (EFOR)
%
Off-Sun Generation

S (estimate) •
Fossi Hybrid

24%
300

300

Acres/MW of Colectors

4

5

8

Construction ime (4)

3-4 days per unit;
35 days/6 months

12 months

12 months

Incremental Capital Cost
Basic Plant SAW:

•

Heat Storage SA
Additional Solar field SAW
Fossil Fuel Hybridization SAW

Basic
Heat Storage

2,650

956

2,065

N/A
N/A
'Not comm'e'rdal

103
510
196

27
540
196

: 1BD

10,800

10,000

40/2.5
N/A

33
2

30
1.5

.

Additional Solar Field Ony
Fossil Fuol Hybridization
Incremental Variable Non-f6el
Basic
Heat Storage
Fassil Fuel Hybridization

(BM S/MWh

r___.__._..__.____

i_"
4_________

Foassl
Heat Rate (HHt)(4)
Incremental Fixed O&M
SAW-year

..

N/A

2

N/A'
N

-

..

_

I

.

N/A
N/A

27.5

2005
2006

75
100

Total

1.5
-'

N

2

_

2

-

RDIestimated new Capacity (MW)
that could be built (5)
2002
01
2003
3.1'
2004

'

_"_"_"

16.80/i5

-

' ..

30
.

206.3

-

*-

,

-

100

50

200
300

50
150

630

Cumulative U.S.Instaflations
Largest Unit inthe US.

118 1W
25 M

354 MW
80 MW

Demonstrated System Hours

80,000

300,000

250
10 MW
10,MW (dec~mmissioned)
2,000

1) AtI,000 W/m2.
(2)Premium solar resource area.
.
'
(3)The number of hours of ftutoad heat storage and the solarto-electricity ratio are given inparentheses, e.g. '(3hrs, 1.6 xr means three hours of ful4oad electric generation 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 bwdown 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 pedestaland can pivot on two axes to follow the sun. This two-axis tracking
mechanism allows the capture of thie highest amount of solar energy at any time possible. A
schematic of the dish Stirling principle is shown in Exhibit 41,.anda phot6of a dish Stirling systern 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 simplestof all thermal solar technologies, but the
Stirling motor that converts the heat is a sophisticated closed-cycle motor that is highly specialized 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-.i
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
Receiver/Engine
-Reflector

SOURCE.
Status Report on Solar Thermal Power Plants, P4i1knton
Solar Inernatonal, 1996. Used with permission.
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It is for that reason that both SES and STM 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. Howeve.r, 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 rn'otor is less. hofnogenods, 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 quintessential 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 inrelation 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 penetration 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 parabolic 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 originally 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
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String Energy
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world record for'the efficiency.of any solar power generating technology and would increase.
annual electric output by 6.3%.'
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Beyond the-,Eco~nomic~s
Inthis 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.
Inthis report whaepeetdbta dsruedaswell 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 Pre designed totbe eventual[y fully automated, contain only small amounts of
hazardous coolant, .and require no cooling water to operate. Further, they make very, tittle noise 7
.. . :• ........
.•
,.,.
-.
~ ~~.
..
........ can be installed close,
..... to resi and have a relatively low.... profile.
For-these
reasons, dish.-Stirling

.

dential areas.

-

Their, modularity and easy interconnection make dish Stirling systems attractive for -small. or midsized 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 islow-around:$100,000.
This makes dish Stirling systems similar to windeturbines, and their early entrywinto the market
may come.fromsmall installations of one or few doze dishes.
........
Most of what we have said about dish Stirling systems also holds for CPV systems. Anticipated
nth size is 22-28hkWsimilar to dishbStirling,smakingbCPVa direct competitor with dish Stirling.
CPV would even, be more suitable. for distributed installationsrbecause of itstlow e&M needs.-89
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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 elemnents ofthe solar field is currently a highly,
.
volatile organic compound and is hazardous.:Becuse' fires in parabolic trough pldits'are serious
threats (and have occurred), these facilities musfbe built':aWay' from residential or industrial
areas, with associated investments in transmission lines. Also, land belo'wthe 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 heattransfer fluid by_ using molten salt. The salt is non-ioxic
and, in fact, is used as a plant fertilizer. Soil sterilizaf-on is n6t required because"the f6cal point of
the mirrors is at the top of the power towers--,far off the ground--2and no Volatile heat trahsf&
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 technology.
Parabolic trough plants and power towers also require large amounts of cooling water-commensurate 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 or these techrnologies. Bothpower technologies could, however, address this issue by employing dry cooling or a
mix of dry and wet cooling. However, these technologies, which are available toany theamal
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 hybridization, which'.allows them to displace existing capacity from the market,.as we have shown in thesection, "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 tracking 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 inless 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-sys90
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tern 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 lebst 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 operate 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 facilityý is a 1-MW PV systemn 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 de(,eloped by LUZ International Ltd.,
a U.S. firm with str~ng ties "to Israel, and :each plant is oivned by a Sel*arate limited partnershi'.
Over the course of the project development, the unit size inc6re.ased 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 of'f-sun fofr
hoiiis at full Ioac.
Subseq'ent
rplaits utilized a gas-fired boiler or heater to selectively supplement solar electricity
production' during p'eak demand periods.
' :
In the 1980s, the state of California strongly encouraged renewable power production. As areaction 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-federal Public Utilities Regulatory Policy Act (PURPA) at highfixed prices under long-term standard
offer contracts. Between 1984 and 1991, first under private agreements and then with the help
of the a'trctivestandard offer long-ternhm p6we.r purchase agi'eements plus federal and state tax
incentives, LUZ erected the nine parabolic t~ough solarepower plants inthe 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 electricity 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 avoided 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 capacitypayments 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 better 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, nonfixed 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 encountered 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 attractive 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 rec6gnizedl
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 property tax. This exemption"eXpired at the en'd-of 1990 and was not renewed until May'15, 1991.
This additional constraint, combined with the December 31, 1991, requirement for-interconnection 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 wasnot manageable without high added
costs. This circumstance plus the other growing financial barriers resulted .inthe inability of LUZ
to obtain construction financing. This situation, combined with a generally weak financial condition, 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
IIare operated by Sunray Energy; units IIIthrough 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 Ilil-VII, has set performance records in recent years and has systematically 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 particular 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.
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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. Yetvery 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 advantage 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
po.wer 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 Arizona 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 existingitechnology,. 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 inrdeasing competition for riatural gas to. fuel generating Units.
If western states want to hedge against fuel price volatility, then a diversification of ehergy
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 technologies, 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 rapidly. 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 wate'r resources and emits pollutants 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 backyard") 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 fa6e 6fAmnerica-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 sufficient 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 generating technology.
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Solar Farms Can Be Built in Deserts
All we-stern 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. Itis these hottest and
most lifeless parjts of America's landscape that are most suitable for solar power plant development. 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 usesý.

Western Solar Resources Often Close to Load Centers '

..

At the same time,.this land is closeto 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..
Inclose proximity to Los-Angeles lie the' Vast expanses of the Mojav6 De'sert, a' premium solar
resource area. Often there will be clear skies over the desert while Los Angeles is cloudy. Lairge':
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' bylhigh load centers surrounded by•vast
deserts, this region likely offers the' best solar power opportunities in!thd World.

. ..

Solar Popular with Re'sidents.." ."

'

.

When people are asked to nameb'a renewable'energy source they usually reply usolar" or "wind."
Yet'the information citizens hiv'e `abut these eneig'y soorc~s'is often marginal. Solar 'iower is'
usually identified with PV cells, and the use of solar pow'e'r for large-`caie power' lr6du'cition is:`
*consid•red a~utopian dream. Viftually inknown isthe fact that tlermal solar po'wer plants can
produce large amounts of reliable power today.
Our-research sugge'sts thatfw'estern Policymakers are likely.to find thir"' icitizen'iready t6
embra6e eneiriY fr6'rv' slar pier.' Gre'ern e'nergy"pi'o'grams, "which'seli power gene'rated fr6m .
renwa'ble energies at a 'premium to custo"mershave been ss'uc 6ssful an-d in sohme areas up to
5%of consumers have switchedo
to"green" energy. 5 Most of tfiese'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 programs is likely to be even higher.
Until recently, consumers paid little attention to the source of electricity. But the California energy crisis changed the public's und6rstafiding 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 outlet but is produced by power plants. Difficult choices have to be made as to the future sources
of electric power.
Arecent 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 indicated 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 energy by the citizens of the Southwest.

Zero Emissions from Solar Plants
Solar power plants, at least the ones that do not use hybridization with fossil fuel for off-sun generation 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 seasonspans May to September, a period when sunlight and heat convert NOx and volatile organic compounds (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 emissions from fossil fuel power plants, mainly coal plants. S02is 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 nationalparks and restore the acclaimed vistas of the West..In addition, solar technologies without fossil fuel hybridization produce no.C0 2 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 K.o60 Protocol, which wvas' negotiated in 1997 inKyot0, Japan.
The treaty intendsto limit'the emissions of.C02 and 6ther'pollutahts that are believed to be linked to'
the heating of the Earth's lower atmosphere-referred to as-lobaI climate change. As recently as
February 2002, the Bush administration has affirmed its oppositiontothe 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' presideht that:
Greenhouse gases are accumulatingin Earth's atmosphere as a result of human activities, 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,'biutwe cannot rule but that some significant
part of these changes are also adreflection of naturalvriability. Human-in'ducedwarming
and associatedsea 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 plantswill act as an insurance policy against-global
climate change and the possible implementation of the Kyoto Protocol, or its successor, by helping 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 surfaces. 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 permegawatt-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 significant 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 competitive 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 permitting issuesrelated 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 geological 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 arriog the .
techfologiesin ternris of-manufacture and construction;,as the example of parabolic trough and
dish Stirling shows:
The pbwer 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 comparable to that of a simple steam plani,'which is estirnatedto be 12 months for a100-MW powýer
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
assembledlin'afew monthls.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 engirneering, 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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Chapter .5

Western Energy Policies
Regarding Solar Power

State Legislation
The generation of power is becoming deregulated on a state-by-state basis (and in fits and
starts). Despite this, policy makers and regulators still exercise influence over the'generatiori
portion of the electricity business. For example, tax incentives can be used to promote certain
types of generation, or. utility commissions can require distribution utilities, all of which are still
regulated, to procure power from certain types of electric generation.
Recently, some regulators have required the inclusion of more r'enewables into some states'
resource mix-ý-often with surprising success..The motivation behind such stewardship probably
varies. The promotion of renewables is a way to carry some of the.old utilities' mission of serving the public good into a.new and :uncertain marketplace..lt is also a way of responding to the.
public's uneasiness with deregulation-the same way that rate freezies have been conceived as a
way to protect customers in the transition to a deregulated market. Finally, the deregulation
process is also an opportunity to realize change.
..
No two states have decided to promote renewables in e'xactly the same way; both the methods
and the scope by which ren'ewables are prornoted vary. The lack of precedent in applying such
incentives may.exlplain, the Vaitty of approaches. Othe'r states that"are contemplating
uation 6r that have pending legislation are carefully observing the success of these programs.

Despite the state-to-state differences, five basic tools are beinigtried to further thfe deployment
of renewable power. These include:,
* renewable portf6lio standards`"(RPS),-which require utilities to build, purchase, or sell a
detairia'oun'nt of renewable energy,
system benefit charges (SBC), which charge utility customers a small fee to fund
renewables programs;
" "

'.0

* green energy programs, which allow customers to choose a renewable electricity product;
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* tax incentives, which encourage investment in renewable energy sources through tax
structures; and
* net metering programs, which reimburse utility customers for electricity they generate
from their renewable energy systems.

Renewable Portfolio Standards (RPS)
RPS require utility systems to sell, purchase, or build minimum amounts of renewably generated
electricity. These requirements are usually expressed as a percentage of electricity sold or as a
capacity requirement. An example is Texas' 2,000-MW (about 3% of the state's electricity) renewables requirement by 2009. RPS laws appear to be effective in promoting the installation of
thousands of megawatts of new renewable capacity.

System Benefit Charges (SBC)
SBC are funds collected through utility revenues used to promote renewables (as well as other
energy-related public goods g6als). SBC monies may be'disbursed in the form of grants or subsidized financing to assist initiatives such as new large-scale projects, buy-downs for distributed
renewables, customer credits for green markets, or other types of renewable infrastructure promotiorL Oregon has set up an SBC-based renewables fund that receives about 0.5% of utility revenues under deregulation. In California, SBC-based support has assisted about 1,000 MW of
new (planned or operating) large-scale renewables projects, and helped 200,000 customers
switch to green power in the state's green energy market.

Green Energy Programs
Green energy programs allow customers to purchase "green" products that contain significant
fractions of renewably generated electricity. Green energy programs fall into two broad categories. First, green market programs are offered in deregulated areas, where competitive marketers, such as Green :Mountain Energy, offer green market products. More than one marketer
may enter the market and compete for retail customers as well as wholesale renewable electricity suppliers. Green marketers bear the risk of acquiring or building renewable energy supplies in
green markets. California is one of the first and largest green markets.
Green pricing programs, on the other hand, are usually offered in regulated utility areas by the
local utility. In green pricing programs, the utility builds or purchases a supply of renewably generated electricity and markets the green product to its retail customers. The utility faces no
competition in offering a green product, but it bears the risk of acquiring the green electricity. A
regulated utility has the backstop of rate recovery to reduce the potential risk of fewer customers buying the green product than anticipated. Also, the utility may build incremental renew-
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able generation as more customers sign up. Xcel Energy's Windsource program in Colorado has
signed up more than 15,000 customers and supports 56 MW of wind capacity.
Green markets have spurred 170 MW of installed or planned renewable capacity additions, while
green pricing programs have spurred 280 MW of installed or planned renewable capacity.

Tax/Financial Incentives
Tax and financial incentives for renewable energy projects include property tax exemptions, franchise tax exemptions, corporate income tax exemptions, personal income tax credits, production
tax credits (PTC), and loan programs. One of the strongest state tax incentives for renewable
energy is Minnesota's 1.5 C/AWh PTC for wind energy projects under 2 MW in size. Minnesota's
tax credit supplements the 1.7 C/kWh federal PTC for qualifying renewable generation.

Net Metering
Net metering laws require distribution utilities to compensate distributed renewable generators for
the electricity they produce. These payments encourage investment in distributed renewables.
The prototypical example is a rooftop PV system on a home, with the owner receiving payment
for any net excess generation (NEG). Some net metering programs have no system size limit,
however, and encourage development of large renewable systems at distributed locations. In
Germany, utilities are required to pay for distributed renewable generation at a rate that is 90% of
the retail residential rate. The Electricity Feed Law, as it is known, is more generous than most
U.S. programs, and has helped Germany to install more than double the wind capacity installed to
date in the U.S. Thirty-five states in the U.S. currently have a net metering law in place.

View of the Western Governors' Association (WGA)
To maintain the Western governors' commitment to a viable economy and a clean and healthy
environment in the West, the western governors believe that western states need to pursue an
energy policy that will result in a diverse energy portfolio, including conventional and alternative
energy resource development,'energy efficiency, and conservation. The western governors support the development of renewable sources of energy that could offset, through emissions trading, additional emissions as fossil-fueled plants come on-line.
Inthe view of the WGA, such joint resource generation could be an important part of a comprehensive energy strategy in the West that would enable the region to capitalize on its renewable and
non-renewable resources. The WGA supports pursuing accelerated development and deployment of
promising renewable energy technologies through the extension and expansion of state and federal
production tax credits and state and tribal policies, such as system benefits charges, renewable
portfolio standards, renewable resource-based utility tariffs, and/or creative new incentives.
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The WGA also recognizes the contributioh that the National Renewable Energy Laboratory (NREL)
and other national laboratories have made in developing technologies that enable the cost-effective use of western renewable energy resources. The WGA will promote renewable energy,
including the efforts of NREL and other national labs, to continue outreach to western states tO
ensure that their research and developmrentefforts are germane to the western resource base
and thereby offer technology options that can contribute to increasing the availability of renewable power generation.
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Wind Power's Success Could
Be 'a Proxy for Solar
During a meeting organized by the Department of Energy in Albuquerque, New Mexico, in
November 2001, a review panel asked representatives of the national labs, industry, and independent experts to identify the obstacles to be overcome before solar power can provide significant amounts of western electricity..The consensus among the experts was that only one thing
prevented the solar power industry from providing larger amounts of renewable, clean, and
domestic energy from the sun-political will.
Even though some solar generating technologies could benefit from research and development,
it was made clear that solar resources are abundant; are located where they are needed; that
efficiencies from concentrating solar power (CSP) are good enough to justify deployment; and
cost projections are very promising. All thatsolar power required, in the opinion of the experts,
is an incubation period, where incentives are put in place that allow the transition of this emerg-.
ing generating technology into the mainstream. It is our view that providing such an incubation
period is not a leap of faith, but a proven recipe of success, as the emergence of wind generating technology in Europe has shown,
Wind power was developed from concept to practicality in the U.S., starting in the 1980s, when
the number of wind turbines began to mushroom in California, which has become an icon of - .
wind energy deployment. However, by the end of the decade, no new wind turbines were built.
Those that were in place did not perform as well as anticipated and poor siting of the turbines
resulted in considerable numbers of bird kills. In the 1990s, Kenetech, one of the major develop-,
ers at the time, filed for bankruptcy, further tainting the image of wind power.
Inthe mid-1980s, Europe developed a greater awareness of environmental issues, and Germany
and Denmark, in particular, provided market incentives that promoted the development of renewable energies. Germany's Electricity Feed Law provided high prices to anyone who could feed
green power into the grid in those countries (see "Net Metering"). With little solar resources,
wind was the logical choice of renewable energy, as Germany had adequate v'ind resources ripe
for development.
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Inthe mid and late 1990s, wind power developers aggressively pursued generation opportunities in Germany and Denmark, and soon the installed wind capacity in these two'countries began
to dwarf the 1'742 MW installed in California in the 1980s. European companies such as
Nordex, NEG Micon, and Vestas began to scale up turbines and cut costs. Today, wind turbine
capacities reach 3.8 MW, are up to 500 feet tall, andare 'even installed 'offshore and serviced by
helicopters. The development was so fast and successful that even visionaries were surprised.
While the German and Danish governments provided the long-term financial stability and incentives that allowed high-price wind power to enter the market, the technology development was
left to the wind companies themselves. The foundation of research and development had already
been laid and had brought wind turbine technology to a point where it was practical. Pushing the
technology to new limits was left to the power of market competition.
With an opportunity to make money in the market, wind turbine manufacturers brought down the
cost of wind power dramatically. In Exhibit 44 we show that the levelized cost of wind power
over the last 15 years has dropped by 70% from 150 $/MWh (15 CAWh) in 1984 to'40 $/MWh
(4 CAWh) in 2000 and the cost continues to decline. Today, the energy cost of wind is beginning to compete with the cost of gas-fired generation at 45-48 $/MWh (assuming a'natural gas
price of 3.87 $/mmBtu).
This dramatic reduction in the cost of electricity from wind is driven both by reductions in capital
cost as well as improvements in the capacity factor of turbines. For example, new wind turbines
located in Texas have shown capacity factors of up to 48% over the initial months of operation,
and capacity factors of newer turbines if located at the same site are estimated to be 52%.
Today, with the exception of Enron Wind (formerly Zond), the world wind turbine market is firmly
in European hands. Wind power is a technology that was developed in the U.S. and.paid for by
Exhibit 44: Levelized Cost of Wind Power, 1984-2000
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American tax dollars, but today the country is importing this technology. At the same time,
shareholder value and jobs in wind power are created in Europe. American financial institutions
are also missing out on the business of thousands of megawatts of new wind currently being
installed in the U.S. This is because the default of Kenetech left American banks skittish, while
European banks are willing to put up the capital for new wind turbines in the U.S. and elsewhere.
While it is a bitter lesson for American policy makers, the success of wind could be a proxy for
the deployment of solar power in the U.S. Today, however, it is possible that solar power will be
the next renewable generation technology that the U.S. will import from Europe. This could happen unless policy makers are able to get legislation enacted that results in the deployment of
new solar capacity in the West. This is because European countries, and in particular Spain and
Italy, are ready to move. Ironically, the next large international meeting on solar generating technologies is scheduled to take place in-cloudy and overcast-Berlin. The American solar power
industry is trying to bring this meeting to the U.S., where this renewable energy technology was
invented.
But even ifthis meeting were held in the U.S., the solar power industry will move where it finds
political will and money. And currently those places appear to be in Europe. With little imagination, it appears likely that next generation of solar power plants could carry the "Made in
Europe" label. And it is only a matter of time when, after incubating in Spain or Italy, solar power
plants will be imported to this country.
RDI Consulting sees great similarities in the complexity of technology, engineering obstacles,
efficiency, and cost reduction potential between wind power and CSP solar generating technologies. It appears likely that the success of wind power could be repeated for solar power. Today,
a decade after the last parabolic trough solar power plant was built near Harper Lake, California,
there is ample proof that CSP plants can operate reliably over decades, and also that, as wind
has shown, technology incubation works.
The success of an incubation period for solar power is all but guaranteed. This is because,
unlike similar promises by the industry to introduce electric cars, CSP plants have already
achieved a level of performance that makes them practical. They have proven their merit in over
a decade of operation in the Mojave Desert, and cost-reduction projections for CSP technologies
are based on the fact that they use ordinary technology in an extraordinary way.
Therefore, it is our belief that a large-scale deployment of solar power will bring with it considerable cost reductions. In the light of our analysis, the secret of solar power success is simply
new projects. It is up to regulators and policy makers to make it happen. And it appears that all
it takes is to follow.a proven recipe.
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Chapter 7

A Closer Look at EnergyResource Options....
Here we will take a closer look at each western energy resource option. The goal is to understand the generating capacity these resources could provide, their depletion rates, and the environmental impact that the use of each of these resources would have on the western states. We
-will also discuss some of the economics surrounding the use of each resource.

Fossil Fuels.

.

Fossil fuels provide most of the U.S. energy needs, yet from resource recovery to combustion,
the use of fossil fuels comes with a price to our environment and our health.
The oil, gas and coal industry is making great efforts to mitigate the impacts of exploration,
extraction, and transportation of fossil fuels on the environment. For example, directionai'drilli-g
allows reducing the number of drills in recovering an oil or gas reservoir. Nevertheless, fossil
resource recovery often comes with a cost to the environment. The mining of coal requires
mountaintop removal in Virginia and has poisoned groundwater and rivers in Pennsylvania. The
oil spill of the Exxon Valdez killed millions of birds" fish, and mammals inAlaska's coastal waters,
and drilling operations near Farmington, New Mexico, have marred the landscape with a network
of roads and pumps.
The combustion of fossil fuels releases sulfur, .C02 ,ý'nd other elements such as mercury, a
heavy metal poisonous to most livingo.organisms,,intothe air. These chemical substances that
had been sequestered in the crust of the Earth-by living organism and g6ol ogical depositionare now being introduced into the atmosphere at a rapid pace:"This has caused great concern
among atmospheric scientists, who believe this may result in global. climate 'change.
Atmospheric studies, computer models, and laboiatory experirmnents all suggest that, in particular, the release of CO2 willresult in 'aglobal warming of the atmosphere. Temperature data and
singular events such as'volcanic eruptions, which emit similar pollutants, confirm that the effects
of these pollutantswill result ina significant change of our world climate.
With the world's population growing, ftie use of fossil fuels will continue to grow in.the near term
and so will its impact. In.jthe history of mankind; fossil fuels have played a key role in alilwing
III
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the cultural and technological development of humankind. As long as other energy sourcesare
not used more heavily, fossil fuels will continue to play an important role. Nevertheless, there is
now interest to accelerate and increase the use of pollutant-neutral sources of energy,' such as
renewables, fission, and-possibly one day-fusion. Inthe transition period, a shift to low-emission fossil fuel generating technologies will continue to make fossil fuels ar important part of obr
energy solution.
The western states have most of the country's fossil fuel resources. Oil, because of its importance in transportation and its relative scarcity compared to coal and natural gas, plays a small
and decreasing role in power generation. Inthe next sections, we will take a closer look at western coal and gas resources.

Coal
In 1998, coal production in the United States reached 1.12 billion tons and then declined; slightly, to 1.08 billion tons in 2000. Power generation consumes about 86% of all the coal produced
in the country. The West contains some of the biggest coal reserves, shown in Exhibit 45. There
are six major coal regions: the Powder River Basin (PRB) in Wyoming and Montana; the Cential
Rockies, which sparis Colorado and Utah, Four Corners; Southern Wyoming; Northern Lignite;
and Gulf Lignite.
Exhibit 45: Western Coal Fields, Railroads, and Coal Power Plants
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While coal production from-mines outside the West has stagnated, western coal mines and,-in
particular, the mines.of the PRB have seen a tremendous increase in production. From 1970
through 2000, coal production in the PRB .increased from 50 million to 362 million tons, or tenfold. The reasons-for this increased U.S. market share are the easy access to coal in the PRB
through surface mining and the low sulfur content of the coal. At sulfur contents as low as 0.40
lb/mmBtu, coal from the PRB is compliant with the Clean Air Act and its amendments; which
define "compliance coal" as coal with a sulfur content of less than 1.2 lb/mmBtu. Therefore,
PRB coal is preferred by many power plants around the country since it complies with the act
even without sulfur emissions control equipment.
Western coal plants account for 27% of the capacity (61,840 MW) in the West and provide 44%
of Western electric energy. Coal-fired power plants inthe West are generally newer than their
counterparts in the East. Because of access to competitively priced coal from western mines,
the coal's Iowsulfur content, and growing demand, coal-fired power plants in the West run at
some of the highest utilizationrates (capacity factors) in the country. For example, coal plants in
the Southwest, Northwest, and Colorado and Wyoming (no large coal-fired power plant exists in
California) operate at an average 83% capacity factor. Coal plants in the Prairie States, which
fire mostly lignites and PRB coal, have capacity factors of 60% to 75%. Texas coal plants operate at a79% utilization rate.Because these capacity factors, except in the Prairie States, come
close tothe plant operational availabilityi little additional energy, can be'bbtained from existing
coal plants.' Ifwestern 'states decided to obtain more' ower from coal plants, new capacity
would have to be built or existing plants;W6uld have to be up-rated."
Western coal resources are vast and provide no limits to theamount of capacity and energy that
could be provided from coal-fired power plants."Exhibit 46 shows RDI Consulting's estimate 'of
economically recoverable coal reserves in western states. The starting point of 6ur analysis is
the demnonstraed reserve base of coal by potential mining methods. We then'derated the
demonstrated reserves in order to arrive at estlmated economically recoverable reserves. In our
view, about onethird of the underground reserves and 70% of the demonstrated surface
reseres are economically recover ab.le.
Exhibit 46: Estimate of Economically Recoverable, Coal Reserves in the West,
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Using our in-house databases, we then calculated the average heat and sulfur content of the
coal and in Exhibit 47. we see that, in aggregate, the West has about 41,590 million tons of economically recoverable underground reserves and 81,889.million tons of surface reserves. On
average we estimate-that this coal has a heat content of 9,034 Btu/Ib and a sulfur content of
1.3 Ib/mmBtu. Inthe .section,'Resource Options for the Future," we show that this amounts to
215 years of electric energy if all of western energy were derived from coal generation at 2001
demand levels. With at least two centuries of coal reserves left, coal is the largest fossil energy
source in the West:
There are three fundamental ways of generating electricity from coal: pulverized coal (PC) combustion, fluidized bed combustion (FBC), and integrated gasification combined cycle (IGCC). For
PC coal plants, the unit types are: subcritical (36% net efficiency), supercritical (38%), and ultrasupercritical (41%). The efficiency of FBC plants is lower at only 34%, but they allow for greater
fuel flexibility and lower emissions than PC facilities. IGCC has 40% net efficiencies and the lowest emissions.of all coal-fired technologies. InIGCC, coal is first converted into natural gas and
then burned in a combined cycle plant. The primary disadvantages are high capital costs and
reliability questions.
RDI Consulting analysis indicates that, even with required environmental control technologies,
supercritical PC is the most competitive coal technology in the West, particularly for larger installations. Nevertheless, the technology choice is often situation dependent. Where low-grade coal
of variable heat content is available, FBC may be a more economic choice.
While coal-at first glance-may appear the solution to western energy woes, there are many
impediments to further expansion of coal generation.
At current capital costs and efficiency, coal-fired power plants will only be able*to 'compete with
natural gas-fired power pl;nts 'atlow fuel costs and high capacity factors, even if natural gas
prices remain at 3.25-3.50 $/mmBtu. Anew coal plant would need to obtain coal at 1.00
$/mmBtu and run at a (very high) capacity factor of 88%to .be profitable. While these economics can be achieved, they are not easy to reach. Natural gas-fired generation, because of its
high efficiency, remains a formidable competitor with coal.
We also project a considerable surplus of generating capacityin the West from new gas-fired
power plants by the time the first coal-fired projects would come on-line. Inaddition to higher
cost at the piants, modern gas-fired plants also have Ian edge over coal because they are cleaner and can be sited near loads and thus can avoid most of the cost associated with transmission line expansions. Incontrast, the need for low fuel cost and the environmental impacts of
coal plants suggest mine-mouth projects, which are, in most cases, far from the load and
require investments in transmission.
..
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While forecastgas prices and the expected glut of gas-fired generation in the region are obstacles for additional coal plant developments in the West, one of the greatest impediments for-new
coal plants is .their air emissions. Although it is possible to significantly reduce the levels of emissions,-this comes with -additional cost and further disadvantages coal. And, even after installation
of best available control technology (BACT), emissions from coal remain much higher than from
a modern gas-fired combined cycle power plant.
While air emissions are already on a collision course with local or regional regulations, they will
also cause concerns with local residents. Opposition to coal projects in the West is likely to be
formidable, because of the dramatic demographic changes in the West.. New residents in the
West are typically well educated and affluent and have decided to live closer to wild and scenic
areas. Even developers of clean-burning, gas-fired power plants face a battle over nearly every
new plant they-try to build in the West.

Environmental Impacts of Coal Mining and Power Generation
Five major pollutants are produced from the combustion of coal in conventional boilers:
* nitrogen oxides (NOx)
* sulfur. dioxide .(SO 2)
• particulate matter (PM2 .5 )

* mercury

.

* carbon dioxide (C02 )
Small particles from the combustion process with sizes of 2.5 microns and less (often referred
to as PM2 .5 ) and mercury emissions are not yet regulated. No federal CO 2 emissions regulations exist in the U.S. and only a few states, such as Oregon, have CO2 legislation in place, but
this pollutant is the focus of the Kyoto Protocol, an international treaty to protect the atmosphere (see "Global Warming Policies Could Restrain Generation" and "Solar Power Insurance
Against Kyoto. Protocol.")
.
Fossil fuel-fired power plants and, in particular, coal-fired power plants are significant sources of
air pollution. 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.,.Coal-fired power.
plants contribute to air pollution more than natural gas-because coal contains elements and..
compounds'other than carbon. For example, coal from the southern PRB,• one of the cleanest
coals in the U.S., still consists:of 0.31% sulfur and 5.13% of other non-combustible material, col-.
lectively referred to as ash.
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Various emissions-control technologies for NOx, S02, and mercury exist, but these technologies
are costly and are not 100% efficient. Infact, the presence of small amounts of ash in the
fumes-the majority of the ash 'settles at the bottom of the boiler-is one of the reasons why
pollution control in coal-fired power plants is so difficult and why engineers try to remove sulfur
and ash before the pollutants enter the combustion chamber.
One approach is IGCC, one of the clean coal technologies put forward in the President's National
Energy Policy. The first stage'is a coal-to-gas .conversion plant with a first-stage emissions control system and then a regular combined cycle plant with standard post-combustion emissions
control technology. Other advanced coal combustion technologies are being considered but are
still in the research and development stage. 2
However, given the forecast natural gas prices, IGCC is currently not cost-efficient, because. of
the high capital cost of building a gasification plant and, then, a combined cycle (CC) plant. The
cost of gasification is not offset by the higher efficiency of the CC process. It is telling that the
only existing IGcc plant inthe West, Pififon Pine in Nevada, which came on-line in 1998, has
been using natural gas for its fuel-bypassing the coal-gasification facility. It is not clear whether
IGCC'will be an econbmically viable alternative, at least over the next few years.

Therefore, based on economics, it appears that only conventional boiler-based coal-fired power
plants could compete in the West, even though many FBCs have recently been proposed as well.
However, the emission controls that would pay for themselves indicate that new coal plants
could trigger a SO 2 trading program under the Western Regional Air Partnership (WRAP), which
could ultimately limit the number of plants that are built. 3 The Western Regional Council (WRC)
estimates that between 4,510 and 13,100 MW of new coal-fired capacity could be added in
western states over the next 18 years without triggering the trading program, while the WGA
estimates that figure to be in the range of 7,000 to 19,000 MW.
And finally, CO2 emissions are a big burden for coal plants because of the lower efficiency of
coal-fired generation, which means that a larger amount of fuel needs to be burned to provide
the same amount of electricity, and because of the chemistry of the coal combustion process,
which contains more carbon atoms per unit of heat than natural gas. The heat rate (a measure
of efficiency) of a new state-of-the-art conventional coal plant is about 9,500 BtuAWh. Incomparison, any modern gas-fired CC plant would be expected to reach heat rates as low as 7,100
BtuAWh. Inthe end, even the best coal-fired power plant produces two to three'times more CO2
per kilowatt than a gas-fired combined cycle plant.
On the fuel side of power generation from coal, the mining of coal has a substantial and often
lasting impact on the environment in many regions. Any form of mining, and especially coal mining, where large volumes of material are extracted from the earth, disturbs the region's geology
and hydrology. But while this is true for many mining technologies, it is not true for all. For exam-
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pie, deep underground mining operations using/Iongwall techniques, result in insignificant impacts
on the environment. Nevertheless, in general, the impact of recovery of coal resources on the
environment remains another liability for coal.

Natural Gas
The western United States has abundant reserves of natural gas, which is found in Texas, along
the central Rockies, the Dakotas and in California. Exhibit 47 shows :a map of western gas supply regions, pipelines, and major gas-fired power plants. We can see that, in 2001, most gasfired generation'was located in Texas due tothe proximity to natural gas and in California,
because of the state's indigenous supply and its emphasis on air quality.
.
In contrast, the states of the centra'l Rockies and the Dakotas provide little generation from their
natural gas reserves. This is because of the *abundance of even Iower-cost'coal in the region and
because the Central Rockies are an emerging gas supply'riegion. The gas fields in California and
Texas have seen extensive resource recovery while the supply regions of the Central Rockies are
becoming the focus of exploration.and production.
In Exhibit 47 we have labeled the four most important emerging natural gas supply regions, all
located in the Central Rockies. These regions are the Uinta and Green River basins and the supply regions in the Wind River area and the Powder River Basin, which is also the West's biggest
coal region.
As can be seen in Exhibit 47, new pipelines are now planned to bring gas from these emerging
regions into regions with an increasing demand for natural gas. A number of pipelines are in the
works to bring natural gas from the Central Rockies into the Northwest, California, and the
Desert Southwest.
As the power industry's current fuel of choice, natural gas will play an increasing role in meeting
western electric energy demand and, as we have shown in Exhibit 9, 81% of new and forecast
power plants will be running on natural gas. Currently, about 24% of all westernelectricity is generated with natural gas and this percentage will increase dramatically. Naturally, a question
poses itself: Are there enough western gas resources to meet the increasing apl~etite of power
for this clean-burning fuel?.ln Exhibit 48, we show current proven and likely reserves of western
gas Nthat are economically recoverable, according to our "analysis. Just as with coal resources,
the 655 Tcf of estimated reserves Will remain a moving target,. because technological advances
may be able to unlock greater amounts of natural gas. Nevertheless, this figure provides a current estimate of the order of magnitude of western gas reserves."
On average, natural gas has a heat content of 1,010 Btu/ft 3 and contains small amounts of
sulfur and only traces of other gases. According to the above estimate, at current consumption
(for power generation and other uses), about 70 years of natural gas are left in the West. If all
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Exhibit 47: Western Gas Resources, Pipelines, and Gas-fired Power Plants
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electric power were derived from this fuel, 42 years from now reserves would be exhausted.
Certainly, some new reserves will be found and modern drilling techniques will allow extracting
more gas from the ground than before. Nevertheless, according to our analysis, it appears that
the remaining natural gas supplies can be measured in decades, not centuries, even though the
exact number of years is uncertain.
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Renewable energy sources generate electricity without increasing the concentration of CO2 in
the atmosphere, are inexhaustible, and, with the exception of biomass, produce. little to no pollution. The five major renewable energy sources are: hydro, wind, solar, geothermal, and biomass.
4
Other renewable forms of energy exist, but are not Widely used.
In subsequent sections, we.will look at these five major renewable categories in greater detail.

Hydro.
Only hydro generation provides a large amount of renewable energy in the West. Eighteen percent
of all western energy is generated by hydro'. Today opportunities fOr new large-scale hydro generation in the West are practicalIy gone' Not only are the hydrological resources largely exhausted,
but environmental considerations also preclude further development of large hydro dams.
It has been repeatedly argued that the West has many opportunities for small hydro generation
at existing or new dams. However, this incremental capacity would likely come at a high cost in
most instances and new small hydro dams will face the same environmental opposition as large
projects. It is also unlikely that repowering of new dams can provide more capacity, because the
output of hydro dams is usually not limited by capacity, but by energy. For example, the Glen
Canyon dam (Lake Powell) has a nominal capacity of 1,300 MW, but neve'r generates more than
about 800 MW, because of the limited amount of water that enters the reservoir.:.,.
The environmental impact of the dams along the Columbia River Basin and the Cblorado Plateau are
the subject of one of the longest and most emotional battles amonig environmentalists, fishermen,
dam operators, farmers, and other stakeholders. Thee breaching of Many of the existing smaller and
larger dams has become the:'ife's'work of many. Because some of the calls for dam removal resonate with the public and policy mrkers, it is possible that some of the.existing dams may be
removed upon 6xpirationi of their Operding licenses. Exhibit 49'shoWs the arhiouht of hydro capacity
that would be lost if Operating licenses at Western dams were riot rdnewved upon their. expiration.
Exhibit 49 shows that over 13,000 MW of hydro'projects, or one quarter of Western:capacity,
would be lost if licenses are not renewed. It is difficult to forecast how many dams will indeed be
breached, but it appears possible that some of the more controversial dams could be removed,
especially in the Northwest. The enormous success of the Boineville Power Administration's
request for proposals for 1,000 MW of wind power will provide argirn'ent-s foro'•ponents of
Northwest dams that wind generation could substitute for the ostfgeneratio6n while producing no,
pollution, and not harming fish ad 'wi.ldlife
;
..
":
As Exhibit 50 shows, the seasonal Variation of hydro geeriabon in th. West has BSeri dramatic. For
example, generation in 1995 was one-third lower than in 1998 And the California energy crisis in
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the spring of 2001 was compounded by very low water levels in the Northwest. Because hydro generation experiences large variations in output, a large reserve margin in the region is required. This
also results in an inefficient use of the transmission system, because lines need to be in place to
move'the power when needed, but are underutilized in low-hydro years and after the spring runroff
when hydro generation subsides to lower summer levels. The average utilization of hydro in the West
is 44.8V/--a capacity factor that already reflects a considerable derate of western hydro capacity.

K-)

Hydro generatioh will play an important role in future western energy supply, but some existing
dams may be dismantled,and thus western hydro capacity could fall somewhat over the next
decade. Renewable energy generation from wind and solar in the Southwest may prove to be the.
substitute energy sources for displacement. While the breaching of larger dams in the Northwest
is a possibility, we do not believe that any of the large dams.along the Colorado River will disappear, because these dams play an important role in water resource management and recreation.

Wind
Exhibit 49: Reduction of Western Hydro Capacity, if Licenses Are Not -Renewed
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The emergence of wind power as a mainstream generating technology is one of the greatest ,
technology success stories of the last decade. Developed in the U.S. in the 1980s and embraced
and brought to maturity in Eirope, in particular in Germany and Denmark in the 1990s,'wind
power is returning to America. Today wind power's cost is approaching that of cdfiventional generating technologies. Next'generation turbities are 3.8 MW, which produces'enough e&nerg for thousands of homes, and capacity factors of tome wind farms in Texas are over 48%.
InExhibit 51 we•show a map of western wind resourdes'that are potentially available and of
interest to developers: The wind data inrExhibit 51 comes from NREL-and V•as imported into
RDI's POWERmap; a GIS that'cdntains detailed data of land use and energy infrastructure.
In our analysis we have excluded any wind resources on western land that is unavailable such as
urbanized areas and national parks.-This analysis is similar in methodology to that used for solar
resources, which is presented in the section,."The Solar Energy Potential."
However, for the wind resource analysis, we made the following changes and considerations:
* Only wind resources of Class 4 and.5 and higher were considered (based on discussions with a leading wind power developer).
* Cropland was included as potential lanInd for 'wind prower development.
s Only land within a 10-mile corridor adjacent to a transmission line of 100 kV or greater
was considered.
Otherwise all the-exclusions of our solar resource analysis' were also applied to eliminate'land
Exhibit 51: Wind Resources in the Western United States

dl~
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that is not available.
Because land use underneath a wind farm, such as farming and ranching, can continue almost
undisturbed, we kept a relatively large portion of the potential wind resources as available land
for wind farm development. For Class 4 and 5 wind resources we assume that 5%of the land.
could be used fbr wind power and 10%.for wind. resources of Class 6 and higher.
Exhibit 53 shows our estimates of the amount of available wind resources. Available land is a
percentage (depending on the resource class) of the potential wind resources according to our
GIS analysis. To estimate the capacity and energy that could be derived from available wind
resources, we assumed that 20 MW of wind require about one square mile of land for all wind
classes. For wind Class 4, Class5, and Class 6 we assumed capacity factors of 35%, 38%, and
45%, respectively. Elsewhere in the country, wind farms are erected in wind power classes as
low as Class 3, but such wind resources are considered marginal in the West, where currently all
development focuses on wind classes of 5 and higher.
With these assumptions, we conclude there are about 176,022 MW of Class 4 wind power
resources, 47,278 MW of Class 5, and 59,2007 MW of Class 6+. Combined, these wind energy
resources could generate 930,455 GWh of electricity, or 85% of western energy. Ifwind farms
are dispersed around the West and if a robust transmission system could send the power from
where the wind is blowing to where it is not, then the inherent intermittence problems of wind
could be greatly mitigated.
According to this analysis based on wind data from NREL, the Southwest has little wind
resources compared to states in the .north, most notably the Dakotas. Nevertheless, recent
installations of wind turbines in Texas, a state that according to our analysis (see Exhibit 53) has
rather marginal wind resources, has shown that wind resources can be bigger than anticipated. 5
With this caveat, it appears likely that actual wind resources may be better (or worse) than the
GIS mapping and our analysis suggests. Nevertheless, we believe that our analysis provides a
reasonable estimate that allows a comparison with solar energy resources calculated using a.
similar methodology.
Exhibit 52: Existing and New Wind Capacity in the West
Region~,
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Exhibit 53: Estimate of Western Wind Resources
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In addition, we have mentioned that hydro generation in the West is energy-constrained, which in
turn constrains capacity., On average, a darn cannot run at a higher capacity than the dam is
replenished by water. However, wind generation in the Northwest could allow the dams to hold
back generation, thus temporarily filling the reservoir. When output from wind farms in a region
drops, hydro generation could be increased. This would have a number of beneficial effects for
both hydro and wind. In particular it would:
9 mitigate the intermittence of wind;
o provide more stable river flows; and

4 result inmuch better transmission line load factorsin certain regions.
In a sense, wind and hydro generation in the Northwest could be used in tandem to deliver more
reliable cOmbined generation. This in effect would also alloW a lower reserve margin in the
region iand the Western Interconnection as;a'whole). An exampl 1'of using hydro'storage to firm
up wind capacity is alrea-dy undeWay, in southeastern Washington. For the 48-MW Nine Mile
Canyon Wind Project,6 the Bonneville Power Admriinisatrtion will utilize its vast hydroelectric system for storing excess prpduction and making up shortfalls and provide transmission scheduling
services for an additional $0.013O
Wh.
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Solar
Just like for wind, California was the birthplace of solar power. In the late 1980s and early
1990s, a remarkable U.S.-Israeli consortium built 354 MW of thermal parabolic trough solar
power.in the Mojave Desert (see "The 354-MW SEGS Power Plants"). Over the last decade these
units have delivered reliable power to Southern California Edis6n and have demonstrated the
commercial practicality of solar power generation. Two power tower demonstration projects,
Solar One and Solar Two, were also built during that time. period and during their'demonstration
period verified the power tower concept and the effectiveness of molten-salt heat storage.
During the same time period, dish Stirling solar power systems have quietly accumulated thousands of operating hours at various experimental sites in the Southwest.
Over the past couple. of years, there has been renewed interest in solar generating technologies.
Companies interested in utility-scale solar generation realized that CSP, which includes dish
Stirling, parabolic trough, power tower, and CPV, was the only currently practical means of generating electricity from the sun. Flat panel PV, aka solar Cells, are neitfher efficient nor cost-effective
enough for large-scale power generation and are not expected to be so for a while. Inspired by
visions of a cleaner world and motivated by the stunning success of wind power, these companies and the Department of Energy have recently decided to start a new initiative for solar power.
Our analysis finds that solar energy is a good match for ele.ctricity load shapes in the West and
that the available solar energy resources are double the current energy demand in the West. In
the section, 'The Solar Energy Potential," we provide an overview of the sun as an ehergy
resource and present an estimate of western solar energy resource potential.
Thermal solar generating technologies, including parabolic trough, power tower, and dish Stirling
plants are likely to play a dominant role, because of their high efficiency, low cost, and track
record. Inaddition, parabolic trough and power towers have the ability to store solar energy as
heat and thus can avoid a great deal of the intermittence issues that are a challenge for wind
power and other forms of solar generation. In addition, hybridization with fossil fuels is possible
for all thermal solar power plants, allowing around-the-clock generation.
From an operational point of view, solar power appears to be the preferred renewable energy
source in the Southwest. Solar power output is generally correlated with daily and seasonal
loads, while-except in a few places-wind generation is essentially random. In addition, the
Southwest has better solar resources than wind resources.
If space were the only consideration, solar plants in premium solar resources areas can produce
3.5 times more energy per square mile than a wind power plant located in the highest wind
resource class. Of course, land use underneath a wind farm can continue undisturbed while a
solar farm requires all the land, but at the same time solar resources are almost always located
in deserts.
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From a transmission point of view,, solar resources., are also preferred because .some of the best
solar resources are located close .to load centers.--,cities -such as Phoenixand Las Vegas. The,!
much lower visibility of solar plants compared:to. the. hundreds-of-feet-tall wind turbines also
makes it easier to site these plants close to urban.areas. ..
For all these reasons, energy from solar power appears to be the preferred renewable energy
source in the Southwest. Western states that do not have good solar resources are fortuitously,
endowed with plenty of wind resources. Solar.power and wind energy are found-except in a
few fortunate places--in different locales in the-West.

'a l,I.

Getherm

Geothermal power plants use the heat of the Earth's rock to generate. power. Only in.a few
places in the country do we find geological conditions that produce natural steam wells or where
rocks are so.hot that water injected into the rocks returns as hot steam. Naturally, all these locations are in areas that are geologically active, such as Hawaii and the Rocky Mountain area.
In Exhibit 54 we show a map of geothermal power plants in the West. There are 53 geothermal
power stations with a combined nominal capacity of 3,276 MW of capacity. The only western
.
states with geothermal generation are Hawaii, California, and Nevada.
Exhibit 54: Geothermal Powe.r Plants. in the West ,.
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A great advantage of geothermal power plants is that they can operate like a conventional steam
plant. But geothermal power plants also face challenges. For example, the geothermal resources
often show effects of depletion. The Geysers, an area of California that has some of the largest
geothermal generating capacity, can only generate half the power that it could originally. Further,
in some instances, geothermal steam contains pollutants that can escape into the air.
In this study we make no attempt to estimate the geothermal generating potential for various
reasons;. First, we could not locate a reliable data base on geothermal resources. Second, the
energy that can be obtained from a resource is largely unknown until after the resource is
explored. Third, modern directional drilling and rock cracking techniques developed by the oil
industry now allow for a much better resource extraction than in the past. However, these drilling
techniques have not been used with geothermal resources to date and thus their effectiveness
cannot. be judged at this point.
In summary, geothermal power is an excellent source of renewable energy, and it is likely that
the resource base will increase the more intensely we look for geothermal steam. However, cost
reductions for geothermal plants below what has been historically experienced are not expected.

Biomass
Wood, grass, or dung is the source of fuel for billions of people around the world, mostly in developing nations. Nevertheless, compared to the energy required to fuel the U.S. economy and 'our'
way of life, the amount of energy that can be derived from biomass is likely to be small. Especially
in the West, limited water resources are a problem for biomass. Further, unless biomass is' available as agricultural or forestrywaste products, itis also unlikely to be cost-effective without permanent subsidies. Also, while biomass generation is "carbon neutral" with regard to the Kyoto
Protocol, it still produces emissions that can cause local air pollution, including regional haze.
Nevertheless, in some cases, biormass production can benefit farmers and the forest industry.
Grass can be co-fired in coal-fired power plants, producing reienues for farmersi and sawdust
from wood processing plants can provide cogeneration oppo'rtunities. Nevertheless, these are
niche applications and the amount of electricity that can be generated by biomass will be small
compared to other source•; ofenergy.

Nuclear
"Nuclear power" has become a term that describes the generation of energy by nuclear fission,
in 'which a chain nuclear reaction with uranium is used to generate heat., But a different, and
promising future technology, is nuclear fusion, in which energy is released ,when hydrogen is
"fused" into helium. This process, the same one that provides the sun's energy, also results in
the release of enormous amounts of heat.
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Fission has been used for power generation for many decades, while power generation from
fusion is still decades away. Inthe next two sections we will briefly describe -the use of fission
for western energy supply and the promise that fusion holds.

Fission
Some 18,795 MW of nuclear power in the West generate about 11% of western electricity.- Each
region has some huclear power generation except for Colorado and Wyoming, where the only
nuclear plant in the region, Fort St. Vrain, was converted to a gas-fired power plant. The
Washington Public Power Supply System, in the'Northwest, has severial unfinished nuclear power
plant projects.
In the 1960s and 1970s, nuclear power was praised as the form of energythat would be "too
cheapto meter." The reality of the d~velopment of the more than 100 power plants in the U.S.
over three decades has been different. Nuclear power turned out to be expensive, especiallyin
light of retrofits required after the incident at Three Mile Island. Nevertheless,'sinc'e then, nuclear
power has overcome many of its.initial problems, and modern nuclear. reactors are well
designed,.with construction costs -likely in the $2,000AW range.
However, given .the current political and'economic climate, the development of new nuclear
power plants is unlikely, despite the emphasis on nuclear power in the President's National
Energy Policy.
Today, nine out of ten megawatts are built by IPPs and financed by capital markets. IPPs are
already finding it difficult to build gas-fired power plants in western communities, where gas-fired
generation technology is clean and poses no danger to the public. New nuclear unit construction
will need to be championed by the electric utilities themselves and will require strong political
support and increased volatility of natural gas prices. Finally, nuclear power, despite much better
plant design, is fraught with the questions of operating safety,- storage of nuclear material, and
the danger of terrorist attacks.
It is our view that, in light of these considerations, the construction of new nuclear facilities is
unlikely. We predicted that existing nuclear facilities would uprate, if technically and economically
possible, and this trend has materialized. We further believed that the Nuclear Regulatory
Commission (NRC) would grant extension of licenses for the operating life of nuclear facilities if
the facilities were deemed safe for continued operation. This trend, too, has come true.
Such uprates and extensions of operating licenses are economically favorable, because nuclear
plants' large capital costs have already been recovered from ratepayers, and the additional
capacity or additional years of generation come at low cost. Finally, these nuclear facilities are in
communities that are accustomed to the power plants in their neighborhoods and are unlikely to
mount opposition.
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Insummary, RDI Consulting does not believe that new nuclear power plants are likely to be built '
inthe West. Existing nuclear units are likely to increase their capacity and energy production and
some nuclear units will seek the extension of their operating licenses.

.

)

Fusion
Fusion can take advantage of, for all practical purposes, an inexhaustible fuel supply and create
only small amounts of radioactivity, which decays within 100 years. If ever technically feasible,
fusion will be the answer to all energy needs. Athimbleful of liquid hydrogen fuel could produce
7
as much energy as 20 tons of coal.
It is for that reason that the U.S. and the European Union have invested billions of dollars into
fusion research. Although fusion has been achieved on a laboratory scale, when and iffusion can
be used for power generation is still unclear. Some estimates put the first commercially available
units at 2050. However, formidable obstacles remain.
While research into fusion should remain a high priority research topic, fusion will play no role in
the world's energy supply for decades or even centuries to come. Therefore, fusion is not a
resource option that should be considered by western states.

0
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Endnotes
] The White House, National Energy Policy, May 2001, p. 3-3.
2 Alternative

clean coal technologies to IGCC, in particular, a system where liquid combustion prod-

ucts are formed, have been proposed, but to date these technologies exist only on paper.
3

Currently, no legislation is in place that could enforce the targets of WRAP.

4 Recently wave energy, which captures energy contained in the waves of oceans, is being pursued

as a new renewable generating technology.
To illustrate this point, compare Texas wind sources shown in Figure 51 with the location of new
wind farms shown in Figure 10.
5

6 Wind Power Monthly, Vol. 17, No. 12, p. 8.
7 Gerold Yonas, "Fusion and the Z Pinch," Scientific American, August 1998.
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State-by State Appendices

Overview of Regional Power Markets
At the beginning of 2001, a total of 234,178 MW of capacity was availableto meet summer
peak demand in the West. 1 Overall, the West is characterized by large amounts of coal- and gas-.
fired generation, which each accounts for about one-quarter of the installed capacity. Overall
hydroelectric accounts for 13% of the capacity in the states of the Western Governors'
Association. This is because the large amounts of hydro capacity inthe Northwest are offset by
virtually no hydro capacity in Texas-the largest load region inthe West. Nuclear plants in the,
West provide 7%of the capacity. Great differences in the generation mix exist across the various
regions.

The Northwest
The capacity mix inthe Northwest is very different than the rest of the West. Here hydro makes
up 77% of installed generating capacity. Hydro generation is subject to wide year-to-year variations owing to annual differences in rain and snowfall and from month-to-month within a year
owing to seasonal patterns. Other generation must fill in when water levels are low. As in other
parts of the country, excess capacity has largely been absorbed by demand growth, leading to a
shortage. This was particularly true in 2000 when high demand in California resulted in price'
spikes even inthe Northwest, whose entire surplus power, if any, was sent to the south.
Fish restoration efforts are a wild card in the Northwest. Changes in the operation of federal
dams since the early-1980s to create more favorable conditions for endangered fish species
have reshaped the seasonal pattern of hydro generation and reduced firm generating capability
by an average of 1,200 MW. Afurther 1,200.MW would be lost in a proposal to breach four
dams on the lower Snake River-ice Harbor, Lower Monumental, Little Goose, and Lower.
Granite-and to lower the reservoir behind the John Day dam on the Columbia River..
Coal is the second most important power supply resource inthe Northwest, making up 12% of
installed generating capacity. Oil- and gas-fired generation contribute 9% to the generating
capacity. Fossil generation is the uswing" generation that accommodates hydro .variability.
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Therefore, the operating costs of these units set market prices in most hours of the year.
Delivered gas prices into the Northwest are heavily influenced by Canadian gas supply prices.
Because Canadian gas prices are typically lower than other gas sources, generators inthe
Northwest have historically enjoyed some of the lowest gas prices in the country.
The Northwest, in particular, Washington and Oregon,- appears to have a large capacity surplus
when measured in terms of generating capacity relative to peak demand. However, because of
the variability of hydro conditions from year to year, a high capacity surplus is required to cover
for a dry year. In2000, the Pacific Northwest had reached the critical point at which new generating capacity is required.

California
California's mix of capacity is atypical when compared to the rest of the country. First, there is
virtually no coa-fired generation in California. This is due to a combination of the distance from
western coalfields and state environmental restrictions. The state has a significant amount of
renewable capacity, including traditional hydro, geothermal, wind; and other types of renewables.
There are also two large nuclear plants located in California. Asignificant amount of the state's
capacity, roughly 53%, is oil- and gas-fired baseload capacity. Many of these units, which mostly
burn gas for environmental reasons, constitute a high cost resource. Some of these plants are
operated by IPPs that sell power to local utilities under "must-take" contracts. Inother cases,
purchases from other regions, especially the Northwest, are used to reduce or eliminate the
need for generation from the old, gas-fired steam units. In1999, these old and inefficient gasfired units operated at an average 30% capacity factor and experienced capacity factors below
20% inthe previous two years.

Southwest
Arizona Public Service and Salt River Project are the largest utilities in the Southwest.
Nevertheless, the Western Area Power Administration (WAPA), a federal agency, is the largest
owner of generating capacity in the region. WAPA markets power from the Hoover and Glen
Canyon dams and the Navajo coal-fired project, as well as many smaller dams. Also, a significant amount of capacity in this region is owned by or allocated to California utilities, including
parts of the Mohave, Navajo, Four Corners, and Palo Verde plants.
In 2001, coal accounted for 52% of the capacity in the Southwest. Nuclear comprised 12% of
capacity, while oil and gas contributed 11%; hydro accounted for 10% of capacity. This mix will
change substantially as the Southwest, in particular the Phoenix and Las. Vegas areas, experiences an influx of gas-fired merchant plant additions.

132

K)

FUEL FROM THESKY: SOLAR POWERS POTENTIAL FOR WESTERN ENERGY SUPPLY

Texas
At the beginning of 2001, approximately 73,000 MW of generating capacity was installed in
Texas. Gas-fired units account for the majority of the installed capacity in the state, representing
roughly 66% of the total. Coal-fired capacity is 24% of the total and the Comanche Peak and
South Texas nuclear plants represent 6% of installed capacity. Practically no hydro generation
exists in the state.
InTexas, plant capacity factors have increased in recent years, but still vary widely among generation types. Nuclear capacity factors have ranged between 87% and 92% and coal between
73% and 76%, as would be expected of baseload plants. Nuclear performance has dramatically
improved, as engineering and operating issues at the South Texas Nuclear Project were largely
resolved in 1993. The average capacity factor for nuclear plants'has improvedfrom 49% in
1989 to 92% in 1998. The capacity factor of coal-fired generation has also improved in.recent
years and coal-fired units now operate at close to an 80% capacity factor, exceeded only by
those in the Northwest and Colorado and Wyoming.
Exhibit 55: States and U.S.-flag Islands of the Western Governors' Association andRegions
Caifornia,
Wyoming
Colorado
Idaho
Oregon
Montana
Washington
Alaska
Mariana bland
American Samoa
Guam
Hawaii
Kansas
South Dakota
Nebraska
North Dakota
Arizona
Nevada
Utah
New Mexico
Texas

Colifornia

.

.

"

CO&WY
CO
&WY
Northwest
Northwest
Northwest
Northwest
Other•
Other
Other
Other
-Other
Prairie States
Prairie States
Prairie States
Prairie States
Southwest
Southwest
Southwest
Southwest
Texas
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Alaska

Demand
TBD.

Power Plant Development
No forecast provided.

Solar Energy Resources
No premium, excellent or good solar resources.

State Legislation Regarding Renewable Energy Sources.
No legislation in place.
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Arizona

Demand
Energy and Peak Demand Forecast
________

(1)
Peak Demand MW
EnergiDe• ndGO' (2)
GroAh Rote
..
Target
Reserve Margin (1)

-2002
2001
13,894
13,505
6 j3,67S"65,1
2.90%
21%
21%

2003

0-: ,200

14,567
68,68S
1.90%
21%

14,298
67,416
2.90%
21%

1

200.

2 1___

14,873
70,12S
2.10%
21%

16,i94
78,714
2.30%
20%

(1)RDIConsulting esfmate
(2)RDIConsulting base case forecast

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
-200<.203'~
Began Operating
Under Construction
Forecast New

&~04

1,276
620

.....
1,710

2,383

-

-

1,150

575
9,628

,Additional
Proposed

.Fuel Mix of RDI Forecast of New Generating Capacity

X Cool

v Combined Cycle
o3Combustion Turbine

o Wind
El Other
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Solar. Energy Resources
*

2~ ~.

~

MW
G'h
Acres(000)

172,106
376,912
861

~

caswirce
a

,

i"E'elnt,
A
ýGod

_______I;,r"nnium

.

89,547
176,496
448

23914
41,897
.120

J..OTALE

285,567
595,305
1,429

SOURCE:
POWERmap and RDIConsulting analysis.
NOTE:
Solar resources ý 7.0 kWb/m2,/day are considered premium, 6.5-7.0 excetent, and 6.0-6.5
good. Estimates for electric generation assume 5 Acres/MW and capacity factors of 25% for premiurn, 22.5% for excelent, and 20%for good.

State Legislation Regarding Renewable Energy Sources
Renewable Portfolio Standard (RPS)

1'

Arizona maridates a 0.2% RPS by 2001, climbing to 1.1% by 2007. At least 50% of the generation must come from solar sources in 2001-2003, increasing to 60% starting in 2004. Costs
partially paid by (SBC) funds.
System Benefit Charge (SBC)
A0.0875 C/kWh systems benefit charge is collected from different customer classes with various caps.
Green Energy Programs
Three utilities offer green pricing programs in Arizona.
Tax/Financial Incentives
Sales tax exemption for solar and wind, up to $5,000.
Income tax credit: 10% credit toward corporate or personal income taxes for the construction of
a renewable energy equipment manufacturing facility.
Personal tax credit: credit against personal income tax of up to 25% of the cost of a solar; or
wind energy device, maximum credit $1,000.
Revolving commercial loan program: loans between $10,000 and $500,000 available for companies that either manufacture renewable energy equipment or acquire such equipment for use
in their business.
Net Metering
Renewables and cogeneration eligible, > 100 kW, no overall enrollment limit, net excess generation purchased at avoided cost.
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California

Demand
Energy and Peak Demand Forecast. :.

52,805
266,883
-

(1)
Peak Demand MW
(2)
Energy
Demand GWh
Growth Rate

53,830
272,064
1.90%

54,926
277,601
2.00%

56,133
283,704""

I

2.20%

3.00%

2.90%

(1)RDIConsulting estimate
(2) RDIConsuming base case forecast.

Power Plant Developmen.t
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
Began Operating . ...... ... . 11,S

Undei'6nstrudion
Forecast New
lAdditioenl Proposed

1,086

3,151

-

990

. . ...
. .I .... .20.3..
1,457
2,660

...

. ..

_0

-

-

-

175B

499

-

15,297

1
.

•

-

-

Fuel Mix of RDI Forecast of New Generating Capacity
SCooal
.Combined
Cyde
c3 Combustion
Turbine

aOther

.,..;
...
137

FUEL
FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

Solar Energy Resources
T&4AL

-Excellenit

Good:

MW

61,617

14,809

21,743

98,169

GWh

134,942.

29,189

38,093

202,224

308

74

109

491

______

Acres (000)

rmum:--

SOURCE:
POWERmap and RDIConsulting analysis.
NOTESolar resources 2: 7.0 kWh/m2/day are considered premium, 6.5-7.0 excellent, and 6.06.5
good. Estimates for electric generation assume 5 Acres/nW and capacity factors of 25%for premiurn,22.5%for excellent, and 20% for good.

State Legislation Regarding Renewable Energy Sources
System Benefit Charge (SBC)
$135 million per year from 1998 through 2011.

Green Energy Programs

..

California has a competitive green energy market in most areas. However, most green marketers have left the market in the wake of wholesale energy market problems, and the status of
retail choice is uncertain in California. Also, seven utilities offer green pricing programs in areas
where green market choices are not available.
Tax/Financial Incentives
Low-interest (5%) loan program to small businesses for the demonstration of alternative energy
technologies
Customer credit: 1.0 C/kWh credit for customers purchasing qualifying green energy-projects
with non-utility renewable energy sources (SBC funding).
New renewable resources program: California has held two competitive solicitations, allocating
$202 million thus far, to subsidize large-scale renewable energy projects. These auctions are
proposed to occur biennially through 2011, with about $121 million to be distrilbuted in each
round (SBC funding).
Emerging renewable resources program: a buy-down program for up to the lesSer of 50% or
$3/watt for distribbted renewable energy systems. Some funds are available for systems over
50 kW (SBC funding).
Net Metering
Solar and wind eligible, residential and commercial customer classes eligible, Žt 1 MW, no overall
enrollment limit, net metering customers are billed annually (effectively a month-to-month carryover) with excess generation granted to the utility.
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Colorado

Demand
Energy and Peak Demand Forecast-,
I~~~eok6
1
De1005
7,508

. Peok DemcmdMWl(I)

Energy Demand
GWh
(2)
Growth Rote
rarget Reserve Margin (1)

7,729
45,967
2.90%
18%

44,651
18%

7,956
47,317
2.90%
18%

93

8.113

8.287

I .: 9.135

48,248
2.00%
18%

49,284
2.10%
18%

54,328
2.00%
17%

(1)RDIConsutting estmate
(2)RDIConsulting base case forecast.

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
2O60 1 , , -jiO2, '

I.

20463.

1

-16
00

Fuel Mix of RDI Forecast of New Generating Capacity

* Combined Cycle
O Combustion Turbine

X[Other
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Solar Energy Resources
S:Pieium,

MW
GWh
Acres (000)

2,513
5,504
13

" 13,141
25,901
66

K)

o
22,598
39,591
113

MEtItt
~,TTAL>
38,252
70,996
. 192

SOURCE: POWERmap and RDIConsulting analyss.

NOTE.
Solar resources k 7.0 kWh/m2/day are considered premium, 6.5-7.0 excelent, and 6.046.5
good. Estimates for electric geniration assume 5 Acres/4W and capacity factors of 25% for premiurn, 22.5% for excellent. and 20% for good.

State Legislation Regarding Renewable Energy Sources
Green Energy Programs

Ten utilities offer green:pricing programs in Colorado.
Net Metering

Wind and PV eligible, all customer classes eligible, z 3 kW wind, -a10 kW PV, no overall enroll-

ment limit, net excess generation carried over month to month.-

K)
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FUEL FROM

Hawaii

Demand
TBD

Power Plant Development'
No forecast provided.

Solar Energy Resources
No analysis performed.

State Legislation Regarding Renewable Energy Sources
Green Energy Programs

-

Hawaiian Electric Co. offers. a green pricing program.
Tax/Financial Incentives

Personal and corporate income tax exemption for 20% of the cost of a wind energy system.
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C

Idaho

Demand
Energy and Peak Demand Forecast
Peak Demand MW(1)
Enerpy Demand GWh
(2)

4,038
28 295

4,381 30,702

2.20%

1.30%

1.50%

1.60%

21%

21%

21%

20%

3,844
26,937

3,928
27 525

-

2.20%

21%

21%

Growth Rate
,Target Reserve Margin (1)

27,878

3,763
26,369

.3,978

"

(1)RDIConsulting estimate
(2)RDtConsulting base case forecast

Power Plant Development
RDI Forecast of New Generating Caplacity and Additional Proposed Capacity
Began Operating

......

Under Cnstrudion

270

Forecast New
Additional Proposed

-.....

..
-

-"

-

-

-

2,485

Fuel Mix of RDI Forecast of New Generating Capacity
" Cool

" Combined
Cycle
[3 Combustion
Turbine
Mrind
a Other

K)
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Solar Energy Resources
Sour eso..r.es
itrm

fx,.lint

oad[.

. .
;TOTAL(;

MW

-

-

-

-

4,821
8,446

4,821

GWh
Acres (000)

-

-

24

24

.Pr.

8,446

SOURCE:
POWERmap and RDIConsulting analysis.
NOTE:
Solar resources k 7.0 kWlVm2/day are considered premium, 6.5-7.0 excellent, and 6.06.5
good. Estimates for electric generation assume 5 Acres/4W and capacity factors of 25%for prerniurn, 22.5%for excellent, and 20% for good.

State Legislation Regarding Renewable Energy Sources
Tax/Financial Incentives
Personal income tax deduction of 40% of the cost of a wind, solar, or geothermal residential
energy system.
Low interest loans: 5-year loans at 4% available for renewable energy systems. Loans,'aaiIable
for residential systems in amounts between $1,500-$10,000 and up to $100,000 for commercial/industrial applications.
Net Metering
Renewables and cogeneration eligible, residential and commercial Idaho Power customers eligible, > 100 kW, no overall enrollment limit, net excess generation purchased at avoided cost.
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Indian Nations

Demand
No data.

Power Plant Development
No data.

Solar Energy Resources
________

MW

Prniii

Sala
6iExaletirifý

48,099

9lS2

~iurces
obo
4,685

1

TOTAL,
61,936

GWh
105,337
18,039
8,209
131,585
Acres (000)
240
46
23
309
SOURCE: POWERmap and RDI
Consulting analysis
NOTE:
Solar resources > 7.0 kWtVm2/day are considered premium, 6.5-7.0 excellent, and 6.0-6.5
good. Estimates for electric generation assume 5 Acres/MW and capacity factors of 25% for premiurn, 22.5%for excelent, and 20% for good.

0

Tribal Legislation Regarding Renewable Energy Sources
No information available.

0
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Kansas

Demand
Energy.and Peak Demand Forecast
2001
9,082 •

202

Peak Demand MW(1)
Energy Demand GWli
(2)

43,363

Growth Rate
Taroel Reserve Meroin (11

-

17%

_________

4> 00

2004 'ý
9,653

2005

9,470

44,305

45,219

46,092

46,910

50,238

2.20%
17%

2.10%
17%

1.90%
17%

1.80%
17%

1.40O

9,279

9,825

(I) RDIConsulting estmate
(2) RDIConsulting base case forecast.

.

.2010

J :' 10,52""

16%
"

Power Pla'nt Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
W

<:2o4b:.

A
151 ...

Began Operoting
Under Construction

Forecast New
,Additional Proposed

-

110

-

-

-

-

1,200

Fuel Mix of RDI Forecast of New Generating Capacity
S(Cool

X..

2005`

I

2010

.-

w Combined Cyde
X,

C Combustion Turbine

oWind
r3Ofher
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3

Solar Energy Resources
MW
GWh
Acres
(000)

-

2,082

4,731

6,813

4,105
10

8,288
24

12,393
34

SOURCE: POWERmap and RDI
Consulting analysis.
NOTE. Solar resources k 7.0 kWtVm2/day are considered premium, 6.5-7.0 excelent, and 6.0"6.5
good. Estimates for electric generation assume 5 AcresMW and capacity factors of 25% for premium,
22.5%for exceflent, and 20% for good.

State Legislation Regarding Renewable Energy Sources
Green Energy Programs
Two utilities offer green pricing programs in Kansas.
Tax/Financial Incentives
Grant program available for renewable energy systems in the residential, commercial, and industrial sectors. Grants available up to $50,000 each, with total available. annual funds about

$500,000.
Net Metering

.

,

All renewables eligible, residential, and commercial customers eligible, _>25 kW residential and
100 kW commercial, no overall enrollment limit, net excess generation credited to customer or
paid at 150% of avoided cost.

• . - . '.
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Montana

.....

.

Demand
Energy and Peak Demand Forecast
Peak Demand MW
(1)

__________
.OO1P:'.2O2J.2O3A, 004-200.~~Obf

Energy Demand GVOh(2)
Growth Rote
arget Reserve
Margin (1)

T

2,354

2,388

2,426

2,446

2,472

2,611

16,494

16,73S

16,999

17,138

17,321

18296 •

1.50%
21%

1.60%
21%

0.80%
21% '.

1.10%
21%

i.10n
20%

21

..

(1)RDIConsung estimate
.
(2)RDIConsutting base case forecast.

Power Plant Development..
RDI Forecast.of New Generating Capacity and Additional Proposed Capacity

L'41v

J661~~'20~
31 O4~I205~ 002

Fuel Mix of RDI Forecast of New Generating Capacity
x Coal

m]Combined Cycle
I3Combusfionlurbine
owind
..Other
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Solar Energy Resources
No premium, excellent, or good solar resources.

State Legislation Regarding Renewable Energy Sources
System Benefit Charge
About $2 million per year from 1999 through 2003.
Green Energy Programs
Flathead Electric Cooperative offers a green pricing program in its territory.
Tax/Financial Incentives
Corporate or personal income tax credit of 35% for any individual or corporation that makes a
$5,000 or greater investment in a wind generating or wind generating equipment manufacturing
facility.
Property tax exemption: exempts the value of renewable energy systems at residential or commercial sites from property taxes for 10 years. Single-family residential systems.up -to $20,000
in value or multi-family residential and commercial systems up to $100,000 in value qualify for
the exemption.
Net Metering
Solar, wind or hydro eligible, all customer classes eligible, > 50 kW, no overall enrollment limit,
net excess generation credited to following month; unused credit is granted to utility at end of
12-month period.
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Nebraska

Demand
Energy and Peak Demand Forecast
Peoe•e•mndMW(1)

200f
5,105

2O02.ý:
5,212

Energy
Demand
CW)(2)

__________

5,314

.2064"
5,412

2005
5,503

ý.~2003

4~

00
,897

26,443

26,995

27r52S

28,030

28,501

30,54S

Growih
late

-

2.10%

2.00%

1.80%

1.70%

1.40%

Toret Reserve Margin (1)

18%

18%

18%

18%

18%

17%

(1)RDIConsulting estimate
(2)RDIConsultng base case forecast

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
203
1.70
W~~~~~

Fuel Mix of RDI Forecast of New Generating Capacity
II
*a~l~l~l

II
I t

II
III;
111111
liii
I
111111
I I I
~I~ 1111111 1111
tllIlIlllllllI
111111111111111

III
lilt
lit.
St I I I I I C ~
mill. I liii
Ililllltltllllil

lit

Ill

0 Coal

im
Combined Cydc
C3Combustion Turilno

Ill 1111111 111111

[ Wind
I I ~ ~ I~i I I I I I
it
tilt),
ill, 1111111111111111
1111111

a Other
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Solar Energy Resources
No premium, excellent, or good solar resources.

State Legislation Regarding Renewable Energy Sources
Green Energy Programs
Three utilities offer green pricing programsin Nebraska.
Tax/Financial Incentives

Lowinterest (one-half market rate) loan program for qualifying renewable energy systems at residential and commercial sites.
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Nevada

Demand
Energy and Peak Demand Forecast
>i~ii<

--20011.

2002U'>203
-.

00Hr

I

6,074
28,638

6,193
29,202

6,327
29,834

2.90%
21%

2.00%
21%

2.20%
21•

Energy Demand GWh
(2)

5,738
27,053

5,903
27,832

Growth Rate
Target Reserve Margin (1)

21%

2.90%
21%

IPeakDemandMW(1)

ýi005-W~2l~

I
.

7,115
33,548
2.40%
20%

(1)RDIConsulting estimate
(2)RDIConsulting base case forecast

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
.....

___" ___- __"

200I•.~
~ :i•

Began Operating
Under Construdnon

363

Forecasi New
Aditional Proposed

"

......
2 " ..... "~ .....
2003>'•

• :.-2OO•4'I
: :20

2..

....

-.....

500

115

1,575
6,353

.

Fuel Mix of RDI Forecast of New Generating Capacity
NCoal
m Combined Cycle
I'3

Combuslion Turbine

SWind
1301her

151

-

500

FUEL FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

Solar Energy Resources
Go':

Pregm-m

Excelle't

MW

81,997

46,171

37,655

GWh

179,574

91,004

65,972

410

231

188

Acres (000)

J TOTAL

165,823
--

336,550

829

SOURCE. POWERmap and RDtConsulting analysis.
NOTE:
Solar resources ? 7.0 kWtVm2/day are considered premium, 6.5-7.0 excellent, and 6.06.5 good.
Estimates for electric generation assume 5 Acres/?vW and capacity factors of 25% for premium, 22.5% for
excellent, and 20% for good.

State Legislation Regarding Renewable Energy Sources
Renewable Portfolio Standard

0.2% renewables in 2001, 5% in 2003, continuing to increase at 2% every other year to 15% in
2013; 5%of renewables must be solar.
Tax/Financial Incentives
Property tax exemption: The value of qualified renewable energy systems is exempted from
property tax assessment. Industrial, commercial, and residential sites all qualify, and there is no
time limit on the exemption.
Net Metering

Solar and wind eligible, all customer classes eligible, Ž 10 kW, 100 customers per utility enrollment limit, generation annualized for billing but no payment required for net excess .generation....
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New Mexico

Demand
Energy and Peak Demand Forecast.

JI

66~>O1'7:ý2002 5i)2O.h,;04
Peak Demand MW
(1)
Energy Demand GWh
(2)
Growth Rate
Vainet ReserW
e Margin (1)

4,158
19,603

4,245
20,018
2.10%
21%

21%

4,337
20,448

4,396
20,728

2.20%

1.40%

21%

21%

J~2O:
4,464
21,050
1.60%
21%

~21'
4,876
22,990
1.80%
20%

(1) RDIConsulting estmate
(2) RDIConsulting base case forecast

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
Began
Operating
Under (nnstrudion
Forecast New
Addireonal
Proposed

- ...

." -

-

o50
1,470

Fuel Mix of RDI Forecast of New Generating Capacity

:X.

*

Cool

:.X.

* tombined Cycle
[3 Combustion Turbine
[Wind
X

X

X.

X1.

aOther
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K)

Solar Energy Resources
S

MW
GWh
Axres 1000).

Pre~eiPi
94,103
206,086
471

51,973
.102,439
260

GJKOTAL'
riefen
73,34S
219,421
128,500
437,025
"367
1,098

SOURCE. POWERmap and RDIConsulting analysis.
NOTE.
Solar resources k 7.0 kWVVm2/day are considered premium, 6.5-7.0 excellent, and 6.0-6.5 good.
Estimates for electric generation assume 5 Acres/MW and capacity factors of 25% for premium, 22.5% for
excellentM
and 20% for good.

State Legislation Regarding Renewable Energy Sources
System Benefit. Charge
$4 million per year from 2007 through 2012.
Green Energy Programs
Southwestern Public Service offers a green.pricing program.
Net Metering
Renewables and cogeneration eligible, all customer classes eligible, >10 kW, no overall enrollment limit, net excess generation purchased at avoided cost or'credited on the next month's bill.
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North Dakota
• -• •

•

Demand
Energy and Peak Demand Forecast
02O2

2001'

PeakDemondMWO)
Energy Demand GWh
(2)
Groawh
Rate
....
Target Reserve Margin (1)

2,027.,
10,496
... ..

__;__

2,061
10,676
I_

18

]

2,095

2,159
-4----

10,851
1.60%

.. 1M

18%

. 2,128
11,021
1.60%

18

.

11,180
1.40%

18%

2,272
11,766
1.00%

17%

(1)RDIConsulting estimate
(2)RDIConsufting base case forecast.

Power Plant Development
RDI Forecast- of Newh Generating Capacity and Additional Proposed Capacity
206,'[...

'. .2004.

,•200

-20106

Began
Operaling
Under Construction
Forecast New

500

Additional Proposed

S00

Fuel Mix of RDI Forecast of New Generating Capacity
" Coal
" Combined Cycle
3 Cmbeustion

Turbine

SOWind

n other
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0

Solar Energy Resources
No premium, excellent, or good solar resources.

State Legislation Regarding Renewable Energy Sources
Green Energy Programs
Minnkota Power Cooperative offers a green pricing program.
Tax/Financial Incentives
Property tax incentive: solar, wind or geothermal energy systems are exempt from property.
taxes for five years following installation at commercial and residential sites.
Income tax incentive: 5% of equipment costs for wind, solar, and geothermal energy systems

are deductible from income tax for three years following installation. Commercial and residential
taxpayers qualify.
Net Metering
Renewables and cogeneration eligible, all customer classes eligible, 2100 kW, no overall enrollment limit, net excess generation purchased at avoided cost.
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Oregon

•

p.+,

Demand
Energy and Peak Demand Forecast,.
Peak DemondMW(1)
Energy Demond GWh (2)
Growth Rate
Target Reserve Margin (1)

7,981
55,933

.'

8,142
57,062
2.00%
21%

21%

8,315
58,269
2.10%
21%

'

j

8,505
59,602
2.30%
21%

8,769
61,450
3.10%
21%

.

1

10,122'
70,932
2.90%
20%

(1)RDI
Consulbng estimate
(2)RDIConsulting base case forecast.

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
... .I ......... .... ....
Begoan
Opeiofing..

UnderConstrucion
Forecast Now
Addirinal~roposed.' :.

.

.. .0....

,<2005;

. ... .... . ..

201+I0+•.7
.

. .

464

531

530

so
•

-•

.

'.•

.

.

2,o

2,638

Fuel Mix of RDI Forecast of New Generating Capacity

a Combined Cycle
(3Combustion Turbine

13 Other
.

o

'.

1

:,- ý

157

. . .

.

::

FUEL FROM THE SKY: SOLAR POWER'S POTENTIAL
FOR WESTERN ENERGY SUPPLY

Solar Energy Resources
_______________Gio

MW
GWh
Acres
(000)

Scay~ Resources
ieln
1,791
10,588
3,529
18,549
9

A;

\.OTAL
J~nun: '1

12,379
22,078

53

62

SOURCE.
POWERmap and ROI
Consutling analysis.
NOTE:
Solar resources k 7.0 kWh/m2/day are considered premium, 6.5-7.0 excellentL and 6.0-6.5
good. Estimates for electric generation assume 5 Acres/MW and capacity factors of 25%for premiumn,
22.5%for excellent. and 20% for good.

State Legislation Regarding Renewable Energy Sources
System Benefit'Charge

About $8.6 million per year. from 2001 through 2011.
Green Energy Programs
Six utilities offer green pricing programs in Oregon.
Tax/Financial Incentives
Business energy tax credit: a 35% tax credit of up to $100,000 for renewable energy systems
installed at business facilifies. The reneWable iysterii•rust replac'e at least 10% of the facility's
usage of electricity, oil, or gas. The 35% credit is spread over fiveyears.
Personal income tax credit: This credit is based on the amount of energy that a qualifying renewable energy system saves in a year. Up for renewal in 20001.
Property tax incentive: exempts the added value of a qualifying renewable energy system from

property tax assessment.
Loan program: long-term, low-interest loans are available to renewable energy project developers
through the Small Scale Energy Loan Program (SELP). The program is funded through bond

sales, and has funded projects up to $15 million in size.
Net Metering
Solar, wind, fuel cell and hydro eligible, all customer classes eligible, > 25 kW, minimum 0.5% of
-utility's peak load enrollment limit, net excess generation purchased at avoided cost or credited
to following month.
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U.S..-flag Pacific Islands'•1

Demand
No data.

Power Plant Development
No data.

Solar Energy Resources
No data.

Legislation Regarding Renewable Energy Sources
No data.

..

...
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South Dakota

Demand
Energy and Peak Demand Forecast

~
Peak Demand MW
(1)
Energy Demand WG
(2)

200T7

1,818
9,417

Growth Rate

2002'4-

2032: jj.:004

205:W2

1,856
9,613

1,892
9,798
1.90%
18%

1,925
9,972

1,957
10,134

1.80%

1.60%

18%

18%

2.10%

Target Reserve Margin (1)

18%

18%

2,093
10,840
1.40%
17%

I1)RDIConsulting estimatet
(2)RDIConsulting base case forecast.
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20,24:'i
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3,001
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Solar Energy Resources
No premium, excellent, or good solar resources.

State Legislation Regarding Renewable Energy Sources
Green Energy Programs

East River Electric Power Cooperative offers a green pricing program to its customers.
Tax/Financial Incentives

Property tax exemption for renewable systems at residential and commercial sites. Full value of
system exeription for residehtial systems and 50% exemption for commercial systems for the
first three years after installation, with depreciation thereafter..

.
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Texas

Demand
Energy and Peak Demand Forecast
Peak Demand MW
(1)
Energy Demand GWI
(2)

65,973
338,285

67,407
345,635 .

68,824
352,904

70,064359,261

71,625
367,263

79,778
409,072

Growth Rate

--

2.20%

2.10%

1.80%

2.20%

2.20%

TargeelReserveMarglnl1)

16%

16%

16%

16%

16%

15%

(1)RDIConsuking estimate
(2)RDIConsulting base case forecast

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
Began Operating
Under Construdion
Forecast New
Additional Proposed

>00DbI
5,471
4,529

¼.00
`-A OF'

,

4,703
357

1003"'

ý" - 004'

1,700
1,049

2,010
19,639

Fuel Mix of RDI Forecast of New Generating Capacity
* Coal
a Combined
Cyde
EaCmbustion Turbine

o Wind
r 0Other

162

2D,

2

201

FUEL
FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

Solar Energy Resources
Soar I esoarees,'
MW
GWh
Acres
(000)

38,842
.85,064
194

50,681
99,892
253

38,264
'67,039
191

"

127,787
251,995 •
638

SOU•RCE:
POWERmap and RDtConsusting analysis.
NOTE:
Solar resources ; 7.0 SWVnm2/day
are considered premium, 6.5-7.0 excellent, and 6.06.5
good. Estimates for electric generation assume 5 Acres/MW and capacity factors of 25%for premium,
22.5%for excellent, and 20% for good.

State Legislation Regarding Renewable Energy Sources..
Renewable Portfolio Standard

-

New and existing renewables: 1,280 MW by 2003, 2,880 MW by 2009. 2,000 MW of total must
come from new renewable resources.
Green Energy Programs
Texas has a competitive green market in some areas. Also, four utilities offer green pricing programs.
Tax/Financial Incentives
Property tax exemption for the full value of a wind or solar generating system.
Franchise tax exemption: Qualifying renewable energy system costs are deductible from a companys taxable capital. Alternately, the company may deduct 10% of the system cost from its
income. A similar exemption is available for manufacturers and installers of wind and photovoltaic systems.
Net Metering
Only renewables eligible, all customer classes eligible, > 50 kW, no overall enrollment limit, net
excess generation purchased at avoided cost.
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Utah

Demand
Energy and Peak Demand Forecast

II
Peak DemandMW(1)
Energy Demand GWh
(2)
Growth Rote
Target Reserve Margin t)

'1601V

t4,

5,242
24,717

I

21%

2002:': 1
.

'2003 -,
5,497
25,918
2.40%
21%

5,368
25,311
2.40%
21%

2005

.2O,
5,580
26,311
1100%
21%

<V

5,674
26,752

:§2010'.i
6,198
29,223
i.8O%
20%

21%

(1)RDI
Cons•uting estmate
(2)RDI
Consulting base case forecast.

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
2.
Began Operating
Under onstrucdian

04

100
30

Forecast New

Additional Proposed

6,371

Fuel Mix of RDI Forecast of New Generating Capacity
[]*Cool
* Combined
Cycle
C:Cmburtion Turbine

o wind
a Other
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Solar Energy Resources

lAcres (000)

1

145 "

121

1

106

1

372

SOURCE:
POWERmap andRDIConsulting analysis.
NOTE.Solar resources k 7.0 kMVm2/day are considered premium, 6.5-7.0 excellent, and 6.0-6.5 good.
Estimates for etectric generation assume 5 AcresnW and capacity factors of 25% for premium, 22.5% for
excelent, and 20% for good.

State Legislation Regarding Renewable Energy Sources
Green Energy Programs%

Utah Power (PacifiCorp) offers a green pricing program.
Tax/Financial Incentives

Personal income tax credit: credit against personal income taxes for 25% of the cost of a qualifying renewable energy system on a residence, up to $2,000. Credit expired on January 1, 2001.

165

FUEL FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

Washington

Demand
Energy and Peak Demand Forecast
Peak Demand MW
(1)
Energy Demand GWh
(2)
Growth Rote
Target Reserve Margin (1)

15,561
109,052

15,828
110,922
1.70%
21%

21%

16,121
112,976
1.90%
21%

16,452
115,298
2.10%
21%

16,923
118,598
2.90%
21%

19,179
134,409
2.50%
20%

(1)ROtConsuthng estimate
(2)ROtConsulting base case forecast.

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
-

2k:-WI~O

201-J2200

Began Operating

40

Under (onstrudion
Forecast New

170

.04

496
204

1,086

974
7,258

Additional Proposed

Fuel Mix of RDI Forecast of New Generating Capacity
0 rool
MCombined
Cycle
3Combustion
Turbine
o Wind
a Other
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.Solar Energy Resources
No premium, excellent, or good solar resources.

State Legislation'Regarding Renewable Energy Sources
Green Energy Programs
Four utilities offer green pricing programs in Washington.
Tax/Financial Incentives
Corporate excise tax exemption for qualifying high technology (including renewable energy) man.
ufacturers.
Net Metering
Solar, wind, fuel cells, and hydropower eligible, all customers classes eligible, 25 kW, 0.1% of
peak demand enrollment limit, net excess generation credited to following month; unused credit
is granted to utility at end of annual period.
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Wyoming

Demand
Energy and Peak Demand Forecast
Peak Demand MW
(1)
Energy Demand GWM
(2)

2,274
13,523

2,314
13,761

2,355
14,004

2,380
14,157

2,409
14,330

2,549
15,157

[arget Reserve Margin (1)

18%

18%

18%

18%

18%

17%

Growth Rate

1.80%

1.80%

1.10%

1.20%

1.10%

(1)RDI
Consulting esbmate .
(2)RDIConsLting base case forecast

Power Plant Development
RDI Forecast of New Generating Capacity and Additional Proposed Capacity
________

Began Operaoing
Under Construdtin
Forecast New
Additional Proposed

2~1.Kl

2ad!< k

20031ý

50

i-

80

"

50
1,750

Fuel Mix of RDI Forecast of New Generating Capacity
0 coal
.........

Com.ined
Cycle
C Comwustion TurMine

o YVnd
a Other
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Solar Energy Resources
SoAr6
Resources

I
_________

MW
GWh
Acres
(000)

enf.
5,283
10,412

Go21

;OTAL

1,596
2,797

6,879
13,209

26

8

34

Jxce

SOURCE: POWERmap and RDIConsulting analysis.
NOTE:
Solar resources > 7.0 kVnVm2.day are considered prerium, 6.5-7.0 excellent, and 6.0-6.5
good. Estimates for electric generation assume 5 Acres4,W and capacity factors of 25% for premium,
22.5% for excetlent` and 20% for good.

State Legislatio'n Regarding Renewable Energy Sources
Green Energy Programs
Pacific Power (PacifiCorp) offers a green pricing program in its Wyoming service territories.
Net Metering
Solar, wind, and hydro eligible, all customer classes eligible, > 25 kW, no overall enrollment limit,
annual net excess generation purchased at avoided cost.

169

. FUEL
FROM THE SKY: SOLAR POWER'S POTENTIAL FOR WESTERN ENERGY SUPPLY

Endnotes
1 Total nameplate capacity in the West is higher than 234,178 MW, but the large amounts of hydro
generation in the West need to be derated from the nameplate capacity to account for the annual differences in river flows from year to year and month to month. Inaddition most of the generation in
the Prairies States is designated to meet load in the Midwest outside the WGA region.
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Glossary
Abbreviations

BACT-best available control technology
BLM -Bureau
Btu -British

of Land Management

.

thermal unit

Cal ISO-California independent system operator
CC -combined

cycle

CO2 -carbon

dioxide

CPV-concentrating photovoltaics
CSP-concentrating solar power
EFOR-equivalent forced outage rate
EIA-Energy Information Administration
EPA-Environmental Protection Agency
EPC-engineer, procure, construct
ERCOT-Electric Reliability Council of Texas
FBC-fluidized bed combustion.
GDP-U.S. gross domestic product
GIS-geographic information system
GW-gigawatt
GWh-gigawatt-hour
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K.)

HCE-heat collecting elements
IGCC-integrated gasification combined cycle
IPP-independent power producer
IREMM-Interregional Electric Market Model
.IRR--internal rate of-return
ISO-independent system operator
kW-kilowatt kWh-kilowatt-hour
LBNL-Lawrence Berkeley National Laboratory
mmBtu-million Btu
MW-megawatt

K )

MWh-megawatt-hour
NEG-net excess generation
NERC-North American Electric Reliability Council
NOx -nitrogen oxides
NRC-Nuclear Regulatory Commission
NREL-National Renewable Energy Laboratory
O&M-operations and maintenance
PBMR-Pebble Bed Modular Reactor
PC-pulverized coal
PM2 .5-particulate matter at 2.5 microns
PPA-power purchase agreement
ppm-parts per million
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PRB-Powder River Basin
PTC-production tax credit
PURPA--Public Utility Regulatory Policies Act
PV-photovoltaics
RPS-renewable portfolio standard
SAIC 1-Systems Applications International Corp.
SBC-systerh benefit charge
SCE-Southern California Edison
SES-Stirling Energy Systems
Tcf-trillion cubic feet
T&D-transmission and distribution
TW-terrawatt
TWh-terawatt-hour
VLR-voluntary load reduction
VOC-volatile organic compounds
WAPA-Western Area Power Administration
WGA-Western Governors' Association
WRC-Western Regional Council
WRAP--Western•Regional Air Partnership
WSCC-Western Systems Coordinating Council
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K9

Terms
Average annual demand-total annual energy divided by the 8,760 hours in a year.
Capacity factor-the ratio of total energy generated by a generating unit for a specified period
to the maximum possible energy it could have generated if operated at the maximum capacity
rating for the same specified period, expressed as a percent.
Combined cycle-an electric generating technology in which electricity is produced from otherwise lost waste heat exiting from one or more gas (combustion) turbines. The exiting heat is
routed to a conventional boiler or to a heat recovery steam generator for utilization by a .steam
turbine in the production of electricity. This process increases the efficiency of the electric generating unit.
Combustion turbine-a plant in which the prime mover is a gas turbine. A gas turbine consists
typically of an axial-flow air compressor, one or more combustion chambers, where liquid or gaseous fuel is burned and the hot gases are passed to the turbine and where the hot gases
expand to drive the generator and are then used to run the compressor.
Dish Stirling-a parabolic-shaped point focus concentrator in the form of a dish that reflects
solar radiation onto a receiver mounted at the focal point. Two axes follow the sun. The collected heat is utilized directly by a heat engine mounted on the receiver that moves with the dish
structure.
Equivalent forced outage rate (EFOR)-the hours a generating unit, transmission line, or
other facility is removed from service, divided by the sum of the hours it is removed from service, plus the total number of hours the facility was connected to the electricity system
expressed as a percent.
Fossil fuel hybridization-using a fossil fuel, generally natural gas, to supplement fuel at a
thermal solar power plant.
Heat rate-the amount of additional heat that must be added to a thermal generating unit at a
given loading to produce an additional unit of output. It is usually expressed in Btu per kWh
(BtufrWh) of output.
Heat storage-storage of electricity in a form such as molten salt or a mineral oil that later
allows recovery of the heat to be used to generate electricity.
Load factor-the ratio of average demand divided by peak demand.
Parabolic trough-parabolic troughs track the sun using one axis to concentrate solar power
along a line, usually a tubular receiver, that then heats a heat transfer fluid to power a motor or
steam cycle..0
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Parasitic load-electricity consurmnd by the power generation• technology itself.
Photovoltaic-also known as a solar cell, the heart of a PV cell is a semiconductor junction that
absorbs light within a certain frequency range and creates'an electric potential.
Peak demand-the maximum load during a specified period of time.
Power tower-a solar technology in which a large array of mirrors tracks the sun to reflect the
sunlight onto a central receiver mounted on the top of a tower. The sunlight is converted into
heat that inturn powers a steam cycle.
Reserve margin-the amount of unused available capability of an electric power system at
peak load for a utility system as a percentage of total capability.
Solar-to-electric capacity ratio-the ratio of solar field thermal capacity to electric capacity.
Solar thermal-these solar power plants use the heat of the sun to raise the temperature of a
heat transfer fluid that is used to power motors or turbines to generate electricity.
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Executive Summary
Although renewable energy development will be*hindered by a persistent electric generating
capacity surplus and lower power prices in the Southwest through the end of the decade, we
believe that the attributes of renewable energy such as power at a guaranteed price and zero air
emissions will continue to stimulate investment in new projects. Indeed, the desire to avoid
energy price volatility and mounting environmental concerns have already spurred policy makers
to adopt policies that ensure that renewable energy will play an increasing role in meeting" the
Southwest's electricity needs. For example, both California and Nevada have recently enacted
renewables portfolio standards requiring utilities to provide a minimum percentage of their
energy from renewable sources. On a national level, policy makers are considering stepping up
renewable energy tax incentives, which would reduce the technologies' cost and'simulate new
development.
In many ways, photovoltaic (PV) and concentrating solar power (CSP) technologies are an ideal
energy solution for.the Southwest. Our analysis shows that a small fraction of the land in the
Southwest with premium solar resources, that is areas that receive average daily sunshine in
excess of seven kilowatt-hours per square meter per day (>7 kWh/m 2/day), alone are capable of
producing nearly all of the electricity currently consumed in the region. If excellent (6.5-7.0
kWh/m 2/day) and good (6.0-6.5 kWh/m 2/day) solar resources are included, the solar generating
potential is nearly twice the current electric energy demand, but would occupy less than one
percent of Southwestern lands. Not only are solar resources abundant in the Southwest, they are
also close to metropolitan areas greatly reducing the need to invest in transmission capacity in
order to bring solar power to consumers.
While PV systems are well suited for distributed and remote power applications, CSP is the
preferred technology for utility-scale power generation. Not only is the cost of power from CSP
lower, but CSP can also address the intermittence of sunshine through hybridization with fossil
fuels and solar heat storage. However, to date, the high initial cost of CSP compared to
conventional power sources has limited the penetration in power markets to 354 MW of CSP
currently operating in California. At approximately 11 cents per kilowatt-hour (0/kWh), the cost
gap between the lowest cost CSP technology and the market price of power is on the order of 6
0/kWh. But when the price stability of CSP energy and consumer interest to buy renewable
energy are valued explicitly the cost gap reduces to 3 0/kWh.
Our analysis indicates that the remaining gap may be overcome through continued research and
development, experience with new CSP projects, and development of a solar industry. However,
in order for this to occur, new projects must be built. Given the current cost gap, this will require
policies designed to stimulate near-term deployment. With the assistance of policy initiatives
that contain cost- and risk-reduction measures for investments in CSP, the technology has the
potential to reach cost competitiveness by the end of the decade. However, in the absence of
such policy initiatives, new utility-scale solar power projects in the Southwest-or elsewhere in
the country-are unlikely.
Note: This report on the potential of solar power for the Southwest is based on a study sponsored
by the Department of Energy, "FuelFrom the Sky: Solar Powers Potentialfor Western Energy
Supply," by Dr. Arnold Leitner, Platts Research & Consulting, government publication
NREIJBK-550-32160, July 2002, Boulder, Colorado.
i

Brighter Than a Hundred Suns: Solar Power for the Southwest
Renewable Energy in the Southwest
The Southwest: Californiaand the Desert
The geographic region that we refer to as the Southwest is an area that greatly overlaps with the
major metropolitan areas of the four-state region of California, Nevada, Arizona, and New
Mexico and which forms the Southwestern transmission grid1 (Figure 1). This power market is
electrically well interconnected, and power prices across the region are within a few percent of
each other during most hours of the year. In addition, this region contains most of the solar
resources of the four states. This Southwestern power market is, therefore, a natural choice for a
discussion on the potential of solar power for the southwestern United States. Northern Nevada,
Utah, and Colorado also have considerable solar resources, but these resources are either not
close to load centers, as in Utah and northern Nevada, or not as high as in the rest of the
Southwest, as is the case in Colorado.
The State of Power in the United States
After an unprecedented power plant construction boom over the past four years, in which more
than 80 gigawatts (GW) of electric generating capacity were brought to market and 122 GW
2
remain under construction, most power markets in the United States are now highly overbuilt.
This overbuild combined with reduced electricity demand growth due to slow economic growth
in the country has sent electricity prices sharply lower in many regions.
Furthermore, the California energy crisis and the collapse of Enron have done severe damage to
the public's trust that competitive power markets can function properly. Consequently, a number
of states that were considering deregulation have postponed-or even rolled back-their plans
for competitive power markets.
Figure 1. The Southwest

What a difference a few years can make! In the late 1990s electric power generation seemed
brisk with opportunity, and deregulation was sweeping the country. Now the market is
beginning to cope with the reality of providing electricity in a competitive environment. At first
blush, the capacity glut and the confidence crisis appear to dim the prospects for renewable
energy as well, but we believe that the new reality in power markets may, in fact, aid investments
in new renewable energy projects for the following reason. The lack of confidence in the
deregulated market may lead power plant development from the high-risk/high-reward
"merchant" model, in which power plants sell all or a portion of their electricity into the
competitive spot market, back to the more traditional approach, which is centered around longterm power off-take agreements between a power generator and a utility. This shift may be
favorable for renewable energy technologies, which are unable to compete in the merchant
world, because their high initial cost puts too much capital at risk, but which promise electricity
to utilities at guaranteed prices.
-

A Case for Renewable Energy
As a result of the recent power plant construction boom and the return to normal hydro
conditions in the Pacific Northwest, power markets in the Southwest are now enjoying a growing
generation surplus that is expected to last through the end of the decade. However, in spite of
this surplus, we believe that the risk-reduction and environmental attributes of renewable energy
technologies will stimulate new investment in renewable energy over the next decade. It is our
view that the potential for volatility in natural gas prices and more stringent air emissions
regulations will emerge as the key drivers of this trend.
Natural Gas Prices May Be Volatile
The run-up of natural gas prices from $2 per million British Thermal Unit (MMBtu) to over
$50/MMBtu at the end of 2000 and subsequent spikes in the $30/MMBtu-range in the spring of
2001 (Figure 2) provide a vivid example and a painful reminder of natural gas price risk. With
almost all of the new generation burning natural gas, gas-fired generation will begin to set power
prices more hours of the day, and the volatility of electricity prices will increasingly reflect the
radical movements of natural gas prices. Regulators will likely face increasing pressure to
protect consumers against financially onerous price increases, and renewable energy sources
with guaranteed energy cost could provide an intriguing alternative.
Clean Air Is Important As Ever
Concerns about local and regional air pollution and greater awareness of the danger of global
climate change may also open the door to new renewable energy projects. During the recent
construction boom, coal plant development was hampered by increasingly onerous air pollution
regulations. Now concerns about the possibility of future greenhouse gas emissions regulation
are coming increasingly to the forefront. We believe that this trend will only become stronger,
thereby creating new opportunities for renewable technologies, which unlike fossil fuel power
plants, produce no air emissions (Table 1).

2

Figure 2. Natural gas prices in the Southwest (January 2000 - September 2002)
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Indeed, the desire to avoid electricity price volatility and mounting environmental concerns have
already spurred policy makers to adopt policies that ensure that renewables will play an
increasing role in meeting the Southwest's electricity needs. Both California and Nevada have
recently enacted renewables portfolio standards that require utilities to provide a minimum
percentage of their supply from renewable energy sources. National policy-makers are
considering stepping up renewable energy tax incentives, which promise to reduce technology
costs and simulate new development.

Table 1. Air Emissions by Plant Type
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Market Challenges
While there are many benefits to using renewable energy, electric power from renewable sources
is generally more expensive than electricity from conventional sources of power. This cost gap
becomes even more apparent when power markets are overbuilt and power prices are depressed,
as is currently the case. A surplus of generating plants and low prices are forecast to persist in the
Southwest for a number of years, and this poses a significant challenge to renewable energy
projects during that time.
A Growing GenerationSurplus
Our analysis indicates that after 2002, the Southwest will enjoy a surplus of power well above
the 15-16% target reserve margin until nearly the end of the decade (Figure 3). Through 2010,
our analysis suggests that retirements of older plants will be more than offset by additional
power available to the region through imports. This reduces the need for new capacity additions
through the end of the decade and has been considered in the forecast.
It is important to note that our analysis does not yet reflect recent project delays in California,
which have started to mount in response to the state's decision to renegotiation long-term power
contracts that it entered into with generators during the energy crisis. Some developers, wary of
the political situation in California, have elected the short-term response of walking away from
their projects. As a result, less capacity than expected may be completed in the Southwest,
which could result in the need for new power plants earlier in the decade. Thus, the generation
surplus may be less pronounced than anticipated.

Figure 3. Demand and supply balance in the Southwest, 2002-2004
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Low Electricity Prices
The surplus of capacity evident in Figure 3 leaves its mark on power prices. Figure 4 shows our
forecast of on-peak power prices in the Southwest. 3 Peak periods in the region last for 16 hours
each day from Monday through Saturday and thus account for nearly 60% of all hours. These
high-price periods are of great interest to solar power technologies that can deliver power during
those hours. To show the influence of a low snow pack in the West and high fossil fuel prices,
we also provide prices in a "Low Hydro" scenario, in which hydro capacity is 20-24% lower
than average, and in a "High Fuel Price" scenario, in which natural gas prices are 70% higher
and coal prices 10% higher.
Power prices are approaching a record low. Prices are so low that many power plants will have a
hard time making money in this market, and some may need to refinance their debt or will even
fail. This is expected to result in a credit crunch for many developers,and signs of this crunch
are already appearing. This financial turmoil may change the economic playing field in power
markets, and the effect of this credit crunch is not included in our analysis. It is possible that this
could push up the price of power in the Southwest beyond the values indicated in Figure 4.
However, regardless of this trend, we believe that a persistent capacity surplus and lower power
prices will exist in the Southwest through the end of the decade. New investments in higher-cost
renewable capacity could be hindered by these market realities.

Figure 4. Forecast on-peak power prices in the Southwest, 2002-2012
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Energy Resource Options
Meeting the electricity needs of the fast-growing, modem society of the Southwest is a daunting
challenge. While a choice of conventional and renewable energy exists, each energy resource
option has its advantages and its disadvantages. In this section, we survey the characteristics of
different sources of power. This will lead towards a more detailed discussion of solar energy,
which appears to emerge as the ideal energy solution for the Southwest.
Fossiland NuclearEnergy
Natural Gas
More than 95% of all new capacity installed during the recent construction boom in the
Southwest is fired by natural gas. Many factors converged to make natural gas the fuel of choice
for the fleet of new power plants, including the following:
o technological advances
o availability of equipment
o low capital and production costs.
Natural gas-fired plants are also compact and relatively clean burning, which allows developers
greater access to sites near load centers. However, concerns about price volatility and reliability
of supply could threaten the dominance of gas. The role of natural gas in the coming decade and
beyond will depend greatly upon the industry's ability to provide gas to the market at stable and
competitive prices.
Coal
Although coal-fired generators currently account for 30% of the Southwest's generating
capacity, the development of new coal-fired capacity will continue to be difficult. The lack of
long-haul transmission capacity, long lead times for coal power plant development, and concerns
about air quality will hinder the development of new coal-fired capacity. These obstacles are
likely to diminish the role that coal-fired power will play in meeting the Southwest's electricity
needs.
Nuclear
Until the nuclear accident at Three Mile Island in 1979, the future of nuclear power looked
bright. However, the nuclear power industry never fully recovered from the incident. Despite
safe operation of nuclear power stations over the past two decades and improved performance,
deep-seated concerns about public safety and the thorny issue of waste disposal continue to
plague nuclear power. Nuclear plants also have high up-front capital cost. This, combined with
long lead times, makes nuclear power very difficult to finance. As such, we do not foresee any
new nuclear power stations in the Southwest.
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Renewable Energy
Hydro
Today, opportunities for new large-scale hydro generation in the Southwest are practically gone.
Not only are the hydrological resources largely exhausted, but environmental considerations also
preclude further development of large hydro dams. It has been repeatedly argued that the
American West has many opportunities for small hydro generation at existing or new dams.
However, the total amount of this capacity is small and would likely come at a high cost. Any
new hydro dam, however small, will face the same environmental opposition as large projects.
Wind
The emergence of wind power as a mainstream electricity generating technology is one of the
greatest technology success stories of the last decade. Developed in the United States in the
1980s and embraced and brought to maturity in Europe, wind power has returned to America.
Falling costs and favorable policies, such as the 10-year 1.8 cents per kilowatt-hour Production
Tax Credit (PTC), make wind power competitive with conventional technologies. Domestic
wind capacity' has grown from approximately 2.2 gigawatts (GW) *at the end of 2000, to just
over 4.7 GW by mid-2002.
However, despite its recent success, wind power still faces significant barriers to widespread
adoption. Wind is an intermittent resource, which makes it difficult for grid operators to schedule
wind power. Wind resources are also notoriously volatile, at times rapidly ramping up from near
zero output to peak output and back again in a matter of hours. This variability clashes with
transmission operator rules and raises questions regarding the impact of wind energy on grid
reliability. Despite these issues, the low energy cost of wind power and consumer demand for
"green" energy is likely to continue to drive new wind power development through the next
decade and beyond.
Geothermal.
There is approximately 3 GW of geothermal capacity operating in the United States, most of it in
the Southwest. Most of this capacity came on line during the 1980s when stable market
conditions created by the Public Utility Regulatory Policy Act of 1978, tax incentives, and a
federal loan guarantee program worked together to create a wave of geothermal development
that lasted for a decade. Today, geothermal power is nearly competitive with natural gas- and
coal-fired units. If a PTC similar the credit now available to wind power and closed-loop
biomass systems is granted to geothermal, then geothermal power will achieve cost-parity with
conventional technologies. And, as a baseload power source, geothermal does not suffer from
intermittency, giving it an edge as a reliable source of renewable power.
Barriers remain, however, to the widespread adoption of geothermal power in the Southwest.
First, the magnitude and quality of available geothermal resources is unknown, and the costs
associated with determining the potential at specific sites are uncertain and high (often equaling
the cost of the entire power plant.) This adds additional development costs and also makes
geothermal a risky venture that requires a high rate of return from investors. Second, many of
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the best geothermal sites are located in remote areas that would require expensive transmission
investments in order to deliver power to load centers. Although these barriers will continue to
hinder the adoption of geothermal power, the picture is decidedly positive for this renewable
power source, particularly in the context of new Renewables Portfolio Standard (RPS)
requirements in the geothermal-rich states of California and Nevada.
Biomass
In the United States, nearly all biomass generation is based on wood-derived fuels. Delivering
cost-effective biomass fuel remains a challenge, and only waste products, such as sawdust, or
subsidized agricultural crops can approach cost effectiveness today. However, the call for
thinning of national forests has been renewed due to violent wild fires in the West in 2002, and
this may lead to the development of forest management plans that could provide a reliable stream
of cost-effective biomass fuel. Ultimately, dedicated "energy crops" will be needed for largescale biomass electricity production. This appears untenable at present because it would require
large amounts of arable land and water-resources that are already strained in the Southwest.
Solar
Solar power technologies fall into two classes-solar photovoltaics and concentrating solar
power systems. Photovoltaics (PV), also referred to as solar cells, convert sunlight directly into
electricity using semiconducting materials. Concentrating solar power (CSP) systems use
mirrors to concentrate sunlight on a receiver holding a fluid or gas, heating it, and causing it to
turn a turbine or push a piston coupled to an electrical generator. As we shall see, both
technologies are well suited to particular segments of the southwestern power market. However,
to date, the high cost of these technologies has limited market penetration.

Solar Power For the Southwest
In order to estimate the potential of solar power in the Southwest, it is important to know how
much solar resource exists in the region. Why invest time and effort in a renewable energy
technology if it can only provide a small fraction of our eneirgy needs? So, how much solar
energy falls on a patch of land in the Southwest, and is there enough land for large-scale solar
generation?
The answer is that solar energy is an abundant and underutilized energy source in the Southwest.
Given the geographic and climatic conditions of the Southwest, solar resources are, potentially,
the best in the world. Hundreds of square miles of land could be used for solar generation, and
this land is close to major metropolitan areas, including Los Angeles, Las Vegas, Phoenix, and
Tucson, where large quantities of electricity are consumed. Our analysis shows that these solar
energy resources are commensurate with electricity demand.
Intensity of Sunshine
When sunlight passes through the Earth's atmosphere, a portion is scattered or absorbed-by
haze, particles, or clouds. However, on a clear day in the Southwest most of the solar radiation
entering the atmosphere reaches the ground, and in Las Vegas, Nevada, sunshine can be as
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intense as 1,100 watts per square meter. While even on a clear day, a small portion of thesunshine is scattered light, most sunshine comes on an undisturbed, direct normal path from the
sun. While photovoltaics (PV) can use any form of sunlight, concentrating solar power (CSP).
can only used the direct normal radiation. However, in the sunniest regions of the Southwest,
nearly all light is direct normal and the distinction becomes less important.
Solar energy is 'affected by 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 Southwest, toward the fall and
winter, cloud cover increases and sometimes shields the sun.
The Solar GeneratingPotential
When siting commercial solar power plants, developers are looking for an annual average
amount of solar energy in excess of 6.0 kilowatt-hours per square meter per day (kWh/m 2/day).
Fortunately, large areas of the Southwest receive sunshine above 6 kWh/m 2/day. However, some
of this land is already occupied by cities, used for farming, or simply unsuitable, such as
mountainous terrain. Therefore, in order to assess the feasibility of meeting large amounts of
electricity with solar power, it is important to estimate how much land could be made available
for solar power plant development, how good the solar resources are, and how much energy
could be generated on this land?
In estimating the solar power potential for the Southwest's energy supply, we first determined
the amount of land that is potentially available for solar power plant development and its solar
resource by using a geographic information system (GIS) analysis. This GIS analysis allowed us
to map and calculate land potentially available for solar power plants. For this purpose, we
identified areas with premium (>7 kWhim 2/day), excellent (6.5-7.0 kWh/m 2/day), and good (6.06.5 kWh/m 2/day) solar resources, excluded areas we deemed unavailable or unsuitable, and
surrounded them with buffer zones.' The results of this analysis are shown in Figure 5.
On this map, land that is excluded from 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. In order to estimate the amount of land likely to be available for
solar power plant development, we started with Figure 5 and then only kept 3% in premium
areas, 2% in excellent areas, and 1% in good solar resource areas. By considering only this small
percentage, we hope to account for land that is further excluded because of ownership, ranching,
ruggedness of terrain, or other reasons. The results are shown in Table 2.
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Figure 5. Solar resources in the Southwest

To calculate the electric power that could be generated by these solar resources, we used
parameters for land requirements and efficiencies of solar power plants, which are typical for
CSP technologies, but also provide a good estimate for PV. We converted the estimated solar
resources into electric capacity and energy by assuming that 1 MW of solar power requires five
acres of land. We also assumed that the solar collector fields of these plants would have the
following capacity factors: 25% in premium, 22.5% in excellent, and 20% in good solar resource
areas.' As can be seen in Table 2, at more than 400,000 gigawatt-hours (GWh), premium solar
resources alone are capable of producing nearly all of the 390,000 GWh of electricity expected to
Table 2. Estimate of the Solar Electric Generating Potential in the Southwest

Mid SI
..

.

-1
...

.

an
.____

<:

2-.--

1.a.,.___.____

lj

tailsu

10

+•

,•

be consumed in the Southwest in 2002. If excellent and good solar resources are included, the
western solar generating potential is nearly twice the current electric energy demand, but would
only require 0.7% of southwestern land. This analysis shows that the Southwest's solar
generating potential is vast, and the availability of solar resources is unlikely to pose an
impediment for the large-scale deployment of solar power in the region.
Sunshine and the Demand for Power
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 Southwest causes solar radiation to go to zero within an hour across the entire region.
While local weather conditions can vary across the Southwest, the nightly setting of the sun
occurs nearly at the same time.
While geographic diversity can address weather-related intermittence, the nightly setting of the
sun requires some form of supplemental "off-sun" generation. For CSP systems, fossil fuel
hybridization provides a means to produce power even after the sun has set or when clouds move
in. In addition, heat energy storage is possible for two CSP technologies-power tower and
parabolic trough (discussed later in this report). In the Southwest (and as is typical in nearly
every region of the country), electric 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.
Figure 6 shows the average daily load in Nevada Power's service territory and average sunshine
during August, the month of highest electricity demand in Nevada and the Southwest. Although
solar energy generally overlaps well with the demand for power, there is a four-hour offset
between maximum solar energy, which occurs at noon, and the peak in electric demand at about
4 PM, which is close to the daily peak temperature. 'In addition, by the time of the peak load,
solar energy has already dropped off by 20%. Therefore, while in this example solar energy and
daily loads track well-and the situation in similar in other regions of the Southwesttechnologies that can address this offset of load and solar energy would provide additional value.
Figure 6. Daily sunshine and demand
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Why Concentrating .Solar Power (CSP)?
The most ubiquitous and well-know solar power generating technology is the crystalline silicon
photovoltaic (PV) cell, which is easily recognized by its bluish tint and a lattice of metallic leads
on its surface. Penetration of flat-panel PV has increased in recent years, and new technologies,
such as amorphous silicon PV cells, have entered the market. However, despite PV's success
and visibility, the amount of renewable energy currently generated by this solar generating
technology is very small. At the high cost of the technology-unless large incentives are in
place such as the residential tax credits and deductions in California-applications of PV remain
limited to distributed and remote power applications. In remote power markets, in particular,
PV's exceptional reliability and simplicity make it an excellent technology choice. In this
market, PV is best suited economically to small (watts to few kilowatts) installations in
applications such as billboard lighting and emergency telephones along highways.
However, for large-scale power generation, concentrating solar power (CSP) systems are the
solar technology of choice. In the late 1980s and early 1990s, 354 MW of CSP parabolic trough
plants were built in the Mojave Desert. For more than a decade, these plants have delivered
reliable power to southern California and have demonstrated the commercial practicality of solar
power generation. There are three types of CSP technologies: power towers, parabolic troughs
and dish engine systems. These will be discussed individually in the following sections.7
ParabolicTrough
The solar field of a parabolic trough plant consists of long parallel rows of trough-like
reflectors-typically made of glass mirrors (Figure 7). As the sun moves from east to west, the
troughs follow the trajectory of the sun by rotating along their axes. Each trough focuses the
sun's energy on a pipe located along its focal axis.
A heat-transfer fluid is circulated through the pipes and then pumped to a central power block
area, Where it passes through a heat exchanger. There the hot heat-transfer fluid generates steam,
which in turn drives a conventional steam turbine generator. Beyond the heat exchanger, a
parabolic trough plant is a conventional steam plant. For this reason, parabolic trough plants,
like power towers (discussed in the next section), can use stored heat or hybridization with fossil
fuels to generate electricity when the sun does not shine.
Of all thermal CSP technologies, parabolic trough technology has proven itself in the market
place. Several commercial parabolic trough units with sizes up to 80 MW have been built and
still operate today. The Solar Energy Generating Stations (SEGS) in the Mojave Desert have a
combined capacity of 354 MW and are the largest solar power installation in the world-by
orders of magnitude. At all but one unit, fossil fuel hybridization with natural gas is used for
"off-sun" power generation to meet the power delivery obligations of the units when solar
radiation falls short, such as under adverse weather conditions or during short winter days.
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Figure 7. Design of a parabolic trough
AfL.

Power Tower
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 (Figure 8). The
sunlight is absorbed and turned into heat, which in turn powers a steam cycle. Power towers are
particularly well suited to use molten-salt heat storage to generate power when the sun does not
shine because of the centralized design of the power tower and the high temperature of the
molten salt, which is both the heat transfer fluid as well as the heat energy storage medium.! Just
like parabolic troughs, power towers can also be hybridized with fossil fuels.

Figure 8. Design of a power tower
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A key design strategy for power towers that use heat energy storage is to oversize the power
tower in relation to the generator. Extra thermal energy can be dumped into storage while the
plant continues to run at full electrical output. The stored heat can be used subsequently to
generate power, which increases the utilization of the plant. The ratio of the solar thermal
capacity to electric generating capacity is called the "solar multiple." The same design can be
applied to parabolic trough plants and, in practice, even without heat energy storage, a slightly
oversized solar field has operational advantages. Two power tower demonstration systems were
built in the United States in the 1980s and 1990s. The units operated with some success, but were
decommissioned after the demonstration period.
Dish Engine
A dish engine system consists of a parabolic-shaped point focus concentrator in the form of a
dish that reflects solar radiation onto a heat engine mounted at the focal point. The concentrator
is 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 possible (Figure 9).
Stirling cycle engines are currently receiving the most attention for power conversion, although
high-performance PV modules and micro-turbines are also being considered because of their
potentials for improved reliability. Dish engine systems using Stirling motors have achieve peak
efficiencies of up to 30% (net) and hold the efficiency record for thermal solar power generation.
Conceptually, the dish engine system is the simplest of all thermal solar technologies, but finding
a reliable, inexpensive, and efficient engine for the system remains a struggle.
Dish systems share many characteristics with wind turbines. Like wind turbines, dish engines
are a primarily intermittent energy sources, have only a pedestal as footprint, can be built within
days, and come in small sizes (1-25 kW) and are thus modular. Dish engine plants allow for
smaller solar farms that may fit better into renewable energy portfolios, especially if solar
allocations in these portfolios are small-as they typically are.

Figure 9. Design of dish engine system
i.LA
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Advantages of CSP
CSP technology, while expensive compared to conventional generating technologies, has a
significant cost advantage over PV, but it is the operational characteristics that really comprise
the greatest advantages of CSP and increase its value in the power market. As we will show in
this section,. CSP can match the shape of electricity demand in the Southwest and can effectively
address intermittency. This makes CSP technology compatible with the electrical grid and the
energy needs of a modem society.
Heat Energy Storage
Of course, all solar technologies can store energy in batteries to provide supplemental power, but
the high cost of battery storage again limits batteries to remote power application, where it is
typically found in combination with PV. Recently, flow batteries have entered the market and
have a potential to change the economics of battery storage. I However, the technology remains
expensive.
A distinct advantage of CSP plants is the availability of a relatively inexpensive way of storing
energy in the form of heat. Solar power plants with heat storage collect thermal energy during
the day by increasing the temperature of a large heat reservoir. The power tower demonstration
project, Solar Two, demonstrated an effective -and safe molten-salt storage system, which is
considered for future storage applications.
Heat storage systems are not useful for large-amounts or long-term energy storage, but heat
equivalent to up to 1-2 days of full plant output can still be stored for later use. In practice,
stored energy would be used the following night or to keep the plant at full output when clouds
pass over the plant location. 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.
Heat storage could also be used to store thermal energy on holidays or Sundays for dispatch
during the higher-price periods the following workday. Thus, energy storage allows the power
tower or parabolic trough plant operator to maximize profits, which may justify the cost of
adding heat storage to the solar power plant.
Additional flexibility in the operation of a thermal solar plant with storage comes from oversizing the solar collector field. That is, the collectors generate more heat than normally required
by the steam turbine of the plant. For example, a 100-MW solar plant could have a solar field
that generates enough heat for 150 MW of electricity at full sunshine. Of this, 100 MW would
be used to generate electric power, while the other 50 MW would go into storage for later use.
Such a plant would have a solar-multiple of 1.5 (150 MW/100 MW = 1.5.) This over-sizing of
the solar field combined with heat storage allows the plant to run at a higher capacity factor. In
the example, the capacity factor'" of the electric generator would increase from about 25% to
38%. Thermal storage can be designed to be cost effective to meet capacity factors as high as
50% for parabolic trough systems, and up to 70% for power tower systems. These capacity
factors are commensurate with the hours of peak demand in the Southwest.
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Fossil Hybridization
CSP systems have the option of hybridization with fossil -fuels, because plain heat is what
generates electricity in the engine or turbine-and that heat can come from any- source.
Hybridization is particularly straightforward for trough and tower plants, but it has also been
demonstrated for dish engine systems. Fossil fuel hybridization has been used successfully at the
parabolic trough SEGS in the Mojave Desert for more than a decade.
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, parabolic trough or power tower plants become ordinary steam units.
However, the modest efficiency of hybridization makes running on natural gas only a
supplemental source of power, because this electricity is produced at a higher cost and with more
air emissions than would be available from a gas-fired combined cycle plant. However,
hybridization can provide additional benefits such as improving operation of the plant and the
ability to bid firm capacity into the market.
Matching Demand
Although the daily output from a solar power plant overlaps significantly with the demand for
power in the Southwest, the correlation is not perfect. This is because the intensity of sunshine
peaks around noon, whereas the peak in electric demand occurs later in the afternoon and
evening hours, close to the daily peak temperature.
The situation is similar, yet on a longer time scale, when seasonal solar outputs and loads are
compared. While more sun shines in the summer, when electric energy demand increases, the
peak in solar energy production occurs in June and has fallen off by about 10% in August.
August is when the Southwest experiences the warmest and most humid weather of the year, and
electric loads reach their peaks, driven by air conditioning demand.
The availability of heat energy storage and fossil fuel hybridization for thermal CSP plants
greatly enhances the value of the generating capacity in the energy market. For example, heat
energy storage allows the CSP plant to shift production and to target peak hours. Aside from
increasing the revenues for the plant during these high-price periods, the solar generating
capacity is now able to make other capacity in the market unnecessary. This is because with heat
storage the solar plant is able to "shave" the peak load. At times when the solar power plant does
not generate, the average load has already fallen off significantly.
Fossil fuel hybridization could be used similarly, but this would result in a large amount of
power generated by the CSP plant to come from fossil fuel. It is, therefore, more desirable to use
hybridization to boost output during cloudy days or during months of high electrical load, but
reduced sunshine. Hybridization could play an important role to add that extra little bit that the
sun can no longer produce, thus allowing the plant run at full capacity to meet contractual output
obligations or to maximize profits.
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Eliminating Intermittence
The intermittence of wind and solar are often cited as the key obstacles to the large-scale use of
these technologies. Output from a wind farm may vary not only from day to day, but also from
minute to minute. In top solar resource areas in the Southwest, cloud cover is relatively rare,
especially in the summer. According to the operators of the parabolic trough solar plants near
Kramer Junction, California, next-hour sunshine can be forecast very well. Thus, while solar
power is considered an intermittent resource the very good predictability of solar generation on
an hour-ahead, or even day-ahead. basis, simplifies the task of managing this resource.
Moreover, the ability of thermal CSP plants to use heat energy storage and hybridization to keep
a constant electric output from the plant, eliminates any concerns arising from intermittence.
Eliminating, intermittence provides great value to thermal CSP. It takes the uncertainty out of the
delivery of power, relieves concerns regarding electrical interconnection and transmission tariffs,
and improves the value of the plant to the owner. Solar power generated by CSP can provide a
renewable form of energy that is compatible with the needs of the power grid and consumers by
being reliable and dispatchable.

From "Concentrating" to "Competitive" Solar Power
As we have demonstrated, CSP technologies have all the characteristics required to play an
important role in meeting the energy needs of the Southwest. However, market conditions and
high up-front capital cost of these technologies continue to create a significant barrier to market
adoption. In this section we will show the current cost of CSP and indicate how today's cost
disadvantage of CSP may be overcome.
Cost of ConcentratingSolar Power
In Table 3, we show our estimate of the cost of electricity (COE) from a new CSP power plant.
At approximately 11 cents per kilowatt-hour (C/kWh), the COE from the lowest-cost CSP power
technology-parabolic troughs-still exceeds the average on-peak price of power in the
Southwest in the next 10 years by a factor of 2.5. Electricity from dish engine systems is
considerably more expensive, but dish systems have the advantage of a small unit size, thus

making it easier to built,the first unit.

Table 3. Cost of Electricity from New Concentrating Solar Power Plants
Ppp, oWog
yTCo
iofBt
qrot kU).
Parabolic Trough

11.0

Power Tower

11.5ý

Dsh Engine

27.9

NOTE First-year cost of electricity is the first year cost-of-electricity
expressed In plant start year dollars. Al plants in this analysis are assumed
to begin operation in 2004.
Source: Platts Research & Consulting
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Closing the Cost Gap
As our forecast of on-peak power prices in Figure 3 shows, on-peak power prices are expected to
range from 4 to 60/kWh over the next 10 years. This means that CSP technologies must be able
to deliver power at approximately 5C/kWh in order to be competitive in the Southwest. Thus, the
cost gap between CSP and the market price of power isat least 60/kWh. This is a formidable
gap; significant cost reductions through technology improvements, manufacturing learning, and
economies-of-scale will be required if new CSP plants are to be built using non-subsidized
private-sector capital. Fortunately, CSP technologies provide additional value beyond the
market price of power. When this value is quantified, the magnitude of the cost gap begins to
diminish.

Financial Value of Price Stability
CSP, like other renewable sources of power, provides an intrinsic hedge against price volatility."
As previously indicated, we anticipate that the desire to avoid price volatility will be one of the
primary drivers of renewable energy over the next decade. The value of price stability provided
by CSP can be estimated by examining the cost of "hedging" for gas-fired generation.
The exposure to short-term natural gas price fluctuations-the key driver of power prices in the
Southwest-can be mitigated through the use of physical hedges, such as long-term fuel supply
contracts, or through the use of financial instruments, such as swaps, options, or futures
contracts. Physical and financial hedging strategies are increasingly popular following the
extreme energy price spikes associated with the winter of 2000/2001. Approximately 40% of
utilities now use fixed-price contracts to hedge at least part of their supply portfolio.' 2 Half of
those hedged at least 50% of their supply.'3
Of course, physical and financing hedging is not free. Utilities must pay a premium to natural
gas suppliers to lock in gas prices. In the long run, this premium reflects the natural gas
supplier's cost of underground storage, which is the mechanism that suppliers use to meet the
obligations of fixed-price contracts. Typical storage costs range' 4 from $0.50-$1.00/MMBtu.
This corresponds to an increase in the cost of electricity of a gas-fired combined-cycle plant of
0.35 to 0.7¢/kWh. Given this cost, we believe that 0.50/kWh is a good proxy for the value of
price stability.
We note, however, that this value does not include the costs associated with increases in the
average price of natural gas (i.e., an upward trend in gas prices); it only accounts for the costs
associated with dampening the variation around the average. Yet, CSP-and 'other renewablesalso provide valuable insurance against longer-term rises in gas prices that are a result of
scarcity. The value of this "insurance policy," surely one of the most important advantages of
renewables, has yet to be quantified on a per-kWh basis.
Valuing "Green" Power
In the context of emerging retail competition, a growing number of electricity consumers are
given a choice of who supplies their power and how that power is generated. Today, more than
one-third of all consumers in the United States have an option to purchase some type of "green"
power product-that is, power from a renewable energy resource. In many cases, consumers
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choose to purchase green power. When consumers make this choice, they are willing to pay a
premium reflecting the higher cost of energy from renewables. We believe this premium should
be credited as a benefit to CSP. Analysis conducted by .the National Renewable Energy
Laboratory shows a national median retail green power price premium" of 2.50/kWh, which is a
good proxy for the value of the environmental benefits provided by CSP and other sources of
renewable power.
Again, we must remark that this proxy is likely to miss the true value of the environmental
benefits provided by renewable energy, which many argue is higher. Rather, the premium
reflects the willingness of consumers to pay for renewable energy resources. It does not
represent the costs of environmental impact of conventional sources of generation, which are
generally external to the economic system and are notoriously difficult to quantify.
Bringing Down Technology Cost
By taking the values of price stability and green power into account, the cost gap shrinks from 6
to 30/kWh. The remaining gap must be closed in order for CSP to play a role in meeting the
future energy needs of the Southwest. We have reasonable expectations that the remaining cost
gap can be eliminated through continued research and development (R&D, much of which
requires public sponsorship), production-related learning effects, and economies of scale.
Publicly sponsored R&D rapidly advanced CSP technologies in the aftermath of the energy
shortages of the 1970s, leading to the early commercial implementation of CSP in the mid1980s. Since then, research efforts have led to additional advances in system performance,
reliability, lifetime, and cost. The first CSP trough plants produced power for about 350/kWh (in
2002 dollars). Technology advances and learning have since dropped to the cost to I1 /kWh.
As new CSP systems are built, we expect the cost of electricity from CSP to decrease rapidly.
To estimate the impact of learning effects and economies-of-scale, we derived a learning curve
for new CSP technologies as a function of new capacity (Figure 10).. Our learning curve is based
on analysis of manufacturer-supplied production cost estimates and historical comparisons with
emerging technologies. Our analysis also indicates that the cost of energy will decline at a rate
of 6-8% for every doubling of new capacity. However, for this to occur, new CSP units must be
built; given the current size of the cost gap, this will require a package of policies designed to
stimulate near-term deployment.
Solar PoliciesAre Needed
Given the relatively high costs of new CSP systems today and the low market price of power, a
policy package will be required to stimulate private-sector investment in new CSP capacity.
Further, because CSP technologies are perceived as risky because of limited commercial
experience relative to conventional alternatives, the solar policy package must include both costand risk-reduction measures.
The 10% investment tax credit (ITC), which is currently available to solar and geothermal power
projects and the 10-year 1.80/kWh production tax credit (PTC), which is currently available to
wind and closed-loop biomass power projects, are examples of effective policies. The ITC
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.Figure 10. Estimated learning curve for concentrating solar power
provides cost reduction by allowing developers to write-off 10% of depreciable capital costs in
the year taken. The PTC provides a multi-year stream of tax benefits by allowing developers to
take a 1.80/kWh tax credit for all power generated in the first 10 years of project operation. The
PTC is generally more highly regarded than the ITC because it provides an incentive to produce
electricity. However, for CSP projects the ITC has been very successful. Every CSP plant that
was constructed during ITC availability is still under operation; and all of these plants have
experience substantial cost reductions throughout their lifetimes. Given the relatively high costs
of new CSP systems, a 30% ITC combined with a 1.80/kWh PTC would be required to make
CSP cost-competitive.
The U.S. government has a long history of providing risk-reduction measures in-support of new
energy technologies. Loan guarantees have been the principal means by which the government
has historically mitigated the risk of new energy investments. For example, a federal loan
guarantee program was successfully used in the late 1970s to support the deployment of
geothermal energy technologies. By sharing the risk of early geothermal development, the
geothermal loan guarantee program made private sector capital available and jump-started a
surge in geothermal development that lasted a decade. A similar program would be needed
today to attract private-sector lenders to CSP projects.
With the assistance of a policy package that contains a combination of cost- and risk-reduction
measures, CSP has the potential to reach cost competitiveness in the next decade. A package
that contains tax incentives and loan guarantees should attract private-sector debt and equity
capital to initiate the near-term deployment of new CSP systems. In the absence of such a policy
package, we are unlikely to see new CSP development in the next decade.

20

Endnotes
1These are the CAMX and AZMNV electric reliability regions of the North American Electric Reliability Council
(NERC).
2 Platts' NewGen database, release: 7/2002.
3 The prices shown in Figure 4 include both the energy and the capacity price paid to generators.
4 NewGen release 7/2002.
5 Excluded land and the corresponding buffers were 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 development of
renewable energy on their land.
6 These are the equivalent electric capacity factors of the solar field. However, in power tower and parabolic trough
technologies, the solar field can be oversize with regards to the generator. If excess thermal energy is stored then the
capacity factor of the generator can exceed the capacity factors listed here.
7 In addition to these technologies, Concentrating PV (CPV), a technology that uses a dish-concentrator or lenses to
concentrate light on high-efficiency PV cells, has recently surfaced as a promising solar technology. While
promising, the potential of this technology can only be assessed after additional research and development is
conducted.
8In molten-salt technology, salt is heated to a point at which it liquefies, hence the term molten salt.
9 See Platts Research & Consulting (PRC) (2002), Liquid Electricity:Flow BatteriesExpand Large Scale Energy
Storage Markets, E-Source DE-18, June 2002, Boulder, Colorado.
"0In premium solar resource area.
, The value of this hedge is diminished for any electricity generated by hybridization with natural gas.
12 American Gas Association (AGA) (2002), LDC Supply Portfolio Management Duringthe 2001-2002 Winter
HeatingSeason, July 2002, Washington, D.C.
13 AGA 2002.
14 Simmons & Company International (2000), UndergroundNatural Gas Storage, June 2000, Houston, Texas.
1s Swezey, Blair, and Lori Bird (2000), "Green Power Marketing in the United States: A Status Report, Fifth
Edition," National Renewable Energy Laboratory: Golden,'Colorado, NRELITP-620-28738.
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Chapter 2: The National Wind Resource

Q,•

This chapter describes the geographical distribution of the wind energy resource throughout the United States
and its territories, the certainty credited to the wind resource estimates, and the areal distribution (percentage
'and area) of the wind resource. Two types of national wind resource maps are provided: analyzed (Maps.2-1
throgh_Z-5.) and gridded (M.ap_-6 t__-hrsh_2-25). Five fold out analyzed maps of the annual and seasonal
average windresource precede 20 gridded maps at the end of this chapter. Gridded maps are of the annual and
seasonal average wind resource, the certainty rating of the resource estimates, and the areal distribution of the
resource. They are shown for the contiguous United States, Alaska, Hawaii, Puerto Rico, and the Virgin Islands.
Grid cells are 114' latitude by 1/3' longitude in the contiguous United States, 1/2' latitude by 1V longitude in
Alaska, and 1/S° latitude by 1/80 longitude in Hawaii, Puerto Rico, and the Virgin Islands.
Because of the large areal extent-of the Pacific Islands and the sparseness of the data for these islands, no wind
resource information was digitized for inclusion in the gridded maps. Also, these islands are not shown on the
analyzed maps (2-1 throughi--5), although a brief description of the estimated wind resource for these islands is
included in the map description on analyzed M__p_2-i. For information on the Pacific Islands, refer to Chapter 3
'or maps and descriptions of these areas. Also, refer to the wind energy atlas (Volume 1i) covering the Pacific
islands.
Chapter 1 provides information on how to interpret these maps. In the following discussions about the wind
power maps, many references are made to specific geographic locations. Refer to the regional and state maps in
CQh._aptgerl _ .:!_tAugh.-72. to identify unfamiliar locations.

Annual Average Wind Resource

• ~

Areas that are potentially suitable for wind energy applications (wind power class 3 and above) are dispersed
'hroughout much of the United States (Mgps 2-6_and_2-16). Major areas of the United States that have a
•otentially suitable wind energy resource include: much of the Great Plains from northwestern Texas and
eastern New Mexico northward to Montana, North Dakota,. and western Minnesota; the Atlantic coast from
North Carolina to Maine; the Pacific coast from Point Conception, California to Washington; the Texas Gulf
http://rredc.nrel.gov/wind/pubs/atlas/chp2.html
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coast; the Great Lakes; portions of Alaska, Hawaii, Puerto Rico, the Virgin Islands, and the Pacific Islands;
exposed ridge crests and mountain summits throughout the Appalachians and the western United States; and
specific wind corridors throughout the mountainous western states.
n the Great Plains, class 5 wind resource is found over elevated areas of North Dakota, such as the Pembina
and Missouri escarpments and Turtle Mountains, and the hilltops and uplands of the Missouri Plateau in
southwestern North Dakota and high plains in northwestern Montana near Cut Bank. Class 4 wind resource
exists over hilltops and uplands of eastern Montana and high plains in northwestern Montana, much of North
and South Dakota, the Sand Hills of Nebraska, western Minnesota, northwestern Iowa, the Texas Panhandle,
"orthwestern Oklahoma, southcentral Kansas and the Flint Hills of eastern Kansas, uplands of eastern Colorado,*
and parts of northeastern New Mexico.
Exposed coastal areas in the Northeast from Maine to New Jersey and in the Northwest southward to northern
California indicate class 4 or higher wind resource. Class 4 or higher wind resource also occurs over much of
the Great Lakes and coastal areas where prevailing winds (from the strong southwest-to- northwest sector) have
long, open-water fetch. Class 3 wind resource can be found along exposed coastal areas from Delaware to
North Carolina, much of the California coast north of Point Conception, and the Texas coastal areas from the
Mexican border northward to Galveston. Along many coastal areas, the abrupt increase of surface roughness
inland from the coastline because of vegetation and topography can rapidly attenuate the wind resource inland.
Notable exceptions occur along the Texas coast and Cape Cod in Massachusetts where the coastal wind
resource extends inland a considerable distance.
Many of the higher exposed ridge crests and mountain summits in the eastern and western United States
experience high wind resource, because mean upper-air wind speeds are strong over most of the contiguous
United States during much of the year. However extreme winds, icing, and inaccessibility caused by poor
weather and snow depths during the winter severely restrict the suitability of many of these areas for wind
energy development.
2..

In basins, valleys, and lowland plains throughout the mountainous regions, mean annual wind power is
generally low. During colder months, cold air often fills the basins and valleys, creating a vertical temperature
profile that frequently remains stable throughout the day because of low insolation. Under these stable surface
conditions, vertical mixing of the atmosphere is limited, and light surface winds usually persist in the lowland
areas, even though winds may be strong on riearby higher terrain. In warmer months, although insolation and
vertical mixing increase, mean wind speeds aloft are much lower than in colder months.
.However, high 'wind resource at relatively low elevations in mountainous regions can occur where the air flow
is channeled through constrictions or corridors that enhance the wind speeds. These wind corridors vary in
width from just a few kilometers to over 50 km (31 mi). On the natibnal maps, most of these wind corridors
appear relatively small in geographical extent and many are hardly noticeable among the vast expanse of
.iountain ranges in the western United States. However, because many of these wind corridors serve as primary
transportation corridors, they are easily accessible, in contrast to the higher mountain summits and ridge crests.
Moreover, weather conditions are not nearly as severe in these corridors as they are on the higher mountain
ranges. Thus, considerable, activity in wind energy development is taking place in many of these wind corridors
in the western United States. However, smaller scale terrain features within these corridors, combined with the
•rger scale channeling effects, cancause extreme local variability throughout many of these corridors and
Seomplicate the siting process.
Some notable corridors where class 4 or higher wind resource can be found are locatedin California, Oregon,
' Washington, Montana, and Wyoming. Isolated corridors with high resource may occur in some of the other
-tates where mountainous terrain exists. In California, several corridors through the CoastRange occur from
,ast of San Francisco southward to San Diego. Some of the notable corridors in California shown on the
national annual average wind power map are in the areas of San Gorgonio, Tehachapi, Altamont and Pacheco
" Passes and the Carquinez Straits. In addition to these passes, high wind resource occurs over some of the lower
ridges- of the Coast Range in southern California. In Oregon and Washington, the two most notable corridors are
http://rrede.nrel.gov/wind/pubs/atlas/Chp2.html
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the Columbia*River corridor, which extends about 200 km (124 mi) eastward from Portland; Oregon, and the
corridor in the vicinity of Ellensburg, Washington. In Montana, high wind corridors occur in the areas of
Livingston, Whitehall and Harlowton-Judith Gap. In Wyoming, a broad gap over 100 km wide (62 mi) through
.he Rocky Mountains creates the vast wind corridor of high wind resource in southern Wyoming.
In Alaska, high wind resource (up to class 7) occurs over the Aleutian Islands, much of the coastal areas of
northern and western Alaska, offshore islands in the Bering Sea and Gulf of Alaska, and over mountainous
areas in northern, southern, and southeastern Alaska. Basins and valleys in interior Alaska generally have class
. or 2 wind resource. A few corridors in interior Alaska are estimated to have high wind resource.
In Hawaii, interactions between prevailing trade winds and island topography determine the distribution of wind
power. On all major islands, trades accelerate over coastal regions at the island corners. The best examples are
regions of class 6 or higher wind'power On Oahu, Kauai, Molokai, and Hawaii.
fn Puerto Rico, class 3 or 4 wind resource is possible at sites along the northern and eastern coasts, which are
well exposed to the prevailing trade winds, and at higher peaks and ridges in the interior.
The Virgin Islands are shown on the gridded map but not on the analyzed map. Wind resource of at least class 3
is possible at well-exposed sites on the central ridges, the northern, eastern, .and southern coasts of St. Thomas,
St. John, and St. Croix, as well as the windward sides of the smaller islands.
For the Pacific Islands, which are not shown on either the gridded or analyzed annual maps, please refer to
CThapiqe..3 for maps and descriptions of these islands.

Seasonal Variations of the Wind Resource
Because there is considerable seasonal variation in the wind energy resource, with maxima in winter and spring
and minima in summer and autumn throughout most of the contiguous United States, assessments of the wind
energy resource have also been produced for each season. The geographical distribution of the wind resource
throughout the nation is portrayed for each of the seasons in Maps 2-12 through 2-15 and 2-22 through 2-25.
The Pacific Islands are not shown on the gridded or analyzed maps. However, a discussion of the seasonal
variations of the wind resource for these islands based on wind power values estimated from ship wind data is
included in this chapter. For*further information on these islands, refer to Chapterj3 of this atlas and Volume 11
of the wind energy atlas covering the Pacific Islands. The season of maximum wind energy is winter in most of
*Alaska and many of 'the Pacific Islands, and summer in Hawaii, Puerto Rico, and many of the Virgin Islands. A
substantial portion of the United States has class 3 or higher wind resource in spring and winter, whereas a
considerably smaller portion has class 3 and above wind resource in summer. The distribution of wind resource
.roughout the United States in winter, spring, summer, and autumn is described more completely in the
following four sections.
Winter Wind Resource (December, January, February)
.i winter, mean upper-air wind speeds are stronger than in any other season over most of the contiguous United
States. Class 3 and above wind resource can be found at exposed sites throughout most of the contiguous United
States except for the southeastern United States (excluding ridge crests), much of southern Texas, the basins and
valleys of the western United States, and heavily forested areas and sheltered valleys and basins of the
northeastern United States. Over the northern Great Plains, class 5 wind resource is found in winter over
-ortions of North and South Dakota. Class 5 and 6 resource occurs over portions of the high plains in
,iorthwestern Montana from Great Falls to the Canadian border. Class 4 wind resource covers a substantial part
of the northern Great Plains, including much of the Dakotas, hilltops and uplands of eastern Montana, and the
Sand Hills of Nebraska. The class 4 wind resource extends eastward into western and southern Minnesota and
much of Iowa, hilltops and uplands in southwestern Wisconsin, and a portion of 'central Illinois.
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Over the southern Great Plains, class 4 is prevalent over a portion of the Texas Panhandle, northwestern
Oklahoma, and southcentral Kansas. Class 4 also occurs over the Flint Hills of eastern Kansas, portions of
'astern Colorado, and extreme northwestern Kansas, and hilltops in northeastern New Mexico. A band of class
4 is estimated to exist along elevated areas of the Ozark Plateau in southern Missouri and over ridge crests and
mountain summits of.the.Boston and Ouachita mountains in western Arkansas and eastern Oklahoma.
Exposed coastal areas in the Northeast.and Northwest have class 5 or above wind resource in winter. Large
')ortions of the Great Lakes shorelines and islands are estimated to have class 5 or 6 wind resource in winter.
Class 3 or 4 wind resource can be found in winter along the coastal areas of much of central and northern
California, North Carolina, Virginia, Texas, parts of Louisiana, and the Florida Keys.
In the East, from Tennessee and North Carolina northward to Maine, many exposed uplands, hilltops, and lower
mountain summits are estimated to have class 4 wind resource in winter.
Many-of the higher exposed ridge crests and mountain summits in the eastern and western United States
experience as much as class.7 wind resource for a winter average. However, extreme winds, icing, and
inaccessibility caused by poor weather and snow depths during winter severely restrict the suitability of many
of these areas for wind energy development.
Although mean upper-air wind speeds are strongest in the'winter, mean wind speeds are generally low in basins,
valleys, and lowland plains throughout the mountainous regions. Cold air often fills the basins and valleys,
creating a vertical temperature profile that frequently remains stable throughout the day because of low
insolation. Under these stable surface conditions, vertical mixing of the atmosphere is limited, and light surface
winds usually persist in the lowland areas, even though Winds may be strong on nearby higher terrain. Thus,
basins, valleys, and lowlands throughout the mountainous regions generally have only class 1 or 2 wind
.,source in the winter.
However, high wind resource in the winter can occur in areas where cold air drainage from higher elevations to
lower elevations is channeled through constrictions or corridors that enhance the wind speeds. These wind
corridors vary in width from just a few kilometers to over 50 km (31 mi). Highest wind speeds are usually near
the coiridor outlets. Wind corridors that have class 3 and above wind resource in the winter are located near
*Portland (the western part of Columbia River gorge) and La Grande, Oregon; Strevell, Idaho, near the IdahoUtah border, about 120 km (75 mi) southeast of Twin Falls; Whitehall, Livingston, and Judith Gap, Montana;
Cody, Wyoming; Santa Fe, New Mexico; and Milford, Utah. Several corridors are found in southern and central
Wyoming, where prevalent high wind speeds are channeled and enhanced. An example of this is the area
around Medicine Bow, Wyoming, where prevailing westerly winds are channeled between the Medicine Bow
Mountains to the south and the Shirley Mountains to the north. This area has class 7 wind resource in the
-!inter.
Throughout most of Alaska, winter is the season of maximum wind power. Areas with winter maxima include
all of the southeast and southwest subregions, all mountain areas, and the west coast of southcentral Alaska.
Very high wind resource (class 6 and 7) in winter.occurs over the Aleutian Islands, much of the coastal areas of
•orthern and western Alaskai, offshore islands in the Bering Sea and Gulf of Alaska,and over some
Ahountainous areas in southern and southeastern Alaska. Basins and valleys in interior Alaska generally have
only class 1 or 2 wind resource. A few corridors in interior Alaska where the winds are channeled and enhanced
have high wind resource in winter.
*TQ Hawaii

during winter,.the trade winds are less frequent, though migratory anticyclones can produce strong
..ades for prolonged periods, Low pressure systems and intense cold fronts occasionally produce strong
southwesterly and westerly winds. However, these systems do not occur often enough to alter the basic power
-density distributions. Wind power is greatest on coastal comers exposed to prevailing trade winds. Each island
has some area of class 6 wind power. The Kohala and South Point areas on the island of Hawaii experience
wind power of class 7 as does Ilio Point on northwestern Molokai.

Q

(
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For the Pacific Islands, winter is the season of maximum wind power over much of the region. Winter in
American Samoa is June through August. Except for Guam (the largest Pacific Island), seasonal wind power
'alues are presented for the surrounding ocean areas only. Cold air outbreaks from the Asian winter monsoon
produce strong trade winds over the western North Pacific. Very high wind resource (class 6 and 7) is estimated
for the Marshalls, the Northern Marianas and the ocean area around Guam. Class 4 wind resource is estimated
for the southern mountains of Guam, while class 3 power is estimated for the rest of the island. Class 3 and 4
wind resource is estimated for the Carolines, which are located away from the major winter trade wind belts.
Class 4 power is estimated for American Samoa, which is exposed to winter trade winds. Wake, Johnston, and
Midway are estimated to have class 6 and 7 wind power.
Over Puerto Rico in winter, class 4 wind resource is estimated for the higher peaks and ridges in the interior.
Class 3 wind resource is predominant at sites along the northern and eastern coasts, which are well .exposed to
...the prevailing trade winds.
O6ver the Virgin Islands in winter, class 3 wind resource is estimated for exposed sites on the northern and
eastern coasts. Class 4 is estimated for some of the higher ridge crests on St, Thomas and St. John.
Spring Wind Resource (March, April, May)
In spring, the mean upper-air flow is weaker than in winter but remains quite strong over most of the contiguous
United States, although its strength decreases as spring progresses from March to May. Thus, in spring the wind
resource is generally less than in winter on mountain summits and ridge crests (except in the extreme southern
part of the Southwest) and exposed coastal areas of the Northwest, Northeast, and Great Lakes.

•

-Because
B
incoming insolation is greater in spring than in winter, temperature profiles are less stable, and more
J..,ertical mixing.in the suiface layer results than in winter. Therefore, near-surface mean wind speeds over the
valleys, basins, and plains throughout most of the United States west of the Mississippi River are generally
greater in spring than in winter. In the eastern third of the United States, mean wind speeds over the plains,
basins, and valleys in spring are about the same magnitude as in winter or only slightly less, even though mean
upper-air wind-speeds are considerably greater in winter than in spring.
In spring, the coastal regions exhibit the greatest thermal contrasts between land and sea. The combined effects
of weakened; but still significant, upper-air flow and regional, thermally'induced flow in the coastal areas
produce wind powers in the spring that exceed those in winter along much of the California coast and south
Texas coast and are comparable to those in winter along much of the southern Atlantic coast, the Gulf coast,
and the coastal areas of the western Great Lakes.
.." spring, class 3 and above wind resource occursat exposed areas throughout much of.the United States,
except the southeastern United States where class 3 and above is restricted to exposed mountain summits and
ridge crests in the Appalachians and coastal areas from North Carolina northward.
Over much of the central United States from eastern Montana to Minnesota and south to Texas, wind power
,-aches a maximum in the spring.Areas of highest wind resource over this region, class 6, occur in the northern
Great Plains over elevated escarpments and uplands throughout North Dakota, near Rapid City in South Dakota,
and uplands near Circle, 110 km (70 mi) north of Miles City in eastern Montana. Class 5 occurs over the high
plains of the Texas Panhandle, northwestern Oklahoma, and southcentral Kansas.
,reas pf southern and central Wyoming and northwestern Montana that had class 6 and 7 in winter decrease by
-ito 2 power classes in spring.
Exposed coastal areas along the Pacific coast (north of Point Conception, California) have class 4 power in
spring, and the wind power is accelerated to class 5 around more prominent capes such as Cape Blanco,
Oregon, and Cape Mendocino, California. Exposed coastal areas of the Northeast (from North Carolina north to
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Maine) have class 4 and 5 power, increasing to class 6 over Cape Cod and Nantucket Island, Massachusetts.
Class 4 and 5 resource occurs over much of the Great Lakes and their exposed coastal areas.
SAlong the south Texas coast, wind power in spring increases inland from class 3 over the outer coagtal
icreased convection from greater solar heating. These factors reduce the wind power at exposed mountain
locations from class 4 in winter to class 3 in spring.
Over the Virgin Islands, the trade winds weaken slightly in spring; thus, only class 2 wind power is typical of
exposed coastal locations on the windward sides of the three main islands and the smaller islands. Class 3 wind
"lower is estimated for some of the exposed ridge crests on the islands.
Summer Wind Resource (June, July, August)
In summer, wind speeds aloft diminish, and wind power is at its lowest over most of the United States.
4_lthough only class I or 2 wind power occurs over much of the contiguous United States, areas of class 3 or
.iigher wind resource occur over much of the northern and southern Great Plains, the Great Lakes, the south
Texas coast, the Pacific coast from southcentral California northward to Oregon, southern Wyoming, the wind
corridors in specific areas of California, Oregon, Washington, Montana, and Utah, and exposed mountain
:summits and ridge crests throughout the West. In the Northeast, class 3 wind power in summer can be found
over Cape Cod and Nantucket Island, Massachusetts, and exposed ridge crests in Vermont, New Hampshire,
and Maine:
Summer is the season 6f maximum wind.energy in Hawaii, Puerto Rico, the Virgin Islands, and parts of
California, Oregon, and Washington. In these regions, specific areas have high wind energy resource in the
summer.

(

A&long the West Coast, class 3 or 4 wind resource occurs at exposed coastal areas from Point Conception,
2alifornia, north through Oregon. Persistent, strong north-to-northwest winds, which occur during summer
along much of the West Coast, are associated with the summer anticyclone (high-pressure system) over the
eastern Pacific Ocean. The southern California coastline south of Point Conception has low wind power
potential, because it is 'sheltered from the strong northwest winds by the Transverse Range. Major coastal capes
that protrude into northerly flow experience the highest power, such as Cape Blanco and Cape Mendocino.
ConCa've coastal areas, which are typically located between the protruding capes, typically have low-tomargiial wind riesource (class 1rto 2) because they aresheltered from the strong northerly winds. The abrupt
increase in surface roughness inliand fromr the coastline, because of vegetation and topography, further slows the
wind.
High wind resource in the Pacific coast states occurs inland where strong surface-pressure gradients created by
the cold water and warm interior force marine air through the major gaps in the mountains into the interior.
.Jtrong, persistent winds occur during most of the summer in these wind corridors. Areas of class 6 or 7 wind
resource exist in summer where the topography funnels'or enhances the flow in these wind corridors. Several
wind corridors of this nature occur in California, such as Carquinez Straits, and Altamont, Pacheco, Tehachapi,
and San Gorgonio Passes. Two major wind corridors in the Northwest where areas of high wind resource occur
in summer are the Columbia Rier corridor along the Oregon-Washington border and the Ellensburg corridor in
Yashington.
In Alaska, although summer is the season of minimum wind power, class 3 and higher wind power can be found
along the Arctic coast, the western coast and islands offshore, over the Alaska Peninsula and Aleutian Islands,
Kodiak Island, and at a few interior locations. Some of the Aleutians and well-exposed capes on the western
=oast of Alaska even have class 6 or 7 wind resource in summer, the season of lowest wind resource.

0

Hawaii, summer is the season of maximum trade wind frequency and, in most regions, maximum wind
ý)'In
..
power. Trade wind steadiness (defined as the ratio of resultant mean speed to mean wind speed) is typically
90%; In each county, some regions experience class 7 wind power and significant sections class 6. These
http://rred

c..nrel.gov/wind/pubs/atlas/Chp2.ht8/42ml
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7or the Pacific Islands, summer is the season of minimum wind power over much of the region, with the
exception of Johnston Island where strong summer trade winds indicate class 6 wind resource. Class 4 and 5
wind power is estimated for the central and northern Marshalls, while class 3 wind power is estimated for the
Northern Marianas and the ocean area around Guam. Wind resource of only class 2 is estimated for the
mountains of.Guam with class 1 power estimated for the rest of the island. The near-equatorial trough
dominates summer weather over the Carolines and the southern Marshalls where the wind resource is estimated
.o be only class 1. The monsoonal trough of northern Australia extends eastward over Samoa where class 2
wind power is estimated. Wind power at Wake and Midway is estimated to be class 4 and 3, respectively.
Over Puerto Rico, the summer trade winds are well developed throughout the lower atmosphere, making this
the season of maximum wind power for most of Puerto Rico. Class 4 wind power can be found at exposed
,oastal sites on the northern and eastern coasts of Puerto Rico, on the windward sides of the outlying islands, at
the highest mountain tops in Puerto Rico and on the exposed hilltops of Culebra and Vieques.
Over the Virgin Islands, summer is also the season of maximum wind power, as trade winds are well-developed
throughout the lower atmosphere. Class 4 wind power is estimated for the ridgelines of St. Thomas and St.
John, the highest hills on St. Croix, at well-exposed coastal iocations, and on the eastern sides of the smaller'
islands.
Autumn Wind Resource (September, October, November)
In autumn, upper-air wind speeds increase as autumn progresses toward winter. Consequently, the mean wind
power is considerably greater in November than in September over much of the country. Throughout most of
*aecontiguous United States, the mean autumn wind resource is less than that of spring and winter but greater
than that of summer.
In the contiguous United States, class 3 or greater wind resource in autumn occurs along the coastal areas of the
Northeast (from.Cape Hatteras northward), Northwest, Great Lakes, and a portion of the Texas coast; exposed
mountain summits and ridge crests throughout the Appalachians and wdstern! mountains; most of the Great
Plains from northern Texas to North Dakota and Montana; and high plains and wind corridor areas in Montana
and Wyoming. Some of the wind corridors in California continue to have-high wind resource into the autumn.
In Alaska, autumn is the season of maximum wind power along much of the Arctic coast of northern Alaska,
which experiences class 6 and-7 average wind power in the autumn. During this season there are more frequent
migratory stormsand there is often open water early in the season..Some of the most severe stormsurges on the
leaufort coast have occurred in September and October. By the middle of November, the sea ice generally has
ccompletely covered both the Chukchi and Beaufort seas, reducing the temperature contrast (and hence storm
intensities) along the coasts. In other areas of Alaska, high wind resource in autumn occurs throughout the
Aleutian Islands and most coastal areas of western and southern Alaska, although the wind resource in autumn
*is generally less than that in winter in these areas.
mn-Hawaii, autumn is a transition period marked by a gradual weakening of the North Pacific anticyclone and
the first southward advances of cold fronts. Winds are weaker in autumn than in summer throughout the state.
Nevertheless, the Kahuku region of Oahu and the.Kohala mountains of Hawaii continue to experience class 7
wind power. The most dramatic wind power decrease is in northeastern Kanai, where Kilauea Point drops from
a summer rating of class 7 to class 3 in autumn. Even in this relatively weak wind season, regions of class 6
.Qind power densities exist in each county.
Over the Pacific Islands, the weakened winds of summer persist into autumn except for the Northern Marianas,
and Wake, Johnston, and Midway Islands where ship winds indicate that up to class 6 wind resource may be
present. On Guam, class 3 wind power is estimated for the southern mountains with class 1 power estimated for
the rest of the island. Class 3 wind nower ik e..timnteA
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Qf2 resource is estimated for the rest of the Pacific Islands.
Over Puerto Rico and the Virgin Islands, there is a marked decrease in the strength of the trade winds in the
autumn. In addition, sea-land temperature differences are less, thus reducing the sea breeze. These factors
combine to make autumn the season of minimum power. Only Cape San Juan, because of its excellent
exposure, experiences class 3 wind power.

Certainty of the Resource Estimates
The degree-of certainty with which the wind power class can be specified depends on three factors: the
abundance and quality of data; the complexity of terrain; and the geographical variability of the resource.
(AppendiPx-A. has a more complete description of certainty rating). A certainty rating of the. energy resource
.stimate from 1 (low) to 4 (high) has been made for each cell of a 1/40 latitude by 1/3' longitude grid in the
contiguous United States; 1/20 latitude by 1V longitude in Alaska, and 1/8' latitude by 1/80 longitude in Hawaii,
Puerto Rico, and the Virgin .Islands.
Maps 2-7 and 2-17 show the certainty rating of the wind resource estimates for the United States. The largest
area of certainty rating 4 in the contiguous United States occurs over the southeastern plains, from eastern North
Carolina southward to.Florida and westward to eastern Texas. A combination of factors (such as abundant
surface wind data from exposed locations, tower wind data at levels of 50 m to 100 m (164 to 328 ft) above
ground, small variability in the wind energy resource, and mostly flat to rolling terrain) indicate that this region
of the country has low wind energy potential, with a high degree of confidence, for current wind turbine
applications. Throughout this region, existing data indicate only class 1 wind power in the interior areas and
only class 2 at exposed coastal areas from Louisiana to Florida and Georgia.
Another area of generally high certainty ratings occurs in the upper Midwest from Illinois eastward to western
Ohio and southern Michigan. High certainty ratings have also been assigned to some of the major metropolitan
areas in the Northeast. The wind resource estimates for much of the upper Midwest and Northeast are primarily
based on abundant surface data from airfields and data from meteorological towers, ranging from 30 m to 200
m (98 to 656 ft) above ground, collected by utilities.
Areas.of high certainty or high-intermediate certainty have been assigned to specific areas along the Great
Lakes shorelines and the Northeast coast where the wind resource estimates are based on data collected near 50
m (164 ft) above ground and/or well exposed sites with data near 10 m (33 ft). For example, high certainties
have been assigned to the grid cells in the vicinity of the DOE candidate sites atMontauk Point, New York, and
Block Island, Rhode Island, because the wind resource values for these areas are based on approximately five
;ears of wind measurements, 45.7 m (150 ft) above ground at well-exposed sites.
Over the Great Plains (from northern Texas and eastern New Mexico northward to the Dakotas), areas of
highest certainty indicate specific areas where the wind resource estimates are based on wind data collected at
or near the 50-m (164 ft) level at exposed sites. Usually, these are sites with two years or more wind data, where
,ieteorological towers were instrumented specifically for wind energy assessment purposes. DOE instrumented
-many of these sites while others were established by the Alternative Energy Institute, Kansas State University,
or other organizations. Areas over the Great Plains with high-intermediate certainty (rating 3) generally indicate
areas where wind resource data exist at or near 10 m (e.g., 4 to 20 m above ground or 13 to 66 ft) at exposed
sites and/or where limited wind data exist near 50 m (164 ft). Because of some uncertainty in the nature of the
wind shear profile at specific sites, the wind resource at 50 m (164 ft) cannot be reliably estimated, with high
.onfidence, from data collected near 10 m (33 ft). For example, in some areas of the Great Plains, the nocturnal
wind shear is very strong such that these areas exhibit a strong nighttime maximum and daytime minimum in
the wind resource at 50 m (164 ft). In other areas of the Great Plains, this is not the case, as the height of
transition is considerably higher up. Existing data from meteorological towers in different areas of the Great
Plains show considerable variation in the wind shear profiles:
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In the West, high certainty areas are more sparse as a result of the overall greater complexity of the terrain and
lack of data in many areas. Even in many areas of the West where considerable data exist, such as Los Angeles
and San Francisco, California, and Denver, Colorado, the large spatial variability in the wind resource
eliminates a high certainty rating. Two large areas in the West with a high certainty rating are the San Joaquin
and Sacramento valleys in California and the Snake River valley in Idaho.
Most of the mountainous areas 'of the United States have certainty ratings of 1 or 2, as these areas generally had
ittle representative surface data and estimates for summits and ridge crests were primarily derived from free-air
measurements (e.g., weather balloons).
Over Alaska, certainty ratings are mostly low (1 and 2), primarily because of the complexity of the terrain over
most of the state and sparsity of data in many areas. However, some areas with high wind resource and high
"ertainty exist where representative surface data were available..
Over Hawaii, the distribution of certainty rating varies considerably from island to island. Certainty ratings are
mostly 2 and 3 over Oahu and the island of Hawaii, with certainty 4 in the vicinity of Honolulu, Hilo, and Kona.
Much of Maui and Molokai has complex terrain and/ or no historic data and, for these reasons, has mostly
certainty ratings of I and 2. In Kauai, ratings vary from 1 over the central mountains and northwest coast to 4 at
Lihue.
*Over Puerto Rico, the wind power estimates for most of the coastline perimeter have a certainty rating of 3
because of the quantity of wind data and the predictable nature of the trade winds near the coastlines. Wind
power in the entire mountainous interior of Puerto Rico has been assigned a certainty rating of 1, as there were
no wind data from exposed sites in the mountainous areas.
•~
*

ost of the Virgin Islands have been assigned a relatively low certainty of 2 as a result of the lack of data and
the complex terrain of these islands.
For the Pacific Islands, refer to Volume 11 of the regional wind energy atlases, Hawaii and the Pacific Islands'
(Shroeder et al. 1981),; for maps and discussion of the certainty ratings. Information for the Pacific Islands was
not digitized, because the islands are dispersed throughout vast areas of the Pacific Ocean.
Maps 2-8, 2-2, 2-18, and 2-19 show the certainty of the wind resource estimates in the United States for those
areas estimated to have an annual average wind resource of class 3 or greater and class 4 or greater,
respectively. Only a small fraction of the areas estimated to have class 4 or greater wind resource can be
assured, with high certainty, of having that resource. Except-for the Great Plains, most of the high wind resource
,stimates are in mountainous, hilly, or coastal areas where there is considerable spatial variability in the wind
resource. Especially in mountainous terrain, there was usually little surface data to verify the resource estimates
based largely on upper-air wind data.

Areal Distribution of the Wind Resource
Because the wind power class values shown on the wind resource maps apply only to areas well exposed to the
wind, the map area does not indicate the true -land area experiencing this power. The fraction of the land area
represented by the wind power class shown on the maps depends on the physical characteristics of the landsurface form. On a flat open plain, for example, close to 100% of the area will have a similar wind power class,
vyhile in hilly and mountainous areas the wind power class will only apply to a small proportion of the area that
.is well exposed.
The areal distribution of wind power is estimated by considering the percentage of land area that is well
exposed, moderately exposed, and poorly exposed in each land-surface form, as described in Appendix A. The
areal distributions have been determined for each cell of a 1/40 latitude by 1/30 longitude grid in the contiguous
.-.
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Virgin Islands.
rhe areal distribution is shown in Maps 2-10 and 2-20 for grid cells in which the annual average wind power is
class 3 or greater and in Maps 2-11 and 2-21 for power class 4 or greater. Grid cells where 80% or more of the
total land area has class 4 power are mostly located in the southern and northern Great Plains, coastal areas of
Texas, and scattered areas along the Northeast coast and Great Lakes. Throughout the Appalachians and
mountainous areas in the West, high wind resource only exists on a small fraction (I to 20%) of the land area.
rn many mountainous areas, only 2 to 5% of land area is estimated to be well exposed. The isolated grid cells
scattered throughout parts of California, Oregon, Washington, and Montana where class 4'power occurs over
more than 20% of the land area in the cell represent windy coastal strips or islands in the coastal areas and wind
corridors in the inland areas (such as San Gorgonio.Pass in California, the Columbia River and Ellensburg
corridors in Oregon and Washington, and the Whitehall and Livingston corridors in Montana). Over 50% of the
Iand area in much of southern and central Wyoming and the plains in northwestern Montana has class 4 or
.greater annual average wind power.
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The Southeast Region
The Southeast region consists of Alabama, Florida, Georgia, Mississippi, and South Carolina. The region's total
population in 1980 of 24,746,000 represents approximately one-tenth of the nation's population. Nearly threequarters of the people in the Southeast live on the East Coast from South Carolina to Florida. The major cities,
rivers, mountain ranges, and geographical features of the Southeast are shown in Map 3-34.
With the exception of the north-central portion of the Southeast region and a few scattered areas, the topography
is relatively low and flat. Roughly 41% of the topography in the Southeast is irregular plains, 41% is flat and
*;moothplains, and only 18% is tableland, hills, and low mountains, which lie in the north-central part of the
Southeast. The northern half of Alabama, the northern part of Georgia, and the far northwestern corner of South
Carolina have the most complex terrain of the region, with tablelands, hills, and low mountains.
There is little wind energy potential in the Southeast region' for existing wind turbine applications (Zabransky et
ql. 1981). Even along coastal areas, existing data from exposed sites indicate at best only class 2 at 50 m (164
ft) above ground. The only places in the Southeast region estimated to have class 3 or higher annual average
wind resource are the exposed ridge crests and mountain summits confined to northeastern Georgia and extreme
northwestern South Carolina, as described below. Maps of annual average wind power are presented in Maps 3.35through 3-39 for Alabama, Florida, Georgia, Mississippi, and South Carolina.
Mountains of South Carolina and Georgia
The exposed ridge crests and mountaintops of the southern Appalachians in extreme northwestern South
Carolina and northeastern Georgia have annual average wind power densities of class 3 to class 5. This area is
highly confined and represents an extremely small percentage of exposed land in the Southeast region.

Q

The South Central Region
The South Central region, consisting of Arkansas, Kansas, Louisiana, Missouri, Oklahoma, and Texas, is about
the same size as Alaska and equal to one-fifth the area of the 48 contiguous states. Texas has 45% of the area
and slightly more than 45% of the region's population. Over 40% of the people in the South Central region live
in the six metropolitan areas that have over one million inhabitants each. In order of decreasing population,
these are Dallas-Fort Worth, Texas; Houston, Texas; St. Louis, Missouri; Kansas City, Kansas; Kansas City,
Missouri; New Orleans, Louisiana; and San Antonio, Texas. The major cities, rivers, mountains, and national
parks of the South Central region are shown in Map 3-40.
The South Central region extends from the interior plains to the coastal plains with a few interior highlands in
the east-central part. The Mississippi River makes up most of the eastern boundary of the region as it flows
.;outh to the Gulf of Mexico. The only major portions of the region that are mountainous are the western tip of
Texas, and parts of Arkansas, Missouri, and extreme eastern Oklahoma.'
A substantial portion of the South Central region has class 3 or higher annual average wind power. The most
extensive area of wind resource includes most of Kansas, Oklahoma, and northwestern Texas, where a large
"raction of the land area is well exposed to power-producing winds. Other areas of significant wind resource in
the region include the Texas coast and exposed hilltops, ridge crests, and mountain summits in parts of southern
Missouri, Western Arkansas, eastern Oklahoma, and extreme western Texas.

(,

Since the completion of the regional wind energy atlas (Edwards et al.__981.), many new sites have been
instrumented to measure the wind resource throughout much of Kansas, western Oklahoma, and northwestern
Texas; Wind measurements at levels up to 46 and 50 m (150 to 164 ft) above ground have been taken at 16 new.
sites in this area. Four of these were sites instrumented for the DOE candidate site program. These were located
near Amarillo, Texas; Meade and Russell, Kansas; and Fort Sill, Oklahoma. Some other organizations involved
http://rredc.nrel.gov/wind/pubs/atlas/chp3.html
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Power from the Depths'
The Earth's crust is a bountiful source of
energy-and fossil fuels are only part of
the story. Heat or thermal energy is by far
the more abundant resource. To put it in
perspective, the thermal energy In the
uppermost six miles of the Earth's crust.:
amounts to 50,000 timesthe energy of all
oil and gas resources in the world!.
The word "geothermal" literally means
" Earth" plus 'heat." The geothermal
resource is the world's largest energy
. resource and has been used by people for
centuries. In addition, it is environmen* tally friendly. It is a renewable resource
'and can be used in ways that respect

c~)

rather than upset our planet's delicate
environmental balance.
Geothermal power plants operating
around the world are proof that the
Earth's thermal energy is readily converted to electricity in geologically active
areas. Many communities, commercial
enterprises, universities, and public facilities In the western United States are
heated directly with the water from
underground reservoirs. For the homeowner or building owner anywhere in the
United States, the emergence of geothermal heat pumps brings the benefits of
geothermal energy to everyone's doorstep.

.C.00")

U.S. geothermal power plants, such as this steam plant at The Geysers in California, have a total
generating capacity of 2700 megawatts, enough to provide electricity for 3.7 million people.

This document was producedfor the US. Department of Energy (DOE) by the NationalRenewable Energy Laboratory(NREL), a DOEnational laboratory.The
document was producedby the Technical InformationSev•ces Program,under the DOE Office of Energy Efficiency and Renewable Energy. The Energy Efficiency
andRenewable Energy Clearinghouse(EREC) Is operated by NCI Information SysteMsrInc. for NREL / DOE The statementscontainedherein arebased on
informationknown to EREC and NREL at the time of printing.No recommendation or endorsement of any product orservice is impliedif mentionedby EREC.
Printed with arenewabl-source Ink on papercontainrg at least 50% wastepapr. Incduding 20% postconsumer waste

The Basics
There's a relatively simple concept underlying all the ways geothermal energy is
used: The flow of thermal energy is available from beneath the surface of the Earth
and especially from subterranean reservoirs of hot water Over the years, technologies have evolved that allow us to
take advantage of this heat.
In fact, electric power plants driven by
geothermal energy provide over 44 billion
kilowatt hours of electricity worldwide
per year, and world capacity is growing at
approximately 9% per year. To produce
electric power from geothermal resources,
underground reservoirs of steam or hot
water are tapped by wells and the steam
rotates turbines that generate electricity.
Typically, water is then returned to the
ground to recharge the reservoir and complete the renewable energy cycle.
Underground reservoirs are also tapped
for "direct-use" applications. In these
instances, hot water Is channeled to greenhouses, spas, fish farms, and homes to fill
space heating and hot water needs.

Geothermal energy use extends beyond
underground reservoirs. The soil and
near-surface rocks, from 5 to 50 feet deep,
have a nearly constant temperature from
geothermal heating. As a homeowner or
business owner, you can use the Earth as a
heat source or heat sink with geothermal
heat pumps. According to the U.S. Environmental Protection Agency (EPA), geothermal heat pumps are one of the
nation's most efficient--*and therefore
least polluting-heating, cooling, and
water-heating systems available. In winter,
these systems draw on "earth heat" to
warm the house, and in summer they
transfer heat from the house to the earth,
which ranges in temperature from 500 to
70*F (100 to 21oC) depending on latitude.

A Clear Advantage
Geothermal energy delivers some powerful environmental and economic benefits.
If you live in an area that uses geothermal
resources for electricity production, you're
quite fortunate. Consider Lake County
California, which is home to many of the
geothermal power plants at our nation's
best-developed geothermal resource, The
Geysers. It's no coincidence that the Lake
County air basin is the first and only one
in compliance with all of California's
stringent air quality regulations.
Perhaps you own a greenhouse and need
to cut exorbitant energy bills in order to
stay in business. If you are located near a
geothermal resource, you should know that
most greenhouse growers estimate that
direct use of geothermal resources instead
of traditional energy sources reduces heating costs by up to 80%. This can save about
5% to 8% in total operating cost,
Assume you're a home or business owner
who has installed a geothermal heat pump.
You're not only doing your part to help
make the world a cleaner place to live and
breathe, you're rewarded with low operating and maintenance costs, and, usually,
lowest life-cycle costs. (Life-cycle cost is
the total cost of the equipment spread

over the useful life of the equipment) In

Geothermal power plants produce significantly less sulfur dioxide (SO2 ) and
carbon dioxide (CO 2 ) than do conventional fossil-fueled power plants.
2

practical terms, your heat pump investment may cost you $15 per month more In
mortgage payments, but it may save you
$30 per month on your electric bill.

In all three of these cases, domestic, not
foreign, resources are being used-a practice that has merits all its own. Nearly
half of our nation's annual trade deficit
would be obliterated if we could displace
imported oil with domestic energy
resources. A nation's trade deficit represents a permanent loss of wealth for the
citizens of that nation. Keeping the wealth
at home translates to more jobs and a
robust economy. And not only does our
national economic and employment picture improve, but a vital measure of
national security Is gained when we control our own energy supplies.

result from concentration of Earth's thermal energy within certain discrete regions
of the subsurface.
Hydrothermalresources are reservoirs of
steam or hot water, which are formed by
water seeping into the earth and collecting in, and being heated by fractured or
porous hot rock. These reservoirs are
tapped by drilling wells to deliver hot
water to the surface for generation of
electricity or direct use. Hot water
resources exist in abundance around the
world. In the United States, the hottest
(and currently most valuable) resources
are located in the western states, and
Alaska and Hawaii. Technologies to tap
hydrothermal resources are proven commercial .processes.
Geopressuredresourcesare deeply buried
waters at moderate temperature that contain dissolved methane. While technologies are available to tap geopressured
resources, they are not currently economically competitive. In the United States, this
resource base is located in the Gulf coast
regions of Texas and Louisiana.

Much of the western United States has geothermal resources suited to power
production (above 100') and direct uses (from 20°C and 150°C). The Gulf Coast
region contains geopressured resources, and the entire country is suitable for
geothermal heat pumps.

Types of Geothermal Resources
The center of the Earth Is 4000 miles (6400
kilometers) deep. How hot is this region?
Our best guess is 7200°F (4000°C) or
higher. Partially molten rock, at temperatures between 12000 and 2200°F (6500 to
1200°C), is believed to exist at depths of 50
to 60 miles (80 to 100 kilometers).
Heat Is constantly flowing from the
Earth's interior to the surface. Most types
of geothermal resources-hydrothermal,
geopressured, hot dry rock, and magma-

3

Hot dry rock resources occur at depths of 5
to 10 miles (8 to 16 kilometers) everywhere beneath the Earth's surface, and at
shallower depths in c6rtain areas. Access
to these resources involves injecting cold
water down one well, circulating It
through h'ot fractured rock, and drawing
off the now hot water from another well.
This promising technology has been
proven feasible, but no commercial applications are in use at this time.
Magma (or molten rock) resources offer
extremely high-temperature geothermal
opportunities, but existing technology
does not allow recovery of heat from

these resources.
Earth energyis the heat contained in solt
and rocks at shallow depths. This resource
is tapped by geothermal heat pumps.

Geothermal Power Plantsfrom Water to Light'

*Geothermalplants
emit minimal
amounts of carbon
dioxide--/lO00 t
7/2000 of the amoLmnt
produced by fossilfuel plants.

Flip a switch and light up a room-what
could be easier? Push a button on the TV
remote control and be entertained. It all
seems so simple that we are often
unaware of the true environmental and
social cost of these conveniences-and
who would want to give them up even if
we had to account for every penny?

* But rather than thinking in terms of giving
things up, let's think positively: in the
United States, right now, the installed generating capacity for geothermal stands at
about 2700 megawatts. That's the equivalent of about 58 million barrels of oil, and
provides enough electricity for 3.7 million
people. The cost of producing this power
ranges from 4C to 8C per kilowatt hour.
The geothermal industry Is working to
achieve a geothermal life-cycle energy cost
of 3t per kilowatt hour. And remember.
this is clean energy produced from domestic resources.
How clean? In terms of air emissions,
geothermal power plants have an inherent
advantage overfossil fuel plants because
no combustion takes place. Geothermal
plants emit no nitrogen oxides and very

low amounts of sulfur dioxide-allowing
them to easily meet the most stringent
clean air standards. The steam at some
steam plants contains hydrogen sulfide,
but treatment processes remove more thani
99.9% of those emissions. Typical emissions of hydrogen sulfide.from geothermal
plants are less than 1 part per billionwell below what people can smell. The
low levels of air emissions produced are
mostly carbon dioxide, which many
people believe acts as a greenhouse gas
to trap heat within Earth's atmosphere.
Even so, geothermal plants emit minimal
amounts of carbon dioxide--I/1000 to
1/2000 of the amount produced by fossilfuel plants.
Geothermal water sometimes contains
salts and dissolved minerals. In the United
States, the geothermal water Is usually
injected back Into the reservoir from where
It came, at a depth well below groundwater aquifers, after its heat energy has,
been extracted. This recycles the geothermal water and replenishes the reservoir.
However, some geothermal plants also
produce some solid materials, or sludges,
that require disposal in approved sites.
All U.S. geothermal power plants are
located in the states of California, Nevada,
Utah, and Hawaii-home to someof the
most majestic scenery on Earth. It's fortunate, then, that these plants consume only
a small amount of land, and can coexist
with numerous other land uses, including
agriculture, with minimal impact on the
surrounding beauty.

They're reliable and efficient, too. Taken as
a group, geothermal power plants are
available to generate power 95% or more
of the time; they are seldom off-line for.
maintenance or repair. And, they have the
highest capacity factors of all types of
power plants. Capacity factor is the ratio
of the amount of electricity a plant produces to how much electricity it is capable
of producing.

A dry steam power plant draws steam from a hydrothermal production well
and sends it to a turbinelgenerator. The steam turns the turbine to generate
electricity and is then condensed and returned to the geothermal reservoir via
an Injection well.
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Dry Steam Power Plantswere the first type
of geothermal power plant (in Italy in
1904). The Geysers in northern California,
which is the world's largest single source
of geothermal power, Is also home to this
type of plant. These plants use the steam

as It comes from wells in the ground, and

direct it into the turbine/generator unit to
produce.power.
Flash Steam PowerPlants,which are the
most common, use water with temperatures greater than 360"F (182"C). This very
hot water Is pumped under high pressure
to equipment on the surface, where the
pressure Is suddenly dropped, allowing
some of the hot water to "flash" into
steam. The steam Is then used to power
the turbine/generator. The remaining hot
water and condensed steam are injected
back into the reservoir.

i
A flash steam power plant draws hot water from a hydrothermal production
well to a flash tank where a drop In pressure "flashes" the water to steam. The
steam turns a turbine/generator that generates electricity. The steam Is then
condensed and, with any hot water not flashed to steam, returned to the
geothermal reservoir via an Injection welL

Binary Cycle Power Plantsoperate on the
lower-temperature waters. 225" to 360°F
(107* to 182°C). These plants use the heat
of the hot water to boil a 'working fluid."
usually an organic compound with a low
boiling point. This working fluid is then
vaporized In a heat exchanger and used to
turn a turbine. The geothermal water and
the working fluid are confined to separate
closed loops, so there are no emissions
into the air..
Because these lower-temperature waters
are much more plentiful than hightemperature waters, binary cycle systems
will be the dominant geothermal power
plants of the future.
Developing and commercializing geothermal power technologies contributes not
only to a cleaner environment, but to a
healthy U.S. industrial base, as well.
Around the developing countries of the
world, demand for electric power is burgeoning-and nearly half of these countries have geothermal resources. These
*markets have proven particularly receptive to clean energy produced with
indigenous resources, creating attractive
export options for geothermal technologies and expertise. In fact, U.S. geothermal
companies have signed contracts worth
more than $6 billion in the past few years
to build geothermal power plants in some
of these developing countries.

Using two closed loops, a binary cycle power plant pumps hot water from a
hydrothermal production well to a heat exchanger where the geothermal water
Is used to boil a working fluid. The resulting working-fluid vapor turns a
turbine/generator that generates electricity. After passing through the heat
exchanger, the geothermal water Is returned to the reservoir via an Injection
well. and the working-fluid vapor Is condensed and recirculated through the
working-fluid loop.
5

Direct Use of Geothermal Energy
If you've ever soaked in water from a natural hot spring, you're one of the millions
of people around the world who has
enjoyed the direct use of geothermal
energy. And while this naturally occurring
hot water may be the perfect tonic for
frayed nerves and sore muscles, it's capable of much more.

The Mllgro Nurseries' greenhouse near New Castle. Utah, Is one of approximately
40 greenhouses nationwide that benefit from the direct use of geothermal energy.

The consumer of
direct-usegeothermal
energy can reduce
fuel costs by as much
as 80%, depending

on the applicationand
the industry.

In the United States alone, direct geothermal applications (not including geothermal
heat pumps) have an Installed capacity of
500 thermal megawatts, which is roughly,
equivalent to saving half a million barrels
of oil per year. This Includes approximately 40 greenhouses'., 30 fish farms, 190
resorts and spas, 125 space and district
heating projects, and 10 industrial projects.
The resource required for these applications is widespread across the western
third of the United States. This is water in
an underground reservoir, at low-to-moderate temperatures usually ranging

from 68* to 302"F (20* to 150"C). The consumer of direct-use geothermal energy can
count on savings In energy costs-as
much as an 80% reduction from traditional fuel costs, depending on the application and the industry. Direct-use

systems typically require a larger initial
Investment, but have lower operating
costs and no need for ongoing fuel purchases, therefore reducing life-cycle costs.

6

In a typical application, a well brings
heated water to the surface; a mechanical
system-piping, heat exchanger, controls-delivers the heat to the space or
process; and a disposal system either
injects the cooled geothermal fluid undergrbund or disposes of It on the surface.
The direct use of geothermal energy offers
some heartening possibilities. Imagine an
entire community of people having their
homes heated geothermally. Sound like
something way off In the future? Not at
all. In 1893, the citizens of Boise, Idaho,
put their pioneering spirit to work and
built the world's first geothermal district
heating system by piping water from a
nearby hot spring. Within a few years, the
system was providing heat to 200 homes
and 40 downtown businesses-and the
system continues to flourish today.
There are now 18 district heating systems
in the United States (including one in Kiamath Falls, Oregon, that melts snow from
the city's downtown sidewalks), and the
potential for more is tremendous. A
recently updated resource Inventory of 10
western states identified 271 communities
located within 5 miles (8 kilometers) of a
geothermal resource.
Greenhouse operators are taking advantage of geothermal direct use in growing
numbers, with nearly 40 greenhouses
(many of which are several acres in size)
producing vegetables, flowers, houseplants, and tree seedlings in eight western
states. Operators of fish farms are profiting from the lower energy costs and
improved fish growth rates that geothermal energy delivers. Other industrial
and commercial applications that match
well with geothermal direct use include
food dehydration, laundries, gold processIng, milk pasteurizing, and swimming
pools and spas.

The Heat Pump Solution
The geothermal heat pump doesn't create
electricity-but It greatly reduces consumption of it. If you would like to reduce
the cost of heating and cooling your home,
you might want to consider Installing a
geothermal heat pump, an economical and
enery-efficient technology for space heating and cooling and water heating.
Nationwide, more than 350,000 of these
systems are in operation in homes,
schools, and businesses. And the geothermal heat pump industry expects to be
installing 40,000 systems per year by 2000.

The number of
satisfiedgeothermal

In winter,'heat pump systems draw thermal energy from the ambient temperature
of the shallow ground, which ranges.
between 500 and 70°F (100 to 21*C)
depending on latitude. In summer, the
process is reversed to a cooling mode,
using the ground as a sink for the heat
contained within the building. The system
does not convert electricity to heat; rather,

it uses electricity to move thermal energy
between the building and the ground and
condition it to a higher or lower temperature according to the heating or cooling.
requirements. Consumption of electricity
is reduced 30% to 60% compared to traditional heating and cooling systems, allowing a payback of system installation in 2 to
10 years. And these low-maintenance systems have long lives of 30 years or more.
Some systems are also capable of producing domestic hot water at no cost in summer and at small cost in winter.
An analysis by the EPA found these systems to be among the most efficient spaceconditioning technologies available-with
the lowest environmental cost of all that
were analyzed. But this might be the most
compelling statistic: Sui-veys show that the
number of satisfied geothermal heat
pump customers stands at 95% or higher.

heat pump customersS
stands at 95% or
higher.

Geothermal heat pumps use the stable temperature of the shallow ground as a
heat source to warm buildings in the winter and as a heat sink to cool them in
the summer.
7

Source List
The follow'ing organizationsserve as excellent resourcesfor

Geothermal Energy Association

informationon geothermalenergy and its various applications.

122 C Street, N.W., Suite 400

Washington, DC 20001

U.S. Department of Energy (DOE)
Office of Geothermal Technologies, EE-12
1000 Independence Ave., S.W.
Washington, DC 20585-0121

(202) 383-2676
http://www.geotherm'org
Serves as the trade association for U.S. companies that support
the use of geothermal resources worldwide. Assists the U.S.
geothermal industry in the export of goods and services; interacts with federal entities, the financial community and environmental and other renewable energy groups; and provides
education, outreach, and publications about geothermal energy.

(202) 586-5340
http://www.eren.doe.gov/geothermal/
Sponsors research to develop geothermal science and technology. and works closely with industry to develop advanced
technologies and help commercialize research discoveries.
Publishes brochures and newsletters focused on geothermal
energy and applications.

Geothermal Heat Pump Consortium, Inc.
701 Pennsylvania, NW
Washington, DC 20004-2696

Energy and Geoscience Institute
423 Wakara Way. Suite 300
Salt Lake City, UT 84108
(801) 581-5126
http://www.egl.utah.edu/
Conducts applied geoscience research pertaining to geothermal resources, fossil fuels, minerals, and environmental assessment; works cooperatively with universities, government
agencies, national energy companies, and a global network of
collaborating scientists. The institute has a professional staff of
more than 40 scientists and engineers.

(202) 508-5500
http://www.ghpc.org/
Provides extensive Information regarding geothermal heat
pumps. Web page contains case studies, published articles, list
of service providers, and workshop schedules and locations.
The consortium, established under President Clinton's
'Climate Change Action Plan," has broad-based support and
participation from DOE, the utility sector, and geothermal
associations and manufacturers.

Geothermal Resources Council
2001 Second Street, Suite 5
Davis, CA 95617-1350
(916) 758-2360
'http://www.demon.co.uk/geosci/grcdoc.html
Publishes a monthly bulletin (11 issues a year); provides
videos, maps, and posters. Develops and convenes special
meetings, workshops, conferences, courses, and symposia on a
full range of subjects pertaining to geothermal exploration,
development, and use. Periodically schedules a basic introductory course on geothermal energy.

The Energy Efficiency and Renewable Energy
Clearinghouse (EREC)
P.O. Box 3048
MerrifieldVA22116
(800) DOE-EREC (363-3732)
E-mail: doe.erec@nciinc.com
"
Provides free general and technical Information to the public
on the many topics and technologies pertaining to energy efficiency and renewable energy.
Geo-Heat Center
Oregon Institute of Technology
3201 Campus Drive
Klamath Falls, OR 97601-8801
(503) 885-1750
http://www.oltosshe.edu/-geoheat/Provides technical information regarding direct-use geothermal energy to consultants, developers, potential users, and the
general public;: information has been developed through extensive research and firsthand experience with hundreds of projects. Publishes a quarterly bulletin. The center's resources are
available to the public through the auspices of DOE.

International Geothermal Association

Geothermal Education Office
664 Hilary Drive
Tiburon, CA 94920
(800) 866-4GEO
http://geothermal.marin.org
Focuses on helping students learn about geothermal energy.
Provides K-12 teachers and other interested parties with free
booklets, posters, global statistical maps, and reference material.
A grade school video, activity-packed curriculum .and a high"
school video with curriculum supplement are available at cost.

International Ground-Source Heat Pump Association
490 Cordell South
Stillwater, OK 74078-8018
(405) 744-5175

c/o Institute of Geological and Nuclear Sciences
Wairakel Research Centre, Private Bag 2000
Taupo. New Zealand

64-7-374-8211
http://www.demon.co.uk/geosd/igahome.html
Publishes the "IGANews" (quarterly). Provides information
about geothermal Industry associations worldwide. Encourages the development and use of geothermal resources worldwide through the compilation, publication, and dissemination
of scientific and technical data and information. Organizes the
international geothermal congress every five years.

(800) 626-4747

http://www.igshpa.okstate.edu/
Established In'1987 to advance geothermal/ground source heat
pump technology on a local, state, national, and international
level Publishes "The Source," a bimonthly newsletter. Sponsors the annual Geothermal Heat Pump Technical Conference
and Expo. Offers numerous booklets and brochures for contractors, homeowners, students, and the general public.
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Solar Maps
United States Solar Atlas
This map Interface accesses monthly average solar resource
Information for any given location in the United States. It also
provides access to spreadsheets giving average monthly radiation
for 14 different types of solar collectors. Data for individual
collectors Is also available for fixed, flat-plate (photovoltaic)
collectors on five different orientations. Added features Include a
zoom tool which allows the user to zoom to zip codes and
latitude/longitude locations. See the US Solar Atlas. (If you have
pop-up blockers enabled, the PVWATTS Version 2 applicationon
this Web site will not work properly. To fix this, you can go to your
tool menu and allow popups from the mapseverl.nrel.govsite.)
PVWATTS Version 2
PVWATTS calculates electrical energy produced by a grid-connected
photovoltaic (PV) system. Researchers at the National Renewable.
Energy Laboratory developed PVWATTS-to permit non-experts to
quickly obtain performance estimates for grid-connected PV
systems within the United States. To access this calculator, go to
PV._WT_ _Yer.lon 2. You can obtain more information on the
PVWATTS calculator at Learn More. (If you have pop-up blockers
enabled, the page displaying the calculator will not launch properly.
To fix this, you can go to your tool menu and allow popups from
the mapseverl.nrel.gov site.)
PV Solar Radiation (Flat Plate, Fa.cing South, Latitude Tilt)
Maps (jpeg images ranging in size from 260-273kb)
These maps provide monthly average daily total solar resource
information on grid cells of approximately 40.km by 40 km in size.
The insolation values represent the resource available to flat plate
collector, such as a photovoltaic panel, oriented due south at an
-angle from horizontal equal to the latitude of the collector location.

Read mor~e.

Annual (JPG 263 KB)
January (JPG 256 KB)
February (JPG 267 KB)
March QP 27Z K5_)
April (JPG 270 KB)
-May (,pG 267 KB)
June (JP.G 261 KB)

July (JPG 267 KB)
August (JPG 269 KB)
September (JPG 273 KB)
October (JPG_268 KB_)
November (IPG 262 KB)
December (JPG 260 KB)

Direct Normal Solar Radiation (Two-Axis Tracking
Concentrator) Maps (jpeg Images ranging in size'from 268-

299kb)
These maps provide monthly average .daily total solar resource
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Department of Energy Selects OUC, Southern Company
to Build Clean Coal Technology Plant
ORLANDO - The U.S. Department of Energy announced today it has selected the
Orlando Utilities Commission - along with Southern Company - to build a $557
million, advanced coal gasification facility in Central Florida as part of the
department's Clean Coal Power Initiative.
The 285-megawatt plant will be built at OUC's Stanton Energy Center near Orlando
and will gasify coal using state-of-the-art emissions controls, showcasing the cleanest,
most efficient coal-fired power technology in the world. The DOE will contribute $235
million and OUC and Southern Company will contribute $322 million.
"For Central Florida, this is an environmental milestone," said Tommy Boroughs,
Commission president for OUC. "OUC has been an industry leader in providing
reliable and affordable power, while also using state-of-the-art environmental power
production technologies. We are proud to continue our efforts in partnership with the
Department of Energy and Southern Company in the Clean Coal Power Initiative."
The expected date for commercial operation is early 2010 and groundbreaking
sometime in 2007. OUC and Southern Company will co-own the project.
'This project is a prime example of our Administration's desire to develop cutting-edge
technologies to help meet our nation's future energy needs," said Department of
Energy Secretary Spencer Abraham. "Advancing the technology for clean coal will go
a long way toward giving us control of our energy future, and it will be an important
part of safeguarding the environment for future generations.
"Clean energy technologies like those pioneered here mean jobs for this region,
including high-tech, highly skilled jobs. Estimates suggest this project will account for
more than 1,800 jobs which will help continue the expansion of Orlando's economy."
With a longstanding commitment to the environment - and a history of operating
power plants that are among the cleanest in the nation - OUC has invested more than
$200 million in state-of-the-art environmental protection equipment to safeguard the
air, water and quality of life in Central Florida.
The new coal gasification project will turn coal into gas for generating electricity while
significantly reducing emissions of sulfur dioxide, nitrogen oxides and mercury. In
addition, the technology produces 20-25 percent less carbon dioxide, on average,
than coal-based generation in place today.
"This clean coal project is good for Florida's environment and quality of life, it is a
strong boost to our economy as a direct source of job creation, as well as increased
power to fuel future Florida businesses, and it improves the security of our energy
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supplies," Florida Governor Jeb Bush said. "Clean, advanced energy technologies are
the future of energy in this state and this country."
The project was one of two selected to demonstrate advanced power generation
systems using Integrated Gasification Combined Cycle (IGCC) technology, a variation
on a natural gas-fired combined cycle power plant in which a coal-derived gas
(produced by the coal gasifier) replaces the natural gas. In a combined cycle plant two
power generators, or cycles, are used in combination to generate electricity in a very
efficient manner.
The gas from the coal is first passed through a gas turbine to generate electricity; then
the hot gas leaving the turbine is used to heat water to produce steam to power a
steam turbine and generate electricity a second time. This approach increases the
amount of electricity that can be generated from a ton of coal and does so in an
environmentally sound manner. IGCC promises dramatically increased efficiency and
reliability, improved environmental performance, reduced capital and operating costs,
and flexibility to process both high- and low-rank coals.
"We're excited about the opportunity to work once again with the Orlando Utilities
Commission," said Paul Bowers, president, Southern Company Generation and
Energy Marketing. 'We already jointly own a 600-megawatt, combined cycle facility at
the Stanton Energy Center with OUC and others, and this new project demonstrates a
strong partnership in helping meet the growing energy needs of Florida and the•
nation."
With more than 4 million customers and nearly 39,000 megawatts of generating
capacity, Atlanta-based Southern Company (NYSE: SO) is the premier super-regional
energy company in the Southeast and a leading U.S. producer of electricity. Southern
Company owns electric utilities in four states, a growing competitive generation
company, an energy services business and a competitive retail natural gas business,
as well as fiber optics and wireless communications. Visit the Southern Company Web
site at www.southerncompgany.corm.
Establishedin 1923 and owned by the citizens of Orlando,OUC-The Reliable One
provides electric and water services to more than 190,000 customers in Orlando, St.
Cloud andparts of unincorporatedOrangeand Osceola counties. OUC is the secondlargestpublic power utility in Florida.
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Introduction

-

The interests of the people of Indiana are intimately linked with coal. The state is a major
coal producer with large reserves. Over 95% of electricity produced in the state comes
from coal, which is a major reason average state electricity prices are among the nation's
lowest [1]. The state's steel industry, which out produces all other states, consumes large
quantities of coke derived from coal [2].
Future use of coal in both Indiana and the U.S. as a whole has the powerful attraction of
relatively low cost and high domestic availability.

However, currently. prevailing-

technologies make coal a major contributor to air pollution and the risk of global climate
change, which:.has..severely limited interest in expanding its use and posed serious
financial and.other risks to proposed new ventures.
The solution may lie in Clean Coal Technologies (CCTs) -- emerging methods for using
coal with substantially reduced emissions.•. The •CCT term itself raises considerable
controversy because traditional Pulverized Coal (PC) plants are not usually considered
clean coal technology, yet their emissions can be substantially reduced at the cost of
adding various flue gas cleanup -processes and other enhancements. This project will
strike a balance by placing special emphasis on Integrated Gasification Combined Cycle
(IGCC) technology, which has the promise for near-zero emissions,. while also including
Supercritical, and other pulverized coal enhancements that may be useful in many
contexts.

..

...........

.

This Interim Report is the first of two to be submitted under the Purdue Energy Research
Modeling Groups (PEMRG) topic J2 scoping study on ."Factors that Affect the Design
and Implementation of Clean Coal Technologies in Indiana." The study is funded by the
Center for Coal Technology Research (CCTR) for the period from March 1 through
November 30,2005...
Working with a variety of expert advisors, Purdue University is leading this investigation
of how emerging.CCT. solutions can -be shaped and encouraged within Indiana to best

serve the needs of the people of the state., Emphasis is onhow CCT technologies could
be integrated into new and repowered electricity., plants serving the. state in order to
minimize cost and investment risk from technology and emerging environmental
standards, while increasing the environmentally responsible use of Indiana's coal. Other
products and byproducts produced along, with electricity are also discussed briefly,
including fertilizer, diesel fuel, and coal combustion residues.
Project Tasks 1 and 2, which are the topic of this report, are collecting in a single source
all the relevant considerations-. One dimension is properties of the available CCT
technologies for both new and repowered electricity plants. Among those are maturity of
the technologies, preferred fuels, estimated costs, suitability for scaling and retrofit,
pollution removal, reliability/availability, chemical production, and external R&D
funding. The other dimension is the Indiana environment for CCT. Concerns include the
available categories of state coal resources, the utility and environmental regulatory

I

climate, the available human infrastructure for CCT research and implementation,
projected electricity demand growth, the existing power gas and transportation grids, and
the legacy boiler population.
The remainder of the project, leading to the Final Report in November, will study how
those technology and state environment: issues relate and interact to encourage-or
discourage Indiana use of the various-CCT technologies, including their consequences on
the use of Indiana coals. - Some plausible scenarios for the role of CCT. in power
generation across the state over the next 10-20 years will be developed arid used with
other results to inform and focus the analysis required in the two elements of the Final
Report: a- Public/Private Action Plan to proceed on agreed findings, and a CCTR
Research Plan for investigating vital issues for CCT in Indiana about which too little is
now known.
The authors of this report welcome any comment or further information on the issues
discussed that should be reflected in analysis leading to the final report. Such comments
may be emailed to pemrg@purdue.edu.
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.Dimension One:
Clean Coal-Technology Options
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1.01

Clean Coal Technology Overview

This section gives a general description of some of the competing technologies that will
shape the future of coal utilization. Although traditional pulverized coal plants are
generally not considered clean coal technologies, it is discussed in this section because of
its historical value and, when proper post-combustion clean up is used on a pulverized
coal plant, they may be considered clean. The clean coal technologies that will be
discussed include flue gas recycling, supercritical pulverized coal (SCPC), circulating
fluidized bed (CFB), and integrated gasification combined cycle (IGCC). Although the
list is not exhaustive it represents the technologies that are most likely to take the lead in
forging a successful charge to the coal utilization of tomorrow.
A. Pulverized Coal
A simplified diagram of a pulverized coal power plant is shown in Figure 1.01a.
Pulverized coal power plants have been around for many decades and have become the
backbone of the electrical power industry in the US. In a pulverized coal power plant,
finely ground coal is fed into a boiler with air where it is combusted, releasing the coal's
chemical energy in the form of hbat. The heat is used to produce steam from the water
running through tubes in the boiler walls. The high temperature, high pressure steam is
then passed through a steam turbine which is connected a generator to produce electricity.
After the steam passes through the turbine, it is cooled and condensed back to liquid
before it runs back into the tubes of the boiler walls where the cycle (the Rankine cycle)
starts over again. Many different types of coal may be used in a pulverized coal system,
but the complexity and price increase substantially for systems designed to bum multiple
coals [1].
Historically, pulverized coal power plants have been justifiably maligned for poor
environmental performance. Coal used in a pulverized coal plant must be cleaned of
most of the sulfur compounds and ash before being burned in a boiler. Even then, they
produce substantial amounts of sulfur dioxides and nitrous oxides, the principle culprits
of acid rain. With increasing legislation on such emissions, pulverized coal power plants
have been forced to use low sulfur, low heating value coals from the Powder River Basin
in order to meet governmental regulations, or use costly post combustion technologies to
reduce emissions.
Post combustion gas clean-up in pulverized coal plants can require large capital
investments. Different equipment is needed to remove harmful pollutants before the gas
is released into the environment. Particulate matter must be removed by electrostatic
precipitators (ESP's) or bag filters, SO2 is controlled by the addition of a flue gas
desulpherizer (FGD) or spray dry scrubber, and NOx emissions can be reduced through
the use of selective catalytic reduction (SCR). For plants with low residual value low
cost options such as selective non-catalytic reduction (SNCR) may be used.

4

With C0 2 legislation looming on the distant horizon many have speculated that the cost

of pulverized coal plants will be too large with the addition of C0 2 capture equipment
(amine scrubbers).. There are'other technologies that may be added to pulverized coal
technologies that can make them quite cost competitive. The major problem with CO 2
capture in combustion plants is that at atmospheric pressure the CO 2 is only about. 2025% of the combustion products whichwould be required to be cleaned.
B. Flue Gas Recycling
Flue gas recycling (Figure 1.01b) is a process in which the CO 2 in the'post-combustion
products is concentrated !(possibly at high pressures) by recycling the flue gas back into
the oxygen stream from an air §ep.arntion: plant. Typical concentrations of CO 2 in these
product stream are as high as 80-85%, which facilitates easier capture of CO2 and reduces
the level of all emissions per unit energy generated..
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C. Supercritical Pulverized Coal
Although pulverized coal plants have been around for some time, there have been some
recent advances in materials and technology to the point where some considerable
improvements have been made. Supercritical pulverized coal plants are essentially the
same as pulverized coal plants, but they operate at much higher temperatures and
pressures. This makes it possible to have higher efficiencies and lower emissions per unit
of energy produced. The diagram for a basic supercritical pulverized coal plant is the
same as that of a subcritical pulverized coal plant and BOILE::,:
is given in Figure 1.01 a.
Substantial iprriiovemients in emissions are limited due to the fact that supercritical
*technology is essentially the same as subcritical pulverized coal.
D. Circulating Fluidized Bed
In a circulating fluidized bed (1.01ic), crushed coal, and limestone or dolomite (for SO 2
capture) are fed into a bed of ash and coal particles and made highly mobile by a
"relatively high velocity str'eam of preheated air. The air is niormally fed into the
combustor at two levels to control combustion and minimize NOx formation. The
combustion Chamber is lined with water to produce steam. Particles and combustion
products travel up through the combustor and bn to a cyclone where the solids are
separated from the gases and Kent back to the combustor for further oxidation. Hot gases
are passed through heat exchangers to pr'oduce more steam to drive a steam turbine.
CFB technology is generally used for low quality coals. Since the thermodynamic cycle
is the same as for pulverized coal plants, efficiencies ate in the same range, as the
pulverized coal plants. As with the pulverized coal plants, this configuration my be

K~

-

pressurized to increase efficiency, but the gains come at an increased capital ,and
operating cost.
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Figure 1.01c. Diagram of a circulating fluidized bed combustor. Taken from [41.
.E. Integrated Gasification Combined Cycle Systems
This type of coal plant differs drastically from the combustion technologies mentioned
above. A. block diagram of the. system is shown in Figure 1.O1d. In this type of
configuration th e coal is chemically reacted with steam at high temperatures to produce a
combustible gas.- The' lmaini reactions occur to different extents and at different rates
depending on temperature and pr'essuire as well as location in the gasifier. In general the
reactions are as follows:'
-*CO; AH

1-23.1 kJ/mol (rapid)

(1)

C(S) +q2 ->C(01; AH = -405.9 kUfmol (rapid)

(2)

C(s) + -P

2

C(s) + 12 0(g)

2

H2I1
+ CO); All

118.9 kJ/rol (medium)

(3)

-,C(s)+2H 2 0(g) -*212+CC 2 ; AH =78.0 kJ/mol (medium)(4

7

C(s) + 2H 2 -> CH4 ; AH = -87.4 kJ/mol (slow)

(5)

C(s) + CO2 -- 2C0; AH = 78.3 kJ/mol (medium)

(6)

CO + H 20(g) +-> H2 + CO2 ; AH

-40.9 Id/mol (rapid)

(7)

CO+ 3H 2 <- CH4 +/H20; AH-= -206.3 kJ/mol (slow)

(8)

CO2 +4H

(9)

CH4 +2H 2 0; AH = -165.4 k/mol (slow)

2 <-

K

Reactions (1) and (2) represent a partial combustion of the coal as it enters a gasifier.
This is necessary to provide enough heat to drive reactions (3), (4), and (6). There are
some gasifiers which provide the heat for the gasification reactions indirectly, but they
are rather, complex and will not be considered in this paper. Methane formation
(reactions (5), (8), and (9)) varies with gasifier technology (discussed below) and is
favored at lower temperatures and higher pressures.
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Figure 1.Old. Block diagram of an IGCC power plant.
Since a combustible gas is produced from the process. instead of steam the
thermodynamic cycle is completely different for the power generation portion of an
IGCC plant. The gas produced (mainly CO and 112) may be cleaned up pre-combustion
8

0

(similar to natural gas clean up) and combusted in a gas turbine (Brayton Cycle)to drive
a generator and produce electricity. Also, since the post-combustion gases exiting the
turbine are still at a high temperature, they may be used to produce steam for a Rankine
cycle and produce more electricity. This is known as a combined cycle and the attainable
thermodynamic efficiency is much greater than with a Rankine cycle on its own.
The fact that the gases may be cleaned pre-combustion is an important aspect of IGCC
systems. -This allows for NOx and SO2 controls that are less expensive than postcombustion controls.- Also, since the CO 2 is relatively concentrated it allows for a much
simpler CO 2 separation.
There are three main types of gasifiers that are used in most IGCC plants. They are
classified by the residence time of the coal in the gasifier. The first is known as a moving
bed gasifier, the second is the fluidized bed gasifier, and the third is called an entrained
flow gasifier.
F. Moving Bed
This type of gasifier is also known as a fixed bed gasifier. A.picture of a common
moving bed gasifier is shown in Figuire 1.Ole along with temperature profiles of the coal
and product gases. In this type of a configuration the coal is fed into the gasifier through
a lock hopper and sits in a pile at the bottom of the gasifier.. Oxygen and steam are fed
into the bottom of the gasifier arid as they rise they form the gases according'to reactions
(1)-(9). Since the coal on the bottom is first to be oxidized andgasified it rises through
the solids above it, heating them up and allowing new solids to take its place. The coal
particles are'generally larger and the residence time of the coal is generally long. Also,
the size of the gasifier is constrained and so the capacity of these types of gasifiers is
somewhat limited. Since the product gas cools as it warms the upper layer solids, this
type of gasifier tends to produce more methane. The cooler product gases are also ideal
for cold gas clean up which is simpler than a hot gas clean-up.
G. Fluidized Bed

In a fluidized bed gasifier the coal particle size is relatively fine and the air and steam are
passed up through the coal bed with sufficient velocity ,o
fluidize, the solids bed. This
increases solids gas contact and reaction rates occur at a more rapidirate than in a moving
bed gasifier, decreasing residence time and increasing throughput. Since the high
velocity gases will inevitably carry some solids with it, a cyclone arrangement must be
used to separate the solids from the product gases and feed,.th•m bck into the gasifier.
This adds somewhat to the complexity of the system. Since the pfiduct gases are at a
higher temperature, they.must be cooled for cold gas clean-up which causes somewhat of
an efficiency penalty., A representation of a fluidized bed gasifier is shown in Figure
1.Olf along with temperature profiles of the gas and solids.

9

H. Entrained Flow"*)
In an entrained flow gasifier the coal'particle diameter is very small. The solids are fed
into the gasifier with a high velocity stream of air and/or steam. Residence time is very
short and temperatures are quite high. As with the fluidized bed gasifier the gas must be
cooled before clean-up at a significant efficiency penalty. This is usually done through a
heat exchanger to produce more steam for the Rankine cycle. A picture of an entrained
flow gasifier with accompanying temperature profiles is shown in Figure 1.01g.
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One such program is the EPRI "Destination 2004" to research and demonstrate IGCC
designs and CO 2 capture efficiency [9], with a target completion around 2012. DOE has
been sponsoring CO 2 sequestration research since the mid-90s (see [7], [8] and DOE
website at http://www.doe/gov/), and has expressed an interest in the use of the Tampa
IGCC power plant for demonstrating CO2 sequestration.
Supercritical (SC) and ultra supercritical (USC) PC plants may also be ready for CO 2
capture. Some claimed that. the USC PC is already a C0 2-ready technology [10].
However, the technology is again not demonstrated.
Table 1.02 illustrates the time when the IGCC power plants were first in operation. Some
plants such as the Tampa IGCC and theWabash River IGCC have been in commercial
operation for about 10 years, while others are still under various tests. Note the modified
Wabash River IGCC plant, a copy of the project with some minor modifications was
moved to the South and produce power for a refinery plant since 2000.
The USC-PC technology has a long history (almost 50 year). According to the Babcock
& Wilcox company, it designed the world first USC-PC in 1957 for the American
Electric Power in Ohio [11]. No doubt that the SC-PC technology has a longer history
even though we do not know which one was the first SO-PC plant in the world. Both the
SC and USC PC technologies are mature in many aspects because of their extensive
application and history.', However, they are still under research and development for
meeting new emission standards, of which CO2 control is a focus point.
In short, SC-PC and USC-PC have a longer history than IGCC and are more mature than
IGCC. However, IGCC also has a relative long history of commercial operation since the
mid-90s, and the IGCC history can even be traced back to the 1970s when the then West
Germany constructed the first IGCC power plant in the world. Neither of the technologies
is considered "mature" in CO2 sequestration is considered because none of them have
been commercially tested for CO 2 sequestration.
Table 1.02. Timeline of Some IGCC and PC Power Plants.-.
Technology
Entrained flow

Fluidized bed
Fixed bed
Supercritical
SC-PC
USC-PC
_

Location or name
1. Wabash, IN
2. Wabash-I, LA
3. Tampa, FL
4. Mesaba, MN
5. So. Ill. Clean
Energy Center, IL
Pinon Pine, NV
EKPC, KY
n/a

Operation year
Dec. 1995
Mid-2000
Oct. 1996
2010 target
n/a

Capacity (net)
262 MW
395.8 MW
250 MW
:531 MW
615 MW

1998
n/a
n/a

99 MW
540 MW
n/a

Philo, AEP, OH

1957

125 MW

__._._Babcock

Comments
In operation
In operation
In operation
Under design
Under design
_

,

_

Test operation
Test operation
Much earlier than
1957
First in world,
design

Q)
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1.03

Fuel Considerations

When considering which clean coal technology: to use for any application, it is important
to take into account the type of fuel used in the technology. The type of fuel that is used
will have a direct affect on the operating cost .as-well as the capital .cost. Moisture
content, ash fusion temperature and-content, sulfur content, and heating value of a fuel all
have significant influence on plant design. This section discusses some of the fueling
considerations for different clean coal technologies.
A. Pulverized Coal, SCPC, and CFB

-.

The coal properties mentioned above all directly affect a boiler's design. They affect
both the heat rate (operating costs) of the plant .and the size (capital costs) of the plant.
For example, alow ash softening temperature requires a lower.exit gas temperature so
that slagging of the convective pass does -not occur. This requires a larger heat transfer
area*.in the boiler and increases the size of the boiler [13]., Sub-bituminous coals and
lignites generally have low softening temperatures. :Also, coals with high ash -content
will reduce boiler efficiency because extra energy is expended in heating up the ash to the
operating temperature'of the boiler and reduces the energy available to'create steam.
Moisture content in the fuel also decreases the efficiency of the plant for the same reason
the ash does. It also -affects the combustion reaction-to some, extent which may reduce
the efficiency of the boiler even more.
Sulfur content in. a fuel.:has a -huge impact on boiler design and operation. In a
combustion process the sulfur reacts with the oxygen to form S02 and -S03. - -If the
downstream temperature of the gas is low enough, the S03 forms a sulfuric acid with
detrimental effects on the plant equipment. Therefore, the sulfur in the coal affects the
mininiiiri allo•iible gas exit teniperature and directly affects the efficiency of the plant
since some of the heat energy must leave the plant with the flue gas instead of being
transferred to steam for the operation of the Rankine cycle [13].
Coal rank or heating.value is also critical in the operation of a power plant. For example,
in pulverized coal power plants that have been forced to switch to low sulfur Powder
River Basin coals in order to meet emissions regulations, the plants have been derated
slightly due to the use of a lower rank coal.
Combustion type coal plants are constrained in what type of fuel they may use. Once
they have been designed for ai particular type of coal or other type of fuel, it must
generally use that type of fuel. Any change in the type of fuel used usually results in a
severe drop in operating efficiency and changes in emissions. B. IGCC

-.....

....

........

The design and operation of an'IGCC system is also dependent on many of the fuel
properties mention above but t6a lesser extent than combustion b sed techn•o1gies.- Fuel
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selection is governed by the fact that *plant performance decreases and capital cost
increases as fuel quality decreases (see Error! Reference source not found.). Ash
content in an IGCC plant will reduce efficiency because energy is expended to heat the
ash up with no benefit in plant production. However, IGCC technology is less concerned
about the exit temperature of the product -gases from the perspective of the ash fusion
temperature (gas exit temperature is important in an IGCC plant for other reasons).
Moisture in an IGCC plant is also a critical component of efficiency.-. As the moisture of.
a fuel increases, the achievable slurry concentration of the feed and hence the *efficiency
of the gasifier decreases. An IGCC plant also requires more energy to evaporate the
chemically bound moisture content of a fuel and further reduces efficiency.
Sulfur content of a fuel in an IGCC plant is less critical because the gas clean-up process
produces either elemental sulfur or sulfuric acid. These products are removed from the
pre-combustion gases much easier than the sulfur products from the post-combustion
process in boilers, so the capital cost of doing so is much less, and the sulfur by-products
of an IGCC plant may be sold to offset costs.
In general the IGCC plant is much less constrained on what type of fuels may be used in
the plant by the design of the plant. While it is still true that the operating characteristics
of the plant will change based on the fuel, the operating characteristics may actually
improve rather than worsen.. This means that IGCC technology is much more flexible in
the type of fuel that it may use. The fact that sulfur content of the fuel is of little concern
has expanded fuel selection even more. This has been demonstrated particularly in the
Wabash IGCC plant which switched from using bituminous coal to using petcoke with a
slight inmprovement in plant performance and much better operating costs.
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Promoting Indiana Coal
As was previously mentioned, Indiana coal is a bituminous high sulfur coal. This seems
to suggest that the logical technology of choice for Indiana coals is the IGCC technology.
While this may be true technologically, it is also possible that the use of IGCC
technology could reduce the usage of Indiana-coals because of the inherent fuel flexibility
of the IGCC technology. On the other hand new-powerplant construction in the form of
combustion based technologies provides a stable utilization of Indiana coals if the power
plants are designed for Indiana coal.
For mid to small sized power plants that are non-compliant, PC with proper clean up,
SCPC, and CFB are attractive options:. Not only are the plants likely already designed to
operate on Indiana coals, but the capital cost. of adding combustion based technology
instead of gasification is much smaller and attractive to attain compliance.
1.04

Estimated Costs and Efficiencies

The capital costs and efficiencies of the existing IGCC power plants in the U.S. will be
listed first; and then some estimated costs and efficiencies of the future IGCC, SC-PC and
USC-PC power plants will beillustrated.
A. Capital Costs
Table 1.04a lists the capital costs of the:existing IGCC power plants and the DOE cost
sharing. As can be seen, the DOE share has been declining with time. This indicates that
as the technology matures, the U.S. federal assistance will generally be less. The two
IGCC projects under design (i.e., the Mebasa project and the Southern Illinois Clean
Energy Center) have not been considered for assistance from DOE [7]-[8].
Table 1.04b lists the efficiencies of the existing IGCC power plants in the U.S. The data
is incomplete for the EKPC (East Kentucky Power Coop.) project in Kentucky since the
project is still under test operation. The. efficiency data of the Pinon Pine project is
"projected" since the test data is not available [12].
Table 1.04a. Capital Costs of Existing IGCC Power Plants in the U.S.
Technology
Entrained
flow .
Fluidized bed'
Fixed bed

Total cost Locationor
name
•___"_..
$438.2 million
1. Wabash, IN
2. Wabash-I, iA $993.2 million
3. Tampa, FL
$412.5 million
$335.9 million
Pinon Pine, NV
$432 million
EKPC, KY

Unit cost
___

$1672.5/kW
$2509/kW
$1650/kW
$3393/kW
I$ 800/kW '

DOE
share
50%
0
50%
50%
.18%

Comments
Mid 90 dollar
'Multi-products
Mid 90 dollar
Late 90 dollar
.Cost not final
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Table 1.04b. Efficiencies of the Existing IGCC Power Plants in the U.S.
Technology

Location or.

.

name

Entrained
flow'
Fluidized bed
Fixed bed

Heat rate

..

(BtulkWh)

1. Wabash, IN . 8,900
2. Wabash-I, LA Similar to above
3. Tampa, FL
"9,000
Pinon Pine, NV
7,800
EKPC, KY
8560

Efficiency

Comments

N(Yo)..

.38.4
"
38
43.7
140

Need more test•
Need more test

.It is very complicated to estimate the costs and efficiencies. The cost estimates involve
many factors and 'assumptions such as cost of capital, tax rate, depreciation scheme, and
so. forth. That is why we see so many different estimates. Table 1.04c illustrates some
cost and efficiency estimates from various sources. It could be inferred that the greater
the capacity, the less the capital costs from this table. However, inference this can be
misleading because the estimates were not consistently done within one organization with
the same assumptions. Notice that the estimates are for near term, say the next 10 years.
The longer time capital costs should be less due to technology progress (for example,
DOE set a target capital cost 'of less than $10001kW for IGCC plants). In the table, heat
rate is measured in Btu/kWh and the number can be converted to percent efficiency.
Table 1.04d illustrates some cost estimates for SC-PC and USC-PC. Notice that the
above estimates often assume high grade coals such as the Pittsburg # 8 coal. According
to [13],'if the Illinois # 6 coal-is used, the capital costs for Sub-PC, USC-PC and IGCC
with spare are $1290, 1340 and 1440 per kW respectively -(about $90/kW higher),
without CO 2 capture..
Table 1.04c. Capital Cost and Efficiency Estimates for IGCC (near future).
Technology.

Whose

Capacity

CO 2

Unit cost

Book life/

Backup,

Comments

Entrained
flow

estimate
1.
Bechtel

(MW)
1,000
(E-Gas)

capture
No

$1099/kW

Heat rate
20/8800

gasifier
no.

2002 dollar

520
(E-Gas)

No

$1350/kW

20/8630

2 on 1

$1900/kW
$1111&kW

......
20/11000
n/a/8997

17], [8]
2. EPRI
[12], [5]

3. Flour

1073

Yes
No

4.
Harvard

n/a

No

$1400/kW

No

$1300/kW

[14]

[151
5. DOE
Fluidized bed
or fixed bed

_

2 on 1I-__
3 on 1
1 1,
nla/8700
n/a
< $1000/kW
.w/3Party.

financing

"
n/a

34% tax rate,
70% debt
ratio, Pittsburg
#8 coal (P#8)

n/a/8800

n/a

Based onthe
Tampa IGCC
No estimate
yet
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Table 1.04d. Capital Cost and Efficiency Estimates for SC/USC-PC Plants (near
future).
Technology.
SC or USC

Whose
estimate

Capacity
(MW)

CO 2
capture

Unit cost

1. Bechtel

800 (SC)

No

$1100kW

Book life/
Heat rate
20/9300

[16]

600 (SC)

Yes

$1950/kW

20/12560

2. EPRI

600

No

$1235/kW

20/8650

[13], [5]

(USC)

__

34% tax rate,

0.7 debt ratio,
Yes

$2150/kW

20/11300

P#8
Same as above

No

$1000/kW

20/7369 or

Reference

___"_

3. Siemens

600(USC)

[17]

•

.

(.46%)
.
____..

4. Harvard
[15]
5.

5. DOE

n/a (SC)

No

.

S1200/kW

?/8700.

l

No

plant under
.design

No need for
3Party.

.

n/a

Comments
.
2002 dollar

financing

.-

$1300/kW

?/8800

Based on the
Tampa IGCC

B. CO 2 Sequestration
CO 2 capture can be done using different technologies which will affect sequestration
costs. CO 2 storage is another, factor in estimating the sequestration costs. Storage is
highly. location dependent. In Illinois, C0 2 may be injected to old oil wells for oil
production, often called the enhanced oil recovery (EOR). In Indiana, the chance for EOR
may be small since oil wells in Indiana are not too many and their formation may be too
shallow for CO2 storage. More research is needed in this area.
C. Capacity Factor Dependence
The final cost of electricity (COE) depends on capacity factors of plants. A plant with
high capital and low fuel costs may have a lower COE when the capa6ity factor is high
enough, say 80%.
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1.05

Scaling and Preferred Retrofit vs. New Plants

Before the early 1990s, gasifiers faced problems of up-scaling because they were
relatively small 'in throughput. This was especially true for the' case of the moving bed
gasifier when its coal handlming was no .more than 2000 tons per day (TPD) (see' Table
1.05a below). However, the scaling of fixed bed seems no problem any more. This can be
seen from the EKPC IGCC plant where fixed -bed gasifiers. are used with a net plant
capacity of 540 ýMW (more information is available at www.netl.doe.gov).
Table 1.05a. Coal Handling Capacity of Early Gasifiers [6].
Technology
Entrained flow
Fluidized bed
Fixed bed or
Moving bed

Comments

Throughput

Temperature

Tons/day (4id)

Degrees ( 0 C)-_

- 6,000+
3,000-4,000
1,000-2,000

1,200-2,000
850 -1,100
750 -900

-4,000

_______

______

______

__________
__________
__________
_________
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The entrained flow gasifier with the Wabash Repowering Project currently drives a gas
turbine that is good for a 192 MW generator, and it can match a generator of up to 230
MW.
The EKPC IGCC power plant has a capacity. of 540 MW. It has two gasifiers each
driving a GE 7 FA's .gas turbine generator, plus one steam generator. The gasifiers
operate at about 26 bar. Coal and fluxes are placed on the top of a descending bed in a.
refractory lined vessel. On moving downwards, the coal is gradually heated and contacted
with an oxygen enriched gas flowing upwards counter currently.
The temperature at the top of the fixed bed is around 450'C, and at the bottom around
2000'C. Coal feed melts. and is tapped as an inert slag, Fixed bed .syngas contains tars which must. be condensed and recycled. Tars make downstream gas cleaning moie
complicated than with other IGCC processes.
PC-based power plants, whether they are sub-critical or (ultra) supercritical, can have a
very large capacity. That is, there is basically no scaling difficulty for PC power plants.
As for the retrofitting of old Sub-PC plants, it seems that IGCC is a good candidate
technology. because there are various gasifiers of different sizes that can be selected to
match the sizes of the old Sub-PC plants. For example, moving bed gasifiers Can be used
for retrofitting smaller Sub-PC plants while entrained flow ones can be used for bigger
PC plants.
However, there are other technologies good for retrofitting old-dirty coal-fired power
plant to meet the EPA new emission standards. *For example, a study done by the
ALSTOM Company has relatively com'plete alternatives for retrofitting old plants to
meet CO 2 capture requiremerit [19] (also see Table 1.05b). Perhaps, a legitimate research
on this subject is how to retrofit the old Indiana power plants so that they can use the
Indiana coals. Otherwise, retrofitting old plants are the jobs of the utilities in general.
Whether IGCC :or other tecdhnologies should be used for retrofitting old power plants,

which technology should be used for a specific old power plant' so that the total cost is
minimized while meeting all of the constraints? This is a legitimate optimization problem
for minimizing total cost subject to various constraints including emission limits, and so
forth.
Chemical looping gasification (CLG) is a technology developed by the ALSTOM
Company in a cooperative agreement with DOE. The technical details can be found'in
[20].
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Table 1.05b. Technology Options for CO 2 Capture [191.
Process

Plant Technology
Natural Gas Combined Cycle

C0 2 Capture
MEA

(NGCC)
Combustion-Based
Process
.

Gasification-based
Process

Pulverized Coal (PC),
Circulating Fluidized Bed(CFB),
and/or Circulating Moving Bed
(CMB TN)
Circulating Moving Bed (CMB TM)
Chemical Looping Combustion
(CLC)
Integrated Gasification Combined'
Cycle (IGCC)
Chemical Looping Gasification
(CLG)

MES
Oxyfuel
CO 2 Wheel
Biomass co-firing
Calcium Oxide
Calcium Oxide
Double Selexol
Calcium Oxide -.

Legend: MEA - Monoethanolamine, a substance that absorbs CO2 in chemical reaction.

1.06

Pollution Removal

From the beginning, the best selling point for IGCC power production has been the
environmental benefits. After many years of demonstration, these benefits have been
verified even though more improvement is deemed necessary. Table 1.06a summarizes
the environmental performance of the IGCC power plants in the US. As can be seen, in
general, the emission levels from the IGCC power plants are just fractions of those from
conventional coal fired power plants because the average emissions levels of the existing
coal power plants are 10 times or more than the IGCC's. Notice that the data of the
Mesaba Hoyt Lakes IGCC plant are design targets rather than proved performance data.
However, this does not play down the fact that IGCC power plants have much better
environmental performance than conventional coal fired power plants.
The, US Environmental Protection Agency (EPA) has proposed to tighten emissions
control by reducing NO,, and SO,, emission levels and concurrently introducing a new
Mercury emission cap. This can be called multi-pollutant control scenario (MPCS). Since
IGCC has an advantage in its easy mercury capture, it is then logical to see a competitive
edge for IGCC to have against other coal technologies. If CO 2 sequestration is also
considered, say, a carbon constraint similar to the proposed McCain-Lieberman bill, the
IGCC will look even more promising as an all-round winner for new capacity in power
generation.
Though there is no immediate regulation action in sight in the US, there are still concerns
about future CO 2 regulations in this country. From the global arena, the Kyoto Protocol
has been a major driver of CO 2 emissions regulation. Canada has been testing CO2
sequestration by retrofitting three older power plants using IGCC and other technologies.
Other countries in Europe and Asia are also taking steps to address the issue. It can be
expected that IGCC may have a greater market penetration internationally due to the
enforcement of CO2 emission control and quota enforcement. *
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Hg removal has not been tested in IGCC plants. However, it has been concluded that it is
relatively easy for IGCC to remove Hg..
Table 1.06a. Environmental Performance Of the U.S. IGCC Power Plants.
Technology

Whose

SOx

NO.

Entrained
flow

Wabash
[7],[8]

Carbon

VOC

PM

Hg

n/a

<0.05
lb/
MWh

n/a

n/a

monoxide

estimate

> 99% or
< 0.1
lb/mmBtu

•

Tampa
•[7], [8]

>99% or
291b/hr

Mesaba,
MN [7],

0.0221b
./mmBtu

Fluidized
bed

Pinon
Pine

>95%

Fixed bed-

EKPC

<25 ppmv or
0.151b/mmB
tu or

0.05 lb/I 06,
well below
iiidustry

t.091bfMWh"

standards

15 ppmv or
Average

n/a

<.
design

0.037
lb/

limit

MWh

0.031b /mmBtu

0.0021b
/mmBtu

20% less

n/a

n/a

n/a

0.7lb/MWh

0.0581b
/mrnBtu -

"

__"[81__:___

.__..___
0.032

lb/mmBtu

50% less
conventional
...

coal
0.072

0.032

0.0044

lb/mmBtu

lb/mmBtu

lb/mmB
tu

... _"_

4.3E-6
lb*

..

Legend: VOC - Volatile Organic Components. PM - Particulate Matter.

/mmrBtu

n/a

0.08..

mg/dscf
(EPA
_

data)

-

Some other environmental issues are still under study with the IGCC-plants. For example,
the frit from combined c0al/RDF feed .is yet to be test further to see if it is leaching and
hazardous, even though it has been demonstrated that the fit from the EKPC IGCC coal
feed is not leaching.
IGCC is not the only technology that can meet the new EPA emission standards.
Recently, some studies claim that SC-PC or USC-PC may also be able to meet the new

EPA standards..Table 1.06b illustrates the 'data of emission levels for, the Iselected
technologies other than IGCC.
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Table 1.06b. Real or Projected Emission Levels for Other Technologies.
Technology

Whose

SO.

estimate

_

SC-PC or

Siemens
[17]

0.15 lb/
mmBtu

USC-PC

WEC
IMPA

ACFBC
(real)

NO,

Carbon

0.15 lb/mmBtu n/a
or
1.09
- lb/MWh
>99%or
15.ppm"o "r
n/a
.29 lb/hr'
Average
0.71b/MWh
0.182
lb/ 0.07
Ib/ n/a

(Prairie)

mmBtu

WEC

3
250mg/nm 3 _ 120mg/nm
_
_ _
_

_ _ _ _ _ _ _

VOC

Hg

0.02 lb/
mmBtu

n/a

<
design
limit

n/a

n/a

n/a

monoxide,

mmBtu
_

_

_

_
_
_ 10mg/n

_

Legend: WEC - World Energy Council. ACFBC - Atmospheric Circulating'Fluidized Bed Combustion.
WEC data is available at http://www.worldenergy.org/ and the results were acknowledged and received the
1992 Power plant Award. IMPA - Indiana Municipal Power Agency.

The purity of the emissions is not 100%. SOx and NO. plants can be 99% pure. The
market price of-NO1 may be determined from the emission permit trading spot markets,
in which NO. is about $3500/ton (http://www.evomarkets.com). Food grade CO2 may be
sold at about $400/ton according to a presentation by the Royster-Clark Nitrogen last
year in the Chicago Gasification Conference '(see GTI's website - include URL here).

However, the market is too limited for large volume CO 2 sales overall.
Equipment costs for pollutants' removal are yet to be found, even though the general cost
comparison between PC and IGCC for CO 2 capture is discussed in Section 2.04.
1.07

Reliability/Availability

Availability/reliability of IGCC power plants have also been demonstrated (availability
and reliability are used interchangeably here). Up to this stage, the results have not met
the design targets (usually 85%). The major reason is that gasifiers bfeak down more
often than the electricity generation section (gas turbines, steam turbines, and generators)
and require more'scheduled maintenance. Table 1.07 summarizes the performance of the
US IGCC plants in this category.
When the PSI WVabash IGCC plant was first in operation, it only reached an availability
of 38% due to reliability problems with the gasification section. Even the ceramic candle
filters experienced serious break downs and were later replaced with "metallic ones. The
TECO Polk plant also had many problems with the gasification section, including. the
breakdowns of the exchangers in the ash plugging that caused serious damages to the
combustion turbine. Most IGCC power plants also experienced problems with the air
separation units (ASU). For the last few years, problems with the gasification have been
gradually solved partially or completely. Yet the availability and reliability of the IGCC
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power plants have not reached the levels of conventional coal fired, power plants that
usually have availabilities around 90%.(see Table 1.07 for comparison)..
With a back up gasifier, an IGCC power plant will have an availability of greater than
90%. This of course will add to the total capital cost, as is the case with the Mesaba Hoyt
Lakes IGCC plant.

.....

.

..

Table 1.07. IGCC Plant Availability Data (Sources: [71, 121]).
Plant
PSI Wabash

•

Wabash-I
TECO Polk
Elcogas -

EKPC-Kentucky'
Mesaba
-Hoyt
Lakes

Gasifier
77-87%
in
2002-2003
- period
Coinparable to the above.

*82%
84.8%

• "

'

Electrical
unknown
n/a
95%
95.9%

n/a
,
.
n/a
>!:-.90% -with a backup n/a
gasifier

.

Others
unknown
n/a
93%
196.-7%'

n/a
n/a

People have not reached a' consensus on whether it is economical to use a backup gasifier
for higher reliability/availability. According to an EPRI sttidy, it would cost more to add
a backup falsifier' in terms of the final unit electricity cost (see [13]).
However, there have been proposals on various schemes of backup gasifier arrangement.
The most popular. one is the 2 on I scheme in which two gasifiers run on parallel with the
third gasifier standing by (see Figure 1.07). Aniother scheme.is the 3 on 1 scheme in
which three g'asifiers operates on parallel while the forth one stands by (see [14]).

Figure 1.07. Simplified Diagram of an IGCC Plant with One Backup Gasifier.
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*A natural gas backup would improve the availability of-the power plant but not the
gasification section. The backup may not be feasible if there is no natural gas pipeline
around the IGCC plant.
1.08

Compatibility with Coke and Chemical Co-Production

There has been no study of using IGCC to produce coke for steel. The reason is very
simple: IGCC is expensive in capital cost while coke is relatively a cheap product even
though it could be expensive for a short time period.
Coal can be used for producing many products including ch.fmicals, paper, glass, etc.
Recently, the.combined fertilizer/clean fuel/electricity production (CFCEP) has emerged
as a clean use of coals (Figure 1.08). Accoirding to a report prepared by the Royster-Clark
Nitrogen, a joint venture by Rentech and Royster-Clark, one ton of Illinois basin coal
with a price tag of $30 can yield $150 [22], plus job additions and other benefits.
U.S. fertilizer production has been hurt badly in the past few years due to high natural gas
prices. As a result, nitrogen fertilizer production in the U.S. has declined by almost onequarter and the U.S. is now importing about 50% of its nitrogen fertilizer needed [22].
The concern over the decline has recently been echoed by profession'als in a Senate
Subcommittee on Rural Enterprises, Agriculture, and Techfiology [23].'
The syngas from coal gasification can ,be used to produce ammonia for fertilizer
production. Given a coal price.of $1!.2/MSMtu, the syngas can have a price tag of $3.53.8/MMBtu, which is competitive against pricy natural gas. According to a recent EIA
study, the expected natural gas prices would be above $5/MMBtu in' the near term' and
above $4.5/MMBtu in the mid term (20 years) for industrial use [24]. Hence, it is
apparently economical to use coal gasification for fertilizer production.
The syngas from coal gasification can also be used for clean fuel production, especially
diesel fuel. The U.S. EPA is to enforce in 2006 an earlier ruling to reduce emissions from
diesel trucks [25], and sulfur reduction zwill be' the primary target for reduction.
According to [22] and [26], the cost of ultra-clean diesel from syngas can be as low as
$43/Barrel given a coal price of $0.5/MMBtu (Roughly the current price of. the PRB
coals). The current price of diesel fuel is about $80/Barrel, the ultra-clean diesel is hence
very competitive economically. Rentech has evaluated the potential of coal-to-clean fuel
options using Wyoming coals at the request .ofthe state of Wyoming ([27] and [28]).
In addition to the CFCEP products, coal gasification can .produce some other products
*such as hydrogen and wax, and s6me by'-products for commercial purposes. Figure 1.08
illustrates a block diagram of the Royster-Clark Nitrogen plant under development in
Illinois.
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Figure 1.08. Royster-Clark Combined Fertilizer/Fuell.../Project in Illinois [221.

Notice' that the Fischer-Tropsch (FT) process is needed for cofiVerting syngas to ialfraclean fuels. The FT process is a method for the synthesis of hydrocarbons and oth'er
aliphatic compi6unds. Sy~ngas is reacted in'the presence of an iron or cobalt catalyst; much
heat is eVolved, aid'such products as methane, synthetic gasoline and diesel,' waxes, and
alcohols are made, with water or carbon dioxide produced as a byproduct. The'process is
named after F. Fischer and H. Tropsch, the German coal researchers who discovered it in
1923 (More information is available at http://www.fischer-tropsch.org/site map.htm).
Currently, the Royster-Clark project has been in the detailed design phase and Flour
Enterprises has been hired to conduct plant optimization [29]. The-plant will use about
one million tons of Illinois coals. The capital cost is estimated at $450 rmillion' dollars
[22]. Table 1.08 illustrates the'valUe•s realized throuigh differient p'roducts using one ton of
Illinois coal. From this table, it can 'be seen that product combiiiation. et3 yields the
highest value.from one toi of Illinois coa4s, of eourse,*'the capital costs would be higher
too in product combination'set 3 Hence, there is a legitimate 6ptimization problem there
that can maximize the net value from one ton of coals. Note that the state of Illinois has
allocated over $2 million dollars for the project. The major products from the project are:
Ammonia - 950 tons/day, diesel - 1,800 barrels/day, and power - 15 to 20 MW. There
are other minor products such as hydrogen, wax, food grade CO2 , commercialsulfur, etc.
Rentech is also conducting preliminary studies for a similar project in Wyoming [28].
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Table i.08. Valuations of Various Use of Illinois Coals (one ton).
Set of Product
Combinations

Electricity
(Mh) $35

1. Electricity

2

2. Electricity,

Naphtha (bbl)
$44

Diesel (bbl)
$70,

0.41

0.34

1.36

0.07

0.17,

0.78

Ammonia (ton)
$348
"

70

.124

naphtha, diesel3. Electricity,
naphtha, diesel,

•Total value
($)

__'___.....

0.25

149

ammonia

1.09

External R&D Funding

Coal R&D funding opportunities are. plentiful in the U.S. The major sources of funding
are from federal agencies including DOE, EPA, etc. Some states with coal production are
also active in coal R&D activities. Many private organizations such as coal producers,
utilities, EPRI, the Energy Foundation also support coal R&D programs/projects.
The Office of Fossil Energy (OFE) within DOE has sponsored many coal R&D
programs/projects. One is the University Coal Research Program (UCRP) that has been
there since 1979. In 2003, the core programs under UCRP are: Advanced Coal System
By-Product Utilization, Partitioning and Mechanism Studies for Hg &Trace Metals with
Coal-Fired Processes, Sensors and Controls, Innovative Concepts - Phase I (CO2
Sequestration from Coal .Gasification Process), Direct Utilization of Carbon in Fuel Cells,
Innovative Concepts - Phase II (CO 2 sequestration, Mercury and Other Emissions from
Advanced Power Systems), etc.-The programs in many cases, involve in coal gasification
and emission control. In 2004, more programs were related to. gasification including
advanced materials, sensors, processes etc. The annual funding for the UCRP programs
are about $3-5 million.
A. Major OFE-DOE Programs
Coal & Natural Gas Power Systems
Currently there are nine Key R&D Programs under this category. They are the Clean
Coal Technology & the President's Initiative (CCTPI), FutureGen, Vision 21, Pollution
Control Innovations for Today's Power Plants (PCITPP), Gasification Technologies
(GTs), Advanced Combustion Systems (ACS), Future Fuel Cells (FFCs), the Turbines of
Tomorrow (ToT), and Advanced Research (AR). Table 1.09a has a brief summary of
these sub-'prograrms.
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-Table 1.09a. Programs under the Coal & Natural.Gas Power Systems..
Sub-program.
CCTPI
FutureGen
Vision 21
PCITTP
GTs
..
ACS
FFCs
ToT
AR

Budget

S2 billion
S I billion.
n/a
n/a

n/a
n/a
n/a
n/a
n/a

.

,

Time period,
Comments
2003-2012 .
2003 -2012
Zero emission hydrogen power~plant
2003 -2015
60-75% efficiency (IGCC- CCGT)
2003 -'2010
Emission reduction, by-product use
2003 -2010.
" IGCC < $1000/kW, 50% efficiency
2003-2015
Part of the GTs
n/a
.
. .Reduce S4500/kW to about S 1500/kW
2003 -2015. .
:Associated.with Future Gen, GTs
n/a
Associated with FutureGen & V-21
..

Other Pro grams
Other major programs are Carbon Sequestration, Oil & Gas Supply, Petroleum Reserves,
Gas and Electricity Regulation etc. ,These are either related to the first category listed
above or not directly related to coal gasification, and will not be discussed further.
DOE in March 2005 also announced 32 projects funded under the title of "clean coal"
R&D, with a total fund of $ 62.4 million. Universities and research institutions are the
recipients of the funding (information available at DOE website).
B. Some Current DOE Funding Opportunities

Coal-related R&D programs under DOE are oftenadministered by the National Energy &
Technology Laboratory (NETL). In 2005, NETL has issued many solicitations for

targeted R&D programs, of which a few of them ire summarized below (Table 1.09b).
Table 1.09b. Selected DOE Solicitations for Energy or Energy-Related Research.
RFP Code
DE-PS26-

Title
Oxycombustion and Other CO 2

Posted date
4/28/2005

05NT42464
DE-PS2605NT42346
DE-PS2605NT42470-00

Capture Technologies
Fuel Cell Coal-Based Systems

'.
3/18/2005
%
4/07/2005

DE-PS2605NT15540
DE-PS2604NT42072-0
DE-PS2605NT42381
DE-PS2605NT42255

RUSSIAN TECHNOLOGY
.. PROGRAM •_
Round 2: Advanced Diagnostics
and Imaging
. FreedomCAR and Vehicle
Technologies Program ".
Regional Carbon Sequestration
Partnerships.- Phase III

High Temperature .
Electrochermistry Center
(HiTEC) Advanced Research'

Close date
6/30/2005

Fund ($)
No'ceiling,
.

..

6/7/2005
...
.5/19/2005

matching
n/a

,
,

n/a

~Pr6gram':
4/01/20057.

5/26/2005

1.23 million
_,_

1/25/2005
1/14/2005
"-..
12/1412004

_

3/31/2005
3/10/2005
..
_"___
3/15/2005
.

..

n/a
n/a

n/a (10 subprograms
including one
for Midwest)
Can add more if
desired

.
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Dimension Two:
Indiana Characteristics
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2.01

Available Types of Indiana Coal

All of Indiana's coal supplies are from the Illinois basin. The Illinois basin is located
mainly in Illinois and runs through southwest Indiana into the western tip of Kentucky.
Illinois basin coal is characterized as bituminous coal with heating and sulfur contents
higher than Powder River Basin coal, but lower than Eastern coals.
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Illinois basin coal in divided into three groups: the McLeansboro, Carbondale, -and
Racoon Creek Group. The Carbondale and Racoon Creek are of economic importance
and are divided into six formations. These formations are further classified into 19
different seams of varying depth and characteristics. Of these 19.seams, 11 are of
*economic importance and are listed below with their individual characteristics.
Indiana also imports a great deal of coal from other states. The majority of this imported
coal is from the Powder River basin for its low cost and low sulfur. Tables 1.01a and
1.01b list some basic comparisons of each.
Table 2.01a. Characterization of Indiana's Coal Resource.
.........................

Caloriflo Value

mCoal Seam

..

Volitile Matter Fixed Carbon
____________
(Btuflb),.. "-1(%
Weight)
(%Weight)
{
egt
.
47,9
. .
7.....
..
1:
...
11.2,:
7 7 52304::
Danville
..•.:Hym era. *..:.:.... .: [..: 11967... .. ... :,.10.5..:. . .... 38.8
:.:-'6.7....:•;.
4..
-Moisture

12525
Springfield
:.:.....12518
Survant .-.
..
....12403 ....
Colchester
120737
Seelyville- :....
12517
my,inshallBuffaloville
.

13299V -.... :
12884::::

.

13074

:..

Mariah Hill

.

Blue Creek.....:
-Coal

Seam

..

10.5 ".

..

41.4
40.7

:.

14-:..
13

Sulfur

39.1
. :--38.9
389.
39.4

51.2
49.8
49.9
52.9

: Mercury

:..Available7

::2.6:
3.1
4.1
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Springfield

Survant.

-. :.

Colchester

2.7.

.

I ba

ILower Block-':..'.:
. Mariah Hill, . 1.
" lue
. C reek 7...

.- .

.1.8
..

1,3 .8.8.
2.6

.109
14
.11.2
9.3

.

.

:

.S~

98
.... :..7.

.:..

.

is)

:::0.07 .
0.11
.. 12
..0.221

::::12.3:...
.14.3
.
11.3 . .
10.9:3.'

3,5
3.5.-

Seelyville
Minshall/Buffaloville
.
Upper Block.

Reserves.

pPii whole

(1h Weight)
_______

Danville'.
•Hymera-

43.5

'47.2

:

-Ash

"

48.7:.:.

.

40.9

'14.9

.(%.Welght):

:47.2
48.7,

40.7
.. :41649.6.:.

15.4

12894..:

UpperBlock
LowerBlock.

0.."
11.4:
11 A,::

(BS

.:

0.83 -.
0.871
7.35

0.12:::

0.19.-

0.076.
0. 1
0.13

6.6

0.07w

;.. 0.05..

• .0.1 . .

I .

.

.

;'.::

N Sffr, 'Characterization of Indiana's Coal-'
M.Mastalerz. A.-Drobnlak,:J.,Rupp.-ý
Resource: Availability Of The Reserves- physlcal Andi Chemical Properties Of The
Coal. Ad The Present And Poenal',.,ses. July. 2004:
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Table 2.01b.- Illinois Basin vs. Powder River Basin.
As Receivd
;Calorific Value ... Moisture ..

I St~l)

[llinoisBasin-ln:
.:
Powder River Basin

(%Weight)

Volitile Matter

?O ipm)

34.7 1
33.9

11386

..
10.1 . :
8088:..... ... 18.7 .......

..

.Mercury:.

*1 (%Weight)

::.

.:.....

0.11
0.1

.,Sulfur.

I(% Weight)
.1 ..
..

:
.

-..

..

3.13
0.072

Ash

(% Weight)"
8.42

..

.

7.59

UnitedJnStats
Ge
clSurvey Apil 2004h
http:Itnergy~e~sgs~0VtcoalqUal.hr
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"

Utility Regulatory Environment

Of the states listed in Table 2.02, Indiana, Kentucky and Wisconsin: are still',regulating
electric generation utilities*- especially: 'those investor-:owned utilities (IOUs).
Transmission- and distribution sy'stemris'are all regulated because they are considered
"natural monopolies."

'

"

'

Table 2.02. Regulatory Status of the Six' Midwest States.
Generation

*Indiana..
Illinois
Kentucky..
Michigan
• Ohio,
Wisconsin

.-.

... ..

A. Generation.

Regulated •
Deregulated
Regulated..
Deregulated
Deregulated
Regulated

Transmission,.
Regulated
Regulated
Regulated
Regulated
-Regulated

:

Regulated

Distribution

Others (e.g.;
generalplants)

Regulated
Regulated

n/a
n/a

Regulated.
Regulated
"Regulated"

.

..

Regulated

.-

a
n/a
n/a
n/a' .

Comments

_"___.

...

....

_

_

.

In Indiana,: the IOUs under regulation are IPL (Indianapolis Power & Light),-a subsidiary
of AES),'I&M (Indiana and Michigan Power, a subsidiary'of AEP), NIPSCO (Northern
Indiana Public Service Corp, a subsidiary of NiSource), PSI (PSI Energy, a subsidiary of
Cinergy) and SIGECO (Southern Indiana Gas and Electric Corp, a subsidiary of
Vectren). The rate of return on investment, often• m6re than - 10% per year,, varies
according to time, plant type, interest rate, tax levels, emission contiol and other factors.
Usually, the IOUs assume-more than 50% indebt against theirbook values [1]..
Kentucky is in a Similar situation to Indiana. Both states have low electricity costs due to
their heavy reliance on cheap power production primarily using low cost coals. Both
states have been producing large quantities of coals for power production as well.
Interesting enough, bothstat6s have IGCC powei plants in operation and/or testing.
Wisconsin' has' not deregulated its 'electricity, industry. However, discussions-; on
deregulation hive been on and off, especially after electricity rates in the state have been
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increased for the last' few years to pass-the rates of its neighboring states [2]. Unlike
Indiana, some IOUs in Wisconsin have been against deregulation. It is said that
Wisconsin regulators ruled down an IGCC powerplant proposed by WE Energy in 2003
and the reasons are yet to be found.
Illinois also has retail. electricity competition test 'programs. In 1999, the Illinois
Commerce Commission (ICC) issued an order (Docket 98-0544) for certifying retail
suppliers [3]. Rate freeze before full retail competition may be appealed by CornEd this
year. Illinois has a reciprocity requireri ent in retail competition: suppliers from other
states are allowed to enter retail competition if their local states allow Illinois suppliers to
enter retail competition in their. states [4]. Even though Illinois has deregulated its electric
power industry, it is still very active inpromoting the environmentally friendly use of
Illinois coals. The Office of Coal. Development (OCD) under the Illinois .Department of
Commerce and Economic Opportunity is in charge of coal research and development. For
coal development programs, the state -would share. up to 50% of the cost; For coal
infrastructure, the state would share up to 20% of the cost. OCD has sponsored the
preliminary studies of the Royster-Clark Nitrogen and Southern Illinois. Clean Energy
Center (Coal gasification and power production).
In 2000, Michigan's Governor, John Engler, signed into law the Customer Choice and
Electric Reliability Act giving the Michigan Public Service Commission (MPSC).the
authority to oversee electric .competition. Michigan regulators require customers who
switch to a competitive supplier to have a new meter installed that the utility can read
over a phone line connected to the meter. Customers will not be charged for the
installation of the meter, but must make. a phone line available. The state also has a rate
freeze in the transition period to full retail competition (more information is available at
MPSC's website: http://www.winsconsinpublicservice.com).
Ohio has been testing retail electricity competition since 2001, and some customers have
been charged "transition costs" if they have chosen. to leave the original vpower
supplier(s). These transition charges will be collected until 2008 in some cases. If they
stay, their rates will be frozen at the levels before deregulation until the end of 2005 [5].
Full retail competition will be in place from early 2006 if everything goes as well as
planned.
B. Transmission and Distribution
Transmission systems are considered as "interstate" commerce tools and are under the
Federal Energy Regulatory Commission's (FERC) jurisdiction. That is, FERC sets rules
for regulating transmission systems. States have been fighting with FERC over some
transmission issues.....
Currently,! the Midwest Independent System Operator (MISO) runs the electricity
markets in the Midwest. MISO has the authority of allocating transmission rights to
market participants. There has been complaint that MISO does not allow long-term
transmission rights, which is considered a risk by load serving entities (LSEs) in their
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long-term transmission rights and pricing, and barrier for cost effective baseload plant
construction and renewable resources. A group of LSEs has filed formal appeal to MISO
for changing market rules to reduce the risk/uncertainty in the long-term..
Distribution systems are still regulated-by the states because:they are also considered
"natural monopolies." Investors are allowed to earn fair rates on their investment.
C. Advantages of Regulation for Clean Coal Technologies
In general, states with generation regulation would benefit from the deployment of IGCC
and other clean. coal power plants. Two. aspects of this are that (1) IOUs would be less
hesitant to construct IGCC plants because of the guaranteed rate of return on investment,
and (2) interest rates would be lower due to this guaranteed rate of return. In other words,
regulation and guaranteed rate of return will reduce the. "risk premium" for IOUs to
borrow money, which would result in lower rates for consumers.
For Indiana, the state legislature has passed State Bill 378 to give clean coal plants a tax
credit of up to $10 million per year, which would be even more attractive for IGCC and
other clean coal power projects.
2.03

Environmental Regulatory Process

The United States Environmental Protection Agency (U.S. EPA) enforces a complex set
of federal laws and regulations regarding emissions of many air borne. pollutants from
several sources including electric generation facilities. U.S. EPA delegates much of the
permitting and complian~ce.activ.ties regarding these emissions to state agencies. The
*complexity of these laws and regulations, their interpretation and administration, and
frequent revision result in major uncertainty regarding the construction and operation of
electric generation facilities. This section summarizes some of the main air emissions
laws and rules and their adiministration as the project has come to understand them, but is
not intended to be comprehensive..
A. Emission Limits
Table 2.03a summarizes the main legislation on which U.S. EPA acts. In conjunction
with these U.S. laws, EPA :issues regulations regarding various emissions and-timelines
for meeting .the regulations. The regulations are often legally challenged and revised as
needed in response to court decisions.
.
In March 2005,: the U.S. Environmental Protection Agency promulgated new regulations
effecting electric power plant. emissions: The Clean Air Interstate Rule (CIAR) lowers
allowed emissions of SO 2 and NOx by roughly 56% (SO2) and 68% (NOx) from
cuirrently allowed, levels; CAIR is a cap and trade type program fori S0 2 and NOx
emissions with new emissions caps to be fully implemented in'two phases.' The first
phase takes place in 2009 (NOx) and 2010 (SO2), and the second phase in 2015- for both
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SO2 and NOx: At nearly -the same time, U.S. EPA also finalized a rule for mercury
emissions called the Clean Air Mercury Rule (CAMR). The mercury rule is also a cap
and trade, two-phase rule and is projected to reduce mercury emissions from electric
power plants by approximately 70% by 2018. The first phase of CAMR depends upon the
co-benefits of control measures implemented under phase one of CAIR, while the' second
phase is expected to require additional mercury specific control measures.
Table 2.03a. Major U.S. Laws and Regulations Regarding Air Emissions
1963 Clean Air Act (Original)
1967 Clean AirAct Amendments

Requires New Source Performance Standards

(NSPS)
1970 Clean Air Act Amendments

• Requires National Ambient Air Quality Standards
(NAAQS)
Required State Implementation Plans (SIPs) to
ach-ieve NAAQS
* Requires National Emissions Standards for
Hazardous Air Pollutants (NESHAPs)
* Mandates New Source Reviews in non-attainment
areas

1977 Clean Air Act Amendments

• Prevention of.Significant Deterioration (PSD) of
air quality
1990 Clean Air Act Amendments (complete rewrite * Revises the Titles and requires EPA to issue 175
of the old Clean AirAct)
new regulations, 30 guidance documents, and 22
reports
* Requires EPA to establish interstate air pollution
transport regions.
* Mandates maximum achievable control
technology (MACT) for 189 airborne toxics by
2003.
-

- Mandates reduction of SOx emissions by 8.9
million tons per year by 2000.
* Requires EPA to establish an allowance trading
and tracking system for SOx emissions.
•. Mandates permit and emissions fee'system for
acid rain emissions
* Basis for regulations including two phase SO 2
reduction program, Title IV NOx reductions,
NAAQS NOx reductions, 2005 Clean Air Interstate
Rule, * and 2005 Clean Air Mercury Rule.
Source: http://www.co.mendocino.ca.us/aqmd/pages/CAA%20history.html

B. Environmental Administration
U.S. EPA rules and regulations are administered in Indiana and surrounding states by-the
states agencies show in Table 2.03b. The permitting process is similar but not identical
across the states although each states is required to meet U.S. EPA rules as a minimum
requirement (state rules may be more stringent but not less stringent). The appeals
process for state issued air permits vary state by state (Table 2.03c). In some cases, the
appeal process is through a state agency and in others by U.S. EPA
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Table 2.03b.,PermittingAuthorities for Each State
PermittingAuthority
Indiana Department of Environmental Management
Office of Air Quality
Illinois Environmental Protection Agency
Division*of Air Pollution Control
Division for Air Quality
1
Dept. for Environmental Protection
Michigan Department of Environmental Quality
Air Quality Division2
Ohio EPA District Offices and Local Air Pollution
Control Agencies
Wisconsin Department of Natural Resources

State
Indiana
Illinois
Kentucky
Michigan
Ohio
Wisconsin

Permits Section 2

Jefferson County also controlled by Air Pollution Control District
Indian areas of Michigan and Wisconsin are also controlled by Air and Radiation Division, US EPA
3 Ohio controlled by 21 local agencies
Source: http://www.epa.gov/nsr/where.html
2

Table 2.03c. Appeal Authorities for Each State
AppealAuthority
Indiana Office of Environmental Adjudication
(OEA)
Illinois Environmental Protection Agency
Illinois
Division of Legal Counsel (DLC)
Kentucky Division for Air Quality
Kentucky
Department of Air Quality
US EPA Environmental Appeals Board (Attainment
Michigan
Area)
Michigan Circuit Court (Nonattainment Area)
Ohio Environmental Review Appeals Commission
Ohio
Wisconsin Department of Natural Resources
Wisconsin
Source: http://www.epa.gov/nsr/where.html and related links.
State
Indiana

C. Non-attainment Areas

Under the Clean Air Act, U.S. EPA is required to determine areas that do not meet the
National Ambient Air Quality Standards (NAAQS) for several air borne pollutants such
as ozone, carbon monoxide, nitrogen dioxide, sulfur dioxide and particulate matter. Areas
that do not meet the NAAQS for one or more of these air pollutants are referred to as
non-attainment areas; and conversely, areas that meet the standards are referred to as
attainment areas. Figure 2.03a shows the Indiana Counties that fail to meet the ozone
and/or the new fine particulates standards. (These pollutants are among those targeted by
the 2005 CAIR.)

D. New Sources.
Any new source or existing source which undergoes major modification must meet the
most recent New -Source Performance Standards (NSPS) during a New Source Review
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(NSR). The NSPS' differ depending upon .the location of the source' facility.- Facilities
which are located in the attainment areas must meet current U.S. -EPA' emissions 'limits
for the pollutions included in the NAAQS using the Best Available Control.Technology.
Determination of BACT is a' state level decision using U.S. EPA guidelines and includes
consideration of technology," energy source, environmerital, and economic impacts of.
BACT choice.. For facilities located in non-attainment areas, the emission control'
device(s) 'must be Lowest Achievable. Emission Rate (LAER) without 'regard to the
.energy, environmental .or. economic impact of the control -devices. Also, the .NSR
applicant rhiustfpiove that all other facilities owned by.the applicant in the state meet all
applicable emissions ýruleg, and o0btain emissions offsets from other parties to cover
emissions from the facility under review.
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Source: http://www.in.gov/ideni/air/8hourstandard/ozoneandmpmap.html

E. Combustions Byproducts
.U.S. EPA does not regulate coal combustion products (CCPs),as hazardous materials.
Regulations of those materials (Table 2.03c) is under state and local authorities since they
are considered non-hazardous and are either typically disposed of in on-site landfills or
used for beneficial purposes. U.S. EPA, several state agencies, and interested industry
partners are exploring ways to increase the beneficial use of CCPs.
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Table 2.03d. Major Coal Combustions Products, Uses and Values
Combustion Product
Boiler Slag
Bottom Ash

Flue Gas DesuIphurization

Use
Blasting Grit
SRoofing Applications
ConcreteStructure Fill
Road Base

$4-$8/ton

Snow and Ice control

•$3-$6/ton

Value

Wallboard

Materials

Fly Ash

Concrete
$20-$45/ton
Structure Fill
$It./ton
Waste Stabilization
$25/ton
Sources: http://pubs.nsgs.gov/fs/fs076-O1/fs076-O l.html, http://www.acaa-usa.org/FAQ.htm

F. CO 2 Sequestration
CO 2 sequestration is a matter of great debate and uncertainty. In 2000 Indiana produced
235 million metric tons of CO2 [6]. If regulationi is ever implemented, geological•
sequestration will have the greatest capacity for none terrestrial sequestration. The Mt.
Simon Aquifier is a deep saline formation that may have between 44 and 218 billion
metric tons of capacity [9]. The formation is over a large portion of the Midwest and the
map in-Figure 2.03b gives depths of the formation in Indiana.

K
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Figure 2.03b. Mt. Simon Aquifier. ,
Source: http://www.beg.utexas.edu/environqlty/co2seq/1mtsimon.htm

2.04

Technology/Human Structure of Coal Research inNeighboring States

A. Indiana
Coal research in Indiana has been very limited, to date except coal characterization that
has been carried out by the Indiana Geological Survey at Indiana University. State
legislature mandated the establishnient of the Center for Coal Technol6gy Research;
however, state funding for the center has yet to materialize. As indicated below, Indiana's
neighboring states with significant coal production all have strong coal research and
substantial state funding. It should be noted that-the Ivy Tech campus at Terre Haute has
a mining training program.
B. Illinois
Of the neighboring states around Indiana, Illinois conducts the most coal research. The
state founded the Illinois Clean Coal Institute (ICCI) more than 20 years ago. The Coal
Research and Development Program underICCI is the technical component of the Office
of Coal Development (OCD) of the Illinois Department of Commerce and Economic
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Opportunity (DCEO). OCD deals with developing and conducting the Illinois Coal R&D
program. The ICCI is a funding organization and is to: promote the development and
application of new and/or improved technologies that .contribute to the economic and
environmentally sound use of Illinois coal..This will be. accomplished.using outside
contractorsto conduct R&D, evaluationstudies and the development of concepts to assist
producers.andusers of Illinois coal..., and.to -createnew markets for Illinois coal [7].
The annual budget. is" about $2.6 "million for the past few years,, and open bids are
conducted for coal research across the state [8]. In addition to R&D, OCD has'sipported
many demonstration and development programs in the state, and. the. Soiithem Illinois
Clean Energy Center and the Royster-Clark Nitrogen aire two typical examples
The coal reseýrch center at the Southern Illinois University at Carbondale (SIUC) is one
of the leading research groups competing for..the ICCI .grants (the SIUC center also
received a $25 millioh donation from ComEd in 2000 for'coal research). Currently, the
SIUC center has seven regular research staff, one training specialist and some support
personnel.
.'There are also some private research and development institutions and the most well
known is the Gasification Technology Institute (GTI).
C. Kentucky

."

Kentucky also has a strong capability in coal research and development. The best known
research organization in the state- is the Center for Advanced Energy Research (CAER)
whose research is focused on clean coal technologies. Recent annual fundin-g from the
state for the center was about $4.5 million, of which about $1 million was for operating
costs [8]. CAER has also obtained funding -from federal and industry sources (Table
2.04a provides a few examples). CAER currently has one director, four associate
directors, 30 plus regular research staff, eight faculty research associates and some
support personal. More-information is available at http'//www.caer.uky.edu/. CAER has a
group specializing in the Fischer-Tropsch process, a process for gas to liquid conversion
patented in the early last century in Germany.
Table 2.04a. Legend: KSEF - Kentucky Science & Engineering Foundation.
Project

Outside source

$1,000)

___(in

IGCC by-products
Fly-ash-concrete
Nanotube for coal extract
Bulk carbon fibre (coal use)
Catalysts for NOx control

.

200 (DOE)
49.286 (DOE)
111.292 (DOE)
57.541 (DOE)
49.575 (KSEF).

CAER match
(in $1,000).
so
49.963..
112.877
58.388
49.985

Comments
"
Match < 50%

Source:
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D. Michigan

-

There is basically-no coal production in Michigan, and hence no coal. research center.
However, some small-scale coal resecarch programs -are distributed in the state.- For
example, Michigan State University has been doing research in the use of coal ash anid
Michigan Technological University has researched a novel, algae growing bio-scrubber
that could be retrofitted to existing power plants or applied to new power plants.(a DOE.sponsored project).
E. Ohio
Ohio has-a strong coal research capability. The Ohio-Coal Research Center, hosted at
Ohio University, is the leading coal r;esearch identity in the state. There is an "Ohio Coal
Research Consortium (OCRC)" administered by the Ohio Coal Development Office
(OCDC). The OCRC consists of six universities and industry, and the annual funding
from OCDC is a bit over $1 million, plus federal and private sources. The Ohio Coal
Research Center currently has about seven regular research staff members, four of them
are faculty. More information can be found at http://wwwv.ent.ohiou.edu/-ohiocoal/.
The state has co-sponsored with DOE a research program on ultra supercritical
pulverized coal (USC-PC) plant design.
F. Wisconsin
Wisconsin is in a similar situation as Michigan: basically no coal production, not much
proved coal reserve.
G. Summary
The R&D and training capabilities of the six states is summarized in Table 2.04b. As is
shown in the table, Indiana's neighboring states all have significant coal research

capability and substantial state funding for clean coal technologies.
Table 2.04b. Coal Research & Training Capability by State in the Midwest.
...
Indiana

.

Statefunding
per year
150,000

Illinois

2,600,000

Kentucky
Michigan

4,500,000
n/a

Ohio
Wisconsin

> 1,000,000
n/a

..

industry
•r/a

> 2,000,000
n/a
-n/a

-

n/a
n/a

Researchb.
organizations
IGS, Purdue

Training
organizations
.Ivy Tech

SIUC, UCUI, GTI,
etc.

One in SIUC

Comments

SIUC website
Online program is
Online program
by the KY
Foundation
CAER, etc.
& a college
MSU, UM, MTU
none
OU, OSU, Akron
n/a
Univ., etc.
UI-Madison
none
*
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2.05

Electricity Demand Growth

Table 2.05 shows average- compound growth rates Of projected electric energy use
prepared by .three organizations: the State-Utility Forecasting Group (SUFG) at Purdue
University; the Energy Information Agency (EIA) of the U.S. Department-of Energy and
the North American Electric Reliability Council (NERC), a voluntary organization of ten
Regional Reliability Councils which in turn are voluntary organizations of electricity
generation, transmission, and distribution providers.
SUFG develops long-term projections of retail electricity sales in the State of Indiana.
EIA develops similar projections but focuses on the entire U.S. and reports consumption
forecasts by census region (Figure 2.05a). NERC develops regional projections for the
Regional Reliability Councils (Figure 2.05b) by aggregating projections provided by the
members of the Regional Reliability Councils.
The EIA projections for the East North Central (ENC) census region includes Indiana and
all surrounding states except Kentucky which is the northern most state in the East South
Central (ESC) census region. The NERC region East Central Area Reliability
Coordination Agreement (ECAR)'includes Indiana, Kentucky, the lower peninsula of
Michigan, and Ohio while the Mid-American Interconnected Network (MAIN) includes"
Illinois, eastern Wisconsin, and the upper peninsula of Michigan. The table includes all of
the EIA census regions projections for the census regions east of the Rocky Mountains to
illustrate the variability across geographic regions. The NERC regional projections
exhibit similar variations.
-

SUFG's total energy requirements (Figure 2.05c) exhibit more growth than the more
modest growth projected by EIA for the .ENC region and NERC for the ECAR and
MAIN regions. Speculation leads one to suspect that the differences are due to the
differences in key input assumptions such as fossil fuel prices, population growth and
regional economic activity; and perhaps the different time periods over which the average
growth rates apply.
SUFG projects that the state of Indiana will require 9100 MW of additional resources by
2020, of which nearly 5500 is expected to be base load resources. Base load electricity
resources in the Midwest have traditionally been composed of coal and nuclear power
generation plants, although more recently some gas-fired. combined cycle plants have
been built by independent power producers (before the recent increase in natural gas
prices), and conservation measures may reduce the need for additional generation
resources somewhat. Since EIA and NERC both project slower growth than SUFG, one
would expect that the need for additional base load resources would be somewhat lower
using thesd piojections.
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Table 2.05. Electric Energy Requirements (ACGR)
Residential

Commercial Industrial

Total

SUFG

Indiana

2002-21

1.95

2.71

1.97

2.16

EIA

NE
MA
ENC
WNC
SA
ESC

2003-25
2003-25
2003-25
2003-25
2003-25
2003-25

1.10
0.90
1.30
1.60
2.00
0.70

1.90,
1.60
2.107
2.20
2.90
3.00

0.80
0.80
1.10
1.20
1.40
1.40

1.40
1.20
1.50
1.70
2.20
1.60

NERC

.

ECAR

12004-13

1.62

_MAIN

2004-13

.1.44

SUFG https://engineering.purdue.edu/IEIResearch/PEMRG/SUFG
http://www.eia.doe.gov/oiaffaeo/supplement/index.html
EIA
NERC http //www.nerc.com/-esd/nel.xls
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Division I
New England
Connecticut
Maine
Massachusetts
New Hampshire
Rhode Island
Vermont
Division 2
Middle Atlantic
New Jersey
New York
Pennsylvania

Division 3

Division 5

East North Central

South Atlantic

Indiana
Michigan
Ohio

Wisconsin
Division 4
West North Central
Iowa
Kansas
Mkinnesota
Missouri
Nebraska
North Dakota
,South Dakota

Delaware
District of Columbia
Florida
Georgia
Maryland
*North Carolira
South Caronlna:
Virginia
West Virginia
Division 6
East South Central
Alabama
Ke6Wtuc
•MississippI
Tennessee

Division7

Division 9

West South Central

Pacific

Arkansoa

Alaska
Ca!ifornia
Hawal
Oregon
Washington

Louisiana

Oklahoma
Texas
Division s
Mountain
Aizona
Colorado
Idaho
Montana
Nevada
New M)xdco
Utah
Wyoming

Figure 2.05a. United States Census Divisions.
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Figure 2.05b. NERC Reliability.
Source: http://www.nerc.com/-esd/nel.xls
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Year 1 1999

2001

2003

160000

160000

-4

1990

3

1991

6654ý

7o6,x
k 76031

1992
1993
1994
1995
1996
1997
"1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017.
2018
2019
2020
2021

07
2669F;
56g5-4

77
8;,q6?
85446.e
885i

-742
7374Z; 73742

$2-~
85:
8
906
70637
'9063'•:
90237
273 87
91634
3429 9.3j4
94561
801 8.•17
96867 102116 • -3
98922 106257
101170 109014 99934
103298 110294'102680
105179 111515 105592
107058 113997 108053
108833 116118 109944
110601 118017 111758
112433 120012.113769
114148 121892 115798
116124 124225 118115
118291.126317 120546
120130 128418 122899
122389 130497 125532
124797 133048 128116
126406 135161 130895
128237 137244 133805
139973 136839
142342 139920
145333 143145
147067
150013

~Year
Note: the shaded numbers in the table and the heavy line in the
graph are historical values.
Average Compound Growth Rates
Forecast Period 1997-16
2000-19
2002-21
1.87
1.87
2.16

Figure 2.05c. Indiana Electricity Requirements in GWh (Historical, Current and
Previous Forecasts).
Source: https://engineering.purdue.edu/IE/ResearchPEMRG/SUFG

2.06

Legacy Boiler Population

One aspect of clean coal technology that is important to Indiana is the repowering of
existing boiler units. The following figures give information about the various boilers in
Indiana. In can be seen from Figure 2.06a that most coal boilers in Indiana are at least 20
years old and some are up to 50 years old. As these older boilers get replaced, clean coal
technologies will play a major role. Figure 2.06b shows the increasing size of installed
units over the years and the how coal units tend to be much larger in size than natural gas
units. From Figure 2.06c, it can be seen that sulfur removal technology is already playing
a major role in the production of electricity in Indiana from coal. As new emission
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standards are put in place, more and more units will have pollutant controls. Lastly,
Figure 2.06d show the breakdown 'f- electri& capacity ownership in Indiana between
Indianapolis Power and Light, Indiana Michigan Power Company, Northern Indiana
Public Service Company, Southern Indiana Gas and Electric Company, Hoosier Energy,
Independent Power Producers, aand others. All data was obtaihed from the Federal
Energy Regulatory Commission' 2003 form 767 ^data and only includes combustion
facilities of 25 Megawatts or more and may be incomplete.-

Installed Capacity By Year For All Electric Producers in Indiana
800070006000500013 Other

MW 40)00-,

toCoal
Natural Gas

300020001000 0-
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Figure 2.06a. Installed Capacity by Year.
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Boiler Size (All Electric Producers)
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Figure 2.06b. Boiler,,Size (All Electricity Producers)
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Figure 2.06c. Installation of Sulfur Removal Technology
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Ownership Of Indiana Power Production Capacity,

5%5% 6%
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14%

Figure 2.06d. Ownership of Indiana Power Production.,
2.07

Electricity Power Transmission Network

A major consideration in the installation of clean coal technologies will be access to
major transmission lines. Figure 2.07 is a representation of ihe major transmission lines
in Indiana with the location of existing electric production facilities. Locations of plants
and transmission lines are not exact and are to be used for representational purposes only.
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Figure 2.07. Indiana's Major Power Plants and Transmission Lines.
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2.08

Natural Gas Transmission Network.

An aspect of IGCC's that must be considered. in the future is-the possibility for natural
gas backup systems as well as the possibility of producing syngas for use in the natural
gas transmission lines. Figure 2.08 shows the location of major gas transmission lines in
Indiana. As with Figure 2.07, .all information-is not exact and should be used for_
representational
purposes
only
representat!0n
a~pu
-P~se~s.0n
!Y... ..'.: .:...... :....... : . . ................ : ... ....
':.:.
. ..... .. .... ." :.. . . .

.Major.Gas Tiansmissin Lines of ndiana

.:.......:.<
.
•~ ~ ~~

:.~Fiur

~

~

~

~

~

~

:;.: :i .:..:.;.t: i:.f..:!;
:¢ .:.:::;:.:Po,
:Ed::::i..:i..........'
:."..i? .-y:: .
. . o. n.
. .Im ~.fl.
~~~.rmuW
.. ...
..... .
...............
Turbine.'

2.08.?
Indiana's Major Gas Trans
flfix''.
n p p.'.'

v" is'.not.

- :. . ... - ... .......
:. . :: """.. . :". ' : ' ": " . :i' '':ii.' " : i :: " 'I

"...:' fo

is.sionLie.•.•.:!..:LI:< i ;.•
'.mt

".:

"cp•"..." . ''

.t

.'.."

...

". :"'

:.:'~i~ ..; !ii ":.:i• :..5•: :• .:i:: .: :i i..:ii .?.5 3
-

':...

."..............5

Figure
Indiana'
~ ~ MaoCGsTrnmssopLns
~
~~ 2.08
ow

: ." .

':

2.09

Coal Transportation Infrastructure

Figure 2.09 shows the network of Class I railroads serving the Midwest. Virtually all the
coal used in Indiana for electric power production (other than at mine-mouth. plants)
moves over either this rail system or by barge to plants near the Ohio River.
With almost all Indiana's coal resources being in the southwest part of the state along the
Illinois border, this rail configuration creates a significant barrier to increased use of
Indiana coals by power plants in the northern part of the state. Coal mined in Southwest
Indiana must be shipped through Illinois and Chicago to reach those markets.
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Figure 2.09. Class I Railroads in the Midwest

D
54

55

References.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

FERC Form 1, Dec. 2003.
Powermarketers Association, "Rates worry PSC chief; 3 state utilities take top spots
in 4-state region," April 17, 2005.
EIA, Status of State Electric Industry Restructuring Activity, available online.
Include URL here.
Illinois Commerce Commission (ICC): Docket 98-0544, Final Order.
ICC: Certification Application Form: Instructions.
http://yosemite.epa.gov/oar/globalwarming.nsf/UniqueKeyLookup/SVDN5SZKKA/
$File/state co2 ffc.pdf
ICCI website at http://www.icciorg/.
Structure of Neighboring State Coal Research Centers Summary, August 18, 2004,
CCTR Workshop, Indianapolis.
M. Mastalerz, A. Drobniak, J. Rupp, N. Shaffer, "Characterization of Indiana's
Coal Resource: Availability Of The Reserves, Physical and Chemical Properties Of
The Coal, And The Present And Potential Uses." July, 2004.

56

Shibaki 2003
V-325

2Geothermal

Energy for Electric
Power
A REPP Issue Brief
December 2003
By Masashi Shibaki
Fredric Beck, Executive Editor

CONTENTS
Forw ard .........................................................................
Introduction ....................................................................
Geothermal Resources .................................................
History ...........................................................................
Geothermal Power Technology ....................................
Geothermal Power Generation .....................................
Econom ics .....................................................................
Environmental Impacts .................................................
P olicy ............................................................................
Future Developments .................................................
.................
Closing ...... .." ......................
Sources Of Further Information ................
Endnotes ......................................................................

2
2
2
4
6
7
9
13
16
19
22
22
23

Renewable Energy Policy Project
1612 K St. NW, Suite 202
Washington, DC 20006
phone: (202) 293-2898
fax: (202) 293-5857
www.repp.org

Geothermal Energy for Electric Power
A REPP Issue Brief
By Masashi Shibaki
With Fredric Beck, Executive Editor*
December2003

FORWARD
This paper provides a general background on utility-scale geothermal power and seeks to
teach the readers a basic understanding of geothermal power, as well as build a solid
foundation for further understanding of the technical, economic, and policy dimensions
of geothermal power worldwide. Economic data and current U.S. geothermal policy help
illustrate the concepts of this paper. Readers may refer to the extensive references to
reports and Web links to well-established geothermal energy sources, at the end of this
brief to learn the latest developments in geothermal power's role in clean energy
generation.

INTRODUCTION
Geothermal 1 energy is energy derived from the heat of the earth's core. It is clean,
abundant, and reliable. If properly developed, it can offer a renewable and sustainable
energy source. There are three primary applications of geothermal energy: electricity
generation, direct use of heat, and ground-source heat pumps. Direct use includes
applications such as heating buildings or greenhouses and drying foods, whereas ground
source heat pumps are used to heat and cool buildings using surface soils as a heat
reservoir. This paper covers the use of geothermal resources for production of utilityscale electricity and provides an overview of the history, technologies, economics,
environmental impacts, and policies related to geothermal power.

GEOTHERMAL RESOURCES
Understanding geothermal energy begins with an understanding of the source of this
energy-the earth's internal heat. The Earth's temperature increases with depth, with the
temperature at the center reaching more than 4200 IC (7600 *F). A portion of this heat is
a relic of the planet's formation about 4.5 billion years ago, and a portion is generated by
the continuing decay of radioactive isotopes. Heat naturally moves2 from hotter to cooler
regions, so Earth's heat flows from its interior toward the surface.
Because the geologic processes known as plate tectonics, the Earth's crust has been
broken into 12 huge plates that move apart or push together at a rate of millimeters per
* The authors would like to thank Karl Gawell and Diana Bates of the Geothermal Energy Association
for
circulating this paper for peer review and for providing valuable comments, and Kelly Ross and Leona
Kanaskie of REPP for technical editing of the document.
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year. Where two plates collide, one plate can
thrust below the other, producing
extraordinary phenomena such as ocean
trenches or strong earthquakes. At great
depth, just above the down going plate,
temperatures become high enough to melt
rock, forming magma. 3 Because magma is
less dense than surrounding rocks, it moves
up toward the earth's crust and carries heat
from below. Sometimes magma rises to the
surface through thin or fractured crust as lava.
However, most magma remains below earth's
Figure 1. Schematic of geothermal power
crust and heats the surrounding rocks and
plant production and injection wells.
subterranean water. Some of this water comes
Source: U.S. Department of Energy
all the way up to the surface through faults
http://www.eia.doe.gov/kids/renewable/geothermal.html
and cracks in the earth as hot springs or
geysers. When this rising hot water and steam is trapped in permeable rocks under a layer
of impermeable rocks, it is called a geothermal reservoir.These reservoirs are sources of
geothermal energy that can potentially be tapped for electricity generation or direct use.
Figure 1 is a schematic of a typical feothermal power plant showing the location of
magma and a geothermal reservoir. Here, the production well withdraws heated
geothermal fluid, and the injection well returns cooled fluids to the reservoir.
Resource Identification
Geological, hydrogeological, geophysical, and geochemical techniques are used to
identify and quantify geothermal resources. Geologicaland hydrogeologicalstudies
involve mapping any hot springs or other surface thermal features and the identification
of favorable geological structures. These studies are used to recommend where
production wells can be drilled with the highest probability of tapping into the
geothermal resource. Geophysicalsurveys are implemented to figure the shape, size,
depth and other important characteristics of the deep geological structures by using the

following parameters: temperature (thermal survey), electrical conductivity (electrical
and electromagnetic methods), propagation velocity of elastic waves (seismic survey),
density (gravity survey), and magnetic susceptibility (magnetic survey).5 Geochemical
surveys (including isotope geochemistry) are a useful means of determining whether the
geothermal system is water or vapor-dominated, of estimating the minimum temperature
expected at depth, of estimating the homogeneity of the water supply and, of determining
the source of recharge water.
6
Geothermal exploration addresses at least nine objectives:
1. Identification of geothermal phenomena
2. Ascertaining that a useful geothermal production field exists
3. Estimation of the size of the resource
4. Classification of the geothermal field
5. Location of productive zones
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6. Determination of the heat content of the fluids that will be discharged by the wells
in the geothermal field
7. Compilation of a body of data against which the results of future monitoring can
be viewed
8. Assessment of the pre-exploitation values of environmentally sensitive parameters
9. Determination of any characteristics that might cause problems during field
development
Drilling
Once potential geothermal resources have been identified, exploratory drilling is carried
out to further quantify the resource. Because of the high temperature and corrosive nature
of geothermal fluids, as well as the hard and abrasive nature of reservoir rocks found in
geothermal environments, geothermal drilling is much more difficult and expensive than
conventional petroleum drilling. Each geothermal well costs $1-4 million to drill, and a
geothermal field may consist of 10-100 wells. Drilling can account for .30-50% of a
geothermal project's total cost.7 Typically, geothermal wells are drilled to depths ranging
from 200 to 1,500 meters depth for low- and medium-temperature systems, and from 700
to 3,000 meters depth for high-temperature systems. Wells can be drilled vertically or at
an angle. Wells are drilled in a series of stages, with each stage being of smaller diameter
than the previous stage, and each being secured by steel casings, which are cemented in
place before drilling the subsequent stage. The final production sections of the well use
an uncemented perforated liner, allowing the geothermal fluid to pass into the pipe. The
objectives of this phase are to prove the existence of an exploitable resource and to
delineate the extent and the characteristics of the resource. An exploratory drilling
program may include shallow temperature-gradient wells, "slim-hole" exploration wells,
and production-sized exploration/production wells. Temperature-gradient wells are often
drilled from 2-200 meters in depth with diameters of 50-150 mm. Slim-hole exploration
wells are usually drilled from 200 to 3000 meters in depth with bottom-hole diameters of
100 to 220 mm. The size and objective of the development will determine
the number
8
and type of wells to be included in exploratory drilling programs.
HISTORY
People have used geothermal resources in many ways, including healing and physical
therapy, cooking, space heating, and other applications. One of the first known human
uses of geothermal resources was more than 10,000 years ago with the settlement of
Paleo-Indians at hot springs. 9 Geothermal resources have since been developed for many
applications such as production of electricity and geothermal heat pumps. Prince Piero
Ginori Conti invented the first geothermal power plant in 1904, at the Larderello dry
steam field in Italy. 10 The first geothermal power plants in the United States were
operated in 1960 at The Geysers in Sonoma County, California. Table 1 (below) shows
the timeline of the recent history of geothermal energy in the United States.
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Table 1. Important Events in the History of Geothermal Energy in the United States"I
Year

1970

1972

1974
1975
1977

1978

1981

1982
1989

Event
The first large scale geothermal plant was opened and operated at The Geysers in California, with a
capacity of 11MW.
The Geothermal Resources Council is formed to encourage the development of geothermal resources
worldwide. The Geothermal Steam Act is enacted, providing the Secretary of the Interior with the
authority to lease public lands and other federal lands for geothermal exploration and development in
an environmentally sound manner. Re-injection of geothermal fluids of spent geothermal fluids back
into the production zone began as a means to dispose of wastewater and maintain reservoir life.
The Geothermal Energy Association is formed. The association comprises U.S. companies that
develop geothermal resources worldwide for electrical power generation and direct-heat uses.
Deep-well drilling technology improvements led to deeper reservoir drilling and access to more
resources.
The U.S. government enacts the Geothermal Energy Research, Development and Demonstration
(RD&D) Act, instituting the Geothermal Loan Guaranty Program, which provides investment security to
public and private sectors using and developing technologies to exploit geothermal resources.
The Energy Research and Development Administration (ERDA) is formed, with the goal of focusing the
federal government's energy research. The Division of Geothermal Energy takes over the RD&D
program begun in 1974.
The U.S. Department of Energy (DOE) is formed. Hot dry rock geothermal power demonstrated with
financial assistance from DOE. Scientists develop the first hot dry rock reservoir at Fenton Hill, New
Mexico.
The Public Utility Regulatory Policies Act (PURPA) is enacted. PURPA mandated the purchase of
electricity from qualifying facilities (QFs: small power producers using renewable energy sources and
cogenerators) meeting certain technical standards regarding energy source and efficiency. PURPA
also exempted QFs from both State and Federal regulation under the Federal Power Act and the Public
Utility Holding Company Act.
With support from DOE, Ormat successfully demonstrates binary technology in the Imperial Valley of
California. The project established the technical feasibility of larger-scale commercial binary power
plants. The project is so successful that Ormat repays the loan within a year.
':Economic electrical generation begins at California's Salton Sea geothermal field using crystallizerclarifier technology. The technology resulted from a government/industry effort to manage the highsalinity brines at the site. Geothermal (hydrothermal) electric generating capacity, primarily utilityowned, reached a new high level of 1,000 MW
The world's first hybrid (organic Rankine/gas engine) geopressure-geothermal power plant begins
operation at Pleasant Bayou, Louisiana, using both the heat and the methane of a geopressured
resource.

1994

1995
2000

DOE creates two industry/government collaborative efforts to promote the use of geothermal energy to
reduce greenhouse gas emissions. One effort is directed toward the accelerated development of
geothermal resources for electric power generation; the other is aimed toward the accelerated use of
geothermal heat pumps.
A DOE low-temperature resource assessment of 10 western states identified nearly 9,000 thermal
wells and springs and 271 communities co-located with a geothermal resource greater than 500C.
Worldwide geothermal capacity reaches 6,000 MW
DOE initiates its GeoPowering the West program to encourage development of geothermal resources
in the western United States. An initial group of 21 partnerships with industry is funded to develop new
technologies.
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GEOTHERMAL POWER TECHNOLOGY
Utility-scale geothermal power production employs three main technologies. These are
known as dry steam, flash steam
and binary cycle systems. The

•.

Dty-t

...

....

•

technology employed depends on
the temperature and pressure of

the geothermal reservoir. Unlike
solar, wind, and hydro-based
renewable power, geothermal
power plant operation is
independent of fluctuations in
daily and seasonal weather.

-.

1

1-

Dry steam
Dry steam power plants use very
hot (>455 'F, or >235 'C) steam
and little water from the
geothermal reservoir. 12 The
steam goes directly through a
Figure 2. Dry Steam Power Plant Schein atic
pipe to a turbine to spin a
Source: National Renewable Energy Laboratory (N REL)
generator that produces
electricity. This type of
geothermal power plant is the oldest, first being used at Lardarello,
Italy, in 1904.13
4
Figure 2 is a schematic of a typical dry steam power plant.'
Flash steam
Flash steam power plants use hot
water (>360 'F, or >182 °C) from
the geothermal reservoir."5 When
the water is pumped to the

IT"-I

-"T

--I

717-?r-1ý1

generator, it is released from the

pressure of the deep reservoir. The
sudden drop in pressure causes
some of the water to vaporize to
steam, which spins a turbine to
generate electricity. Both dry
steam and flash steam power
plants emit small amounts of
carbon dioxide, nitric oxide, and
sulfur, but generally 50 times less
than traditional fossil-fuel power
plants. 16 Hot water not flashed into
steam is returned to the geothermal
reservoir through injection wells.
Figure 3 is a schematic of a typical
Renewable Energy Policy Project
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Page 6 of 26

Geothermal Power Issue Brief
December, 2003

. flash steam power plant. 17

Binary-cycle
Binary-cycle power plants use
I.,
moderate-temperature water (225 IF360 'F, or 107 *C-182 'C) from the
geothermal reservoir. In binary
systems, hot geothermal fluids are
passed through one side of a heat
exchanger to heat a working fluid in a
separate adjacent pipe. The working
fluid, usually an organic compound
with a low boiling point such as Isobutane or Iso-pentane, is vaporized
and passed through a turbine to
generate electricity. An ammoniawater working fluid is also used in
Figure 4. Binary Cycle Power Plant Schematic
what is known as the Kalina Cycle.
Source: National Renewable Energy Laboratory (NREL)
Makers claim that the Kalina Cycle
system boosts geothermal plant
efficiency by 20-40 percent and reduces plant construction costs by 20-30 percent,
thereby lowering the cost of geothermal power generation.
The advantages of binary cycle systems are that the working fluid boils at a lower
temperature than water does, so electricity can be generated from reservoirs with lower
temperature, and the binary cycle system is self-contained and therefore, produces
virtually no emissions. For these reasons, some geothermal experts believe binary cycle
systems could be the dominant geothermal power
plants of the future. Figure 4 is a
18
schematic of a typical binary cycle power plant.
GEOTHERMAL POWER GENERATION
As of 2000, approximately 8,000 megawatts (MW) of geothermal electrical generating
capacity was present in more than 20 countries, led by the United States, Philippines,
Italy, Mexico, and Indonesia (see Table 2 below). This represents 0.25% of worldwide
installed electrical generation capacity. In the United States, geothermal power capacity
was 2,228 MW, or approximately 10% of non-hydro renewable generating capacity in
2001 (see Figure 5 below). 19 This capacity would meet the electricity needs of
20
approximately 1.7 million U.S. households.
Current geothermal use is only a fraction of the total potential of geothermal energy. U.S.
geothermal resources alone are estimated at 70,000,000 quads 21, equivalent to 750,000years of total primary energy supply (TPES) for the entire nation at current rates of
consumption. The geothermal energy potential in the uppermost 6 miles of the Earth's
crust amounts to 50,000 times the energy of all known oil and gas resources in the
world.22 Not all of these resources are technologically or economically accessible, but
Renewable Energy Policy Project
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tapping into even a fraction of this potential could provide significant renewable
resources for years to come. The Geothermal Energy.Association reports the potential for
developing an additional 23,000 MW of generating capacity in the United States using
conventional geothermal energy technology. 23
24
Table 2. Installed Geothermal Generating Capacities Worldwide

1995
C (MWe)
United States
2,817
Philippines
1,227
Italy
632
Mexico
753
Indonesia
310
Japan
414
New Zealand
286
Iceland
50
El Salvador
105
Costa Rica
55
Nicaragua
70
County

Total (MW)

[

2000
(MWe)
2,228
1,909
785
755
590
547
437
170
161
142
70

Country
Kenya
Guatemala
China
Russia
Turkey
Portugal
Ethiopia
France
Thailand
Australia
Argentina

2000
(MWe)
45
33
29
23
20
16
8
4
0.3
0.2
0

1995
(MWe)
45
33
29
11
20
5
0
4
0.3
0.2
0.7
6,833

1

7,974

18,000
•* 15,000

12,000
(

9,000

E

6,000

CD 3,000

Solar

Geothermal

MSWILandfill
Gas

Wind

Biomass

Source: EIA Renewable Energy Annual 2001. Blomass excludes agriculture byproducts/crops,
sludge waste, tires, and other biomass solids, liquids and gases.

Figure 5. U.S. Non-Hydro Renewable Power Generating Capacity, 2001
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Capacity Factor
The percentage of time a power plant runs is the plants capacityfactor. Geothermal
power plants typically produce electricity about 90% of the time, though can be run up to
98% of the time if the contract price of power is high enough to justify increased
operational and maintenance costs. In comparison, coal- fired power plants are typically
run 65-75% of the time, while nuclear plants in the United States have run at very high
capacity factors (95-98%) in recent years due to lucrative market and regulatory
conditions.
ECONOMICS
The commercial viability of geothermal power production is influenced by capital costs
for land, drilling, and physical plant; operating and maintenance costs; the amount of
power generated and sold from the plant; and the market value of that power. However,
because geothermal power plants incur high capital costs at the beginning of the project,
they are typically at an economic disadvantage to conventional fossil fueled power plants.
Fossil fuel plants have lower up -front capital costs, but incur fuel costs for the life of the
plant. This section discusses capital cost, operating and maintenance cost, average cost of
power production over the life of the plant (known as the levelized cost of power
production), as well as the economic impacts ofgeothermal power such as labor creation,
tax base contributions, and balance-of-trade impacts.
Capital Cost
Capital costs are the fixed costs for power plant construction. Geothermal capital costs
include the cost of land, drilling of exploratory and steam field wells, and physical plant,
including buildilngs and power-generating turbines. Geothermal plants are relatively
capital-intensive, with low variable costs and no fuel costs. The capital cost for
geothermal power plants ranges from $1150 to $3000 per installed KW, depending on the
resource temperature, chemistry, and technology employed. These costs may decrease
over time with additional technology development. Plant lifetimes are typically 30-45
years. Financing is often structured such that the project pays back its capital costs in the
first 15 years. Costs then fall by 50-70%, to cover just operations and maintenance for
the remaining 15-30 years that the facility operates.25 Table 3 shows the capital costs for
geothermal plants, and Table 4 shows conventional baseload power direct capital costs
for comparison.
Operating and Maintenance Cost
Geothermal power plant operating and maintenance costs range from $0.015 to $0.045
per KWh, depending on how often the plant runs. Geothermal plants typically run 90% of
the time. They can be run up to 97-98% of the time, but this increases maintenance costs.
High run times are found when contractual agreements pay high prices for power.
Higher-priced electricity justifies running the plant at high-capacity factors because the
resulting higher maintenance costs are recovered. Table 5 provides geothermal operating
and maintenance cost by plant size. Large plants tend to have lower O&M costs due to
economies of scale. As shown by Table 6, geothermal operating costs of 0.4-1.4 0/kWh
are within the range of O&M costs of conventional power plants.
Renewable Energy Policy Project
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Table 3 Geothermal Power Direct Capital
26 Costs
(US$1999 /KW installed capacity)
Plant Size

Cost

High-Quality
Resource
$400-800
$100-200
$1100-1300
$1600-2300
$250-400
$200-500
$850-1200
$1300-2100
$100-200
$300-450
$750-1100
$1150-1750

Exploration
Steam field
Power plant
Total
Exploration
Steam field
Power plant
Total
Exploration
Steam field
Power plant
Total

Small plants (<5MW)

Medium plants (5-30MW)

Large plants (>30MW)

Medium-Quality
Resource
$400-1000
$300-600
$1100-1400
$1800-3000
$250-600
$400-700
$950-1200
$1600-2500
$100-400
$400-700
$850-1100
$1350-2200

Table 4. Conventional Baseload Power Direct Capital Costs

Capital Cost
($US1999/kW)
$1150-$3000
$735-$4778
$1070-$1410
$1500-$4000

Resource
Geothermal
Hydropower,"
Coal?8
Nuclear 29

Table 5. Geothermal Operating and Maintenance
Costs by
30
Plant Size (U.S. cents/kWh)
Cost

Component
Steam field
Power plants
Total

Small plants
(<5MW)
0.35.-0.7
0.45-0.7
0.8-1.4

Medium plants
(5-30MW)
0.25-0.35
0.35-0.45
0.6-0.8

Large plants
(>30MW)
0.15-0.25
0.25-0.45
* 0.4-0.7

Table 6. Operating and Maintenance Cost Comparison by
Baseload Power Source (U.S. cents/kWh)

Resource

O&M Cost
(cents/kWh)

Geothermal

0.4- 1.4

Hydropower31
Coal 32
Nuclear 33

0.7
0.46
1.9
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Levelized Cost
The levelized cost of power production is the average cost of power production over the
life of a power plant, taking into account all capital expenses and operating and
maintenance costs, as well as fuel costs for power plants that rely on external fuel
sources. Major factors affecting geothermal power cost are the depth and temperature of
the resource, well productivity, environmental compliance, project infrastructure and
economic factors such as the scale of development, and project financing costs.
Real levelized costs for geothermal electricity generation are $0.045-$0.07 per KWh,
which is competitive with some fossil fuel facilities, without the pollution. 34 The lowest
cost of geothermal electricity is approximately $0.015 per KWh. At the Geysers, power is
sold at $0.03 to $0.035 per KWh. Some geothermal power plants can charge more per
KWh during some time periods, because of incentives related to reliability of generation
and power provided during peak demand. The cost of generating power from geothermal
resources has decreased about 25% over the past two decades.3
The goal of the geothermal industry and the U.S. Department of Energy is to achieve a
geothermal energy life-cycle cost of electricity of $0.03 per KWh. It is anticipated that
costs in this range will result in about 10,000 MW of new capacity installed by U.S. firms
within the next decade. Table 7 presents the levelized cost comparison of power by
source. It shows that in some cases, geothermal energy can compete directly with
conventional baseload power sources.
Table 7. Levelized Cost Comparison of Baseload Power by Source
36

Levelized Cost
(US cents/kWh)
Geothermal
Hydropower
Coal
Nuclear

1.5-7.0
0.5-2.4
2.0-5.0
1.5-3.0

Job Creation
In 1996, the U.S. geothermal energy industry as a whole provided approximately 12,300
direct jobs in the United States, and an additional 27,700 indirect jobs in the United
States. The electric generation part of the industry employed about 10,000 people to
install and operate geothermal power plants in the United States and abroad, including
power plant construction and related activities such as exploration and drilling; indirect
employment was about 20,000.37 Table 8 provides estimates of job creation from
renewable energy development based on existing and planned projects in California and
the market outlook of project developers and equipment manufacturers. Natural gas is
included in the table because the bulk of new nonrenewable generation is expected to rely
upon natural gas. The table indicates that geothermal and landfill methane energy
generation yields significantly more jobs per MW of installed capacity than do natural
gas plants.
Renewable Energy Policy Project
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38 39
Table 8. Employment Rates by Energy Technology '

Power
Source

Construction
Employment
(jobs/MW)

O&M
Employment
(jobs/MW)

Total Employment for
500 MW Capacity
(person-years)

Factor
Increase over
Natural Gas

Wind
Geothermal
Solar PV
Solar thermal
Landfill Methane

2.6
4.0
7.1
5.7
3.7

0.3
1.7
0.1
0.2
2.3

5,635
27,050
5,370
6,155
36,055

2.3
11.0
2.2
2.5
14.7

2,460

1.0

Digester Gas

Natural Gas

I

I

1.0

I

0.1

Economic Impacts
One of the most important economic aspects of geothermal energy is that it is generated
with indigenous resources, reducing a nation's dependence on imported energy, thereby
reducing trade deficits. Reducing trade deficits keeps wealth at home and promotes
healthier economies. Nearly half of the U.S. annual trade deficit would be erased if
imported oil were displaced with domestic energy resources.
Geothermal energy production in the United States is a $1.5-billion-dollar-per-year
industry. 40 Nevada's geothermal plants produce about 210 MW of electricity, saving
energy imports equivalent to 800,000 tons of coal or 3 million barrels of oil each year. In
addition, state governments receive tax revenue. In 1993, Nevada's geothermal power
plants paid $800,000 in county taxes and $1.7 million in property taxes. The U.S. Bureau
of Land Management collects nearly $20 million each year in rent and royalties from
geothermal plants producing
power on federal lands in Nevada-half of these revenues
41
are returned to the state.
Economic Impacts in Developing Countries
Nearly half of the developing countries have rich geothermal resources, which could
prove to be an important source of power and revenue. 42 Geothermal projects can reduce
the economic pressure of developing country fuel imports and can offer local
infrastructure development and employment. For example, the Philippines have exploited
local geothermal resources to reduce dependence on imported oil, with installed
geothermal capacity and power generation second in the world after the United States. In
the late 1970s, the Philippine government instituted a comprehensive energy plan, under
which hydropower, geothermal energy, coal, and other indigenous resources were
developed and substituted for fuel oil, reducing their petroleum dependence from 95% in
the early 1970s to 50% by the mid-1980s. 43
Developing countries will likely require increasing amounts of power in the coming
years. Through technology transfer programs, some industrialized countries are helping
developing countries make use of their local sustainable and reliable geothermal energy
resources.
Renewable Energy Policy Project
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ENVIRONMENTAL IMPACTS
Geothermal power plants do have some environmental impacts. However, these impacts
should be balanced against geothermal energy's advantages over conventional power
sources when conducting assessments of power plant project environmental impacts. The
primary impacts of geothermal plant construction and energy production are gaseous
emissions, land use, noise, and potential ground subsidence.
Gaseous Emissions
Geothermal fluids contain dissolved gases, mainly carbon dioxide (CO 2 ) and hydrogen
sulfide (H2 S), small amounts of ammonia, hydrogen, nitrogen, methane and radon, and
minor quantities of volatile species of boron, arsenic, and mercury. Geothermal power
provides significant environmental advantage over fossil fuel power sources in terms of
air emissions because geothermal energy production releases no nitrogen oxides (NO.),
no sulfur dioxide (SO2 ), and much less carbon CO 2 than fossil-fueled power. The
reduction in nitrogen and sulfur emissions reduces local and regional impacts of acid rain,
and reduction in carbon-dioxide emissions reduce contributions to potential global
climate change. Geothermal power plant CO 2 emissions can vary from plant to plant
depending on both the characteristics of the reservoir fluid and the type of power
generation plant. Binary plants have no CO 2 emissions, while dry steam and flash steam
plants have C02 emissions on the order of 0.2 lb/kWh, less than one tenth of the CO 2
emissions of coal-fired generation (see Table 9). According to the Geothermal Energy
Association, improved and increased injection to sustain geothermal reservoirs has
helped reduce C02 emissions from geothermal power plants.
44
Table 9. Comparison of C0 2 Emissions by Power Source

Power Source

CO2 Emissions
Pb/kWh)

Geothermal
Natural Gas

0.20
1.321

Petroleum

1.969

Coal

2.095

Hydrogen sulfide emissions do not contribute to acid rain or global climate change but
does create a sulfur smell that some people find objectionable. The range of HaS
emissions from geothermal plants is 0.03-6.4 g/kWh. 45 Hydrogen sulfide emissions can
vary significantly from field to field, depending on the amount of hydrogen sulfide
contained in the geothermal fluid and the type of plant used to exploit the reservoir. The
removal of H2 S from geothermal steam is mandatory in the United States. The most
common process is the Stretford process, which produces pure sulfur and is capable of
reducing t- 2S emissions by more than 90%.46 More recently developed techniques
include burning the hydrogen sulfide to produce sulfur dioxide, which can be dissolved,
converted to sulfuric acid and sold to provide income.
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Landscape Impacts and Land Use
Geothermal power plants require relatively little land. Geothermal installations don't
require damming of rivers or harvesting of forests, and there are no mineshafts, tunnels,
open pits, waste heaps or oil spills. An entire geothermal field uses onlyl-8 acres per
MW versus 5-10 acres per MW for nuclear plants and 19 acres per MW for coal plants. 47
Table 10 compares acreage requirements by technology. Geothermal power plants are
clean because they neither bum fossil fuels nor produce nuclear waste. Geothermal plants
can be sited in farmland and forests and can share land with cattle and local wildlife. For
example, the Hell's Gate National Park in Kenya was established around an existing 45MWe geothermal power station, Olkaria I. Land uses in the park include livestock
grazing, growing of foodstuffs and flowers, and conservation of wildlife and birds within
the Park. After extensive environmental impact analysis, a second geothermal plant,
in the park in 1994, and an additional power
Olkaria II, was approved for installation
48
station is under consideration.
Table 10. Comparison of Land Requirement for Baseload Power Generation
Land Requirement
Power Source
(Acre/MW)
1-8
5-10
19

Geothermal
Nuclear
Coal

Geothermal plants are also benign with respect to water pollution. Production and
injection wells are lined with steel casing and cement to isolate fluids from the
environment. Spent thermal waters are injected back into the reservoirs from which the
fluids were derived. This practice neatly solves the water-disposal problem while helping
to bolster reservoir pressure and prolong the resource's productive existence.49
Noise
Noise occurs during exploration drilling and construction phases. Table 11 (next page)
shows noise levels from these operations can range from 45 to 120 decibels (dBa). For
comparison, noise levels in quiet suburban residences are on the order of 50 dBa, noise
levels in noisy urban environments are typically 80-90 dBa, and the threshold of pain is
120 dBa at 2,000-4,000 Hz. 50 Site workers can be protected by wearing ear mufflers.
With best practices, noise levels can be kept to below 65 dBa, and construction noise
should be practically indistinguishable from other background noises at distances of one
kilometer.
Ground Subsidence
In the early stages of a geothermal development, geothermal fluids are withdrawn from a
reservoir at a rate greater than the natural inflow into the reservoir. This net outflow
causes rock formations at the site to compact, particularly in the case of clays and
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sediments, leading to ground subsidence at the surface. Key factors causing subsidence
include:
" A pressure drop in the reservoir as a result of fluid withdrawal
* The presence of a highly compressible geological rock formation above or in the
upper part of a shallow reservoir
" The presence of high-permeability paths between the reservoir and the formation, and
between the reservoir and the ground surface
If all of these conditions are present, ground subsidence is likely to occur. In general,
subsidence is greater in liquid-dominated fields because of the geological characteristics
typically associated with each type of field. Ground subsidence can affect the stability of
pipelines, drains, and well casings. It can also cause the formation of ponds and cracks in
the ground and, if the site is close to a populated area, it can lead to instability of
buildings.
The largest recorded subsidence in a geothermal field was at Wairakei in New Zealand.
Here the ground subsided as much as 13 meters. Monitoring has shown that a maximum
subsidence rate of 45 cm/year occurred in a small region, outside the production area,
with subsidence of at least 2 cm/year occurring all over the production field. 5 ' Effects of
the subsidence in the Wairakei region included:
" The creation of a pond about 1 km in length and 6 m in depth in what was originally a
fast- flowing stream;
* Cracking of both a nearby highway and the main waste water drain on the site;
" Compressive buckling and tensile fracturing of steam pipelines;
" Fissures in surroundings fields.
Although Wairakei presents an extreme example, little is currently known about how to
prevent or mitigate subsidence effects. The only action is to try to maintain pressure in
the reservoir. 52 Fluid re-injection can help to reduce pressure drop and hence subsidence,
but its effectiveness depends on where the fluid is re-injected and the permeability
conditions in the field. Typically, re-injection is done at some distance from the
production well to avoid the cooler rejected waste fluid from
53 lowering the temperature of
the production fluid and may not help prevent subsidence.
54
Table 11. Geothermal Exploration and Construction Noise Levels by Operation

Operation
Air drilling
Mud drilling
Discharging wells after drilling (to remove drilling debris)
Well testing
Diesel engines (to operate compressors and provide
electricity)
Heavy machinery,'e.g. for earth moving during construction

Noise Level (dBa)
85-120
80
Up to 120
70-110
45- 55
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POLICY
Renewable energy can reduce dependence on fossil fuels, reduce harmful pollution from
energy production and consumption, and reduce emissions of greenhouse gases.
However, most renewables have very different cost structures from conventional energy
generating technologies, with high up -front costs and low operating costs. This is true for
geothermal energy, which has high exploration and drilling costs in aditional to capital
plant expenses. With additional technology development, these costs can be lowered, and
geothermal energy can become more cost-competitive with other energy sources.
To spur geothermal technology and market development, the United States has developed
policies at the federal and state government level offering a variety of tax incentives for
the manufacture, installation, and use of renewables. This section discusses U.S. federal
and state policies to promote geothermal energy, as well as policies in other nations with
significant geothermal resources.
U.S. Federal Policies
With the oil embargoes and energy crisis of the 1970s, as well as growing environmental
awareness, concerns about the United States continued dependence on conventional fossil
fuels, as well as energy-related health and environmental hazards were raised. Policies to
promote renewable energy and energy efficiency were developed to help decrease the
Nation's dependence on fossil fuels and increase domestic energy conservation and
efficiency. This section focuses on the some approaches by the U.S. government to
encourage the development of geothermal energy, including R&D funding, tax credits,
and regulatory policy.
FederalResearch andDevelopment (R&D)
Federal energy R&D funding is important for maintaining technological progress in
energy development since private industry cannot afford to fully fund, on its own, the
continued research required. Energy R&D progress reduces cost, as well as increases
energy yields from existing resources. Federal energy R&D includes nuclear, fossil fuel,
renewable, energy conservation, and other energy technologies. Many geothermal
energy R&D projects are undertaken in conjunction with industry partners and
universities to ensure rapid deployment of the new technology into the marketplace.
During the mid-1990s, ongoing deregulation of the electric and natural gas utility
industry in the United States, along with lower energy prices, resulted in a significant
downturn in the private sector's support for energy R&D. President Clinton, reacting to
the trends, asked his Committee of Advisors on Science and Technology (PCAST) to
perform an assessment of the U.S. energy R&D effort. 55 As a result of PCAST's energy
R&D assessment, a recommendation was made to set aside $51 million for geothermal
energy R&D. This proposal included recommendations to expand advanced drilling
R&D through the National Advanced Drilling and Excavation Technologies Institute,
increase R&D on reservoir testing and modeling, and increase geothermal productivity.
However, appropriations for FY'01 only amounted to $26.6 million, less than half of
PCAST's recommended funding. As demonstrated in Figure 6, appropriations for
Renewable Energy Policy Project
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Figure 6. U.S. Geothermal Energy R&D Budget, 1998 - 2003
Source: Department of Energy Office of Budget

geothermal R&D have remained relatively flat from 1998 to 2003, at approximately half
of the PCAST recommended level. 56 Increased federal geothermal R&D appropriations
would help geothermal energy is to expand to its fullest potential.
Public Utility Regulatory PoliciesAct (PURPA)
The Public Utility Regulatory Policies Act (PURPA) is one of five statutes of the
National Energy Conservation Policy Act of 1978, which sought to decrease the Nation's
dependence on foreign oil. The intent of PURPA is to encourage the development of
independent, non-utility, fuel-efficient cogeneration plants and small renewable energy
power projects by requiring utilities to buy power from such plants at the utility's avoided
cost. An avoided cost is that amount that a utility would otherwise have to spend to
generate or procure power. As state above, PURPA requires utilities to buy power from
two types of independent power producers: (1) small power producers using renewable
energy sources; and (2) co-generators. Under PURPA, independent power producers are
designated as qualifying facilities (QFs). A QF seeking a small power producer status
must produce energy with at least 75 percent of the total energy input provided by
renewable energy. A QF seeking co- generator status under PURPA must produce
electricity and another form of energy sequentially while using the same fuel source.
One of the benefits of PURPA is that it allows a period of fixed payments for both energy
and capacity via long-term contracts which then makes a favorable environment for
renewables, including geothermal, to obtain financing.
Tax credits
Tax credits are used as a tool to encourage certain behaviors or influence decisions. The
U.S. government has been using tax credits to influence energy production decisions for
decades. The first energy tax incentives arrived on the'scene in 1978 with the passage of
Renewable Energy Policy Project
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the Energy Tax Act of 1978. Tax incentives have been created, terminated, and
reactivated in the United States over the past 20 years. In 1978, the Energy Tax Act
extended a 10% business energy tax credit for investments in solar, wind, geothermal,
and ocean thermal technologies. In 1986, the Tax Reform Act repealed the 10% business
energy tax credit. In 1992, the 10% business energy tax credit returned as a permanent
tax credit under the Energy Policy Act, but the credit could only be applied to
investments in solar and geothermal equipment.
Other factors influence the ebb and flow of tax credits, such as politics, economics, and
energy supply. Variability in the political support of tax incentives creates uncertainly in
long-term renewable markets, therefore, making it difficult for developers to maximize
the opportunities for development of renewables. However, without tax credits, the
penetration of renewable energy, such as geothermal, into the energy production sector
would be more difficult. Including geothermal energy under the federal Production Tax
Credit (PTC) could provide a significant boost to the geothermal sector.
U.S. State Policies
State governments, in addition to the federal government, have initiated programs and
policies to drive the diversification of the nation's energy portfolio by incorporating
renewable energy into the energy supply. Identified below are some policy measures that
are influencing energy policy decisions at the state level.
PublicBenefit Funds
Public Benefit Funds (PBF) are generated from a few sources such as a customer charge
on utility bills and rew user access fees to fund various public programs. These
programs include low-income energy assistance, energy efficiency, consumer energy
education, and renewable energy technology development and demonstration. California
was the first state to create a PBF. In 1996, California placed a charge on all electricity
bills from 1998 through 2001 that would provide $540 million for "new and emerging"

renewable energy technologies. As of 2002, at least 24 states have a Public Benefit Fund
program in place. See REPP's map of state PBF policies for specific details of these
policies at http://www.repp.org/sbf map.html.

Renewable PortfolioStandards
Renewable Portfolio Standards (RPS) mandate a state to generate a percentage of its
electricity from renewable sources or meet a specific renewable capacity requirement.
Each state has a choice of how to fulfill this mandate using a combination of renewable
energy sources, including wind, solar, biomass, geothermal, or other renewable sources.
As of 2002, 12 states have adopted an RPS as part of their restructuring processes.
California, for example, has an aggressive renewable portfolio standard requiring utilities
to purchase 20% of their electricity from renewable sources by 2017. In 1999, Texas
initiated a capacity-based standard to ensure that 2,000 megawatts (MW) of new
generating capacity from renewable energy technologies be installed by 2009.
Geothermal energy will most likely help fulfill RPS requirements in western states where
geothermal energy is more prevalent. See REPP's map of state RPS policies for specific
details of these policies at. http://www.repp.orglrps map.html.
Renewable Energy Policy Project
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Policies in Other Nations
The Philippines, the world's second largest user of geothermal energy for power
generation, provides an example of several incentives to attract geothermal development.
They are as follows:
* Recovery of operating expenses not exceeding 90% of the gross value in any year
with carry forward of unrecovered cost
* Service fee of up to 40% of net proceeds
* Exemption from all taxes except income tax
* Income tax obligation paid out of government's share
* Exemption from payment of tariff duties and compensating tax on the importation
of machinery, equipment, share parts and all materials for geothermal operation
* Depreciation of capital equipment over a 10-year period
* Easy repatriation of capital equipment investment and remittance of earnings
* Entry of alien technical and specialized personnel (including members of
immediate families
According to the Philippine Department of Energy, an additional eight geothermal power
plants will come57on line from 2003 to 2010. Expected capacity additions during this time
total 621 MWe.
FUTURE DEVELOPMENTS
Renewable energy technology is continuously evolving with the goal of reducing risk and
lowering cost. The goal of the geothermal industry and the U.S. Department of Energy is
to achieve a geothermal energy life-cycle cost of electricity of $0.03 per KWh.58 To
achieve the goal of lowering cost and risk, other types of nontraditional resources and
experimental systems are being explored. Among these are hot dry rock resources,
improved heat exchangers, and improved condenser efficiency.
Hot Dry Rock
Hot dry rock geothermal technology offers enormous potential for electricity production.
These resources are much deeper than hydrothermal resources. Hot dry rock energy
comes from relatively water- free hot rock found at a depth of about 4,000 meters or more
beneath the Earth's surface. One way to extract the energy is by circulating water through
man-made fractures in the hot rock. Heat can then be extracted from the water at the
surface for power generation, and the cooled water can then be recycled through the
fractures to pick up more heat, creating a closed- looped system. Hot Dry Rock resources
have yet to be commercially developed. One reason for this is that well costs increase
exponentially with depth, and since Hot Dry Rock resources are much deeper than
hydrothermal resources, they are much more expensive to develop. Figure 7 shows the
projected capital cost for hot dry rock compared to traditional geothermal power
technology from 1996 to 2030. The figure shows that the capital cost of hot dry rock will
decrease by almost half in 30 years, but it will still be twice as expensive as other
Renewable Energy Policy Project
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traditional geothermal technologies. If the technology can evolve to make hot dry rock
resources commercially viable, hot dry rock resources are sufficiently large enough to
supply a significant fraction of U.S. electric power needs for centuries.
Heat Exchanger Liners
The highly corrosive nature of geothermal plants poses a challenge to heat exchangers by
reducing their thermal conductivity. Research is cirrently being conducted to replace the
use of expensive heat exchanger materials, such as stainless steel and titanium, with new,
less expensive polymer-base coated carbon steel. The polymer-base-coated carbon steel
is proving to be as resistive to corrosion as the conventional, expensive materials. 59
Air-Cooled Condensers
Currently, the National Renewable Energy Laboratory (NREL) is investigating ways to
improve the efficiency of air-cooled condensers that are commonly used in binary-cycle
geothermal plants. Air-cooled condensers use large airflow rates to lower the
temperature of the gas once it has passed through the system to produce condensation.
The fluid is then collected and returned to the cycle to be vaporized. This cycle is
Figure 7
Projected Capital Costs for Hot Dry Rock compared to traditional Geothermal
Power Technology, 1996-2030
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important in binary-cycle geothermal plants because of the lack of make-up water. To
increase the heat exchange efficiency, NREL is currently testing the use of perforated fins
in the condensers, with all of the air flowing through the perforations, to increase the heat
exchange and therefore, condensation. Initial tests have indicated a 30-40% increase in
heat transfer. Such an increase in heat transfer technology could increase the efficiency
of future binary-cycle geothermal plants.
As technological improvements continue to be discovered and more geothermal plants
are brought online, geothermal generating capacity in the United States will continue to
increase. Figure 8 shows projected geothermal power generation under these scenarios
and projected generation from Annual Energy Outlook 2002. 60 Installed capacity is
likely to increase via new installation, as well as technological improvement leading to
increased yield. The U.S. DOE projects that U.S. geothermal generation will increase by
over 160% from 2000 to 2025, from 14.1 to 36.9 billion kilowatt-hours per year.

Figure 8. DOE Annual Energy Outlook
Projected Geothermal Generation 2000-2025 (Billion KWh)
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CLOSING
Our intention has been to provide the reader with a balanced overview of the utility-scale
geothermal power industry. We believe clean, reliable power can be developed from
renewable resources, with geothermal power making an important contribution.
Examples from the U.S. geothermal sector have been used to illustrate the costs, benefits,
policies, and trends in geothermal energy today. What follows is a list or further
resources available on the world-wide web to allow the reader to gain a deeper
understanding of the potential of geothermal power and the issues surrounding its
development. We urge the reader to seek further understanding of these issues, and the
means to their resolution, in order to support the progress of geothermal energy in
providing clean, reliable, and economic power.
SOURCES OF FURTHER INFORMATION
U.S. Government Progranms
U.S. Department of Energy
http://www.eere.energy.gov/geothermal/
National Renewable Energy Laboratory: Geothermal Technologies Program
http://www.nrel.gov/geothermal/geoelectricity.html
InternationalPrograms
Philippines Department of Energy
http://www.doe.gov.ph/
The World Bank Group
http://www.worldbank.org/html/fpd/energv/geothermal/
Industry Associations
Geothermal Energy Association
http://www.geo-energy.ora
Geothermal Resources Council
http://www.geothermal.org
International Geothermal Association
http://iga.igg.cnr.it
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Non-Profit Organizations
Marin County Geothermal Education Office
http://www.geothermal.marin.org/
Renewable Northwest Project
http://www.mp.org/RenewTech/tech geo.html

TechnicalInfornation
University of Utah Energy & Geoscience Institute
http://egi- geothermal.org/
Idaho National Engineering and Environmental Laboratory
http://geothermal.id.doe.gov/
Oregon Institute of Technology
http://geoheat.oit.edu
GeothermalResource Assessment
Geothermal Energy Research State Maps
http://geothermal.id.doe.gov/maps-software.shtml
United States Geothermal Potential
http://www.eere.energy.gov/geopoweringthewest/geomap.html
Opportunities for Near-Term Geothermal Development on Public Lands
in the Western United States (CD-ROM)
http://www.nrel.gov/docs/fv03osti/33105.pdf
US Geothermal Projects and Resource Areas
http://geoheat.oit.edu/dusys.htm
Additional Resources
http://www.geo-energy.org/Links.htm
httn://i 2a.i2,.cnr.it/links.nhn
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• SMU Heatflow Information
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V-32

.1

2004 Surface Heat Flow Map: Heat flow is determined by multiplying the well
temperature.gradient times the thermal conductivity. In developing the .contour map,
areas where few heat flow data are available the contours were both computer and hand
determined to match the regional and topographic configuration. This is the U.S.
portion of the Geothermal Ma f NorhAmerrica,2004. In this context the words
geothermal and heat flow are synonymous.
Ranges in heat flow on this map vary from 25 to 150 mW/m2. Note: nW= milliWatts
and m = meters
The Regional Heat Flow data.base is a collection of published heat flow points prepared
by David Blackwell et al. beginning in 1989 and continues to be updated. This work is
completed for the Department of Energy (DOE).

,A

Alaska Surface Heat Flow: This map is an extension of the GeothermallMap of
North America, 2004.
1992 Surface Heat Flow Map: This map waspart of the Geothermal Map of North
America published in 1992 by the Geological Society of America (GSA) in conjunction
with the GSA sponsored Decade of North American Geology (DNAG).
Blackwell, D.D. and J.L. Steele, Geothermal Map of North America, Geol. Soc. Amer. DNAG Map No.
006, 1992.
Blackwell, D.D., J.L. Steele and L.S. Carter, HeaLp

ofrft TeNrt__AmerCc_.4ziengt:A

discussion ofthe DNAG ceothermal ra.p .rh Ameriea, pp. 423-437, in D.B. Slemmons,
E.R. Engdahl, and D.D. Blackwell eds., Neotectonics of North America, Geol. Soc. Amer.
DNAG Decade Map Volume 1, pp. 498, 1991.

.1

:ailed Western United States Heat Flow: Power plants, geothermal systems and
ngs are shown on this map with'the regional provinces and heat flow contours for
kground. This information is currently being researched further by developing a
Liled data base of geothermal.area wells. See the Geothermal Resources. page.
hermal Gradient: Conductivity divided into heat flow gives the mean thermal
radient. On a regional basis the gradient can vary from less than 15 to over 35 0 C/km.
Tithin an individual well, gradients may vary up to 500% depending on the lithology.
Temperature at 4km Depth: Using the Regional Heat Flow Database information, an
evaluation and assessment of the deeper resources in the United States was completed
down to 4 km depths. The deepest hole measured in the United States is approximately
http://www.smu.edu/I geothermal/heatflow/heatflow.htm

8/18/2005
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Policy

As the Southeast's prenier super-regionalenergy company,
Southern Company's challenge and responsibilityarm clear
provide reliable and affordable energy for.the people

living in a clean environment, with clean airto breatheand
clean water to drink. Southern Conpany is committed to

across our region. In doing so, the health of our emphyees,

doing its part in making sure the Southeast continues to be a

customers and the public and theprotection ofour natural.

great-

environmentareamong our highestpriorities.Like thepeople

andforfituregenerations.Thefollowingprinciplesguide this

we serve, we live and work here too. And we too enjoy

effort. These principles are transitionedinto practice through

and environmentally healthy -

place to live, now

our comprehensive environmentalmanagement system:

MANAGEMENT AND EMPLOYEE COMMITMENT
Environmental commitment is a core value. It begins with senior
management and extends to every employee. We are expected to
take ownership and responsibility for implementing our environmental
policy while committing the resources needed to make it happen.

ENVIRONMENTAL

STEWARDSHIP

I

We will demonstrate our commitmentto the communities
we serve and the environment through education,
partnerships and projects that result in conservation,
restoration and increased environmental awareness.

COMPLIANCE1
Meeting or surpassing all environmental laws and
regulations is the foundation of our environmental
commitment We will conduct all of our operations in
an environmentally sound and responsible manner.

CONTINUOUS

I PUBLIC POLICY
We will work with government agencies, the scientific
community, policy leaders and other interested stakeholders
to ensure that environmental laws and regulations are
based on the best scientific information available while
meeting environmental, economic and social objectives.
I

IMPROVEMEN' T

|

We will monitor and assess the environmental impact of
our operations, using the results to improve our efforts. We
continually seek opportunities to prevent pollution and
conserve natural resources in a manner that considers
reliability and cost to our customers.

RESEARCH AND INNOVATION[
Wewill invest in research and innovative technologie s
rS.
to provide cleaner energy options for our customer
That commitment extends to providing customers witth
renewable energy choices as well as pursuin 9g
alternative generation options.

ACCOUNTABILITY
We will integrate our environmental policy into our
business operations by establishing goals and
measuring our performance through environmental
performance indicators and a comprehensive
environmental audit program. These results will be
reported to our Environmental Executive Committee
and Board of Directors.
I TRANSPARE'NCY
We will publicly communicate our environmental goals
and performance. We foster open, effective dialogue
with stakeholders to build collaborative partnerships.

(?Jetter from Management
A focal point of discussion for quite some
time has been how America will go
about meeting its future energy needs.
Energy companies, environmental
groups, business leaders, elected

While taking these steps, we also continue to seek ways to keep

officials and the public at large all

energy costs low for individual consumers and businesses.

have an opinion'as to what our

This, in turn, helps us play our part in promoting eco-

nation should do and how to do it.

o nomic growth and employment, thereby pro-

And regardless of the differences of

moting increased prosperity for our region.

opinions in how we should address the

Along the way, we do not rely on our own

nation's energy needs in the -future, most agree

expertise alone. We engage others in the field of

that America must be prepared to deal with growth

research and development and new technologies,

-

such as our work with the U.S. Department of

a growing population with a growing need for
while

Energy. We believe that technology will be the key

continuing to keep costs reasonable and supply reli-

as we seek better, cleaner, more efficient ways to

products and services that require electricity able in a way that protects the environment.

"

Our 2003 Environmental Progress Report outlines
our company's approach to meeting that challenge

President. CEO and Chairman Allen Franklin [rop] and
Dwight Evans, Executive Vice President of External Affairs

what we have done, what we plan to do and the

generate electricity.
We also seek new partnerships - such as with the
National Fish and Wildlife

actions we are taking beyond just complying with

Foundation

laws and regulations.

additional longer-term, sustainable environmental improvements.

-

which we hope will facilitate the teamwork necessary to implement

For one, our emissions continue to decline as we

Although it is critical to make sure there is enough energy at affordable costs, wise

generate even more energy to'serve the needs of our

energy use by consumers also is important. As an energy company, we should be a part

customers. For another, we continue to invest in the

of that education process. And we are. We provide customers free energy efficiency tips

research and development of new, cleaner and alter-

through on-line and on-site energy audits. We also offer pricing programs to our larger

native energy technologies, including renewable
choices like biomass.

customers, which lead to reduced demand during peak times, as well as offer numerous.
options for customers to reduce usage during summei periods. And we have developed

We also continue to be aware of the concerns from
the public, from those who invest in our company

and continue to promote thermal efficiency programs, which have led to the adoption
by states of higher standards for building codes and lower energy costs to consumers.

and from others about climate change and our carbon

So, what does the energy and environmental future hold for Southern Company and

emissions. We know those concerns, which range
from environmental to economic, need to be

the nation? Balancing the energy needs of the nation with a deaner environment will

addressed. In this report, you will read how we are

water are getting cleaner, and that's a trend we believe will continue as we pursue ways

doing that.

to supply the Southeast with affordable and reliable energy.

continue to be achallenge, but a challenge we believe will be met. The nation's air and

Last, but certainly not least, we continue our
commitment to the environment through our countless stewardship and community efforts. Our people
make the difference, and, in this report, you will read
about some of the people who lead those efforts.

Allen Franklin
President,CEO and Chairman

Dwight Evans
Executive Vice Presidentof ExternalAfairs

___
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Ej nvironmental Highlights
EMISSIONS
' We added more than 4,000 megawatts of new generation in 2001 and 2002, all cleaner burning natural gas
facilities. In fact, all our plants - no matter the age
- meet and typically surpass federal, state and
local requirements designed to protect public
health and the environment
- By the end of 2002, we had reduced overall
sulfur dioxide (SOz) emissions nearly 40% and
nitrogen oxides (NOx) emissions 31% since 1990,
while megawatt-hour generation had increased

-

about 30%.
'We are currently spending more than $1.4 billion to
at
further reduce emissions of NOx by as much as 85%
plants across north Georgia, near Birmingham and along
the Gulf Coast. NOx emissions can contribute to the formation of ozone in the air.
* In 2003, we completed $800 million of improvements
at generating facilities in Georgia, dramatically
reducing our impact on air pollution in Atlanta cutting our contribution to smog by more than half.
By early 2003, we had reduced releases of sulfur
hexaflouride (SF6) from transformers nearly 84%
since 1993, which is 15% more than our original goal
and three years ahead of schedule. SF6 is considered
a more potent greenhouse gasthan carbon dioxide (C02).

.*

.We have avoided or offset 74 million metric tons of C02
over the past 10 years.
- We expect to invest more than $4 billion in additional environmental controls over the next decade resulting in more than 60%
fewer combined emissions of nitrogen oxides and sulfur dioxide
than today, while also reducing mercury emissions.
- In 2002, we performed approximately 10,000 on-line and on-site energy audits, helping customers become more efficient and reduce energy
usage, thus lowering our emissions.
RESEARCH AND DEVELOPMENT
*We have managed more than $400 million in environmental research and development over the last decade.
'We have successfully tested a technology that turns coal into gas that can be
used to generate electricity more cleanly than traditional coal-fired power plants.
We continue those efforts in partnership with the U.S. Department of Energy after
being granted a five-year extension on our work at the Power Systems
Development Facility, a one-of-a-kind advanced coal research center.

-•

I

In 2002, we expanded our research into using switchgrass, a native
Southern grass, as a renewable, biomass fuel. We are in the midst
of a three-yeartest at our Plant Gadsden in Alabama, with additional testing at our Plant Mitchell in Georgia.
STEWARDSHIP
-We have initiated a five-year.$3 million program to restore
the longleaf pine in the Southeastern U.S. More than 30
threatened and endangered plant and animal species rely
on this once-dominant pine for their habitat.
-We completed in 2001 the planting of 35 million trees across
the Southeast Trees absorb COz from the atmosphere, convert it to a solid carbon form and store it as long-lived wood
products or in the soil.
We have teamed with the National Wild Turkey
Federation to support the Federation's Energy for Wildlife
program, a membership-based, certification program for
utility and energy companies with the primary goal of
enhancing wildlife habitat on company managed, owned or
influenced lands.
In a five-year effort, Southern Company and the National Fish and
Wildlife Foundation (NFWF) are initiating conservation projects for
Southern birds in their natural habitats. Under a program titled The
Power of Flight, Southern Company and the NFWF will implement bird
habitat conservation efforts in Georgia, Florida, Alabama and Mississippi.
The NaturalSouth, presented by Southern Company, won 11 national
Tally Awards in 2002 for its programtning. The NaturalSouth is a weekly
environmental program on Turner South that explores the South's natural environment.
- We received two honors for our switchgrass renewable energy
project - the Electric Power Research Institute's Technology
Transfer Award and the annual Industry Excellence Award from
Southeastern Electric Exchange.
Our Alabama Power subsidiary was recognized in 2002 by the national
Keep America Beautiful organization for its cleanup efforts along the Coosa
River in Alabama. The initiative is now being expanded to inctude rivers across
Southern Company's service area.
* In 2003, we launched a green energy program offering customers the option of purchasing energy from renewable resources. Sources include biomass and wind,
among others.
ENVIRONMENTAL LEADERSHIP
- Southern Company executive vice president of external affairs, Dwight Evans, was
named to a federal advisory board charged with resolving environmental, natural
resource and public land disputes.

- We have entered into a partnership to support the U.S. Department of Energy's
FutureGen effort, an initiative focused on designing, building and operating a nearly
emissions-free electric generation facility that uses coal as its fuel source. The
resultwill be a 275-megawatt prototype plant used to test new clean power as well
as carbon-capture, carbon sequestration and coal-to-hydrogen technologies.

* We formed the Southern Company Environmental Executive Committee, which is
responsible for establishing environmental policies, reviewing key environmental strategies and plans and evaluating the company's performance. The committee consists of
specific members of our chief executive officerls management council, along with other
senior officers.

-We were selected by the U.S. Department of Energy in 2002 forthe second phase
of testing an advanced mercury control technology. Earlier tests have shown
removal of 70% or more of mercury emissions.

• Southern Company senior vice president of research and environmental affairs,
Charles Goodman, serves on the Clean Air Act Advisory Committee, established in 1990
to advise the U.S. EPA on issues related to implementing the Clean Air Act Amendments
of 1990. The committee includes senior managers and experts from state and local government, environmental and public interest groups, academic institutions, unions, trade
associations, utilities, industry and other experts.

• Our fuel cell project at the Mercedes-Benz plant in Alabama saw
significant progress at the end of 2002 and into 2003. Operating efficiencies for the
250-kilowatt unit have been higher than expected, and we anticipate by the end of
2003 to be able to determine how we might pursue future use of this technology.

(,Letter from

Environmental Affairs
Electricity is the cornerstone of our society. More than 100 years
ago, it was a luxury. Today, it is a necessity.
Where would our nation's - or the world's - infrastructure
be without it? Would we have the medical care system we have
today, the communications and information system, the
transportation system, the comforts that so many have come
to enjoy and expect?
As we peer toward a future which sees a growing population
and growing need for products and services that depend on
electricity with potentially greater strains on our natural
resources and the environment, our responsibility as an energy
company is clear. We must manage this growing need in a
responsible way.
At Southern Company, we recognize that environmental, economic and social issues are connected. Our goal is to be one of many
businesses that will lead the effort to meet the people's energy needs,
ensure that viable options are a part of the energy equation and
develop practical. alternative and renewable energy sources. The
result, we believe, will be enough energy to power the Southeast's
needs and a cleaner environment.
I So, how do we manage this challenge? Just as we did decades ago,
'ýmoving from primarily hydroelectric power to electricity produced
from fossil fuels and nuclear energy, now we must move into the
next era of energy production - an era with the promise of new,
cleaner alternatives; including renewable energy. We have done
much so far; we need to do much more.
Over the past decade, we have managed more than $400 million
in research and development activities, honing technologies that are
now reducing emissions of particulate matter, nitrogen oxides
(NOx) and sulfur dioxide (SO 2 ) at our current facilities. We also
have been testing new technologies such as advanced controls for
reducing mercury emissions and producing energy from renewable
options.
At present, we continue to focus on cleaner, advanced natural gas
technologies in meeting the growth of near-term energy needs.
Longer term, we are focusing on even newer and more innovative
ways to provide that energy.
Our partnership with the U.S. Department of Energy (DOE) and
others continues as we seek to develop advanced coal technologies,
which we believe will allow us to use our nation's most abundant fuel
source, while dramatically reducing emissions of SO 2 , NOx, carbon
dioxide (CO2 ) and particulate matter.
Although we have no plans at this time to build any new nuclear
units, we believe that public policy should support nuclear energy
as an essential element to a national energy strategy, which emphasizes
diverse and reliable sources of power. And we support the DOE's
efforts to revive the nuclear option through advanced technologies,
*1
uch as the API000, which is a new passive nuclear plant design
- projected to be competitive with other forms of generation.

We are in the middle of a three-year effort, testing
switchgrass as a renewable energy source. WVe
have sent teams overseas and across the U.S. to
examine advances in wind technology. And
we continue our research into distributed
generation options, such as fuel cells, with
efforts on two fronts - at home in
Alabama and at labs in Texas.
In the midst of all that, we are well aware

of the interest and focus on key environmenial issues, such as climate change, air quality,
water quality and others. In this report, we have
included a special section that outlines our views on
each of those issues and more.
Possibly the most controversial of these issues is climate change and its longterm impact. As a company that currently generates nearly 70 percent of our
electricity from coal, we release large amounts of CO2, a greenhouse gas. As a
result, carbon emissions remain a challenge and a key focus for us. As mentioned, we are currently installing new, high efficiency natural gas generation,
which will reduce but not eliminate the growth of our carbon emissions.
In the near term, we expect our CO2 emissions to rise as our need to
generate more energy increases. In the long term, we see emissions coming
down as alternative forms of generation are put in place and as technologies
evolve - and as we engage in CO2 emissions reduction efforts in support
of the Bush Administration's voluntary climate initiatives.
For example, FutureGen, a DOE initiative focused on designing, building
and operating a near emissions-free electric generation facility fueled by coal,
is one example of how technology can provide the answer. We are participating in that effort.
Beyond those operational activities, we remain focused on our role as

corporate citizens in enhancing the biodiversity of the Southeast. From river
cleanups and coastal habitat restoration to clean commute programs and
recycling to environmental education efforts to wildlife management, our
reach stretches from the hills of north Georgia to the beaches of southern
Mississippi.
We have accomplished a great deal in our communities, and we expect to
make even more progress over the next few years with our new partnership
with the National Fish and Wildlife Foundation.
Southern Company is committed not only to developing and pursuing
cleaner energy production technologies and shepherding them into America's
energy marketplace in the years ahead but also to enhancing the Southeast's
natural resources and the communities in which we live and serve.

CharlesH. Goodman, Ph.D.
Senior Vice PresidentofResearch and EnvironmentalAffairs

_____

-

~

_

_

___

___7771-

s-Our views on key
Climate Change and Carbon Emissions
Southern Company recognizes that climate change is a longterm, global issue that should be addressed with a corresponding
long-term, global plan.
The climate issue is related to the increases of "greenhouse gases"
in the atmosphere, such as water vapor, carbon dioxide (CO2),
* methane, chlorofluorocarbons and others. These gases contribute to
the "greenhouse effect," a natural phenomenon that traps the sun's
bheat and helps maintain a stable tempcrature. Without this effect,
Earth would -be a cold planet. \Vater vapor is the most common
greenhouse gas, contributing 95% of the world's warming.
.
Southern Company recog-

Projected Carbon Emissions 2015

Canada/
Caeaiao

j

4%

nizes there are concerns about
our emissions of C02 and the
impact those emissions may
be having on the climate, as
well as how those emissions
might impact the economic
future of the company.
So, can we reduce carbon
emissions? We strongly
believe so, in time, with
developing technologies and
reasonable financial impact.

The technologies are not
there yet, at least not eco-

Carbon emissions are a global issue.
According to the U.S. Energy Information
Administration, by 2015, China, India and other
developing nations will account for 42% of
the worldwide C0 emissions.

nomically. Capturing carbon emissions with current
methods would increase
generation

costs '70%

to

100%, according to the Department of Energy (DOE), including
the transportation and disposal of the CO emissions.
So what are we doing? In the near term, all our new generation is
state-of-the-art, high efficiency natural gas, which has half the
carbon emissions of coal generation. We are also focused on advanced
coal technology and developing alternative forms of providing energy.
For example, we currently play a major role in the development
of advanced, more efficient coal technologies that will permit the
U.S. and other countries to continue using abundant coal resources
while reducing emissions of CO 2. Our work with the DOE at the
Power Systems Development Facility in Alabama is perfecting a
technology that will produce the same amount of energy using
coal with one-third fewer CO 2 emissions.
In addition, we have entered into a partnership to support the
DOE's FutureGen effort, an initiative focused on designing, building and operating a near emissions-free electric generation facility
that uses coal as its fuel source. The result will be a 275-megawatt
prototype plant used to test new clean power, as well as carbon
capture, carbon sequestration and coal-to-hydrogen technologies.

i

ss u es

We also have established a significant record of voluntary CO2 reductions, beginning in the mid-1990s. We were one of the first participants
in the DOE Climate Challenge Program and have reduced or avoided
74 million metric tons of CO 2 under that program. We are continuing
that effort through DOE's Power Partners program, which seeks to
reduce thegrowth of CO 2 emissions. Some of our initiatives include carbon sequestration through tree planting, research into biomass, fuel cells
and zero-emissions technologies, as well as carbon capture and storage.
A key step in transitioning to the next generation of energy production is finding those non-fossil fueled options that can provide reliable,
affordable electricity to our customers. Switchgrass as a renewable biomass fuel looks promising, as do recent advancements in wind energy.
We have invested $6 million over the last five years in renewable energy
research, examining biomass, wind and solar options.
Along those lines, we are testing the interest of our customers in supporting green energy through programs that will give customers the
choice of purchasing energy from renewable sources.
We also support the Bush Administration's voluntary climate initiative
to reduce the nation's carbon emissions as compared with economic output 18% by 2012. We will set a target in support of that goal.

Air Quality and Emissions
We have consistently met the challenge of reducing emissions of
nitrogen oxides (NOx) and sulfur dioxides (SO 2) from ourpower plants.
We support efforts to address further emissions reductions that foster
achievable and cost-effective targets and timetables. And we believe a
comprehensive approach to addressing power plant emissions, such as
the Bush Administration's Clear Skies Initiative, heads us in the right
direction in achieving those reductions.
Southern Company has reduced emissions of NOx 31 percent and SO2
emissions nearly 40 percent since 1990. Based on current or expected regulations, we anticipate additional reductions of mote than 60 percent from
2002 levels of SO 2 and NOx combined by early next decade. We also anticipate significant reductions of mercury emissions.

Current Environmental Controls - Coal Generation
-Scrubbers*
SCRs**

No.
1
10

MW
123
7,410

LNB

47

13,384

E-SP

72

21,254

Q

%ofMW
0.5%
35%

63%

*To date, reductions inSO have come primarily from switching to low-sulfur fuel.
However, the compa ny expects to add a number of scrubbers over the next
decade to further reduce SO0emissions.
"As of May 2003: Southern Company has 10 SCRs installed. SCRs at Miller 1&2
and Crist 7 to be operational in2005, bringing the total to 13, representing 9,230
MW, or 43% of coal generation.
Scrubbers: systems to reduce S02
SCRs: selective catalytic reduction systems for NOx control
LNB: low-NOx burners to reduce NOx
ESP: electrostatic precipitators to reduce particulate matter
MW: megawatts of electricity;, 1MW equals 1,000 kilowatts

I

100%j'
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on tinued

In the meantime, we will continue to keep environmental
considerations at the forefront of what we do, while meeting the
obligations we have to our customers to supply reliable and affordable energy. We will work with many stakeholders in this process,
including our customers, policy makers and interest groups, and we
look forward to meeting these challenges together.

Particulate matter: Particulate matter comes from a variety
of sources, including coal-fired electric generating units. Science has
shown that particulate matter is a complex mixture of many
particle types, including sulfates, carbon compounds and others,
and that further study is needed to determine which types have
the most impact on health. Power plants that use coal release
oxides of sulfur and nitrogen, which can change into sulfate and
nitrate particles.
In the meantime, at Southern Company we have reduced our
emissions of SO; and NOx, which contribute to levels of particulate matter in the air. By early next decade, we expect our SO and
NOx emissions to be significantly below 2002 levels. We are also
aggressively pursuing major research programs to bring better
understanding to the role fine particulate matter - and its components - have in human health impacts.

and we expect further significant reductions by early next decade to meet
fine particulate and ozone regulations. We remain committed to doing
our part to address the haze issue in our region.
Ozone: Ground-level ozone isproduced when sunlight and heat cause
emissions of nitrogen oxides to react chemically with emissions of volatile
organic compounds (chemical vapors, paint, gasoline, etc.). There are a
number of sources that contribute to the formation of ozone, including
coal-fired power plants. Motor vehicles and various residential, commer-

cial, industrial and natural

% Dollars Spent on

sources also contribute.
Ozone is primarily a

Environmental Controls 1990-2003
Flue-gas conditioni ng

problem during the hot,
summer months in large
metropolitan areas. Wec
are committed to achiev-

Regional haze describes the reduction in visibility because of hazy conditions in the atmosphere. The visibility
reduction is caused by small particles both natural and
man-made - and certain gases. The most common haze-forming
particles originating from pollutants are sulfates, nitrates and
carbon-containing compounds, which come from many combustion sources, including power plants that use coal as fuel.
These particles - especially the sulfates - can absorb water
and become larger on days of high humidity, scattering light and
creating hazy conditions. Southern Company is well aware that
our emissions contribute to regional haze.
As mentioned, we have reduced our emissions of SO, and NOx,

LNBs

ing our share of emissions
reductions needed to
meet the current onehour, ground-level ozone

standards set forth by
EPA. We are spending

more than $1 billion to

Regional haze:

for low-sulfur coal s

Total: $12 billion

help bring the Atlanta
and Birmingham areas into attainment by reducing NOx emissions.
By the middle of the next decade,.with additional expenditures of
more than $4 billion, we expect combined emissions of nitrogen

oxides and sulfur dioxide across our system to be down 60 percent
or more from 2002 levels.
We also recognize the role we can play as a company in furthering the
reduction of other major sources of ozone, such as emissions from motor
vehicles. We support programs in Atlanta and Birmingham that
encourage employees to use mass transit, carpool, telecommute or find
other alternate transportation to work on days when ozone concentrations are expected to be high.*
.4 7.'
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Mercury: Mercury in the environment comes from a multitude of
sources, both natural and manmade. U.S. electric utilities account
for about 1% of all airborne mercury emissions worldwide, and
about one-third of theman-made emissions in the U.S. We believe
that any approach to reducing mercury emissions from power.
plants should take into account mercury reductions that will happen
over the next decade as plants are required to install environmental
controls for reducing other emissions - such as-SO2 and NOx. As
these reductions are being
%Dollars Projected on
achieved, mercury-specific
Environmental Controls 2003-2010
controls should be -devel.

LNBs
L
"
'

oped and tested to ensure.
than any new technologies
will be effective in making
further reductions. We
" currently anticipate that,
S by early next decade, we
will reduce our current
levels of mercury emissions significantly.
We also recognize the
value of the same kind of
cap and trade approach
Total: S3.8 billion
that has been successful in
reducing SO 2 emissions from power plants while balancing the
cost to the American public..
As policy and regulations continue to evolve, Southern Company
is taking action. We are evaluating the effectiveness of various pollution control systems in reducing mercury emissions, as well as
supporting additional research on health effects. For example, we
are partnering with DOE in research to study the latest technology for the removal of mercury emissions. Short-term tests at Plant
Gaston in Alabama were completed in 2001. Results showed as
much as 70 percent or more of the mercury could be removed
from emissions. Additional testing is underway.

B aghuses

Hazardous air pollutants: We share with EPA and others a
desire to provide information about emissions from our plants to
people living near or around our facilities. We appreciate and
understand concerns that the public may have regarding emissions from our plants or any other industrial facility located near
their homes and businesses, and we want to address tlhose
concerns, either through information we currently provide
publicly or in face-to-face meetings.
Levels resulting from our power plant emissions are well below
limits established by the U.S. Environmental Protection Agency
for the protection of public health and the environment.
Information regarding Southern Company's emissions of
hazardous air pollutants, as classified by EPA, is available through
our Web site at www.southerncompany.com/planetpower, or by

Y,

contacting the company at 404-506-0267.

'-A-.

New Source Review
We support current efforts by the EPA to clarify the crucial "routine
maintenance, repair, and replacement" exclusion under the New
Source Review provision of the Clean Air Act. This effort is critical
because without clarification, there would be a detrimental impact on.
activities intended simply'ib keep our facilities operating reliably, safely
and efficiently.
We also continue to firmly believe that charges brought against our
company in 1999 by the EPA are without merit. Those charges claim
that we are in violation of the New Source Review requirements at
plants in Alabama and Georgia.
Our genirating plants, no matter their age, rfieer emission standards
that are designed to protect the public health and welfare. We take
pride in working to provide a cleaner environment for our families,
neighbors and in our communities.

Electric and Magnetic Fields
Electric and magnetic fields (EMF) naturally result from the generation,
transmission, distribution and use ofeectricity. EMF occurs wherever
there is a flow of electricity. Significant research has been done in response
to concerns as to whether exposure to EMF poses a health risk. The overwhelming evidence is that overall exposure to the general public of EMF
from transmission lines is low and does not pose a health risk.
Southern Company is aware that some members of the public remain
concerned about this issue, and we will continue to support research on
EMF as well as assist our customers and employees with information about
EMF We believe that support for scientific research and wide dissemination
of public inforrmatioun best serves the resolution of this issue.
For example, our operating companies provide EMF information
and will conduct EMF measurements in response to requests or
inquiries from customers or employees. We also will continue our
commitment to public dialogue about EME

Nuclear Energy
Our focus is on operating our current nuclear power plants safely, reliably and efficiently. Our nuclear plants supplied about 16% of the
energy we sold in our service area during 2002. We feel these plants
provide significant value to our customers with safe, reliable and environmentally beneficial power.
However, we have no plans at this time to build any new nuclear
units, nor does the company have plans at this time to acquire more
nuclear units to add to the six we now operate.
We believe that public policy should support nuclear power as an
essential element to a national energy strategy that emphasizes diverse
and reliable sources of power. Commensurate administration, congressional and public opinion support is necessary for building new plants.
That level of support does not exist today.
Should we decide to build a new nuclear unit, we would use one of
the designs pre-approved by the U.S. Nuclear Regulatory Commission.
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Environmental
Management Systemm-,
• It is not enough to have an environmental policy or strategy.
There also must be a mechanism*that puts the policy and strategy
into action.
Southern Company has that mechanism - the Southern
Company Environmental Management System (EMS). The EMS
operates as a typical "plfin, do, check, act" system, beginning with
policy and planning, moving to implementation and evaluation,
then corrective actions, 'all of.which are reviewed by senior
management. It is a process that drives the .company toward
continuous improvement.
The EMS identifies critical factors necessary to achieve and
management
maintain
an
effective
environmental
program. Southern Company's EMS was developed to
provide the management of our. subsidiary companies with
specific criteria for directing and controlling work in making -sure
that present and future environmental risks and obligations are
properly managed.
. Beginning in the early 1980s, key components of the company's
EMS began to take shape, leading to the system being formalized
-in the early 1990s. The EMS includes key compliance program*
elements as defined in the U.S. Environmental Protection
Agency Guidelines, ISO 14000 Management System Standards,
Federal Sentencing Guidelines for Corporations and other key
management program concepts as defined by regulatory and/or
standard making organizations. While the legacy of our EMS is
based on compliance, we have committed to moving our EMS to
the next generation that will focus on continuous improvement,
as well as other emerging EMS concepts.

'Southern Company's EMS consists of five major components, with
elements for each major component.The most critical component is
top management commitment.
But just having an EMS isn't enough. How can anyone know these
programs are real and not just words on paper? Since its inception,
Southern Company's internal auditing program frequently reviews the
company's EMS to ensure it is functioning as intended. The latest
review came in 2001.:
The result of that review was an expanded environmental policy
(see page 2); the creation of the companys environmental executive
committee; and the formation of a cross-functional EMS team. Other
initiatives include an environmental workforce planning project to
make sure we continue to maintain the expertise and leadership we
will need in the years ahead, along with enhanced environmental
support of our non-traditional businesses.
Southern Company's EMS has effectively worked to achieve our
environmental commitments and obligations. Our EMS will continue
to evolve as we face future environmental challenges associated with
the changing needs of the company and society.
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Southern Company's Environmental Management System
consists of five major components. Each component is
comprised of various elements, some of which are listed
on the chart shown here.
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Environmental commitment is a core value. It begins with senior management
and extends to every employee. We are expected to take ownership
and responsibility for implementing our environmental policy
while committing the resources needed to make it happen.
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The words are simple and the meaning
definitive: "...We will be recognized by the
actions of our people. Our successful people
exhibit these behaviors anid model these values,
which are the Southern Style of doing things."
Southern Style is the foundation for who we
are as a company. A key principle of Southern
'Style is Citizenship, which is defined as being
"committed to improving the environment
and the communities we serve."
Those are much more than 'just words.
Southern Company employs approximately
400 people who come to work every day with
specific environmental responsibilities. It's

~JO)

their job but not their
responsibility alone. We have
more than 26,000 employees
who are expected to embrace
environmental commitment
as ani important part of their
daily work.
More than 600 stewardship/community environmental activities are being
undertaken today or have
been completed by our
___A employees in the last two
years. Those activities done individually and in partnerships with
organizations such as The Nature Conservancy,
state wildlife federations and state departments
of environmental protection - range from
river cleanups to wildlife management to environmental education to habitat restoration.
As our employees excel, we recognize them
for their efforts. Our annual LEAF awards
Leaders in Environmental Action for the
Future - highlight individuals and organizations who demonstrate exceptional environmental leadership. Others recognize our efforts
as well. (see page 28).
And that effort starts at the top. Our senior
management takes time to understand the
breadth of key environmental issues that affect

the company, as well as how the company
should best address those issues. In 2002, we
formed the Southern Company Environmental
Executive Committee, a team of senior officers
responsible for establishing environmental
policies, reviewing key environmental strategies
and plans and evaluating the company's
performance.
Management commitment also carries
through to providing the needed resources.
Billions of dollars have been spent on environmental controls and technology research, leading to cleaner energy. Even more will be done.
We continue to work with customers at all
levels on ways to lower energy usage. For example, we offer energy audits, load control programs and rates that are designed to control
customer demand and energy consumption.
Subsequently, these increased efficiencies
across our system reduce plant emissions
through lower demand.
WVe also continue to seek partnerships that
take us beyond our operations to protect natural resources and wildlife, such as our work
with the National Fish and Wildlife
Foundation in a five-year program to enhance
bird habitats in the South (see page 26).
Then -there is the tree planting, the
additional research, the pollution prevention
programs and the widespread participation on
local, and state environmental boards.. .all
signal the fact that our people
from senior
management to staff- live and work here too,
and we see an obligation to be involved. It is
our commitment. It is our style.
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Rachel Terry
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Rachel Terry has grown fond of the natu-
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ral beauty of the Florida panhandle - its
oyster reefs, salt marshes, wetlands and
native wildlife.
As a senior environmental affairs
specialist for Gulf Power in northwest
* Florida, Terry makes sure the company's
power plants get the necessary water
permits.
"1 spend about half my job outdoors
doing fieldwork, so I get to see all parts of
our service area," says Terry, who has been.
with the company for 13 years. "Iwantto make
sure we protectthe water, the land and the native
wildlife here."
Terry has been busy lately acquiring the necessary
permits for a new construction laydown and craft parking area
at the company's Plant Crist in Pensacola. The new facilities
are needed to support the addition of two new air emission
control systems, a new selective catalytic reduction system to
reduce nitrogen oxides and a precipitator to reduce particulate
matter on Crist's Unit 7.
But, as Terry points out, she is equally committed to the
stewardship aspect of her job. In 2003, for- example, Terry
received Southern Company's LEAF (Leaders in Environmental
Action for the Future) award.
One of her assignments is Project GreenShores, a communitybased effort to establish an oyster reef and salt marsh within
the Pensacola Bay ecosystem to improve water quality. Gulf
Power donated $150,000 to the project Terry serves as the
liaison with the Florida Department of Environmental
Protection and coordinates employee workdays with the
agency.
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volunteers, including
Gulf Power employees,
placed more than 8,000

tons of limestone rock in
Pensacola Bay to act as a

breakwater and to anchor oyster
beds. Employees also have helped plant salt marsh grass and sea
grasses near storm drains that empty into the north side of
Pensacola Bay. The combination of oysters and vegetation will naturally filter and clean an estimated 10 million gallons of water a day.
During feeding, oysters take in phytoplankton, algae, bacteria,
viruses, sediments and chemical contaminants, increasing both
water quality and water clarity. Oyster reefs also offer protection,
food and habitatto many marine organisms.
Terry also is active in the company's partnership with The Nature
Conservancy and its massive project to revive the Apalachicola
Bluffs and Ravines Preserve's native longleaf pine and wiregrass
habitats that were clear cut inthe 1950s.
"We help them plant longleaf pine seedlings and collect
wiregrass seeds," says Terry. The Nature Conservancy staff and
volunteers have hand-planted more than one million longleaf pine
seedlings and thousands of wiregrass plugs grown on the
Apalachicola preserve's on-site nursery.
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(Complianc
Meeting or surpassing all environmental laws and regulations is the foundation
of our environmental commitment. We will conduct all of our operations
in an environmentally sound and responsible manner.

Laws are enacted. Reg•lations are set.
National air and water quality standards
designed to protect the environment and
human health are then put in place by the U.S.
Environmental Protection Agency and state
governments. These standards have led to
significant improvements in air and water
quality nationwide.

percent from 2002 levels, while mercury emis- hydroelectric plants, go through a rigorous,
sions should decline significantly as well. public process when it comes to federal licensAlthough we anticipate total carbon dioxide ing of those facilities.- This effort ensures that
(CO2 ) emissions to rise, our CO, emissions per we address all operational, economic, environmegawatt-hour for new generation sources is mental and social issues.
We also engage in responsible management
less than half that of existing plants. This will
of
the more than 300,000 acres of lakes and
cause average emissions of C0 2 to decline as we
meet our commitment to Presidenf Bush's vol- rivers that feed our hydro facilities to help

Meanwhile, Southern Company meets, and
typically does better than, those standards. Wre
have employees whose sole job is to ensure we
do that. We check and re-check our performance
through a comprehensive auditing program.
By early next decade, we will have invested
more than $5 billion since 1990 in making
sure we meet those standards that protect
health. More than $1 billion of that has been
spent already, resulting in significant reductions of emissions - a nearly 40 percent
decline in emissions of sulfur dioxide (SO2 )
and a 31 percent reduction in emissions of
nitrogen oxides (NOx) over the last decade.
By 2015, we expect to see combined emissions of SO2 and NOx down, more than 60

untary program for achieving CO 2 reductions.
It's important to note that those emissions
reductions will be accomplished while we are
projecting generation to increase more than 30
percent over the same period to meet growing
demand.
Environmental compliance and protecting
the environment are also major goals at our
three nuclear facilities. About 16 percent of
Southern Company's generation comes in the
form of nuclear energy.
Also, for a company that generates more
than 2,600 megawatts of energy using the
power of rushing water, it's critical that we protect this valuable resource. Our companies in
Alabama and Georgia, where we operate 34

X^1~

ensure adequate water supplies, ecological
integrity and recreational opportunities for the
people in the states we serve.
Southern Company also works closelywith
our states in the Southeast and with the EPA to
make sure we comply with discharge requirements into waterways from our facilities. This
helps meet water quality standards that protect
the Southeast's streams and rivers.
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Being a part of this

is something I'm

proud ofe
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Just a few years ago, Alabama
Power's Ken Carr didn't know much
about selective catalytic reduction
systems, or SCRs as they're more commonly known in power generation
circles. Now he's somewhat of a guru of
this technology, which dramatically
reduces emissions of nitrogen oxides.
'The plants didn't have SCR experts then,"'
says Carr, who was an assistant plant manager
•before assuming the role of asset manager two

N

years ago for the SCR installation at plants Gorgas and
Miller in Alabama. "Now I'm probably one of the more experienced plant personnel on SCRs."
-The SCR itself looks pretty intimidating. About half the size of a
football field and 13 stories high, it requires two of the largest
cranes in the world to install. But the technology is fairly
simple. Itturns nitrogen oxides (NOx)-a byproduct of coal combustion - into water and nitrogen, which helps reduce smog.
Southern Company now has 10 coal-fired units equipped
with SCRs. In 2005, three more SCRs will be in service. By then,
9,230 megawatts of Southern Company's coal-fired generation,
or 43 percent, will be equipped with the technology, which will
reduce NOx emissions by up to 85 percent at those plants.
Carr was initiated into the world of SCRs when he coordinated the installation of one system on a 700-megawatt unit at

Plant Gorgas, which came on
line in 2002. Now he's part of a
team heading up the SCR installation on four units - 2,640 megawatts - at Plant Miller.
A typical day for Carr might include a walk-down of the job site,
reviewing progress and looking for safety hazards. 'I have to make
sure our safety and compliance procedures are adhered to," says
Carr, who has spent 30 years working in various roles at
power plants. "Being a part of this is something I'm proud of."
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Wewillmonitorandassesstheei nvironmental impact of our operations,
using the results to improve our efforts.

Improvement

We continually seek opportunities

to prevent pollution and conserve natural- resources

In 2002, Southern Company began
work toward the construction of cooling towers at plants located on Lake Sinclair and the
Chattahoochee River in Georgia. The result
will be lower water temperatures near those
facilities and improved water quality. The towers are one example of the company's efforts in
addressing the environmental impact of our
operations.
Over the last two years, 3.7 million tons of
coal ash have been put to beneficial use instead
of making its way to a landfill. The ash was
sold for use in concrete, light-weight cement
blocks and road. construction, and repair,
among other uses. Southern Company has

in a manner that considers reliability and cost to our customers.

transformer repair shop, leaving behind oil,
PCB (polychlorinated biphenyls) and metal
impacts to the soil. Today, the site serves as an
expansion of the Georgia World Congress
Center and Georgia Dome after we went in to
remove impacted soil and contaminants.
Pollution prevention teams across our
company have implemented solid, waste
recycling programs, hazardous materials
reduction programs, water conservation
efforts and many similar initiatives.
nearly doubled its annual marketing of ash
We have established at our plants a set of
environmental performance indicators to
over the last three years.
'We have worked continuously to reduce evaluate performance in a number of areas
our already small number of petroleum and such as water quality, air emissions and waste
chemical spills and the amount of hazardous. management. Looking at these indicators
waste generated. Since 1991, we have reduced helps us make improvements where needed
the amount of hazardous waste by 71 percent and helps us set the bar higher.
through product substitution, training and
Southern Company also has in place
* awareness. And, since 1996, spills, which are numerous demand-side management procaused by unexpected equipment failures, grams designed not only to reduce peak enerstorm damage, vehide accidents, vandalism gy demand but also overall energy demand,
and other unforeseen forces, have declined 42 thus lowering overall emissions. Since 1991,
percent.
Southern Company programs which
In 1993, we set a goal of reducing releases of include residential and commercial insulation
sulfur hexafluoride (SF6) - considered an and lighting improvements - have resulted in
even more potent greenhouse gas than carbon nearly 9 million metric tons of fewer emissions
dioxide _ by nearly 70% by 2006. By early of carbon dioxide.
The same can be said for other options we
2003, we had met and surpassed by that goal,
having reduced SF6 almost 84%, which is offer that also increase efficiencies and thus
15% more than our original goal and three lower emissions. For example, we provide cusyears ahead of schedule. SF6 is released from tomers free energy efficiency tips through online and on-site energy audits. Annually, we
transformers.
We also tackle former plant and facility site conduct approximately 10,000 of these audits.
cleanups across our system. For example, the We show them more efficient ways to cool,
Davis Street Steam Plant in Atlanta was once heat and light their homes and businesses. We
operated by our Georgia Power subsidiary as'a also offer pricing programs to our larger
quarry, an electric generating facility and a customers, which lead to reduced demand
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during peak times. These programs include
innovative rates, which allow customers to
respond to price signals and thus conserve
energy and reduce usage.
Efficiencies gained in the operation of our
three nuclear power facilities have reduced
dependence on fossil-fired generation, thus
leading to fewer overall emissions.
From our offices in Birmingham, Alabama,
we have'a department devoted to power generation technologies. Among its many responsibilities, this group of employees also works
to improve our pollution control equipment,
making certain we are getting the best results
and the most efficient operations possible.
Getting better at what we do in our
commitment to the environment is not an
afterthought. It's something we think about all
the time.

I wantto make sure I.by kads
have a safe environment.A-

Olen Heath had an idea. More isnot
always better.
Heath, a senior environmental specialist, works at Georgia Power's Repair Shop,
which at one time was considered a largequantity generator of hazardous waste...

Q

at least until Heath decided to change that.
The Repair Shop - located at Georgia
Power's General Service Headquarters in
Forest Park -'rebuilds and repairs electrical
equipment for the company's power delivery facilities and power generating plants.

water-based
paints,
eliminating an acid bath
cin
,•cleaning
facility and putting a

Several years ago, Heath, along with Repair Shop employees, initiated a concentrated effort to find ways to
eliminate or reduce wastes associated with the cleaning and
painting operations on the 100-acre site.
"This pastyear, we were able to eliminate enough hazardous
waste to become a small-quantity generator," says Heath. The
Repair Shop cut 50 percent

-

19,000 pounds

-

of its

hazardous waste from 2000 to 2001. As a result, it received the
2002 Governor's Pollution Prevention Award.
Heath is the first to point out that the improvements didn't
happen overnight. The Repair Shop made gradual changes that
included, for example, replacing solvent-based paints with

S &filter

system on a caustic clean-

ing vat to extend the solution life.
"It's a lot like safety. We want to be sure we're doing things the
way we're supposed to be doing them. I have kids, and I hope to
have grandkids one day," says the 55-year-old Heath. "I want to
make sure my kids have a safe environment."
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We will invest in research and innovative technologies
to provide cleaner energy options for our customers.
That commitment extends to providing customers
with renewable energy c.hoices as well as
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pursuing alternative generation options.

It is clear to Southern Conpany that one
of the keys to the energy future of the nation
and the world - is technology development - technology that not only will meet the.
growing demand for Oower but also technology that meets our environmental commitment.
Southern Company, as one of the largest
energy companies in the nation, welcomiles the
responsibility that we have to pursue new technologies and new sources of energy'to meet the

expanded. WVe are in the midst of a three-year
test at our Plant Gadsden in Alabama with
additional testing at our Plant Mitchell in
Georgia. The Mitchell test used a pelletized
form of the grass, which we hope will give us
another option of how to use'this biomass fuel.
We have found that switchgrass, when mixed
with coal, can replace as much as 10 percent of

our research at Plant Gaston in Alabama has
seen as much as 70 percent reductions in mercury emissions. The technology shows great
promise as we seek ways to meet upcoming
federal standards on mercury.
Coal, a major fuel source for* Southern
Company and the nation, will continue in the
near term to be a critical part of the company's
and America's fuel mix. That's why it is important we continue research into advanced coal
technologies. At the Power Systems
Development Facility, that research is
seeing success. In partnership with
DOE and others, Southern Company
is committed to developing a generation technology that will allow us touse coal with significantly fewer emissions, including carbon dioxide, a gas
that has been associated with global
warming.
Southern Company also has entered

into a partnership to support the
DOE's FutureGen effort, an initiative
focused on designing, building and

needs of both consumers and the environment.

2.

Wve have managed more than $400 million in
environmental research and development efforts
in the past decade alone, including initiatives
focused on honing environmental control technologies and on alternative energy sources such
as biomass and fuel cells.
Our research into the design and operation
of selective catalytic redtuctions (SCR) systems
is paying off as we are currently installing more
than a dozen SCRs to further reduce emissions
of nitrogen oxides.
Our efforts in the co-firing of switchgrass, a

native Southern grass, with coal- have been

the total fuel needed, thus reducing various emissions by the same amount.
Our fuel cell project at the Mercedes-Benz
plant in Alabama has seen significant progress
since the end of 2002. Operating efficiencies
for the 250-kilowatt unit have been higher
than expected, and we anticipate by the end of
2003 to determine how this technology might
factor into our future energy plans.
Southern Company's testing of new mercury
emissions control technology was extended by
the Department of Energy (DOE). To date,

operating a near emissions-free electric
generation facility that uses coal as its
fuel source. The result will be a 275megawatt prototype plant used to test new
dean power, as well as carbon capture, carbon
sequestration and coal-to-hydrogen technologies.
In addition, in 2003, across the Southeast,
we will be providing to customers the option
of a green energy rate. For a few more dollars
each month, customers can choose to add
kilowatts from renewable energy sources to the
Southern Company grid, replacing the same
amount of kilowatts from traditional sources
such as coal or gas.
And we continue to investigate renewable
sources spending time and resources pursuing
how wind and biomass sources, for instance,
might play a role in meeting our future generation needs.
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Maybe the last place Doug Boylan
expected to find himself was tromping
through a field of grass, thinking about
how he could burn itto make electricity.
But one of Boylan's jobs as a research
engineer is to investigate renewable energy options for Southern Company to determine what will provide the maximum environmental benefit at the lowest possible cost.
That's not an easy task in the Southeast,
where wind -and solar power resources are limited, and can be expensive. Currently, the most promising option is biomass, according to Boylan, who is knee-.
deep in testing switchgrass, a native prairie grass that is hardy
and can grow eight feet highon land that won't grow much of
anything else.
"We are looking at how to.generate renewable energy with
biomass in our existing power plants," says Boylan, who holds
a doctorate in mechanical engineering. "Our latest tests have
focused on switchgrass. We are trying to find out how much
biomass we can burn with coal without impacting the performance of our power plants too much."
.Initial results from the mixing of switchgrass and coal in a 70megawatt unit at Alabama Power's Plant Gadsden reduced
emissions of carbon dioxide, sulfur dioxide and mercury. Boylan
and his colleagues also are working to see what can be done to
lower emissions of nitrogen oxides.
"We had a successful field study at Plant Gadsden where we
produced up to 10 percent of one of the unit's power with

" "

switchgrass,"
says Boylan. In
that study, the
switchgrass
was
handled
separately from
the coal until both
reached the burner.
'The Gadsden work
has been extended and
testing continues to evaluate

0v4 other grasses and long-term
effects," he adds. "We are also working with Georgia Power to
make the grass into cubes or pellets that can be blended with coal
and burned directly."
The groundbreaking project has drawn interest and visitors from
across the globe and suggests that switchgrass has promise as a
renewable energy option.
Boylan and some of his co-workers recently won the Electric
Power Research Institute's Technology Transfer Award for helping
utility industry leaders and others better understand the possible
uses of switchgrass to produce electricity. The project also has won
the annual Industry Excellence Award from the Southeastern
Electric Exchange.
"Iwork with farmers, forestry people and environmental groups,
and I get to partner with colleagues across Southern Company,"
says Boylan. "Ialso interact with industry researchers from around
the world who are interested inour studies and what we are learning.
It's personally rewarding to work in this environmental field."

(JýEnviro'nmental
Stewardship
We will demonstrate our commitment to the communities we serve
and the environment through education, partnerships and projects
that result in conservation, restoration and increased environmental awareness.

In the fall of 2002, Southern Company

involved in, or have just completed, such as
developing salt marshes and oysters reefs off the
Gulf Coast in partnership with the Florida
Department of Environmental
Protection or working with
schools and the community to
improve the local environment.
We have also headed up
numerous river cleanups.
Southern Company's Alabama
Power subsidiary was recognized in 2002 by the national
Keep America Beautiful
organization for its efforts
along the Coosa River in
Alabama, resulting in the
4~
removal of 106 tons of debris
by more than 1,700 volunteers. Those efforts have now
will provide more than $1 million a year for been expanded to include other waterways
biodiversity improvement projects in the within Alabama and Georgia as well as across
our service area.
Southeast over the next five years.
The Power of Flight program initiated by
Our employees take part in a variety of enviSouthern Company and the NFWF will sup- ronmental educational programs such as the
port conservation and habitat restoration for Environmental Teachers Corps, The Water
and education about some of the South's most Course, Solar for Schools and LEGACY
threatened species of birds. The program is one Partners for Environmental Education. We supexample of the company's commitment to a port numerous environmental groups, includkey principle of our Southern Style - princi- ing state chapters of The Nature Conservancy,
ples that define our culture called Trees Atlanta, American Forest Foundation, the
Wildlife Habitat Council and others.
Citizenship.
Among the more popular activities that our
The meaning of citizenship to us is simple,
being "committed to improving the environ- people consistently participate in each year are
ment and the communities we serve." We do Arbor Day and Earth Day events, cleanups
that through a multitude of initiatives across with anti-litter and beautification groups,
Adopt-A-Highway litter programs, environthe Southeast.
We have identified more than 600 steward- mental educational outreach, recycling and
ship/community projects in -which Southern habitat restoration.
Recycling efforts are commonplace among
Company and its operating subsidiaries in
Alabama, Georgia, Florida and Mississippi are our employees. In Georgia alone, we have
and the National Fish and WVildlife Foundation
(NFWF) shook hands in a partnership that
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increased our recycling efforts 20-fold in the
last decade through an aggressive paper and
cardboard program. Similar initiatives are in
place across our companies such as the annual
Earth Day effort by our Savannah Electric subsidiary in partnership with Savannahs Local
Emergency Planning Committee. Called
"Recycle-Rama," the effort has seen 3,500 gallons of paint, 1,500 gallons of oil and 335 car
batteries recycled the pastfive years along with
thousands of pounds of aluminum, glass and
cardboard.
-Tree planting has also been a major focus.
After planting more than 35 million trees
across the Southeast, beginning in the mid1990s and continuing into the early part of
this decade, we're back at it again. Southern
Company has initiated a five-year, $3 million
effort that will help restore the longleaf pine to
native areas of the Southeast, including southern Mississippi, Alabama and Georgia and
along the panhandle of Florida.'
The longleaf pines will not only provide critical habitat for numerous plants and animals,
including more than 30 endangered species,
but also help sequester carbon.
Southern Company's Georgia Power subsidiary entered into a landmark conservation
agreement in 2002 with the U.S. Fish and
Wildlife Service and the Georgia Department
of Natural Resources. It was the first Candidate
Conservation Agreement with Assurances to
be implemented in the Southeast and the first
to involve a private company. The agreement
led to the release of 4,000 robust redhorse
sucker fish into the Ocmulgee River. The redhorse, once believed to be extinct until it was
rediscovered in 1991, is on Georgia's endangered species list.
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surrounding the plants a
hospitable place for native
animals, birds and fish.
Infact, Pla nt Farley, as
well as nuclear
plants Vogtle and
Hatch, are all certified as a wildlife
habitat by the
Wildlife Habitat
Council- a nonprofit group of cor-
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As a chemistry foreman at Southern
Nuclear's Plant Farley outside Dothan, Ala.,
*Susan Beasley oversees the collection of
samples of water, air, grass, fish and sediment to make sure the company is complying with environmental regulations.

*

She's also the first to say that her job is
more than compliance. It's about enhancing
and protecting the natural environment It's
about stewardship. That's why Beasley stays
just as busy with projects that preserve and
enhance wildlife habitat on the nuclear plant's 1,850.
acres, which includes.checking on 70 boxes that have
been set up by employees to encourage bluebird nesting.
"Bluebirds have had a tough time around the eastern
United States because of construction destroying their
natural habitat," says Beasley, who coordinates a team of 14
employee volunteers who monitor the wooden birdhouses
weekly during nesting season.
Over the years, land has been cleared for housing and
industrial developments, shopping malls and highways, for
example, hurting the bluebird population. Wooden fence
posts that once provided nesting cavities for bluebirds have
been replaced with metal posts. As a result, bluebirds don't
have the natural nesting hollows they need to thrive.
"We're definitely seeing more bluebirds here now, even in
the winter," says Beasley. The plant's bluebird monitoring
program has been extended to five local schools to get children
involved. "We go out with the third- and fourth-graders and talk
about bluebirds and why they're important The kids monitor
boxes at the schools."
Each of Southern Nuclear's three nuclear plant sites participates in a wildlife habitat program that works to make the land

porations, conservation organizations
and individuals dediY cated to protecting and
enhancing wildlife habitat
Beasley says they've thinned
out trees at Plant Farley to open
up the forest floor, which has
attracted other wildlife such as
bobcats, coyotes and gopher
tortoises. Employee volunteers
have added 28 boxes for wood
ducks around beaver ponds and 11
larger boxes for kestrels, the smallest member of the hawk family. And to keep ospreys
off the power lines, they've built a nesting
i1 platform on the property.
J

1

"This is the third or fourth year that the
osprey have been nesting here," says
Beasley, adding that the plant site also
" includes barred owl nesting boxes and purple
martin structures.
"It gives you a good feeling to help out," she says. "We try to be
good caretakers of the land."
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(&Public Policycý.
Protecting the interests of our customers,
our shareholders and the public are responsibilities that Southern Company takes seriously.
As a result, we consider it a duty to be involved
at all levels as environmental laws and policies
that will have an impact on our providing reliable and affordable energy are being developed.

A

Southern Company management and
employees are well represented on state and
national committees that provide input to regulatory agencies as they set standards for protecting public health and the environment.
For example, the company is often asked to
serve on advisory groups for the U.S.
Environmental Protection Agency (EPA), such
as EPA's Clean Air Act Advisory Committee,
and the Department of Energy (DOE).

We will work with government agencies, the scientific community,
policy leaders and other interested stakeholders to ensure that
environmental laws and regulations are based on the best scientific information
available while meeting environmental, economic and social objectives.

Ini addition, our executive vice president of
external affairs, Dwight Evans, serves on the U.S.
Institute for Environmental Conflict Resolution
of the Morris K. Udall Foundation; a federal advisory board charged with resolving environmental,
natural resources and public land disputes.
Our management and employees are also key
participants .in major conferences and workshops on environmenial issues, where we take
the opportunity to share out views and efforts.
Southern Company partners with DOE and
other organizations in joint research efforts
designed to provide the information that state
and federal -governments need in order to
develop and implement effective environmental polices and regulations. We support a number of groups and associations whose activities
promote and enable sound public environmental policy, including the Utility Air, Water,
and Solid Waste Regulatory Groups, the
Edison Electric Institute and the Nuclear
Energy Institute, among others.
Through our operating companies in
Alabama, Georgia, Florida and Mississippi, we
are also involved with local and state agencies
and organizations that establish environmental
policies.
It is vital, as well, to keep the public
informed by providing opportunities for local
and state officials to learn about the challenges
and complexities of our business and why we
do what we do. For example, each year, members of the Putnam County Leadership
Development program are invited to tour our
Plant Branch, near Milledgeville, Georgia. The

purpose is to reinforce our environmental commitment by discussing our operations and sharing environmental information. Similar local
activities are in place across our service area.
Southern Company also continues its support of research into the impacts of electric
utility operations, including potential effects
on-air and water quality. Each year, we contribute more than $4 million to the Electric
Power Research Institute (EPRI) to help fund a
collaborative program on the diverse environmental issues facing our industry. The knowledge, synthesis and insights from EPRI's
research help promote scientifically sound,
cost-effective policies and regulations in
.America and worldwide.
Closer to home, we continue to make major
contributions to the Aerosol Research
Inhalation Epidemiological Study (ARIES)
and the Southeastern Aerosol Research and
network.
(SEARCH)
Characterization
sophisticated
uniquely
two
these
Together,
research studies - involving scientific teams
from noted universities such as Harvard and
Emory - work to identify not only all the different components of air pollution -but also
which components have an impact on human
health. With those two vital pieces of information, more effective laws and regulations can be
put in place to protect human health and the
environment.

All employees get an opportunity to participate in
environmental stewardship activities...they become more
compassionate for the beauty of our natural surroundings.5y

employree

•L
-"'

profile:

Bob Fairbank doesn't work 9 to 5in his
job as manager of governmental and environmental relations at Mississippi Power. It's
more like around the clock.
Fairbank spends most of his time working
on environmental and tax policy issues. In
that role, he builds relationships with local
and state elected officials. But his passion
is working with conservation groups.
"My love for stewardship has evolved"
over the past 10 years. I enjoy working with
people, the great outdoors and experiencing
the beauty of nature," says Fairbank, who is president of the Mississippi Wildlife Federation, a hunting, fishing and conservation organization with more than
20,000 affiliated members.
In 1998, Fairbank helped organize the Wolf River
Conservation Society, a non-profit corporation dedicated to
protecting the natural beauty of the Wolf River and its watershed. With nearly 200 members, the society has protected more
than 20 miles of the river by obtaining conservation easements.
"The Wolf River Conservation Society is a huge success,"
says Fairbank, the group's president. "The value of the
conservation easements is nearly $3 million. These easements
protect the natural river buffer, the surrounding woodlands and
maintain the pristine nature of the river and sandbars. Our hope
is to leave future generations with nothing but footpaths."
Fairbank is active in Mississippi Power's Earth and Energy
Group, a grassroots employee organization that meets several
times a year to provide financial assistance and shared experiences for stewardship activities across the company.

For example, Mississippi
Power employees worked
closely with the Department of
Marine Resources to establish the Grand Bay National Estuarine
Research Reserve (NERR) - part of the largest remaining natural
pine savanna inthe United States.
Employees at Mississippi Power's Plant Daniel have taken an
active interest in stewardship activities at the NERR and completed
a cleanup in 2002.
"All employees get an opportunity to participate in environmental
stewardship activities," says Fairbank. "It shows that Southern
Company's environmental commitment involves all of us as employees. And as they do, they become more compassionate for the
beauty of our natural surroundings."
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Accountability
We will integrate our environmental policy into our business operations by establishing goals and measuring
our performance through environmental performance indicators and a comprehensive
environmental audit program. These results will be reported to our
Environmental Executive Committee and Board of Directors.

Southern Company's environmental
policy is more than just uwords. It is our
firm commitment to put into practice its
intent in everything we do.
Our operating facilities across the Southeast
set environmental performance standards annually, designed ar'ound specific indicators that tell
us how well we are meeting those standards.
And how well we perform directly impacts
how well we get paid. The indicators arc tied to
facility performance through a compensation
program, rewarding efforts that produce results
above and beyond what's required.
Accountability, however, starts long before
the
setting
of performance
goals.
Environmental commitment is part of our
Southern Style, a set of principles that guide
the behavior of every employee.
Southern Company has an over-arching
objective to comply with all environmental
policies, laws and regulations. If we don't meet
that goal, it has a direct impact on the financial
performance of the company. It also can directly
impact the compensation of key management
and employees - such as facility and environmental affairs personnel - whose pay is tied to
specific performance objectives.
We are also in the process of establishing
additional goals and indicators to better
communicate and drive the company's overall
environmental performance. We hope to have
those in place for 2004.

Southern Company also has in place a comprehensive internal environmental auditing
program that holds our organizations accountable for meeting the standards set aside for protecting the environment and public health.
We have in place an environmental management system, established in the late 1980s to
ensure current and future environmental issues
are properly managed. The system focuses on
responsibilities, practices, procedures, processes and resources. The system is designed to be
dynamic and responsive to the changing needs
of an organization, demands of society and regulation, global trends and new technology.
And at the end of the day, our performance
is displayed for all to see through public access
to data, environmental progress reports such as
this one, reports to our board of directors and
information we share through our system of
companies.
Information is available to the public
through the company's Wreb site at .ww-,wsouthem
companv.com/planetpower. as well as through
public documents, such as the Form 10K
report, which the company files with the
Securities and Exchange Commission, and
filings with state and federal environmental
protection agencies.
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•The Clean Coast monthly outings are a
great way to enjoy
the outdoors while helping out the

environment."
II
h

P

Wendy Thompson
Tý I

-

b.

Wendy Thonipson has seen it all. f
Styrofoam buoys, plastic drink bottles,
broken fishing gear, rusty lawn chairs
and dresser drawers are just some of
the items people toss out on the beach.
As an administrative support assistant
at Savannah Electric's Plant Kraft,
Thompson handles much of the paperwork for the 344-megawatt facility in
Port Wentworth, Georgia. She's also the
plant's Pollution Prevention "P2" Team
leader.
Once a month, Thompson helps Clean Coast, a
non-profit volunteer organization that hosts
monthly beach cleanups along Georgia's coast,
gather volunteers to form a motorboat flotilla,
travel to a local barrier island and pick up trash.
"The Clean Coast monthly outings are a great
way to enjoy the outdoors while helping out the environment and showing your Southern Style. I encourage
everyone to try it," says Thompson, who sends out
reminders and hangs posters throughout the
plant to get employees involved.
Clean Coast's Little Tybee Island Cleanup
last August, for example, drew 60 volunteers - half from Savannah Electric. The
volunteers collected 50 bags of trash. At the
Wassaw Island Cleanup last year, volunteers
filled six boats with some 2,500 pounds of debris.

Georgia's coast is one
of the last extensive,
undeveloped ocean
shorelines in the
United States. Not
only
is
the

-

garbage an eyesore, but also it
can be a death
for
.sentence
marine animals and
sea birds. Discarded
fishing line and nets
entangle and drown
!' numerous birds, fish, sea turQý tles, dolphins and other
marine animals each year. Still more
die of internal injury or suffocation

f

when they mistake certain garbage for food.
"That's why these cleanups are so important," says Thompson, who also is involved
with Savannah's Earth Day activities.
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rTa nsp a r e n cy,

We will publicly communicate our environmental goals and performance.
We foster open, effective dialogue with stakeholders
to build collaborative partnerships.

Southern Company' environmental progress
report, our external Web site and die company's
annual report are examples of how we publidy
share information about our environmental
performance,
We strive to provide information that is
useful and meaningful, but not speculative a policy we hope will better communicate our
past, present and future challenges.
We also welcome opportunities to meet with

key stakeholders - -induding shareholders, the
media, environmeintal groups and the pubhc in
general, among o thers. Our companies often
offer plant and faci lity tours, inrduding visits to
research and devel.opment sites.
Southern Coin pany also participates with
external organizat ions - such as the Global
Environmental M•anagement Initiative and the

National Association for Environmental
Management - in sharing best practices in
environment, health and safety management
and discussing ways that businesses can be
more transparent in providing environmental
performance information.
It is an ongoing process, in which we
continually strive to improve.
Southern Company Generation, MWh (in millionos)
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Demand for electricity has grown steadily in the Southeast the past decade, and we expect continued grmoth over the next decade

In2002. about 70% of Southern Company's generation came from coal and 11%from natural gas
By2010, it's projected that 22% will come from natural gas and ebout 60% from coal
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Total emissions of sulfur dioxide (SO,) and nitrogen oxides (NOx) have declined since 1990 as we have switched to lower-emitting fuels end added enviromental controls Further reductions of as much as
60% below current levels are expected over the next decade Emissions per megawatt-hour have significantly dipped, as well, as our plants generate more energy with fewer emissions
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Total emissions of carbon dioxide have risen 25% since 1990 as we have increased generation about 30% to meet demand. We expect C&temissions to increase over the next decade as we increase
generation. We do, however, expect the rate of increase to decline as we meet new demand with natural gas plants, which release about half the carbon as current coal faciIties.
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Our releases of mercury areprojected to decline significantly over the next decade to meet expected
reduction requirements.
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We report annually to EPAreleases under the Toxics Release inventory. Studies have shown these
releases are not at levels that pose a significant health concern. For more information, please visit our
Web site at www. nuthemcornv.com/nlaneta~w-r
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We have steadily diverted the amount of ash that would have gone to a landfill by marketing it for
beneficial purposes, such as for use in concrete and road beds. At present, we market more than
35% of our coal ash.
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Much of the reductions gained in hazardous waste the past decade have
come through product substitution, training and awareness.
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(ýPower of Flight
W' call it The PoeurofFight, or another way to look at it is ... bird
conservation, Southern style, and itis one example of how
Southern Company works within partnerships to improve the
environment and biodiversity of our region.
In 2002, Southern Company and the National Fish and
Wildlife Foundation entered into a partnership that will result in
more than $1 million in on-the-ground habitat conservationand
education programs in 2003 to benefit birds in Alabama,
Georgia, Florida and Mississippi.
The program, called The Power of Flight was launched as an
18-month pilot effort but since has been extended for another four
years, resulting in an annual benefit of $1 million over that time to birds
in the Southeast
Why birds? Because birds are the most common and visible wildlife
people encounter, and they are excellent indicators of environmental
health. They can be found from inner cities to the wilderness, and
they play a critical role in the South's culture, environment dnd
economy. Birding is among the nation's fastest-growing
outdoor activities, up 150 percent in the last decade, and
it generates more than $300 million in economic impact

annually inSouthern Company's service area.
(.*=v

"This ground-breaking commitment by Southern
Company will help energize partnerships vital for conservation of the South's birds and their habitats. Some
of the species are found nowhere else on earth," said
John Berry, executive director of the National Fishand
Wildlife Foundation. "Through this partnership with the
Foundation, Southern Company is setting a new standard
for corporate commitment to conservation.'
By addressing the conservation needs of birds, this
effort also protects the lands and habitats that are
essential to maintaining human health and the quality
of life that everyone desires.
Both Southern Company and the Fish and Wildlife
Foundation are contributing $250,000 annually to The
Power of Flight program. Organizations receiving grants
must then match the grant, thus resulting in at least a
$1 million value each year. So far, grants have been awarded to:
• U.S. Fish and Wildlife Service and theU.S. Forest Service to
accelerate translocation efforts for the red-cockaded woodpecker. Funds are being used to support a biologist in the
Apalachicola National Forest in Florida to monitor potential
donor clusters for increasing the number of woodpecker
offspring available for translocation each year.
* Alabama Wildlife Rehabilitation Center for research on a new
technique using audio tapes to lure parent raptors back to young
displaced from their nests.
• Quail Unlimited for 10 habitat restoration projects across the
Southeast The grant is helping implement the Northern Bobwhite

777

Quail Conservation Initiative by
improving habitat on more than
17,000 acres.
- Georgia Wildlife Federation
to expand the group's
Schoolyard Habitats
Program to 55 urban counties. The program instructs
students, parents, teachers and community
leaders about the value of
schoolyards as green space
and wildlife habitat
* U.S. Fish and Wildlife Service
in recognition of the National
Wildlife Refuge Centennial
being celebrated in 2003.
Funding is being given to the
Savannah National Wildlife •
Refuge in Georgia to help
restore 350 acres of tidal freshwater wetlands and to The Nature
Conservancy to restore 500 acres of wet
pine savanna in the Mississippi Sandhill
Crane/Grand Bay National Wildlife Refuges.
* Georgia Department of Natural Resources
for pilot projects to refine techniques that can
be used to economically convert slash and
loblolly pine plantations to functioning longleaf
pine ecosystems.
Mississippi Audubon Society for help indeveloping
the Mississippi Coastal Birding and Wildlife Trail, linking
50 sites between the Alabama and Mississippi borders.
Florida Fish and Wildlife Conservation Commission's Wildlife
Foundation to support implementation of the Great Florida Birding
Trail in the state's panhandle region.
Additional funds outside the grants program were provided
to the National Fish and Wildlife Foundation's bird and
habitat conservation programs inthe Southeast for
high priority habitat conservation, education and
research projects that benefit birds.
More projects will be chosen for 2004.
Projects are selected by a joint team of
Southern Company and National Fish and
Wildlife Foundation staff, then peer reviewed
externally.

-I~ohtns [•om, iopl: a rcd cotkided wodpetker, theSavannah National Wikd11hl
Retugo,

a parent eagle at Plant Wansley, Sandhill Crane National Wildlife Refuge in Mississippi,
and the Apalachico13 Bluffs in the Florida Panhandlo.
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rPartnerships
Southern Company partners with a number of external organizations
in the areas of research and development, habitat restoration and protection,
environmental education and conservation, among others.
These ongoing -relationships cross many levels from national to state to local groups. •
Listed here are some of those organizations.

* Alabama Water Watch
* Alabama Wildlife Federation
Alabama Wildlife Rehabilitation Center
* American Forest Foundation
* Atlanta Audubon Society
* Auntie Utter •
(Birmingham-based recycling, litter-reducing organization)
* BASS (Bass Anglers Sportsman Society)
• BlackWarrior- Cahaba Rivers Land Trust
Chattahoochee Nature Center (Georgia)
• CleanAir Campaign

*
•
•
*
*
*
*
*
•
*
*
*
*
*
*
*
*
*
*
*
*

(Atlanta-based group focused on traffic congestion and air quality)
Ducks Unlimited
Electric Power Research Institute
Florida Department of Environmental Protection
Florida Fish and Wildlife Conservation Commission/Wildlife
Foundation of Florida
Georgia Department of Natural Resources
Georgia Wildlife Federation
Global Environmental Management Initiative
Keep America Beautiful - national, state and local chapters
Mississippi Audubon Society
Mississippi Wildlife Federation
National Association for Environmental Management
National Fish and Wildlife Foundation
National Wild Turkey Federation
Project Greenshores
(partnership with Florida Department of Environmental Protection)
Quail Unlimited
The Nature Conservancy- national and state chapters
(Alabama, Georgia, Florida, Mississippi)
The Trust for Public Land (national land conservation organization)
Trees Atlanta
U.S. Department of Energy
U.S. Environmental Protection Agency
U.S. Fish and Wildlife Service
Wildlife Habitat Council

Awards and'
Recognition
2003

DparmnWfInteri or recoqnito

Southern Companyforithe support of t6e bentenn al Nat onal WildlfRe ue

Southeast Regional Director's Award.for Conservation from the U.S. Fish and Wildlife Service
a•':Wildlife) Fede•rationi ".Water.;Coiiserviatisnlisto{f the• Yiia r:!award to•A~ibama :Power•:::•,;'.>•':;-:•::.i•O:;:•:!?!:•,:'.'4
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2002

National Keep America Beautiful litter prevention award to Alabama Power for its "Renew the Coosa" project, which led to
more than 106 tons of debris being gathered from in and around the Coosa River

SState

eautful toGeorgPowersPlant Scherer for partnering with
nmental Improvementawad from Keep Gr
the state through its P6 utionPrevenwtion' progr~ar:ad for. itsP aht!Coimplianc6Team, which ens'ures that the plant's

%uiiri~enaldgoals are mnei'ho

a

empl6yee pbarticipation'.

Water conservation award to Gulf Power by the Northwest Florida Water Management
Awar6'd to Geir`ia Power's~repair shb)p'for rdduci'g hia-rdoius',wiaste50 percent...I;Y:•-',
eGrnor's'Pollution Prev tioA
First Place Award for Environmental Improvement for Keeping Georgia Beautiful to Georgia Power's Plant Scherer
•Coftific'ate'6'fAchiem6i from theGeorgmi Water& Pollution Control Association to Georgma Power's Plant Scherer for.
First place award received by Mississippi Power's Plant Watson from Keep Mississippi Beautiful for hazardous waste collection
Te

ceVawardsto The Natural Sothenvironmental series presented by.SouthernCompanVy,.

Industry Excellence Award from Southeastern Electric Exchange (SEE) for Southern Company/Alabama Power switchgrass
renewable energy project
UEPRlnnri6'torAward to Southern~Cma

r GUlf Power

.

.

'

Southeastern Electric Exchange award for Environmental Innovative Technology to Gulf Power
state of Georgia forthe development of a (

(and 2001) Cetfied W

2001

Outstanding Community Achievement award received by Mississippi Power from Keep Mississippi Beautiful
AardtoMssissippPower fromthe;Bilx!'{Miss.) Bay Chamberf Commerce forfcommuntyenha nce ment
Corporate Challenge award to Savannah Electric for its participation in Rivers Alive Cleanup
V.Governors ExceIen'ceAward

for Sustainable Florida to Gulf Power ' ,,,
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Platinum Corporate Award from The Friends of Georgia State Parks and Historic Sites to Georgia Power
" ranTsfer Awarid oSouthern Company fr helpirgutlt idustry
,Electric Power Research Ins'situte's (EPRI) Technology
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Governor's Award for Pollution Prevention to Georgia Power for water conservation at Plant Scherer
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Environmental Leadership
a7
011141

Ehranf

Executive ,VPExte al lffairsSoSuthern Companj:

-Joined Sohrn
mC
a
CEO of, IsstppPesi
.afflarsiýouthen Csiptn~ aono

engineer. Previously held posirionsi' presiden"and
ct ernal Affairs. Georgia Power; and vice president gvcrnmcntl
-

.,

Charles Goodman
Senior VP, Research and Environmental Affairs, Southern Company
Joined Southern Company in 1971 as a senior research engineer. Currently directs the environmental policy,
research and compliance strategy development program. Former chairman of the Environmental Staff
Committee of'the Business Roundrable and member of EPAs Clean Air Act Advisory Committee.

XWillaird, Bovlw-s

<.~?.5

,

:> VP, Environmental Affairs Alabama PowerJoined

Southern Company in 1971 as a rcservo rreuiii

lengineer.Previouily held positons as supervisor, environmental activkites, manager, emironmcnral compliacec;
and
,gesieral ranager, environenltal "irSairs,ainDg 01thers

Chris Hobson
VP, Environmental Affairs, Georgia Power joined Southern Company in 1973. Previously held
positions as manager, environmental laboratory- manager. licensing and compliance; and coordinator of

agency affairs in Washington, among others.

Director, Environmental Issues,Soutlhern Company

-

Joined Southern Comipany in 1976. Priv'io..sly held positions as mianager,eiviroiinsesial affasrs. Glfpmwr
maigr enirnnetsse
and astntotheyice
presiden~t
rvr rch andcnviron--~

~~~~~~~~~~~~

<I mental affais -mangement
Currently respninsle for dit•tinthe

offederl nviroi
nmntal issues.

Jim Vick
Manager, Environmental Affairs, Gulf Power
Joined Southern Company in 1978. Currently administers environmental compliance program at Gulf
Power, as well as manages all aspects of federal and state environmental legislation and regulatory
processes; among other responsibilities.

ManagerI;Environim
"
•ental

uliIty, Mis sissippi Power

oiJned
Southern Company ml 980. Cmrehnlyvovrses e~mviroenmcntal
¢omli~mcc.ffc a'Mis
previously held lositlionis asassistait to diev iccp
prie~,Inatey
ta
effors atdmusissippi Power
.1amongoti ers.,

Lamar Keller.
Manager, Environmental Affairs and Safety, Savannah Electric and Power
Joined Southern Company in 1976. Previously held positions as an environmental specialist; manager of
environmental and construction; and manager, technical services. Currently responsible for managing
environmental health and safety.

tlll~i..,:M nagr,.nvionental Services, Southern Nucleair. 1i17 (I0.;7,S.
Si,:'i
l
a C.'mpany
a% iSoithern
1978'.Currently rsponsibie for 6nvironmenara ;se-ices at the companys three nuclear;
a.pliia,,supporitig state asnd federal comphiance.
iMsoFitnatnd reportigg. Previ.iousll hrd a senior reactor opator :'

liser% at
ihe

corlu

'asnlant Farenupclear

hrs

visory an

mnd gemnent fmnctions"

Bob Schaffeld
Manager, Environmental Affairs, Southern Power Company
Joined Southern Company in 1991. Previously held positions in federal environmental issue management
and power plant development functions and served as assistant to the senior vice president, research and environmental affairs. Currently responsible for managing environmental affilirs for the wholesale power business.
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Southern Company and Georgia Tech Partner on Southeast's
First Wind Power Project Off the Coast of Savannah
Tuesday, May 24, 2005
Contact: Tiffany W. Glistrap, 1-866-506-5333 or 404-506-5333
media@southerncompany.com
ATLANTA - Southern Company and the Georgia Institute of
Technology announced today that they will collaborate on the
Southeast's first offshore wind power project off the coast of
Savannah, Georgia. The'announcement was made during a press
conference at Georgia Tech.
The goal of the project is to determine if offshore wind power is a
feasible and efficient renewable energy option for power
generation. The project concept is expected to include three to five
wind turbines that could generate 10 megawatts of power, enough
to power about 2,500 homes.

Southern Company
at a glance:
One of the largest electricity
generators in the U.S.
Parent firm of Alabama Power,
Georgia Power, Gulf Power,
Mississippi Power, Savannah
Electric
Regional rates 15% below
national average
Quarterly dividends since 1948
Contributed $1 billion to
environmental actions in the last
decade

"We remain interested in finding viable renewable energy options
that can play a part in meeting the growing demands of our
customers," said David Ratcliffe, president, chairman and CEO of
Southern Company. "Our partnership with Georgia Tech presents
us a unique opportunity to assess offshore wind power as a costeffective option for generating power in our region."
The first step of the project, a design and conceptual engineering
phase, will start in July using technical expertise from both Georgia
Tech and Southern Company. The first phase of the project will
evaluate various technology options for wind turbines,
platforms/foundations, submarine cabling and grid interconnection.
Detailed analyses of a site location and environmental regulations
and jurisdictions, including permitting requirements, will also be
determined.

The project is a continuation of research conducted by Georgia
Tech's Strategic Energy Initiative, a research group devoted to
testing both the scientific and economic feasibility of innovative
technologies. The research was funded with a National Science
Foundation grant focused on innovative energy options in the
coastal Georgia region.
"To win in the competitive marketplace of the 21 st century, our
energy solutions must offer value that makes them worth the cost,
both economically and environmentally," said Georgia Tech
President Wayne Clough. "We are enthused to work with a longtime partner in the Southern Company to develop an energy
source that is both cost-effective and environmentally friendly."
Though many discounted the Southeast as a possible site for
offshore wind turbines, the Georgia Tech group, led by Dr. Sam
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Shelton, was able to prove that there may be enough wind for
power generation by analyzing six years of wind data collected
from Navy platforms located off the coast of Savannah. The strong
westerlies that blow along Georgia's coastal waters coupled with
the technological advances seen in the last few decades make this
offshore region the best site inthe Southeast for an offshore wind
demonstration project.
In addition to its plentiful wind, the area is also ideal for offshore
wind because of its extensive area of shallow water at distances
beyond the shoreline view, which could reduce building costs and
avoid the challenges of building and operating wind turbines in
deep-water.
The project also has the potential to be the first offshore wind
project completed in the United States. There are only two other
planned U.S. offshore wind projects, one near Fire Island and
Long Island off the coast of New York and another between
Nantucket and Martha's Vineyard off the coast of Massachusetts but both are much larger than the Southern Co./Georgia Tech
project and neither has been approved.
Southern Company has invested more than $6 million over the last
five years in renewable energy technologies, such as evaluating
wind, solar and biomass as possible options. The company has
successfully tested switchgrass as a biomass fuel, as well as
expanded research into biomass for power generation by testing a
gasification process, which has the potential to be cost-competitive
when compared with other forms of renewable energy.

(

The Georgia Institute of Technology is one of the nation's premiere
research universities. Ranked among U.S. News &World Report's
top 10 public universities, Georgia Tech educates more than
16,000 students every year through its Colleges of Architecture,
Computing, Engineering, Liberal Arts, Management and Sciences.
Tech maintains a diverse campus and is among the nation's top
producers of women and African-American engineers. The
Institute offers research opportunities to both undergraduate and
graduate students and is home to more than 100 interdisciplinary
units plus the Georgia Tech Research Institute. During the 20032004 academic year, Georgia Tech reached $341.9 million in new
research award funding.
With more than 4 million customers and nearly 39,000 megawatts
of generating capacity, Atlanta-based Southern Company (NYSE:
SO) is the premier super-regional energy company in the
Southeast and a leading U.S. producer of electricity. Southern
Company owns electric utilities in four states, a growing
competitive generation company and a competitive retail natural
gas business, as well as fiber optics and wireless communications.
Southern Company brands are known for excellent customer
service, high reliability and retail electric prices that are 15 percent
below the national average. Southern Company has been ranked
the nation's top electric utility in the American Customer
Satisfaction Index six years in a row. Southern Company has more
than 500,000 shareholders, making its common stock one of the
most widely held in the United States. Visit the Southern Company
Web site at www.southerncompany.com.
We wPdfrntRelady-oitma t
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PREFACE
In 2003, the U.S. Department of Energy (DOE), acting through Argonne National
Laboratory (ANL), requested a study of the economic factors affecting the future of nuclear
power in the United States. The study was carried out at The University of Chicago.
The present report gives the results of the study. Intended to be a white paper, it is a
systematic review of the economics of nuclear power that can serve as a reference for future
studies. It does not take a position on policy subjects. Rather, it reviews and evaluates
alternative sources of information bearing on the nuclear power industry, and presents scenarios
encompassing a reasonable range of future possibilities.
Part I considers factors affecting the competitiveness of nuclear power. Topics include
(1) levelized costs, (2) comparisons with international nuclear costs, (3) capital costs, (4) effects
of learning by doing, and (5) financing issues.
Part II analyzes gas-fired and coal-fired technologies as the major baseload competitors
to nuclear generation. Topics include technologies that could reduce the costs of gas- and coalfired electricity, future fuel price changes, and the potential economic impact of greenhouse gas
control policies and technology.
Part III analyzes several federal financial policy alternatives designed to make nuclear
power competitive in the next decade and beyond.
The Appendix provides comprehensive background information underpinning the body
of the study. Previous nuclear energy studies were less comprehensive. The demand for new
electricity generating capacity in the United States is estimated. A major concern is the viability
of new nuclear plants as a way to meet growing electrical demand during the next decade. The
study focuses on baseload electrical capacity. Appendices Al through A9 address the major
factors that affect the desirability and the viability of nuclear power. Conclusions include the
following:
"
"
"
"

Waste disposal issues remain to be settled.
U.S. policy regarding nonproliferation goals will affect future fuel cycle decisions.
Regulatory simplification shows promise of reducing plant construction times.
A transition from oil-based to hydrogen-based transportation could, in the longer run,
increase the demand for nuclear power as a non-polluting way to produce hydrogen.
" If gas imports increase, nuclear power could substitute for gas and contribute to energy
security.
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DOE NUCLEAR POWER 2010 PROGRAM *

-

In FY 2003, the U.S. Department of Energy (DOE) initiated a University of Chicago
study on the economic viability of new nuclear power plants in the United States. This report
describes the results of that study. :According to DOE's .Fiscal Year 2005 Budget Report,
"the information obtained from this study is used to focus the program's activities on issues
of the greatest impact.' (DOE 2004, p. 397).

.

,

-

The Nuclear Power 2010 program is a joint government-industry cost-shared effort
involved with identifying sites, for new nuclear power plants, developing advanced nuclear
plant technologies, evaluating the business case for building new nuclear power plants, and
demonstrating untested regulatory processes. These efforts are designed to pave the way for
an industry decision by the end of 2005 to order a new nuclear power plant. The regulatory
tasks include demonstration of the Early Site Permit (ESP) and combined Construction and
Operating License (COL) processes to reduce licensing uncertainties and minimize attendant
financial risks to the licensee.
The Nuclear Power 2010 program continues to evaluate the economic and business
case for building new nuclear power plants. This evaluation includes identification of the
economic conditions under which power generation companies would add new nuclear
capacity. In July 2002, DOE published a draft report, "Business Case for New Nuclear
Power Plants in the United States," which provided recommendations for federal government
assistance. DOE continues to develop and evaluate strategies to mitigate specific financial
risks associated with deployment of new nuclear power plants identified in that report.
Recently, DOE solicited proposals from teams led by power generation companies to
initiate new nuclear plant licensing demonstration projects. Under a cost-sharing
arrangement, power companies will conduct studies, analyses, and other activities necessary
to select an advanced reactor technology and prepare a site-specific, technology-specific
COL application. DOE has already received responses from several utility consortia.
DOE has also initiated a technology assessment of nuclear power plant construction,
which is being conducted in cooperation with the power generation companies. That study
has assessed schedules and construction methods for the nuclear power plant designs most
likely to be built in the near term.

*Source: U.S. Department of Energy (DOE). (2004). "FY 2005 DOE Budget Request,
Energy and Water Development Appropriations," Vol. 3, Nuclear Energy, pp. 395-398.
http://www.mbe.doe.gov/budget/05budget/content/es/nuclear.pdf.
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ABSTRACT
Developments in the U.S. economy that will affect the nuclear power industry in
coming years include tIe emnergence of new-nuclear technologies, waste disposal issues,
proliferation con'ens, the streamlining of nuclea regieiation, a p6isible tranisition to a
hydrogeni economy, policies toward nainal energy'security', and environmental policy.
These developments will affect b6th .the'comirpetitiveness of nuclear power and appropriate
nuclear e;nergypoliciesi. A financial 'modeldevel6ped in this'study pr6jects tihat, in-the
absence of federal financial policies aimed atthe nuclear induft'y,'ithe'first newnuclear'plants
coming on line will have a levelized cost of electricity (LCOE, i.e., the price required to cover
op.erating.and capi.al costs) that ranges frorm$47 to _$71,• p6r:iegawa tt-hour (MWh). This
price range'exceeds projections of $33 to $4F for- coalfired pla
plants. .After engitdeerinigcosts are paid and constwrutiofi of the: firsIt few nuclear pla its has
beencompleted'.
is a good prospe3&t that lowe"r nuclealr LCOEs
M ' :abe achieved and that
these lowercosts theie
Wouid alloW nuc-lear energy to b6 c6mpetifiv'e ifithe marketpiace. Federal
financial policies that could help malke early nuclear plants more comipetitive include loan
guarantees, accelerated depreciation, investment tax credits, and production' tax credits. In the
long term, the competitiveness of nuclear power could be further enhanced by rising concerns
about greenhouse gas emissions from fossil*fuel power 'generation.

x

EXECUTIVE SUMMARY

-
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Context
Developments in the U.S. economy that will affect the nuclear industry in the future
include the emergence of new nuclear technologies, decisions about niuclear fuel disposition,
proliferaiion concerns, regulatory reform, a potential ran sition to a hydrogen economy,
national energy security policies, and environment al policies. A successful transition from
oil-based to hydrogen-based transportation could, in the long run, increase the demand for
nuclear energy as a nonpo1!uting way to produce hydrogenn
The U.S. Department.of Energy (DOE) currently supports research on designs for
advanced nuclear power plants that can produce hydrogen as well as increase the
sustainability and proliferation-resistance of nuclear energy and help lower nuclear energy
costs. DOE also supports the certification of new nuclear reactor designs and the early site
.permitting process that will help make the licensing of new nuclear'plants more predictable.
Such predictability promises to lowier financial risk by reducing thý time required to
construct'and license new plants.
This study analyzes the economic competitiveness of nuclear, gas-fired, and coalfired electricity.
Summary of Economic Findings
Economics of Deploying Plants during the Next Decade
0 Capital cost is the single most important factor determining the economic
competitiveness of nuclear energy.
.
First-of-a-kind engineering (FOAKE) costs for new nuclear designs could
increase capital costs by 35 percent, adversely affecting nuclear energy's
competitiveness.
* The risk premium paid to bond and equity holders for financing new nuclear
plants is an influential factor in the economic competitiveness of nuclear
energy. A 3 percent risk premium on bonds and equity is estimated to be
appropriate for the first few new plants.
* Without federal financial policy assistance, new nuclear plants coming on line
in the next decade are projected to have a levelized cost of electricity (LCOE)
of $47 to $71 per megawatt-hour (MWh). This study provides a full range of
LCOEs for first nuclear plants for alternative construction periods, plant lives,
capacity factors, and overnight cost estimates. LCOEs for coal- and gas-fired
electricity are estimated to be $33 to $41 per MWh and $35 to $45 per MWh,
respectively.

xi

j)

* With assistance in the form of loan guarantees, accelerated depreciation,
investment tax credits, -and production tax credits, new nuclear plants could
become more competitive, with LCOEs reaching $32 to $50 per MWh.
Economics of Deploying the Next Series of Nuclear Plants
• *With the benefit of the experience from the first few plants, LCOEs are
"expected to fall to the range of $31 to $46 per MWh; no continued financial

.

assistance is required-at this level.Future Greenhouse Gas Policies
*

If stringent greenhouse policies are implemented and advances in carbon
capture and sequestration prove less effective than hoped, coal-fired
electricity's LCOE could rise as high as $91 per MWh and gas-fired
electricity's LCOE could rise as high as $68 per MWh. These LCOEs would
fully assure the competitiveness of nuclear energy.
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SUMMARY
Background
The focus of this study is baseload electricity as supplied by nuclear, coal-fired, and
gas-fired technologies. Baseload power is power that a utility generates continuously, year
round, in anticipation of the minimum customer demand that will occur, regardless of daily
and seasonal fluctuations. Nuclear energy, coal, and gas are the major baseload fuel
alternatives. Renewables are not considered since they are used minimally to meet baseload
demand. While hydroelectric facilities supply baseload generation in some parts of the
United States, the major opportunities for hydroelectric projects have already been taken.
Table 1 presents the shares of generation furnished by various technologies in the United
States. This study synthesizes the current understanding of the factors affecting the
economic viability of nuclear power and estimates its viability under a range of future
scenarios.

Table 1: Shares of Total U.S. Electricity Generation, by Type of Generation, 2003a

ySource
Energy SPercent
Coal
Nuclear
Natural Gas
Hydroelectric
Petroleum
Non-hydro Renewables
Other Sources
Total
aldentical to Table AlI-.

Net Generation,
50.1
20.2
17.9
6.6
2.5
2.3
0.4
100

K~)

Part One: Economic Competitiveness of Nuclear Energy
This study first develops a pre-tax levelized cost of electricity (LCOE) model and
uses it to calculate LCOEs for nuclear, coal, and gas generation based on values from recent
plant models and data developed for use in those models. The LCOE is the price at the
busbar needed to cover operating costs plus annualized capital costs. Table 2 summarizes
these results.
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Table 2: Summary Worksheet for Busbar Cost Comparisons,.$ per MWh, with Capital
Costs in $ per kW, 2003 Pricesa,.
Sandia Model
GenSim
r=15%
r=10%

Technology

. ..

" ..
._

51
Nuclear .
(1,853)
(capital cost)
Legacy Nuclear
(capital cost)
_
_ _
ETA Reference
Case,
New
N
uclear
' " ."
(capital cost)

..

.

Debtr
=8%;
Discr=
8%

83
(1,853)

.

r=
10%:.

r'8%

_,"

Debt r
=10%;
Eq=15%;
Discr=
10%

r=
10%
"

.'

Debt r=8%;
Eq=10%;
Discr=10%
,'

_

.

..
70
(2,000)'
Is..

65
(2,000)

.

_

"',.

EIA - AEO 2004

Scully Capital Report,

SAIC Model...
Power Choice.
Debtr
Debt r
:=10%;tDisc. =10%;.
r=8%
Discr=
10%
_._ _.,_, ...
.-

..

.

.
.

., .

•_

_

. ."

._.._,_-.

_•__

63 to 68

.- .
.

-'j

77
(2,000)
"

. "

,

"

"

.

.

.

".

,

.

.

.

' ', :

-

. "

(1,752
17 to

..

1,928)
.43to53

EIA Advanced
Technology
Case, New.
Nuclear .
(capital cost)

.

I 43.to 5

.
•.

.

.

..

(1,080 to6
. ..

ABWR.
(capital cost)

..

.

53

..

(1,600)

AP1000

49

(capital cost)
Pebble Bed
Modular
Reactor
(PBMR)
(capital cost)
Gas Turbine
Modular
Helium Reactor
(GT-MHR)
(capital cost)
:.
Advanced Fast
Reactor (AFR).,...
(capital cost)

(1,365)
40

50

-

.

55

(1,365)
45

41
,"

"

(1,365)
39

(1,365)
39
".

"

40

44

(1,247)

(1.247)

(1,455)

..

(1,365)
43
.

16)
-.

36

"

..

(1,126):

57.

57

64

(1,126)
49 "' (1.350)I

37

48

(1,126)
43

(1,126)

Coal
(capital cost)
Gas Turbine
Combined
Cycle
(capital cost)
Gas
Combustion
Turbine
(capital cost)
SolarPhotovoltaic
Solar-Thermal

(1,094)
35

(1,094)
40

(1,350)
38

(1,350)
38

(472)
56

(472)
68

(590)

(590)

(571)
202

(571)
308

158

235

55

77

Wind

(1,600),
'51

(1,600)
46
(1,365)
"

.1,555)

44

-

.
•

.(1,126),

..

. ".

.... I

...

. ,

.-

38"

40

(1,169)
41

(590)

(466)

aldentical to Table 1-1.
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To illuminate the reasons for the ranges of LCOEs estimated in prior studies, this study
calculates LCOEs using the cost and performance assumptions used in three plant models
identified in Appendix A2 (Table A2-1) and in the National Energy Modeling System (NEMS),
as reported in the Energy Information Administration's (EIA's) Annual Energy Outlook. The
Sandia model, GenSim, does not specify a particular nuclear technology; rather, itadopts EIA's
specifications from the 2003 Annual Energy Outlook (AEO 2003). At a base capital cost of
$1,853 per kW, increasing the discount rate fromii 10 to 15 percent raises the GenSim busbar
nuclear cost from $51 to $83 per megawatt-hour (MWh). GenSim's estimates for competitors.to
nuclear are: $37 to $48 per MWh for coal, $35 to $40 per MWh for gas turbine combined cycle,
and $56 to $68 per MWh for gas combustion turbines. The SAIC model, Power Choice,
considers several nuclear technologies; cost estimates range from $39 per MWh for the Gas
Turbine Modular Helium Reactor (GT-MHR) to $77 per MWh for existing nuclear technology.
Coal-fired costs are on a par with the Pebble Bed Modular Reactor (PBMR) costs, at $43 to $49
per MWh. Gas turbine combined cycle costs are in the range of $35 to $48 per MWh. The
Scully model compares alternative financing plans for a technology that broadly corresponds to
the AP1000. The busbar cost range is $36 to $44 per MWh. The reference case in EIA's recent
Annual Energy Outlook (AEO 2004) considers future construction of historical designs. Its
assumptions regarding capital costs and interest rates result in a nuclear busbar cost of $63 to $68
per MWh, which is higher than most other studies. However, its cost for coal generation is $38
per MWh. Its advanced technology case lowers capital costs, partly to reflect learning effects in
construction, which produces LCOEs of $43 to $53 per MWh.
Worldwide Cost Estimates
This study compares U.S. nuclear busbar costs with those in other countries that use
electricity.generated from nuclear energy, coal, and gas. U.S. nuclear busbar costs are estimated
to be somewhat below the middle of the worldwide range for countries not reprocessing spent
fuel, i.e., $36 to $65 per MWh. LCOEs of new nuclear plants in the United States compare
favorably to prospective costs for new nuclear plants in France. Table 3 reports the nuclea'r
busbar costs for various countries; separate estimates are provided for fuel cycles that dispose of
spent fuel directly and those that reprocess spent fuel.

•
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Table 3: Organization for Economic Co-operation and Development (OECD) Busbar
-Costs, 75 Percent.Capacity Factor, 40-Year Plant Life, $ per MWh, 2003 Prices'a

Plant Type

Country

Nuclear, Spent Fuel Disposal
-

.....

Nuclear with Reprocessing

Finland, new SWR 1000•
Canada

39 to 45-

48 to 53

China
United States
Russia
Romania
Korea
India
Turkey
Finland
:Spain
China
France-.

44
45
45
49
.49
.52
53
_58
65
39 to 50
50

54
53
55
59
59
64
64
68
78
47 to 61
60

Japan

Gas Turbine Combined Cycle
Advanced Gas Turbine
Combined Cycle
Pulverized Coal Combustion
Coal Circulating Fluidized Bed
Coal Integrated Gasification
Combined Cycle (IGCC)
aFrom' Tables 2-5 and 2-6.

. Discount Rate
(To Derive Net Present
Value)
.10 Percent
8 Percent
.$perMWh.
36,*...42

- 83

97

OECD average

30 to 66

38 to 65

United States
OECD average
Canada

26ý
36 to 74
56

'27
43 to 84
63

OECD average

36 to 66

42 to 74

Overnight Capital Cost Estimates
Capital costs, the single most important cost component for nuclear pcwer, are analyzed
in detail. For the Advanced Boiling Water Reactor (ABWR), already builtin Asia, and the
AP1000, a.snialler scaleversion of which has been certified by theU.S. Nuclear Regulatory
Commission (NRC), overnight capital costs, or undiscounted capital outlays, account for over a
third of LCOE; interest costs on the overnight costs account for another quarter of the LCOE.
Overnight cost estimates from different sources have ranged from less than $1,000 per kilowatt
(kW) to as much'as $2,300 per kw.: Thisstudy examines the reasons for the differences in these
estimates, with the'aim of estimating a narrower plausible range. --
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One reason that early plants are more expensive is the impact of first-of-a-kind
engineering (FOAKE) costs. Several hundred million dollars may be expended to complete the
engineering design specifications for Generation III or III+ reactors. Such costs are incurred for
early nuclear plants built of any type. Although building a reactor of a particular design in one
country may enable transfer of part of the engineering that will be used in another country, some
partial FOAKE costs may'still be incurred for the first construction in any given country.
FOAKE costs are *afixed cost of a particular reactor design. How a vendor allocates
FOAKE costs across all the reactors it sells can affect the overnight cost of early reactors
considerably. A vendor may be Concerned about its ability to sell multiple reactors and therefore
want to recover all FOAKE costs on its first plant. FOAKE costs could raise the overnight cost
*of the first plant by 35 percent.
This study uses the Advanced Boiling Water Reactor (ABWR), the CANDU ACR-700,
the AP1O0O, and the Framatome SWR 1000 as reasonable candidates for deployment in the
United States by 2015.
* An overnight cost of $1,200 per kW is assumed for a generic class of mature designs.
* An overnight cost of $1,500 per kW is assumed for a generic class of designs that
require payment of FOAKE costs.
*

An overnight cost of $1,800 per kW is assumed for a generic class of more advanced
designs that also require FOAKE costs.

Consideration of the four reactor types contributes to the choice of $1,200, $1,500, and $1,800
per kW for overnight costs, a range consistent with estimates identified in EIA's 2004 advanced
technology case. (See AEO 2004.)
Learning by Doing
The study finds that reductions in capital costs between a first new nuclear plant and
some n plant of the same design can be critically important to eventual commercial viability. In
building the early units of a new reactor design, engineers and construction workers learn how to
build the plants more efficiently with each plant they build. A case can be made that the nuclear
industry will start with very little learning from previous experience when the first new nuclear
construction occurs in the United States. The paucity of new nuclear construction over the past
twenty-years in the United States, together with the entry of new technologies and a new .
regulatory system, has eliminated much of the applicable U.S. experience. On the other hand,
participationin overseas construction may have given some U.S. engineers experience that is
transferable to construction in the United States.
This study uses a range of 3 to 10 percent for future learning rates in the U.S. nuclear
construction industry, where learning rate is the percent reduction in cost resulting from doubling
the number of plants built. Table 4 summarizes the conditions associated with different learning
rates.
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Table 4: Conditions Associated with Alternative Learning Rates'
Learning
Rate
(Percent for
Doubling

"

-Pace of
Reactor •
Orders

Number of
Reactors Built
at a Single Site

Plants Built)

.3

Construction
Market
__

Spread apart 1 Capacity
year or more
saturated; no

multiple units

Reactor Design
Standardization

Regulation
Impacts

__......._....

Not highly
competitive;,
can retain

Not highly
standardized
-

.

Some.
construction
delays

.savings from
__.,

5

Somewhat
,more

-

.

continuous
construction

Continuous
construction

......
___

__

___

aldentical to Table 4-6.

___

i._ _.. :..learning

Somewhat

More

Narrower array

Delays

greater demand

competitive;

of designs

uncommon

for new
capacity;
multiple units
still uncommon

most cost
reductions
from learning
passed on to

...

__"-__•___.

10

_ _.

buyers

High capacity ..
demand growth;

Highly
Several designs;
competitive; all sufficient orders

multiple units

cost reductions

for each to -".

- anddelays

common

passed on

achieve
standardization

largely
eliminated

'_

_ _

..

_...

Construction
time 'reduced

learning effects

The Financial Model
This study employs a financial model for businesses that is based on the following'
equation:

-.

PRESENT VALUE OF EQUITY INESTMENT DURING THE CONSTRUCTION PERIOD
" PRESENT VALUE OFNET REVENUE EARNED'BY EQUITY OVER THE LIFE OF THE PLANT

where
NET REVENUE = EARNINGS FROM LCOE REVENUE BEFORE INTEREkS AND TAXES (EBIT) INTERESTEXPENSk -,.TAX EXPENSE + DEPRECIATION - REPAYMENT OF DEBT~.'

Because risk is a major consideration for investors, its treatment in the financial model is
an imipri-tant factor in deriviiig the required net revenue. The perceived risk of investments in
new nuclear facilities contributes to the risk premium on new nuclear construction... Princip~l
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sources of risk are the possibilities that construction delays will escalate costs and that new
plants will exceed original cost estimates for other reasons. This study uses guidelines from the
corporate finance literature, previous nuclear studies, and opinions of investment analysts to
specify likely relationships between project risk and risk premiums for corporate bonds and
equity capital. Risks associated with building a new nuclear plant are estimated to raise the
required rate of return on equity to 15 percent, compared to 12 percent for other types of
facilities, and debt cost to rise to 10 percent from 7 percent.

U))

Table 5 specifies the parameter values for LCOE calculations under the assumption that
no financial policies benefiting nuclear power are in effect. In using the financial model to.study
sensitivities, overnight costs of $1,200, $1,500, and $1,800 per kW are used. Table 6
summarizes the "no-policy" LCOEs for the three nuclear capital costs, each under 5-year and
7-year anticipated construction times. These construction times are expected values perceived
by investors, based on both previous nuclear construction experience and new information. This
study assumes investors will conservatively expect a 7-year construction period for the first few
new plants. If actual construction times prove to be 5 years, investors will revise their
expectations downward accordingly for subsequent plants.
Table 5: Parameter Values for No-Policy Nuclear LCOE Calculationsa
Item
Parameter Value
Overnight Capital Cost
$1,200 per kW $1,500 per kW $1,800 per kW
Plant Life
40 years
Construction Time
7 years
Plant Size
1,000 MW
Capacity Factor
85 percent
Hours per Year
8,760 hours
Cost of Debt
10 percent
Cost of Equity
15 percent
Debt Term
15 years
Depreciation Term
15 years
MACRSb
Depreciation Schedule
Debt Finance
50 percent
Equity Finance
50 percent
Tax Rate
38 percent
Nuclear Fuel Cost
$4.35 per MWh
Nuclear Fixed O&M Cost
$60 per kW
Nuclear Variable O&M Cost
$2.10 per MWh
Nuclear Incremental Capital Expense
$210 per kW per year
Nuclear Decommissioning Cost
$350 million
Nuclear Waste Fee
$1 per MWh
aldentical to Table 5-1.
bModified Accelerated Cost Recovery System.
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Table 6: First-Plant LCOEs for-Three Reactor.Costs, 5- and 7-Year Construction
.- .Periods,
$ per MWh, 2003 Pricesa
-Mature Design ,

Construction
Period.

New Design

.

FOAKE Costs Paid,.
$1,200 per kW.

FOAKE Costs Not Yet
Paid, $1,800 erkW
Overnight Cost-..,..., Overnight .Cost..
54
62
62
71

Overnight Cost

5 years
7 years.
aldentical to Table 53..

Advanced New Design

FOAKE Costs Not Yet
Paid, $1,500 per kW

47
53

Table 7 presents a full range of LCOEs for first nuclear plants, for alternative
construction periods, plant lives, and capacityfactors and for each.of the three overnight costs
specified in Table 5. The table shows the relative importance of the various characteristics for
generation cost. Overnight capital cost is clearly most important, but the two-year difference in
construction period is nearly as important. If investors were convinced of the likelihood of a 5year construction period, they would estimate the generation cost of the .$1,800 per kW plant to
equal that of the $1,500 per kW plant built in 7 years; similarly, the $1,500 per kW plant
anticipated to be built in 5 years'would have agenieration cost'nearly that bf the $1,200 per kW
plant anticipated to be built in 7 years. Capacity fact6r also exerts a significant influence on
generation cost. However, the effect of longer plant life is relatively minor because these
benefits occur in the distant future and are'discounted.
Table 7: Effects of Capacity Factor, Construction Period, and Plant Life on First-Plant
•.Nuclear, LCOE for Three Reactor Costs, $ per MWh, 2003 Prices'. . *7

a

Capacity.
lFactor,

Overnight Cost

Percent

$1,200 per W.
,.-

____,.

__.

______..

.

__.

__

$1,500 per kW

I

$1,800 per kW....

:5-year constructionperiod

Plant Life ...
.
PlantLife'
..
Plant Life*.
40 years, . 60 years..
40 years .
60 years
40 years,
-60years,:
.. - 1 •:
. . .. 62 .. , ,: . 5
. . ._.47 : .'-.,54
,,- • 47
58
i58:
50
51,
'
43
44-

85
90

95

42
......

85
90
95

I.

41

.....
___________
..
Plant Life
...
60 years
40 years
_______

53
50
47

.'Identical to Table 5-6.

53
49
47

49

48,

7-year.construction

period
.. Plant Life
...
60 years
40 years

62
58
56

S-8o

61
.58
55

56

..........

55
.. ..

.

Plant Life
60 ears
40 years
.

71
67
64

70
66
63

Table 8 presents LCOEs for coal and gas alternatives. Given the capital cost range, t6e6
LCOE of new nuclear plants in the absence of federal financial policies is from $53 to $71 per
MWh with a 7-year construction time. The range is from $47 to $62 per MWh with a 5-year
construction time. Costs remain above the range of competitiveness with coal and gas
generation, which have LCOEs ranging from $33 to $45 per MWh. For the $1,500 and $1',800
per kW..plants, FOAKE costs of-roughly $300 per kW are assumed to be paid off with the first
plant, Which lowers the LCOE for the second plants by 13 to 15 percent.
Table 8: LCOEs for Pulverized Coal and Gas Turbine Combined Cycle Plants,
$ per MWh, 2003 Pricesa.
Coal
Gas
aFrom Tables 5-4 and 5-5.

33 to 41
35 to 45

Part Two: Outlook for Nuclear Energy's Competitors
-. Gas

and Coal Technologies

This study examines the near-term prospects for improvements in gas- and coal-fired
electricity generation that would affect their costs relative to nuclear power. Table 9 summarizes
the cost estimates, construction times, and thermal efficiencies of fossil-fired electricity
generation. Some modest thermal efficiency improvements are foreseen in the near term for gas
technologies, but similar improvements for coal technologies appear to be farther in the future.
The most common combustion technology used in coal plants recently built in the United States
is pulverized coal combustion. Fluidized bed combustion is a cleaner alternative, and the
thermal efficiency of most fluidized beds used for power generation is similar to that of
pulverized coal. However, the cost competitiveness -offluidized bed combustion remains a
question. Integrated coal gasification combined cycle, while attractive from the perspective of
thermal efficiency and emissions, is likely to be too expensive to enter the U.S. market in the
near term. More advanced coal-fired technologies are still in early R&D stages.
Since fuel costs are generally two-thirds of the levelized cost of gas-generated power, a
5 percentage point increase in efficiency in gas turbine combined cycle plants could decrease the
cost of gas-generated electricity by approximately 8 percent.
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Table 9: Cost Characteristics of Fossil-Fired Electricity Generation'

.-

..

Capital Cost ($ per kW)
Fuel Cost ($ per MWh)
Total Operations and Maintenance
Cost (O&M) ($ per MWh)
Construction time (years)
Current Thermal Efficiency (percent)
R&D Thermal Efficiency Targets
(percent)
aIdentical to Table 6-6.

Coal,
-Coal,
Turb
Pulverized
Coa,..,.Integrated.
Circulating Gasification Corbine
Coal
C atin : Combined
Cobuston
.ed
. " .Cycle
Combustion Fluidized
Bed
Cyed " . .Cycle
1,200 ...
12.04

1,189
11.26
7.73
4
30 to 35
45

1

1,338
9.44

590
23.60

5.87
.4
30 to 35

5.19
4
40 to 45

2.60

45

60

-

3

55 to 60
65

Fuel Prices,
This study examines forecasts for three fuels: coal, natural gas, and uranium.
Coal and Gas
Coal supplies worldwide are expected to. be sufficiently price elastic that even a doubling
of demand would not increase price appreciably. Previous forecasts generally agree that coal
production will increase 35 to.50 percent over the next 25 years. Forecasts for the U.S. coal
pricetto iitilities uniformly predict a decline of about 10 percent.
Forecasts for natural gas
ar• mixed
'rices
(see Table 10). EIA's forecasts have changed.
sharply as prices experienced during'the base years of 2000 to 2003.have fluctuated
considerably. Expressed in 2003 prices, the Lower 48 wellhead pride rose from $3.93 per 1000
cu. ft. in 2000 to $4.24 in 2001, then fell to $3.02 in 2002. The 2003 price of $5.01 was the
highest in recent years. EIA's 2003 forecast for 2020, iin 2003 prices, was $3.75, but its 2004
forecast for the same date is $4.34. The 2002 price of $3.02 was below both 2020 forecasts, but
the 2003 price of $5.01 was well above both. As Table 10 shows, EIA's 2004 forecast for 2020
was for an 1l percent increase over 2000 prices, equivalent to a 40. percent increase over 2002
prices but a 13 percent decrease'frim 2003 prices.
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Table 10: Natural Gas Price Projections'
Year
2000b
2005
*2010
NEMS•, Lower 48. U.S. •
•
Wellhead Price,*AEO
2003
•"1d
" 75
86
NEMSC, Lower 48 U.S.
Wellhead Price, AEO
2004
lood
92
88
'Abridged version of Table 7-2, Year 2000=100.
bYear.2000=100.

2015

2020

93

96

109

111

'National Energy Modeling System (NEMS).
d$3.93 per 1,000 cu. ft.

Sensitivity analyses for gas-fired LCOEs use three alternative time paths for natural gas
prices. One is an average of the 2001and 2002 gas price, which results in forecasts for 2010 to
2015 of $3.39 per MMBtu, assumed constant over the plant life. Another uses the 2003 gas price
forecast for 2010 to 2015 of $4.30, also assumed constant over the plant life. The third uses
EIA's 2004 forecast of gas prices from 2015 through the ernd of the plant life, which begins at
$4.25 in 2015, peaks at$4.51 in 2021, falls to $4.48 by 2025, and remains at that level for the
remainder of the plant life. All prices are in 2003 dollars.
Uranium
The supply elasticity of uranium is estimated by several sources to be between 2.3 and
3.3, which should be sufficiently large to keep uianium prices down in the range of $15 per
pound over the next several years. Since fuel cost accounts for only about 10 percent of total
nuclear generation cost, variation in uranium prices will have only a limited effect on the overall
cost of nuclear generation of electricity..
Environmental Policies
As opposed to technology advances and possible fuel price decreases that could reduce
coal- 'and gas-fired costs, environmenrtal considerations could raise the cost of these sources
because they emitair p6llutants. This study assesses potential cost increases from more stringent
environmental compliance for coal- and gas-generated electricity.
* Despite global climate concerns, carbon remains an important but largely
uncontrolled emission that could be subject to future controls through carbon capture
and sequestration.
" Although the technologies of carbon capture, transport, injection, and sequestration
are not yet commercialized, estimates of current and future costs are available.
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Assuming 100 km transportation by pipeline, this study reports the following costs
per.MWh generaited:
o
-

$36 to $65 per MWh for pulverized coal, including an energy penalty of 16 to 34
percent

o $17 to $29 per MWh for gas turbine combined cycle, including an energy penalty
-of 10 to 16 percent
o $20 to $44 per MWh for integrated gasification combined cycle, including an
energy penalty of 6 to 21 percent...

* An alternative measurement of the future costs of carbon control can be obtained by
examining permit markets. in.particutlar, prices generated through permit market
trading can'be interpreted as the approximate future cost of reducing present
emissions. This study uses a carbon price range of $50 to $250 per ton to construct
upper and lower bounds of the electricity cost impact. For coal-fired electricity, .the
cost impact is likely to be between $15 and $75 per MWh; for gas-fired electricity,.
the cost impact is likely to be between $10 and $50 per MWh. These estimates are
subject to significant uncertainty, particularly because of uncertainty about'the overall
amount of carbon that will be controlled.

Part Three: Nuclear Energy in the Years Ahead
*

Nuclear Energy Scenarios: 2015

The year 2015 is chosen as a reasonable year for the first new nuclear plants to come on
line, allowing for time lags required for design certification, site selection and planning,.
licensing, and construction. This study considers the effects of several possible federal policies

targeting the first plants.
IndividualFederalFinancialPolicies Consideredfor the FirstPlants

* According to this study's financial model, a loan guarantee of 50 percent of
consftrction loan costs would reduce the nuclear LCOE for the lowest-cost'
reactor from $53 to $49 per MWh (see Table 11).
* Accelerated depreciation would reduce the LCOE for the lowest-cost reactor to
$47 per MWh (see Table 12).
An investment tax credit of 20 percent, refundable so as to be applicable as 'n
offset to a utility's non-nuclear activities, would reduce the nucleair LCOE to $44
per MWh for the lowest-cost reactor (see Table 13).
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* A production tax credit of $18 per'MWh for the first 8 years (as proposed in 2004
legislation) would reduce the LCOE of the lowest-cost reactor to $38 per MWh,
which is within the required competitive range (see Table 14).
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This study uses a 7-year construction schedule because the financial community is likely
to assume that duration for the first plants constructed, for financial planning purposes. If
shorter constructi6n times are proven with early experience, the construction period used for
financial planning would be reduced accordingly for subsequent plants.
Table 11: Nuclear LCOEs with Loan Guarantees, $ per MWh, 2003 Pricesa
Guarantee Policy
Loan
0 (no policy)

25 percent of loan
50 percent of loan
aFrom Table 9-3.

Mature Design

New Design

AdvancedeNeW

$1,200 per kW

$1,500 per kW

Design
$1,800 per kW

53

62

71

50
49

58
'57

..

67
65

7

Table 12: Nuclear LCOEs with Accelerated Depreciation Allowances,
$ per MWh, 2003 Pricesa
Depreciation Policy
15 years (no policy)
7 years
Expensing (1 year)
aFrom Table 9-4.

Mature Design
MaturepesikW
$1,200 per W

New Design
New Design
$1,500 per kW

Advanced
e
Avne New
Design
$1,800 per kW

53
50
47

62
58
54

71
-67
62

Table 13: Nuclear LCOEs with Investment Tax Credits, $ per MWh, 2003 Pricesa
Tax Credit Policy

I_$1,200

Mature
Design

New Design

Advanced New
Design
$1,800 per kW

per kW

0 percent (no'policy)
10 percent

53
47

62
.55

71
'63

20 percent

44

51

58

From Table 9-5.
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Table 14:.: Nuclear LCOEs With Production Tax Credits, $18 per MWh, 8-Year Duration,
$ per MWh, 2003 Prices - •
Tax Credit Policy
Mature Design
New Design
Advanced New Design
* re
*Ta
•
,$1,200 per kW $1,500 per kW
$1,800 per kW
0 (no policy)
$18 per MWh, 8-year
duration
..
aFrom Table 9-6.

53

.62

38

47
47

____8

"

71
56
56

Combination of FederalFinancialPoliciesand StreamlinedLicensing
.While the most of the individual financial policies considered in this study appear to be:.
insufficient to enable nuclear power to enter the marketplace competitively,:the financial model
indicates that a combination of policies at reasonable levels could do so. As shown in Table 15,
an $18 per.MWh production tax credit for 8 years together with a 20 percent investment tax,:
credit-could bring the LCOE'of the lower-costreactors ($1,200 and $1,500 per kW) within the
competitive range with a 7-year anticipated construction time. This policy package would bring
the LCOE of the $1,800 per kW reactor close'to the anticipated competitive range with the 7year construction time and well within it with a 5-year construction period.
Table 15: Effects of Combined $18 per MWh 8-Year Production Tax Credits and
20 Percent Investment Tax Credits on Nuclear Plants' LCOEs; $ per MWh, 2003 Prices
Mature Design
$1,200 per kW
Construction Time .
5years.
7 eairs
47

.

+ 53.

26.
.. .31
aldentical to Table 9-7.

New Design
Advanced New Design
$1,500 per kW
$1,800 per kW
Constructi6n Time
Construction Time'
5 ears
7 ears
5 ey+ars
'7ears
No policies:
54.
62
62
71.
-With combination of policies:.
[
31"
38
1
37
"
46
*

P/h Plants and Nuclear Competitiveness

Under aggressive assumptions regarding learning by doing, the LCOE for the fifth plant,
when most learning has been achieved, is $44 per MWh for the lowest-cost nuclear reactor,
assuming that for the first plant the business community anticipates a construction period of 7
years and uses a 3 percent risk premium on debt and equity interest rates (see Table 16).
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Table 16: LCOEs for the Fifth Nuclear Plant, with No Policy Assistance,-7-Year
Construction Time, 10 Percent Interest Rate on Debt, and 15 Percent Rate on Equity
$ per MWh, 2003 Pricesa
Initial Overnight Cost, $ per kW
1,800.
1,200 and 1,500.
58
50
48
56_
44
':5

Learning Rate(Percent for Doubling Plants Built)
3
5
'"10
.....
aFrom Table 9-8.

This study goes on to report LCOEs for the fifth plant assuming that, with favorable
regulatory experience, the business community comes to expect a 5-year construction period and
more favorable risks, comparable to gas and coal. Under these conditions, the fifth-plant LCOEs
for nuclear reactors reach the required range of competitiveness. The two lower-cost-nuclear
reactors have LCOEs of about $35 per MWh even under the most pessimistic learning rate (see
Table 17).- If the reduced risk encourages a higher ratio of debt to equity in financing, LCOEs
would be further reduced: by nearly 3 percent with 60 percent debt instead of 50 percent or by
8.5 percent with 70 percent debt instead of 50 percent.
This study found that, even under pessimistic learning assumptions, nuclear power could
become self-sufficient in the market after cessation of initial policy assistance if overnight costs
were $1,200 or $1,500 per kW and a 5-year construction schedule was maintained. .Depending
on where fossil LCOEs emerge within the ranges calculated here, the $1,800 per.kW nuclear
plant could become self-sufficient as well.
Table 17: LCOEs for the Fifth Nuclear Plant, with No Policy Assistance, 5-Year
Construction Time, 7 Percent Interest Rate on Debt, and 12 Percent Rate on Equity.
$ per MWh, 2003 Pricesa
Learning Rate
(Percent for Doubling Plants Built)
.. ..
3

- Initial Overnight Cost, $ per kW
1,800
1,200 and 1,500
-40
35 34
32

5
10
aFrom Table 9-11.
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39'
36

Robustness of Conclusions
The results of this study are sensitive to assumptions about overnight costs and plant
construction times, but are not very sensitive to assumptions about plant life and capacity factors.

EnvironmentalPoliciesfor FossilGeneration
Stringent measures to control greenhouse gases would raise costs for both gas- and coal-fired
plants, making nuclear energy easily competitiveiri the market place, as shown in Table 18.

Table 18: Fossil LCOEs with and without Greenhouse Policies,
$ per MWh, 2003.Pricesa-

______

Under Current Environmental
"_.. ..

_.Policies

•Coal-Fired
Gas-Fired
.aldentical to Table 9-12.
.33

to 41.
35 to 45

.

Under Greenhouse
Policy
83 to 91
58 to 68.

2025 and Beyond
The long gestation periods involved in nuclear energy research and the long lags entailed
in gearing up the niiclear industry to construct new power plants make it prudent to look several
decades ahead when making decisions about nuclear energy policy.
NuclearEnergy Technology.- The importance of cost reductions from first-of-a-kindengineering (FOAKE) costs and learning by doing beyond FOAKE has been documented in this
study. If presently available Generation III technologies are'deployed for several years
beginning in 2015, as contemplated in this study, significant cost reductions from their
replication could extend to 2025 and beyond. Research and development on Generation III and
IV designs is expected to allow commercialization of lower-cost reactors in later years.
Global Warming. The longer the time horizon, the more likely the United States will
place an increased priority on global warming, leading to an urgent need to replace coal- and
gas-fired electricity generation. In view of the time it takes to gear up the nuclear industry, the
prospect of this need is one of the reasons for national concern with maintaining a nuclear energy
capability. If environmental policies greatly restrict carbon emissions in the period after 2025,
fossil-fired LCOEs could increase by 50 to 100 percent over current levels. Nuclear power
would then acquire an unquestioned cost advantage Over its gas and coal competitors.
Hydrogen. The widespread introduction of hydrogen-powered vehicles to replace
gasoline-powered vehicles would greatly increase the demand for energy to produce hydrogen.
Some impacts could occur by 2015, but this study is conservative and does not consider those
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impacts when projecting demand for nuclear energy in the 2015 timeframe. If the expressed
national commitment to developing a commercially viable hydrogen vehicle proves successful,
nuclear power could become a major producer of this transportation fuel.. A full analysis of the
implications of increased demand-for hydrogen is beyond the scope of this study.
Despite the.many uncertainties in the future beyond 2025, the findings in this study
suggest the likelihood of an increased demand for nuclear energy beyond 20-25.
APPENDIX

Backaround
.Purpose and Organization of Study
This study'aims to synthesize What is known about the factors affecting the economic
viability of nuclear power and to estimate its viability'under a range of future scenarios. The
focus is on generating baseload electricity-nuclear, coal-fired, and gas-fired technologies.
Renewables are not considered because they are rarely used to meet baseload demand. While
hydroelectric facilities supjly baseload generation to some parts of the United States, the major
opportunities for hydroelectric projects have already been taken.
Electricity Futures
This study uses two principal types of models to investigate electricity futures:
,

Plantmodels calculate the cost of electricity generation from a specific type of power
plant. Costs are calculated on a levelized basis (LCOE), combining operating and capital
costs to arrive at a cost per megawatt-hour (MWh), that must be recouped in the price of
electricity. Costs are calculated at the busbar level in order to focus on electricity
generation costs and abstract from locally varying distribution costs.
Market models forecast the demand for electricity and the mix of electricity generating
capacity that .will come online to meet future levels of expected demand. Aggregate
demand and supply functions are estimated and brought together to simulate market
behavior, often at the regional level..

Table A-I summarizes the characteristics of the various plant and market models that are
reviewed in this study. The table distinguishes the plant types, forecast horizons, treatments of
environmental costs, and nuclear power data sources that have been used.
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Table A-1: Plant and Market Model Summary'

Model Identification
Scully Capital-DOE,
(Nuclear Energy)
Electricity Generation
Cost Simulation Model
(GenSim)/Sandia .

MIT Study

National Energy
Modeling System
(NEMS);EIA
a
NEMS-Electric Power
Research Institute (EPRI)
All Modular Industry Growth
Assessment Modeling-System
(AMIGA)/ Pew. Charitable
Trust ...
Integrated PlanningModel.
(IPM)/Environmental.
Protection Agency*(EPA).
Science Applications
International Corporation ..
(SAIC) Power Choice Model
'ldentical to Table A2-1.

Treatment of
.Environmental
Forecast
Horizon ...
-. Costs.
Plant Type
Plant Models
Nuclear
Up to
2010
(AP1000)
Wide
Current year
spectrum of
.•Administration
energy
sources

Nuclear, coal, Up to
gas
2050
Market Models
Wide:
20 years from
present
spectrum of
energy
sources
.Nuclear, coal, Up to 2050
gas.
Wide'
.
Up to 2035
spectrum of.
energy
.
_ .
_ ....
sources
Nuclear, coal,. 20 years from
gas ...
.present ...

No
Has capability

Source of.
Nuclear Power
Data

Vendor, 2002
Energy •
'
Information
(EIA) and Platt's
(McGraw-Hill)
Database, 2003

Carbon tax

EIA, 2003

No

EIA, 2003

Carbon tax
-

-Yes

_•_Vendors,

Yes

.

Vendors, 2002
_
_
. __ •
*Argonne
National
Laboratory,
.
2001

EIA

..

Hybrid Models"
Nuclear, coal,
gas.

80 years from
present

I..

Carbon tax

DOE and
.

Vendors,2001
..

Within each model category, different underlying numerical assumptions cause the
principal differences in electricity cost projections.. The most significant of these are differences
in capital costs and interest rates for nuclear capacity, capital costs for coal generation, and fuel
costs for gas generation. The market models are sufficiently complex that reasons for
differences in their projections frequently are difficult to pinpoint. Plant models are better suited
for studying the economic viability of nuclear energy. However, while the plant model
structures are straightforward, documentation of underlying.data is not always sufficient to allow
detailed economic analysis. Four of the plant models, identified in bold font in Table A-I, are
used for comparison purposes later in this study: the Scully model, GenSim, NEMS, and SAIC's
Power Choice model.
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Need for New Generating Capacity in the United States
This study analyzes future electricity demand and compares it with existing capacity to
estimate a future time range when construction of added capacity must start. Projections by EIA
.and the North American Electric Reliability Council (NERC) are compared with projections
based on historical relationships between electricity demand growth and gross domestic product
(GDP) growth. The historical relationships estimated for this study imply electricity demand,
growth rates that are roughly one percentage point higher than EIA's forecasts and a half
percentage point above NERC's forecasts. From a national perspective, even with an annual
growth rate in electricity demand of 2.7 percent, which is above the EIA and NERC forecasts,
new capacity will not be needed before 2011. On a regional basis, new capacity may be required
as early as 2006. (See Appendix A3, "Need for New Generating Capacity in the United States.")
Maior Issues Affec'tina the Nuclear Power Industry in the U.S. Economy
Technologies for New Nuclear Facilities
The nuclear reactors currently in use in the United States, denoted as Generation II, were
deployed in the 1970s and 1980s. They include boiling water reactors and pressurized water
reactors. Advanced modular reactor designs are denoted as Generation III. Some have passive
safety features, and all have been developed to be more cost competitive. Generation III designs
include the ABWR design and the pressurized water reactor, both of which use passive safety
systems; they also include the AP600/AP1000 and the light-water-cooled heavy-watermoderated CANDU ACR-700. The nuclear industry has continued to develop yet more
innovative Generation HI+ designs. Generation III+ designs may have lower generating costs
than Generation III designs, but the U.S. Nuclear Regulatory Commission (NRC) has not yet
certified them, and their cost estimates have greater uncertainty. DOE is developing Generation
IV nuclear energy systems that use even more advanced designs intended to furtherreduce life
.cycle costs.
Table A-2 summarizes the characteristics and NRC certification status of the reactor.
designs reviewed in this study.
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.Table A-2: Summary of New Reactor Designsa
Design
ABWR
......_______

Supplier

Size and Type

General Electric

1,350 MW BWR

.. U.S. Deployment
Prospects.and Overseas
Delployment
.
Operating in Japan, under

Westinghouse

,

1,090 MW PWR

Additional design work to
Design certification
be done before plant ready -expected September 2005.

•____________________
.for

SWR 1000

.

Framatome Advanced
Nuclear Power (ANP)

1,013 MW BWR

Atomic Energy
Company, Limited"
(AECL)Technologies
Inc., U.S. subsidiary of

753 MW HWR

construction;

.

Under consideration for
construction in Finland,
designed to!meet European
requirements.
.

Submission of materials for
pre-application review to
begin in mid-2004. Preapplication review... '
completion expected 2005.
Deployed outside Canada in Pre-application review ,
Argentini, Romahia, South scheduled to be completed
Korea, China, and India.
by NRC, June 2004.

CANDU
ACR-700

AECL

.

AP600

Westinghouse

610 MW PWR

Simplified

General Electric

1,380 MW BWR

Additional design work to
be donebefore plant ready

•_..___.___for construction,
Boiling Water

.

.

-

Reactor

.

(ESBWR)

completion expected in early

'deploymEnt by 2010.

2004. Application for design

100 to 300 MW
PWR

Plans to deploy between
2012 and 2015.

Design certification review
to begin 2006.

1,545 to 1,750 MW

No decision on U.S.

Ordered for deployment in

PWR .

market.

Finland.

General Atomics.

288 MW
Prismatic graphite

. *
.

Water Reactor
(EPR)

.

of 2005.

-

Framatome-ANP

Pressurized

•' •
No plan beyond completion
of South Africin project.

_____end

Westinghouse

Project

ceitification to be submitted

Licensed for construction in
Russia.

GT-MHR

European

Pre-application review

likely to support

mid-2005...:
Pre-application review
closed September 2002 with
departuie of Exelon.
Design certification
application would begin by

110 MW Modular
pebble'bed

...

superseded by AP1000.

.

British Nuclear Fuels
(BNFL)

__"_"_"_..

Design is certified, but
actual.construction will be

Commercialization plan not

.

PBMR

International
Reactor
Innovative and
Secure (IRIS)

.

Certified in 1996.

construction in Taiwan.

___.__________._

AP1000

NRC Certification Status

_

.

-

_

__'

..

System 80+

Westinghouse

1,300 MW PWR
•...

Advanced Fast
Reactor; Power
Reactor
Innovative
SmallModule

General Electric,
Argonne National
Laboratory

300 to 600 MW,
sodium-cooled

Plants built in Korea..
Design not planned to be

Certified May 1997.

marketed in United States.

•

(AFR; PRISM)

•aIdentical to Table A4-2.
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Began certification in the
1990s.

No action taken.

Nuclear Fuel Cycle and Nuclear Waste Disposal
This study analyzes the economic costs of nuclear power contributed by the nuclear fuel
cycle. It also considers two options for spent fuel disposition: (1) on-site storage followed by
centralized disposal and (2) on-site storage and reprocessing, followed by centralized disposal.
Recycle of mixed-oxide fuel was not considered. The front-end costs of nuclear fuel are relevant
regardless of which disposition alternative is used. As shown in Table A-3, these costs amount.
to $3.50 to $5.50 per MWhor 5 to 12 percent of the cost of nuclear power generation. In the
United States, the direct method of spent fuel disposal has been used to date, without
reprocessing of spentfuel. The costs of disposal consist of on-site storage costs while awaiting
permanent storage, plus a charge levied to pay for eventual permanent storage or disposal at a
centralized site. The back-end costs are about $1.10 per MWh, as shown in Table A-4, which is
about 2 percent of the overall LCOE. Plausible differences in fuel cycle costs are not a major
factor in the economic competitiveness of nuclear power.
Table A-3: Components of Front-EndNuclear Fuel Costs, $ per kg U, 2003 Prices'
Process Step.

Direct
Outlays

Interest
Cost

Ore Purchase
Conversion
Enrichment-(perkg SWU)
Fabrication.
Total

222 to 353
40 to 94
606 to 951
193 t6 250
"

94 to 150
15 to 35
197 to 306
54 t6 69

Total Cost
316 to 503
55 to 129
804 to 1,259
246 to 319
1,420 to 2,209
3.56 to 5.53

$perMWh
aAbridged version of Table A5-i.

Table A-4: Disposal Costs, $ per MWh, 2003 Prices'
Fuel Cycle Component.
Temporary on-site storage
Permanent disposal at'Yucca Mountain
Total
aIdentical to Table A5-2.

No Reprocessing
0.09
1.00
1.09

Nuclear Regulation
Federal Regulation 10 CFR Part 52 was adopted in the 1990s. It provides for combined
construction and operation permitting and is aimed at streamlining the permitting process. The
combined Part 52 license is designed to allow investors to resolve many historically important
uncertainties before committing large amounts of money to a nuclear facility. This study
analyzes the economic advantages that such regulatory streamlining can provide, both directly by
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reducing construction delays,.and indirectly by reducing the-risk premium necessary to
compensate investors for possible delays or cancellations due to regulatory difficulties. For..
example, -as more new nuclear plants are built well beyond 2015, this study finds that-mature
designs already in operation could generate energy that could be competitive with gas-fired
electricity, if the nuclear licensing period could be reduced to five years (see Table 17 above).
.•.•.

.. Nonproliferation Goals..

This study reviews international arrangements aimed at preventing nuclear proliferation.
Some countries have chosen direct disposal of spentnuclear fuel, while.others have chosen.
recycling of spent fuel. In the United States, policy decisions regarding direct disposal versus
recycling must be reviewed when DOE considers a second repository. By statute, DOE must
report to Congress on or after January 1, 2007, but not later than January 1, 2010, on the need for
a second repository.. (See Sec. 161(b), P.L. Law 97-425.) The uranium extraction (UREX)
process was developed as a variant of plutonium-uranium extraction (PUREX). DOE is
currently conducting R&D on further recycling technologies, including pyrometallurgical
processing. In the future, an innovative fuel cycle that strongly resists nuclear proliferation, such
as pyrometallurgical processing, will be pursued. The President recently announced a policy to
cap the deployment of new reprocessing technologies outside a select group of countries.
Nevertheless, the future economic viability of nuclear power does not depend on decisions about
direct disposal versus reprocessing. As Appendix A6 shows, differences in the cost of nuclear
waste handling between these two alternatives is too small to materially affect the economic
viability of nuclear power.
Hydrogen
This study reviews the prospects of hydrogen as a transportation fuel that would reduce
U. S. dependence on foreign oil and could have potentially large environmental benefits. Mass
production costs need to be reduced by roughly one-half to two-thirds to achieve widespread
adoption of hydrogen vehicles. The environmental benefits of hydrogen would be tempered to
the extent that fossil fuels, with their attendant carbon emissions, were used to produce the
hydrogen. Carbon emissions from oil would then simply be replaced by emissions from fossilfuel power generation or steam methane reforming. Nuclear energy, on the other hand, would
provide a pollution-free input to hydrogen production. A hydrogen economy, accompanied by
more stringent control of carbon emissions, could greatly expand the demand for nuclear power.
Energy Security
This study considers the energy security benefits of nuclear power as a potential source of
hydrogen to replace oil in the transportation sector and more generally as a substitute for gasgenerated electricity. Energy security has been analyzed primarily in connection with oil and the
political instability of the Middle East. A direct link to electricity is limited by the small amount
of electricity produced using oil. However, nuclear energy could help ease oil security concerns
if hydrogen is cogenerated for transportation. Currently, the United States imports about 4
percent of its natural gas consumption in the form of liquefied natural gas (LNG), but that
percentage could grow if many new gas-fired electricity generating plants are built and if North
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American gas production expands only sluggishly. As international trade in LNG becomes more
extensive and the United States imports increase, this energy security linkage could become
more important, if nuclear electricity substitutes directly for gas-generated electricity.
This study considers potential supply and demand shocks from environmental, national
security, and other risks affecting choices among electricity generation technologies.
Maintaining some nuclear capacity now could avoid a costly and lengthy adjustment of gearing
up a nuclear industry that might otherwise be in a run-down condition. This study uses a
decision-making model to develop a numerical example of a portfolio of fossil and nuclear
electrical generating capacity. In this example, 25 percent of new capacity would be nuclear.
Further research is needed to refine this analysis.
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