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SUMMARY: The F'ERC bas issued rules 
implementing Section 210 of PURPA. 
which provide thai electric utili ties must 
purchase electric power from aod sell 
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electric power to quaHfying 
cog!!neration and small power 
production facilities. In addition :hey 
exempt qua !ifyL'l.g fa cilities from State 
and Federa! reg-.:la!io!l. of rate' and 
financial organiz.:llion or electric 
utilitie,. The rule3 implementing Section 
201 of PURPA set forth criteria by which 
a cogenera tion or small power 
production facility can qualify for these 
rate and exemption·provisions. 

The FERC ha3 prepared an 
environmental assessment, in which it 
determined that. with the exception of 
Dew diesel cogeneration facilltie3, these 
rules wil1 not significantly affect the 
environment. The FERC also gh'es 
notice that it intend3 to prepare an 
en\oironmental impact 3tatement (ElS) 
evaluatins the effects of the Increased 
use of diesel cogeneration that would 
result from qualification or that 
technology. 

ADDRESS: The appendices to the 
environmental assessment are available 
at the Commission', Division of Public 
Infonnation, Room 1000. 825 North 
Capitol SI. NE .. Washington. D.C. 20426. 

FOR FURTHE~ INFORMATION CONTACT: 

Or. Jack M. Heinemllnn. Advisor on 
Envitoruncontal Quality, Federal Energy 
Regula tory Commission. 825 North Capitol 
St., NE., Washington, D,C. 20426. (202) 357-
8228. 

Ron D. Am. Esq .• Associate General 
Counsel. Federal Energy Regulatory 
Commission. 625 North Capitol St NE., 
Washington. D.C. 20426, {202.} 357-844&_ 

Adam WeMer. Executive Assistan t to the 
Atsociate General Counsel. Federll l EneriY 
Regulatory Commission. 825 North Capitol 
St NE., Washington. D.C. 2().1:!6, (20:! ) 357-..... 

SUPPLf:MENTARY INFCRMATION: :--Jotice is 
hereby given that the Federal Energy 
Reguatory Commission (FERC) ha 9 
prepared an environme nta l aS$€'ssment 
(EAl of the rules implementing Sections 
201 and 210 of the Public Utility 
Regulatory Policies Act of 1978 
(pURPAJ. 

The rules implementing Section 210 of 
PURPA pro ... ide t.'lat electric utilities 
must purchase electric power from and 
leU electric power to qualifying 
cogeneration and small power 
production racilities. 1 In addition they 
exempt qualifying facilities from Stale 
Bcd Federal regu!ation of rates and 
financial organization of electric 
utilities. The rules implementing Section 
201 oC PURPA 3et fo r:h crib,:ria by which 
a cogeneration or srr:all power 

'R,\I7:J-.ss' illuoed Feb. IQ. \\1.':" ~ .j i'~ i~lH ~hb. 
ts. 191W). 

production facility cun qualify fur these 
rate and exemption provisions.' 

Tht! scoping p:oc(:~s carried out by the 
Comm.ission has included the 
preparation of a preliminary EA which 
was circulated for comment on October 
19, 1979. Four regional public meetings 
were held in wbich extensive comment, 
were pres.ented. The EA and 
Appendices to the EA are on file in me 
FERC Division of Public lnfonnation, 825 
North Capitol SI. NE., Washington, D.C., 
and are available for public review upon 
J't!quest. These documents are also 
available ror public review at the 
follow ing FERC locations: 

Atlanta Regional Office. 730 PeQchtree 
BuHding. Room 500, Atlanta. CA 30308. 

Chicago Regional Office. 31st Floor. Federal 
Building. 230 Dellrborn Street, Chicago. n. 
00604. 

Fori Worth Regional OffiCe. 819 Taylor 
Street, Room 9AOS. Fort Worth. TX 76102-

New York Regional Office. Z6 Federal Plaza. 
Room 2207. New York. NY 10007. 

San Francisco Regional Ofnce, 333 Market 
Street, Sixth Floor. San Francisco. CA 
IIoUOS. 

Notice of IDleat To Prepare aD 
Enviroomectal Impact Slatement 

The proposed rules in Docket No. 
RM79--54 J would permit all diesel 
cogeneration facilities to·qualify. On the 
basis of the EA. and the comments 
received during the scoping process; the 
Commis3ion believes that. with regard 
10 new diesel cogeneration facilities, the 
rule as proposed may constitute a major 
Federal action significantly affecting the 
environment within the meaning or 
Section 102(2)(C) of the National 
hnvironmental Policy Act of1969 
(NEPA). Accordingly, priof to issuance 
of final rules on the qualification or new 
die'lel cogeneration, the Commission 
will prepare and circulate an 
environmental impact statement 
evaluating the PURPA-induced 
enyironmental implications of this 
technology. 

For further information on the 
environmental assessment or 
emirOfl.'nen!al impact statement 
cor.la:::: 
Dr. Jack M. H<lin?:TI;;.nn. Advisor on 
En~~ ror_~ental Qt!a!;!y, Federal E.'l.ergy 
Regulatory Com'!l!ssion. 625 North Capitol 
st NE .. Washi:"l;j!on. D. C. 20425, 
Teleilh.1ne {202} 35,--3228. 

Ross D. Ain. ESG .. Ass')ciafe General 
Counsel. Federal Energy Regulatory 
Commission. 825 North Capitol St N.!., 
Wa5hlr~!on. D. C. 204;!6, Telephone {202} 
357--&14:6. 

Adam Wenner. E:'tec:.t'ive Aui5tanl 10 the 
Atloeiate <Aneral Counsel. Fedl'ral Energy 

·RM79-~. iSlu!d M.r.13. 1geC. IS FE 17'<1;9 (M.:.r. 
20. 19M). 

• ~ FR :w;.'3 Ou~y 3, 1919}. 

Ri!gula tory Commission. 825 North Capitol 
51. NE.. Was~l"6ton. D. C. 204:!1I, 
Tell:!phone (2(2) 357-9338. 

Upon completion of the draft EIS, 
notice will be given in the Federal 
Register. at which time comment will be 
IQlicited from Federal agencies and 
other interested parties. 
Kenneth F: Plumb, 
Secretary. 

Enviroom8ntal A.aeumenl 
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L Summary 

Sections 201 and 210 of the Public 
Utility Regulatory Policies Act of 1978 
(pURPA) amend Ihe Federal POVlo'er Act 
to rerilo\o'e many of Ihe jurisdictional 
provisions that act as disincenth'es 10 
certain types of electric generaljon. The 
Federal Ener6Y Regulatory 
Commission'3 (FERC) regulati ons 
implementing Section Z01 (R.'f79-54] 
establish criteria ror qualifying 
cogeneration facilities and small power 
producing facilities, coOectively ca!led 
qualifying facilities (QF). I The rules 

• A ... il.ble at the FDIC and :he re!l1,;~.~t FEi\C 
office •. 

• A qen,ratlon r.r.rJily pr.,du~~, b<!'': e:~ c. :::'::':7 
ud .team or 100m. atht: I<S~ ~-.J ~~r::', .:1."., ,y. ,udl 
•• heal A ...,aU po ... ~r prod ut:!l.Jn ~" ~" ') :'S~J 
blolna .... ute. renewab!e re~O~l"<""::5 :i!id~ 
b~dr<lpo .. er. s"l",. iectl':e=31. w;:ul)-;r a~y 
coc:';'".tian ther!oi liS • .,r.:r.uy ~~";;U' IDU.-U: 

Pootrn{es conUnut"1 on oext pa.&'e 
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mplemt:nting Sectior. ZlO {RM.79-S5) 
e,lab~ish rales at which power sbould 
be exchanged between QFI and electric 
utilities. and exemptions from certain 
State and federal regulations for QF •. 

"s:.lenee efmles under Section 201, 
acting in concert with the ZlO rules. will 
encourage cogeneration and ,maD 
power production and increase the 
number of 5ucb facilities in the 'United 
States. H ;:Iwever, th"e:-e are certain other 
inc~ntj \'es for such facilities even 
without these regulations; many 
cogt:neration fa cilities have been in use 
for Q\'er hlr a ct!!'Ilury and new ones are 
bcins addec. although in recent d ecades 
a cC1n~idr:,able number h8\'e been 
ph8llfld oul. The projech,d increase in 
facilities thai will result from these 
regula tions will provide approximately 
12,000 Mw of electric capacity by 1995. 
Thi. Includes 5.900 Mw of industrial and 
commercial cogeneration, 3,500 Mw 
from smaU'lcale bydropower al existing 
dams, 360 Mw from munlc!pa1 solid 
wule syslems, and 1,900 Mw from wj.nd 
eperJY conversion syslema. 

The market projectiop analysit 
Inci1caled thai before 1995 these nile. 
are not expected to encourage 
significant amounts of electrical 
generation using biomass, geothennaL 
or .olar tbennal and pbolovoltaic 
enerJY. 

The Federa1 action requiring scrutiny 
under the NationaJ EnvironmentaJ Policy 
Act 011969 (NEPA) II a product oflhe 
rule. under Section 201 of PURPA. 
a ctina together with the rule. under 
Section 210 of PURPA. The 
environmental effecu: are not related to 
the tolal environmenta1 impacts of the 
numerous technologies and facUitie. 
covered by PURPA. but only that 
increment of those effecll that result 
from the incentives provided by these 
rule •. Therefore, the environmental 
nseument concentrates on the PURPA~ 
Induced technologies of wind.. ImaU· 
lcale bydropower at existing d ams. 
municipal lolid waite, and 
cogeneration. The relults of that 
auessment are lummarized as follow. : 

• tndu.lrillind commercial cogeneration. 
ParticuJnl)' Aew flcilitin utilizing . Ie.m 
toppm, t:)'clea. dje.el enJInei IDd 
combutioD tuibln" will re.ult in 'llaht 
mere •• " in Iir emiulolU (nUrosen oxides. 
.u!fw oxide .. particul.tel, carbon monoxide. 
.nd hydrocarbon.) on • n.Uonll bill .. 
Howevll there m.y be .Ignificant merelle. 
01 ceTl.lD pollullnt. {NOJ from new dje.at 
COIaner.tlon on I localiud bill, in highly 
urbIniud lrell. OveralL QF, will h.ve. 
'mall beneficial .ffect by reduclna n.tional 
emlilion le ... el. ol.ulfur oxidn {-Om 

1'ootnota C"Ontinued from Jut p&l'e 
• nd don no! h •• • •• Clp.cI!), or i!'eliU the eo 
1:"., " .... UIIt, 

per:::ent). whe:'T1II NO" bydrocarbon •• nd 
lotal,\:spended lolids will Increase .Ilghtly 
(0.32 percenL 0.05 percenl and 0.02 percent) 
feipe<:th·ely. On I nation",,;de blli&. carbon 
monoll:ide ~miuiOI\li wiU ",m.in the tamI. 

• Wind energy systems, especially those 
o".er S kiio,.,·.It., mily cre.le letthelic 
lmPiU;U. electromag:letic ir.:c:fe:cnce and 
confljct. in land UN. 

• Municip.1 .0Ud wute to e!)etgy .y.lelJll 
create IDC&Iiz.ed effed. due to emiuioDl of 
nitrogen oxide ... ulfur oxidu Ind 
pltticul.tu. wllte w.ler dischlJ1e. and 
conaWDptlve w.ter ulllie. and dllpolal of 
toldc and haurdola Wlltes. 

• Small-.cale hydropower de ... elopment 
createetocal water quallly and related 
eco[ogicsllmp.d. I . well II potential 
cor.m~t. o ... er the use of resolL"'Ce'. Thue 
Impactt lire sene rilly not 'i,mficant ror 
elds!i.n8 datIUI (onu maintllnina' canltmt 
pool). but C8.D be IlgnificaOI U breached dams 
are rehabilitated II pitt or the hydropower 
de\·elopment .1 •• ite. or Unew dam ..... 
Conitn.lcled. 

Directly related to the energy and 
capacity provided by QFI are certain 
environmental benefits and tradeoff. 
that result from these rules. First. 
utllitie. will be able to defer or cancel 
construction of certain (acilities. 
originaDy .cheduled for construction 
b etween 1980-1995. nese derelTal. are 
expected to include some eleven-:;oo 
Mw coaJ-fired Iteam plan~, one-l,OCWJ 
Mw nuclear plant. a number of 15 Mw 
gas turbinel, and certain larae scaJ. 
bydropower and combined cycle 
InstanatiODJ. AU o( the environmental 
impacts a'lociated with the 
construction and operation o( these 
(acilities would be avoided. 

PURPA will produce lignificant 
energy savings of non-renewable 
resnurces. An estimated 40,000 bbJ/day 
or oil wiU be conserved, plus an 
addiUonal4O,OOO bbl/day e9uivalent o( 
natural gas and 120.000 bbl/day 
equivalent o( coal by 1995. 

On the basi. of the environmental 
assessment of PURPA·lnduced 
technolOgies, the Commission bal made 
the following finding.: 

• The program. laken" • wbole, will IIOt 
hSl/e •• ignlficanl iropad 011 the qu.lity of the 
buman enl/ironment wilhln the meanm, or 
seCtiOIl 102 of NEPA. The Commlulon .Ita 
bll nOled certlin benefidal environmental 
Imp.cts th.1 m.y result froID tIliI pTOSfl.lll. 

• Wbere the eJq)eCted market·penetration 
of tedmolosie. which could qualify under 
this progr.m I. not expected to C1.UIe any 
'ianificent environmental effect. in the near 
term. the Commiuion willinow qualific.tion 
of theN technologies withoul del.y. 

• Wbere. technology I. expected to ClUM 
.ignificant environmental efrecllin the near 
term. sn EIS cayerm, the teclmololY will be 
prepared Ind conIldered berore the 
Comm.lulon.ets 011 qualification. 

• The Commillion II est.blishing • 
monllorins progr.m to alert the Commission 

-
to the likelihood or e:denl of market 
penetr.tion by technologie. whIch qu.lify 
under thi. progr.am. Thi. procedure iI 
desiS:lCd to p:-:xlu::e inlonDltion thlt m.y be 
rele .... nllo taking appropri.te _etlon to 
protect the envif(>nmenlin the future berore 
tec.hnologJu uru'!c! the prosr.uo re.ch •• tq. 
or I.cfes!J:lec! or c:ommHment to 
implementation likel)' to delenninl 
.ub.equent developmenl or reltrict laler 
alternative .. 

%. Pre(ace 

Section 201 or the Public Utility 
Regulatory Policle. Act of 1978 (PURPA) 
mandates that the Commission 
prescribe mles under which small power 
production facilities and cogeneration 
facilities can obtain " qualifying" statuI.' 
The proposed mle. for such .tatus in 
Docket No. RM19----54 were issued June 
21,1979. 1 

Section 201 of PURPA deflllel 8 

"sma)1 power production f8Cili~ a. a 
fa cili ty which: . 

• Produce. electric enefiY tolel), b)' the 
use, a. a primary enel"8]' 1OW'Ce, of biom .... 
waite. renew.ble fe.ouren. or any 
cambinltion thereof: Ind . 

• Ha •• power-production eap.dty which. 
togetlJer with any othlr racilities located It 
the lame lile (II determiDed by the 
Commillion) 11 Dol are.ler thm 80 
meg.watts. . 

A cogeneration facility is defined ... 
(acility which produces elecbic enerJY 
and .team or forma of useful energy 
(such as beat) which are taed for 
Indultrial commercial, beatins or 
coolins purposeL 

A cogeneration or .maU power 
production facili~ may not be owned by 
a penon primarily engaged in the 
generation or aale of elecbic power 
(other than electric power solely from 
cogeneration Dr smaD power production 
fa cilities). 

On October 19, 1979. the Commission 
Issued a request for turt.her comment. 
on III proposed rulemakjng establishing 
requirements (or determining quallfyina 
.talus for c ogeneration and small power 
production facilitie •. One purpose of 
renoUcing Docket No. RM79-54 was tp 
provide an opportunJty (or the public to 
comment on the findings 'oJ the Itaff', 
prelimln8l')' envirorunentaJ assessment.' 

WhUe the legislation pennUs certain 
facilltie. to be -exempt from State and 
Federa11a~. It excludes exemptiolll 
from environmental laws. ThUs. . 
quali.fying (scilfty may not be built or 
operated unless it compliel with aU 

• Pub. L es-et1. 
'SmalI Power PrududiQ!! Illd CoaaMrwtlOll 

F.cllltlu~.1ifyiq SIITlil. Docket No. RM"-M 
1M FR 3881J, JIIly L 1m}. 

• Av.lI.ble .t thl OffiCi 01 Co~ .. lonaJ.nd 
Public Aff,u.. Room 1000. u.s North C.pltol SL NIt., 
WasMnston. ·D.C. 
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applicable local. State, and Federal 
zoning. air, water. and other 
environmental quality laws, and unless 
it obtains all required permits. 

On February, g, 1980, the Commission 
iJaued final rules implementing Section 
210 of PURP.A. 'The rules provide thai 
electric utilities must purchase electric 
energy and capacity made available by 
qualifying cogenerators and small power 
producers at a rale reflecting the cost 
that the purchasing utility can avoid as • 
result of obtaining energy and capacity 
from these sources, rather than 
seneraUng an equivalent amount of 
enel'8Y Itself or purchasing the energy 
from other suppliers. 

The Section 210 rules also provide 
tha t electric utilities must fumish 
electric energy to qualiFying facilities on 
• nondiscriminatory basis. and at a rate 
which is jusl and reasonable and in the 
public interest. Utilities must also 
provide certain types of service whid! 
Qlay be requested by quallfyins facilities 
to supplement or back up those 
facUlties' own generation. 

The SectiOn 210 rules exempt all 
quaUfying: cogeneration facilities and 
certain qualifying .mall power 
production facilities from rate regulation 
under the Federal Power Act. from the 
provisions of the Public Utility Holding 
Company Act of 1935 nlated 10 electric 
utilities, and from Siale law. regulating 
elecbic utility rates and financial 
orsanization. 

The Implementation of the Section 210 
rules is to be carried out by the State 
regulatory authorities and nonregulated 
elecbic utilities within 1 year of the 
t.suance of the Conu;nission', rules 
under Section %10. The implementation 
may be accomplished by the Issuance of 
regulations, on a case-by-case basis, or 
by any other means reasonably 
designed to give effect to the 
Commission's rules. 

The rules provide encouragelIlenl to 
the development of certain types of 
faciUties . They do not prevent any 
facility which does not qualify from 
using cogeneration or small power 
production. or from using any I)-·pe of 
fuel. The rules merely grant or deny 
cena!n benents 10 certain fa cilit:es. 

In this environmental assessme:lt, the 
er.vlronmental effects of these rules are 
limited to the effects resulting frorn the 
conSlruction and/or operation of 
facilities which occur as a result of the 
granting of the, a benefits, or from 
changes in the operating characteristics · 
of existing faciIitiel which results from 
the sranting of these benefitJ. U a 

-SmaD hww Ptochw::tlOIl ud Cote~tloa 
PuJllU.-aatn and Exlcplio.Q. Ooeb:tNo. R..\C"e-
55 (1$ J'a W1t. r.b. Z5, 1_)' 

cogeneration or small power production 
facility would be cons truc ted or 
operated without the incenth·es of these 
rule" the environmental effects resulting 
therefrom cannot properly be described 
as environmental effects of these rules. 
However, a technical and environmental 
discussion of each technology I! 
provided whether or not its use is 
expected to be encouraged by these 
rules. 

3. Introduction 

3.1 Background 
Numerous strategies have been 

adopted during the 1970', to deal with 
the natlon's serious energy problems. 
These strategies hav·e been directed 
toward increasing domestic energy 
supplies. decreasing dependence on 
fore lan oil, expanded energy research 
and development. conservation, and 
Increased efficiency of energy use. 

One such stra tegy is a once-common 
industrial technology now c"ned 
cogeneration-the combined production 
of electri~land/or mechanical energy 
and useful energy, such as heat or 
.team, through. sequential use of an 
energy resource. An important means of 
conserving energy. cogeneration can 
increase the usable energy derived from 
a given amount of fuel compared to 
convenlional generation of electricity 
and production of beat or steam. 

Cogeneration was widely applied in 
the early 19(Xl's when the majority of 
Indusbial plants generated their own 
electricity. In 19ZD. on-site industrial 
electrical generation accounted for 
.bout 30 percent of total u.s. electrical 
generation. Today, less than .. percent of 
this country's electric energy is 
produced by Industrial generation. (I) 

Interest in cogeneration gradually 
waned as elecbicily supplied by public 
utilities became more available and less 
expensive. The cost of electricity 
decreased as new technologies and 
laeser central generating stations 
captured Increased economies of scale. 
For several decades electric utility rates 
.teadily declined. The difficulties and 
COS:3 of self-generation increasingly 
gave industrial consumers incentives to 
rely on public utilities. 

Since 1970. however, the cosi of 
electricity to industrial consumera bas 
draJT:atically Increased. Further, Stale 
and Fec:!eral government efforts to 
reduce institutional. regulatory and 
econcmic ba:.ie;s are making 
cogenl!ralion more attractive. 

One ba rder to cogeneration bas been 
tha t. undc~ .:::ert. ir. circumstances, the 
,ale of po .... ·er .ubjected cogenerators to 
reg·;la~l l)f: as :I ;' ·J ~! jc u!tlily. This mean. 
that II cogcnecdtor would be required to 

have the rates which it charged for the 
sale of excess pow er approved by a 
State or Federal re~latory agency. 10 
addition to the time and expense of 
participatins in regulatory proceedings, 
the cogenerator would also have to 
adhere to utility accounting standards 
and submit to the government data 
requ ired of public utilities. The 
complications and cost of complying 
with these regulations in many cases 
could far outweigh the economic 
benefits to be gained by a company fro~ 
cogeneration. 

Many cogenerators also need to be 
assured that they can sell excess 
electricity and buy back·up power at 
fair and nondiscriminatory rates. 10 the 
past. some electric utilities have refused 
to buy or sell the cogeneraled electric 
power or have charged high back-up 
rates when a cogenerator needed to huy 
electricity. 

Section 210 ol PURPA requires the 
FERC to establish rules tf' ensure lair 
rates for both the sale of excess power 
and the purchase of back-up power by 
cogeneration facilities. Under that 
Section the Commission was also given 
the authority to exempt qualifying 
cogeneration facilities from certain State 
and Federal regulations. 

Many of the regulatory barriers that 
have impeded the development of 
cogeneration hllve also hindered small
.cale efforts to generale electricity using 
nnewabte resources. For this reason, 
these sections of PURPA also apply to 
non-utility-owned small power 
production facilities that use renewable 
tesource:s such as geothermal energy, 
wind power, solar power, municipal 
waste. biomass. or the bydraulic energy 
potential of small-scale dams to 
genera Ie electricity. 

3.2 Technological Aspects 
{al Cogenerotion.-Cogeneration 

involves the production of both electric 
power and bea l at a s ingle facility 
through the sequential use of sn energy 
resource. Under the PURPA definition, 
one of the energy streams so produced 
must be elec:ricity. Steam is menlior.ed 
in the definition apparently because the 
cogeneration of s~ e3 :n and electricity is 
the most common Industrial practice. 
Bul the production ohteam is not a 
requirement; any form of therm~l energy 
will suffice. 

The advantages of cogeneration can 
be shown by considering some 
examples. Consider an industrial 
furnace u!ed lor melting glass ..... bere the 
gl855 is melted by dIrect combustion of II 
fuel. typically natural gas, and II !!!"e.jrn 
of bot exhauslg8ses la produced: if II 
means could be found to barness the 
beal energy in the exhaust for 
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, !:!1e: .. ting ~~e.::~citl', significant energy 
savings could occur. 

Another example is the use o( an 
ir;:emal combustion engine to turn an 
electric generator, where the hot 
exhaust from the engine is subsequently 
L:~t"d , The exhaust can be directed 
lhroush a heat exch~n8er in wh.ich 
water is heated to near its boiling point 
or boiled Into steam. The hot water or 
slcam can then be used for space 
heating. Agair .. the ad\'anlage is that 
energy orrlinarily wasted in the exhaust 
:5 rec.:>"ered and put to use, It is noted 
!hat tIt, term "cogf-;Jeration" has only 
Tf"CentJ)' come bto cllmmon use: 
previously the tenn "total e:"Jergy 
Eo.·f,lem" ..... as more common for the 
si/stem just described. 

The tolal energy system concept can 
be used to provide space hp.ating, hot 
water, central air conditioning (Llu-ough 
use of absorption cycle refrigeration 
units). and electricity (or many 
applications. Apartment complexes. 
hospitals. university campuses. and 
shopplrig centers have used such 
systems. Although diesel engines are 
popular (or use in total energy system. 
numerous other engines have been 
used-for example, combustion turbinel 
(similar to the jet engines used on 
.aircraft) and spark·ignition engines 
{automobile·type engines} running on 
natural g8l. 

In the industrial sector, other forms of 
cogeneration provide both electricity 
and process steam. In a typical example. 
.team at a high temperature and 
pressure i. produced in 8 boiler. From 
the boiler the steam passes through a 
turbine which drives an electric 
generator. After passing through the 
turbine, the steam still has sufficient 
energy to be used in an industrial 
proceaa. p..Jlp snd peper mills. chemical 
plants, and oil refineries freql.lently 
require large quantities o( steam; thu. 
cogeneration using steam turbines il 
sometimes practical in these Industrie •. 

Coge!leration is feasible with a 
variety of technologies snd energy 
sources. including, in addition to the 
examples mentioned above, fuel cells. 
magneto-hydrodynamic (MHD] 
Generators, solar·electric converters. 
geothermal energy. municipal waste. 
biomals and nuclear energy. The basic 
concept can be applied In many way •• 
with technical feasibility and economics 
being the principal selection (actors. 

Within the wide spectrum of 
p08sibili tiel, cogeneration systeml C8ll' 
be grouped broad1y into topping-cyclel 
and bottoming-cyclel. In a topping
cycle, pOwer is generated ftrst with the 
Wute heat (rom the power cycle used to 
meet process heat requirements or for 
space heating, In a bottoming-cycle •• 

high temperature Indust'ial process 
occurs first. and power generation is 
accomplished with the low temperature 
waste heal Because of the low 
temperature o( the avanable heat. 
bcttoi!'.i",·C)':::!e: p ::-w!;!r ;Z ~ ::~'T!! tj on 
e},slems of pra ctical ii.l;o',;: :ln:"l' are 
vapor systems. based llj:'O!l b oiE:1g and 
condensing a I"!uid :;uch il.S ws ter (s!!>ilm) 
or various Org2niC fluids. 

For lopping-cycles, bow£\"er, the 
power generation possibi!:!.ies o( 
practical \'a!ue co'·er a wider,range. 
includ:;:g es a class. i r: te r:-:~! cO::"J:us:ion 
engines {c:esel er:gi!les. !park·:g::ilion 
engines, and dual-fue l u :g:nes]. 
Co~b:.:.stion f'.::bines 2nd s!eam t:J.!'bi..:le 
systems are another cltiss, both back
pressure turbbes and extraction 
turbines. 

The steam loJtPinS syslems hCi\·e the 
greatest flexibility in usable energy 
sources, In contrast. the internal 
combustion engine. generally r~quire 
specialized fuels such as diesel fuel 
distillate oil natural gas or synthetic 
8a~ 

(b) Small Powel' ProductiolL-The 
Commission rules also apply to small 
power production (acilities. A small 
power production (acility is defined by 
Section 201 o(PURPA 8Ia facility that 
is not greater than SO MW and producel 
elecbic energy solely by the use. lUI • 
primary sowce, o( biomass, waste. 
renewable resou.rce.a.. or any 
combination thereol 

These rules do not prese,nt an 
exhaustive list o( specific prim8J')" 
energy sources. Guidance is provided in 
the preamble. where certain energy 
sources are identified as being 
renewable. waste, or biomass. Any (orm 
of solar or wind energy is considered 
renewable. Hydropower development 
may occur at existing de '!!s (those 
cUrrently maintaining a (:onslant pool) 
or at structures built. re;,.alred or 
modified after the issuance o( the 
PURPA regul ations, For the purposes o( 
these rules, the term "biomass" means 
any organic material not derived from 
fossil fuels. A technology will fall within 
the biomass category If 50 percent or 
more of its energy content Is biomass. 
For example. municipal solid waste 
conversion (MSW) may also be 
classified 81 a biomasl technology as 
long as 50 percent o( the energy input is 
organic material not derived from (ossil 
fuels . Waste is defined as by-product 
materials other than biomass. 

Sm,!ll power production technologies 
include hydrauliC turbines. wind 
turbines, Bteam turbines where energy 
sources can genera Ie appropri ately higb 
temperatures, organic flu id power cycle 
Iystems for low·temperature sources 

such as !lome g::J!he:r.:a! re~o~~c~s , end 
photovoltalc syslt:rr:.s. 

3.3 Enl'jronmenlall£5ues 

The environmental effects o( the 
Cr ~~' !~ ion rules for purposes of NEPA 
en: ~ ;; lI ! ion do nol encompess all of the 
em 'irO:"lmenlal impacts of the 
tE:{.b oJosies encompassed by PURPA. 
but only the increment o( those efi'ectJ 
that resul:. from the incentives pro\ided 
by PURPA. As discussed in the 
,u~ §equ e;;t ~ect:on O~ methodology, !h;" 
F.A !S co ;'l ::~ ;':cd \\;~ t!:ese incre!!lenl,.J 
en\' i ro~f:ntaJ f:fre<:ts. 
Th i ~ f:n \"lt~"Ji;e r. taj assessment 

ev <:. !uc : ~ ! L'Je en\·i~cr ... ·ne!l!al issue. 
raised by u,~ Co~,m~ss i on's rules. In 
prom'.!!~a : ing the rues, the Commission 
used the EA to determine: 

(a) the overll l: 1::00'ironmental 
significance of iis regu;;;,tory program in 
impl emen:ing PL'RPA; 

(b) the Iypes of QFs which, as a result 
o( the Incenti\'Cs under this program., 
will not cause significant environmental 
impacts. and (or which the CommIssion 
prepares appropriate findings o( no 
significant impact (FONSI); 

(c) the types ofQYs which. as a result 
o( the incentives under this program. 
may cause significant environmental 
impa cts. The Commission will not grant 
these technologies qualifying status until 
!t completel and evaluates an 
environmental impact statement (EIS); 
and 

(d) the types of QFs which. as a result 
o( the incentives under this progra m. 
will not cause significant environmental 
effects in the near-term but which may 
have the potential to cause significant 
impacts in the long term, The 
Commission will proceed with 
qualification of Ll,ese QFs. however. the 
market penetra!.ion will be !':lu:"'.ilOl f: d, l( 
the prog:-s.m 2;JpeBn to approach a level 
o( development likely to foreclose or 
restrict future altemi:th'es, the 
Commission will take appropriate 
environmental protection action. 

c. Analysb 

4.1 General Outline of Approach 

During the next 15 yeaTllto 1995) the 
use of a variety of energy technologies 
mal' be ltimulated by sections 201 and 
210 of PURPA. The extent of PURPA 
stimulation effects the extent o( the 
eO\·ironmentaJ impacts of interest here. 
Staff has evaluated the environmentaJ 
effects of these rules in a three·step 
process: 

(llidentiry the technologies affected 
by these rules; 

(2] Assess the environmental effect. 
and specific resource conflicts related to 
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the development or each technology: 
and 

(3) Identify those technologies which 
al"& predicted level of market 
penetration may produce significant 
euvtrorunenlal effecb. 

4.z Market Penetrotlan AnaIYS1~ 
The markel-penetration analysis I, 

tN.lad on the assumptions that lection 
110 or PURPA provide. economic 
incentives to QFI by requirlns utilities to 
purchase electricity from tham at a price 
that equab the utilities avoided cost •• 
by requiring utilities to provide fair 
backup ratel. and by exempting QFa 
from certain Stale and Federal 
regulations. 

The degne or growth In the variou. 
QF technologie. wal e.timated by the 
foUowing procedure: 

L Retail electric r.ale. from utllJtles 
rid utility lVolded co.ts were projected 
for representative transactiofU between 
utilities and polential QFs. 

Z. Electricity generating costs were 
projected ror pdtenUal QFs. 

3. Technologies and regions of the 
u.s. were identified )¥here prices and 
costl lDdicaled an economic advantage 
to a potential QF. 

t. Market penetration Umits were 
.. tabUshed on the b .. rs or availability 
of renewable resource •• equipment 
manwactut!na: capacity. "nd technology 
atatus. 

I. Net market penetration ratea were 
.estlmated for those technologies and 
regions Identified to have poaltive 
PURPA inducements. 
~ch at the .tepi 10 thl. procedure is 

dlscuased brieny below. The logic 
network for lelecting QF technologies 
for evirorunent.lanalysil Is sbown in 
Ftgure 1. 

Selling prlce.-The utility selling 
prices were based on historical data. 
These data present lotal sale. and 
revenues by c1alll or user. A UmHed 
tread analy.l. Wall performed with 
double weighting or 1971 and 1978 data 
because these two years were 
considered representative of current 
utility conditions. A fueladju$tment 
charge was added to thl. trend based on 
an estimate of oU and ga!! prices and 
their projections. Regional oil and gas 
prices paid by electric utilltie. in 1918 
were adjusted to incorporate the effect 
of the mJd·l919 OPEC crode oil price 
mereue and the Initial effecta of natural 
,.a price deregulation. These step 
mcreases were estimated as 60 percent 
for 011 and 40 percenl for naturalg8S. 
The preliminary data for 1977 regional 
thermal power generation by fuel type 
are a.,umed to be relatively uncbal'.ged 
for 1980 and were combined with the 
fuel price projections to obtain the 1980 

lDcremental fuel charges. Regional 
vari~tion. m the u.e of oil and gas affect 
the incremental fuel charges. e.g .• these 
charge. vary from 10.8 rnills/k\\'h m the 
Pacific and 7.1 mills/kWb in New 
England. to 0.8 and 0.9 mills/kWh In the 
East South Central and East North 
Central areas respectively. AlSo, the 
1979 tariffs or a rererence utilIty in each 
region were examined to construct. 
aelling price tor a representative large 
customer using the power and demand 
charges given [n those tariffs. 

Avoided costs.-Buyin,g prices are the 
avoided COltS. The optionl ror avoided 
costs were calculated on the basis of the 
weighted average of oil and gaa in each 
region. and a nominal 0 l M charge ot 4 
mills/kWh. The consumption rate ot 
fuels was based on representative 12.000 
BTU/kWh heat rate. 

Generation costs for QFs.-For 
cogenerators the generation cost. were 
the incremental cost. associated with 
electricity generation. These 10crernental 
cost. were determined from the capital 
lDvestment ror the steam generator and 
the turbine. The mcremental capital cost 
was determined by subtracting from this 
lDvestment the COlt of a low-pressure 
ateam generator that would be used only 
for meeting steam requirementa of a 
facility that did not cogenerate. but 
instead purchased lIa electricity. The 
fuel charge a.,igned to the electricity 
was tha net cost oftuel for that 
electricity. Net heat rate. 0(5000. 5500, 
and 6500 BTU/kWh were uaed ror steam 
turbines. combustion turbines and diesel 
motor--generator seta respectively. 

For sman production generating 
facilities. generation costs were 
determined on the basis of the tolal 
capltallDvestment plus any fuel charge. 
rsuch as disposal costs for wastes) 
minus by-product credit. and tipping 
rees (.ucb 8S from scrap metal sold from 
IOlid waste pl~nts). ...... """' ......... 
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Technologies with an KOnomic 

advonlage.-For cogeneratora, 
electricity from the lowest cost 
technolo8Y was compared with the 
avoided cost in each region to detennine 
whether or not it had an economic 
advantage. When such advantage 
appeared It was assumed thai the 
aimultaneous buy·sell privUege hom 
PURPA would induce ~geheration. 
Where commercial cogeneration 
technologies were IIstimated to IIiDerais 
elecbicity at lower cost than the 
average commercial pric;,e obtaCned by 
utilities, It was assumed that the 
protection fro:m diacrimlnatory standby 
chlraes as offered in PURPA would act 
to Induce commercial cogeneration. 
especially at II relates to dle.el 
coaeneratlon. for SPPFs the costs or 
available technologies were compared 
with avoided costs; when there was an 
economic advantage the growth rata 
was attributed to PURPA. 

Market penetration h"mits.-It wu 
a.,umed that the incremental fuel for 
cogeneration would be 011 or natural 
8a,. For biomall the incremental fuel 
could be wood wastea or muhlcfpal 
.olld wastea. For wind power and 
hydropower the limitation Is not on fuel 
but on wind or water availability. For 
these technologiea estimate. of regional 
wind conditions and the number of 
exlsUns dam ailea weN! uaed. In 
addition there are cUJ'T1mt production 
capability limits on the number oflarse 
windmills and on the number of 
appropriate aize diesel motor-generator 
llta that can be manufactured in the 
near-term. Thus wind power and 
commercial cogeneration growth la 
ljmited by equipment availability. For 
geothermal facili ties, the availability of 
bot water hydrothennal convection 
resources was used, because dry steam 
resources are already fully exploited by 
utilities. 

Capacity lnstallation.-in order to 
estimate the capability of U.S. industry 
to produce and install new electrical 
seneration equipment, it was assumed 
that a daublins of the production rate for 
windmllls and diesel motor-generator 

.aet. cou1d be achieved every three 
years. Thi. rate is typical of production 
rate. that have been achieved 
ltistorically for new products. 

Results 

The results of the analysis are ShOWD 

in Tables 1. 2. and 3. ""hieb summarize 
estimated electricity productic n by QFi 
for 1985. 1990. and 1995 respectively. 
The results are shown by cen.as reg:on 
for each technology that may be 
stimulated by PL'RPA. Figure 2 depicts 
the.e regions and the estimated 
n umber. and typ~s of facilities that will 

be operational or deferred al the mult 
of PURPA by 1895. AppendIx A 
describes the methOdolOlY. anIIly.fI and 
esUmatel of reaiooal.votded co.t a.o.d 
electricity prices In detaiL 

nese relults Indicate thI. prosram 
win not provide .fIn1IIc,ant incentive. to 
accelerate the developlDent of blolU" 
(excludJna munlclpal.alId wa.te). 
aeotherm.at .alar phC?rov~ltaic and lOW 
thermal However. this pfOlt&lD wiD 
accelerate the development 01 faduatrial 
and commen:::ial COI"fMfttfoa. tmaD·~ 
8CIIle bydropo,wer at axilrinc d.a.ma, 
munlclpallOlid. wa.le ad wiDd power_ 
Flprea 3 throuah 7 .how that aJan16cant 
encourll8ement 10 th ... four 
technologiel will not occur In the near
term. bul rather lndlcat •• tudil, 
increasins SfOwth. 
M.&MQ COGIII4IO ... 
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IC - INDUSTRIAL COGENERAtION (20·SO MW) 
CC D COMMERCIAL COGENERATION (0.5 MW) 

SSH D SMALL 'SCALE HYDROPOWER ($ 3EJ MW) 
KSW - MuNICIPAL SOLID WASTE (60 MW) 

LSH - LARGE-SCALE HYDROPOWER (ISO W.) 
CC - COMBINED CYCLE (250 MW) 

LSW - LARGE WIND SYSTEMS (2.5 ~) 6T - GAs TURBINE (75 MW) 

REGION IC CC SSH MSW LWS C N LSH CC 6T --------
PACIFIC +17 +0- +248 +4 +0 -3 -0 -1 -1 -3 
IIlUIHAIN +0 +0 +58 +0 +144 -1 -0 -0 -0 -1 
WEST NORTH CENTRAL +9 +0 +6 +0 +160 -1 -0 -0 -0 -1 
WEST SOUTH CENTRAL +0 +0 +0 +0 +395 -1 -0 -0 -1 -3 
EAST NORTH CENTRAL +23 +0 +138 +2 +0 -2 -0 -0 -2 -1 
EAST SOUTH CENTRAL +0 +0 +5 +0 +0 -0 -0 -0 -0 -1 
NEW ENGLAND +4 +0 +39 +0 +15 -0 -0 -0 -1 -1 
"IDDLE ATLANTIL +17 +5000 +88 +0 +46 -3 -1 -1 -2 -4 
SOUTH ATLANTIC +0 +0 +44 +0 +0 -0 -0 -0 -0 -3 

Plgure 2. LOCATION. BY CENSUS REGION. TYPE. AND NUMBER OF FACILITIES THAT WILL BE IN 
OPERATION OR DEFERRED BECAUSE OF PURPA BY 1995. 
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FIGURE 3. TOTAL U.S. ELECTRIC PO!iBJi\ 
CAPACITY OF WIND GENERATORS 
DEVELOPED DUE TO PURPA. 
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CAPACITY AT EXISTING SMALL-SCALE 
HYDROPOWER DAMS. 

" 

~ 

::' 
Co 
~ 

1!. 

i 
ii -
~ 
• ,. 
~ 
$ -cl • • 
~ 
':' 

~ ,. 
~ 

~ -~ 
" • 
m , 
Co 

'" 0: 
c .. 
g 
• 



I 

,.. 

UI"ECltD 
ftUOUHC( 
HlCOV""Y· 

::~ PUM'A INUUClO 

. 

I •• 

0 1 
~ ~ 

1'l9O , ... 
• GORDON 119781 
t HCHA h911111 

fiGURE 5. 

VE~H 

TOTAL RESOURCE RECOVERY EXPECTED· BY 1990 WIlH AND WITHOUT PURPA 

~ 

III • 
'r, 
• 

• .. • E '3-w 
> • 
0 .. 
u " w -E 
w < u !1. • · 
~ • 0 !" 
~ 

Z w 
E 

~ 
~ m • t; -~ 

;;t 
• • 
'" • .,. 
> 
'" = II,. 
~ 

g -.. 
~ • • = '" .. • 
~ • 5' = • 

i 



no. rr -r-,r-T"""T"""'T""'T-r-,r-T"""T'", .................. 

..,.... 
30 •• 

, ...... ... 
I ..... 

/ 
/ ~ 

• .... t- / . ///1 ~ 
g E ~/ § n.. / / CllDUc:.u. 

~fty t ~.l 
/ (10" ""., ••• 

/ .. -
/ .' .' 

/ .' 
10001- I / ••• .' • " .' . ' 

/ .-. nna.&tIII .' /.. ""1".' 
SOO t- l/ . . . ItlPQITl:Y 

" ••••• n ...... ·'1 i 
~ ... 
~ ... 

" I I J 
1"1 1"5 lit. un .. 

YEAR 

FIGURE 6, 

..... _-- TOTAL U, S. POWER ClIPACITY OF 
INDUSTRIAL COGENERATION UNITS 
DEVELOPED BECAUSE OF PURPA • 

I , 
§ 
! 

-rr ...,.-,--r-T""",-"'T"...,.-,--r-T""",--r~-,. 

-
,. 

-
• 

• ~, 

...,. ~"&u.""'~"'-, 
occ; ..... "'" ... -. .,_" N_ 

,. -.-
-~ 

,. 

FIGURE 7. TOTAL U, S. POWER ClIPACITY 
OF COMMERCIAL DIESEL CO
GENERATION UNITS DEVELOPED 
BECAUSE OF PURPA. 

~ 
:o! 

::' 
a. 

~ ,. 
~ • .. --
~ 
• 
'" ~ 
iii -;;' .. • a. • 
~ ,.. .., , . 
9' -
* -,. 
c 
;;-
• • o 
a. ,. 
,~ 

c .. 
0· 
o • 



Federal Register I Va!. 45. No. 69 I Tuesday. April 8. 1980 I Rules and Regulations 23675 

4.3 Environmentallmpact Assessment 
The environmental effects associated 

with the technologies eUgible for 
qualification have been extensively 
analyzed by the Department of Energy 
and other Federal agencies. I These 
detailed assessments, appropriate EISs. 
wHen comment. on the rulemakings. 
commentl and data presented during 
public hearings held on cogeneration. as 
weU a. numerou, other sources of 
Information have been utilized by .taff 
to determine the significance of the 
impacts associated wifh each 
technology.'The technologies are 
JrOuped for general discussion In three 
categories based upon the severity of 
known or potential effects that could be 
expected from the maximum potential 
development of each technology. 
Irrespective ofPURPA. PURPA-selected 
eRecls are de.cribed In the general 
cUlCUlslon of each technology and 
lummarized In the section on 
Environmental Findings. 

L Minimal environmental effects.
Generally small-scale facilities 
operatins at decentralized locations 
dOle to the user. Mectl will be .ite
opecUic. 

n. Moderate environmental effects.
Mosdy technologie. that exJst 
commerciaUy. but where certain aspects 
of the technology may present Impacts 
lillie .. mitigated. Effects will UluaUy be 
dle-.pecific. 

m. SJsnificont environmental 
.J1ects.-Deployment in sensitive area. 
or use of new processes may result to 
.. vere impa.ct.. 

Teclutologies Wilh Mim'mal 
Environmental Effect. 

Por these technologies. the likelihood 
01 finding unexp~ctea adverse 
environmental efFectl that could delay 
deployment I.t consldeted to be quJte 
Imall While there may be selected 
problems with the technologies. these 
va expected to be easily manageable 
with exJsting control technologiet. Siting 
Iq lensitive environments will be the 
IDOlt difficuJt problem to overcome. 
requiring Iile-.peciflc attention at the 

• ... ch teeh.aolOQ b .. ~" the tubjecl of. DO£ 
rr.Vironm.atal OOlVIlopllleol Pb.a ar.d. DOE 
1D.~1lvGmelltal RudlDn. Documenl (Art.in 
lIcbnoIotin WtTI abo ... u-ted In detailed 
"Ylronm.ntal A._lIIflItl lllId £IS.. 

"ov"pu.bDc: bearlql WUII beld pw:I\llllIllo 
IM:tIIHI nO(., of PURPA 10 .!fOrdlD opportunity for 
",-"led petsOlU ud qelldu to '\lbmil oral •• 
_u " .mIIH eomml1ltl Oft "IriOIlt WI\le$. M p.,.1 
fII 'ERe-.... ¥ironInentallCClpina: proceu. 
~IJ wu .!forded for I\lbm.!tt., of eommen!. 
- IGYiroDm.lIl1!llIuea. Meetlnal WUI held ID .,nII, WA{NoY. t .. 18'lIilJ. Hew Yori! Cil)'. NY 
1HIw. m. tm), Denver, CO (N0l'. 30, tm). IlIId 
"'aehiflllOD. D.C. (Dee. t-6. tA). 

---- .. ~-.. - .. - -~-

planning stage. Also. it is likely tb:!t 
these technologies ..... iII produce net 
environmental benefits a9 they may be 
substituted for existing, fossil-fuel based 
technologies. 

Included in this group are: 
• Solar Thennal Power Systems 
• Small Wind Sys!emll<Z kW} 

4.3.1 Solar Thermal Power Systems 

Solar thermal systems collect and 
concentrate the sun's radiant energy In 
arder to heat or vaporize a working nuid 
at high temperatures. The thermal 
energy thus produced can be applied to 
industrial processes directly or 
converted Into electrical or mecbanical 
power. Two generic methods presently 
exist for the utilization of solar thermal 
energy: the central receiver system and 
the distributed collector system. The 
central receiver. "power tower." 
.ystems may provide power up to 500 
Mw. Distributed collectors are to be 
used in O.5-to 10-Mw applications. 
powering Irrigation systems or as 
components in total energy systems. (3. 
4) 

In the casa of the central receiver, a 
IUe near Barstow. California. was 
.elected to 1978 for a 10-Mw pilot planL 
I$) The plant will adapt a high
temperature lolar heat collection 
wbsystem to supply steam to a turbine 
plant provided by a publIc utility. Scale
up to 25 Mw is scheduled for 1981. 
OperationalSO- to 300-Mw systems will 
be ready for testing by 19&1. 

During 1978, cUspersed power 
applications activity made'progress 
toward initial operation of three large~ 
.cale total energy system experiments at 
PL Hood; texas; Shenandoah. Georgia; 
and Blytheville. Arkansas. Another 
component of the dispersed power 
application are two developmenialsolar 
lnigation projects lnitiated dUrlngl977 
as part of the effort to provide 
experimental systems on privately 
owned and operated farms. One system. 
installed at Willard. New Mexico. is 
culTently pro\1ding a demonstrated 
capability foe using 9mall 901ar thl!rmal 
Iystems for irrigation. A second la rger 
expe rimen t to be loclled at Coolidge. 
Arizona. has btl!!n scheduled for 
operation. Lower systems costs through 
hig~er operating temperatures and higb 
efficiencies are sought in this 
experiment 

Tables 1-3 indicate that tolar thermal 
system9 development will proceed 
without the incentives ofPURPA. The 
basic reason. that PURPA will not 
induce significant developm~nt ace 
twofold: lirst. the commercially 
economic size will probably be greater 
than 80 Mw. Secondly, utilitie, will mo,t 

likely be the entities which will invest in 
this technology. 

Key environmental concerns are: 
• There are lignificant land and waler 

requirements for central STPS, which may 
connic_1 with existins land ule and 
ecosystem.: 

• Consequencel of misdirected solar 
radiation from belio.ta t may. pale leno\ls 
health and IIIfety problems; 

• Alteration ohoicrocllmale may 
adversely affect Indigeoou. flora aDd rauna. 

".3.2 SmaU Wind Systems 

Wind systems or win~ energy 
Conversion systems (WECS) convert the 
kinetic energy of wind to mechanical 
U1otion, which may then be used to drive 
an electric generator. Designs under 
evaluation bave wind-driven rotors on a 
horizontal or vertical axis. The 
horizontal-axis machines, popularly 
referred to as windmills and once 
widely usad in rural areas, are the most 
technologically developed at presenL 
About 70 percent of the 3,500 units 
currently sold in the United States each 
year produce le8$ than 1 leW of power 
and are used to drive agricultural water 
pumps.(6) 

Only selected areas of the U.S. ere 
.uitable for WECS deployment.{?) Wind 
Ipeed variability. which effects 
reliability. makes Imall WECS more 
,uitable for Isolated or independent 
operations than tor interconnected 
lervice. 

Small WECS. for the purposes of the 
PURPA regulations. are those that 
generate 2 kW or less. Generally the 
diameter of the blades on these 
machines are between 1~25 feet. 
allowing them to be mounted on homes. 
farm building' and short towers or 
telephone-type poles. Of the totart,9O(J 
Mw expected by 1995 from all WECS 
[fable 3). it hat been estimated that up 
to 50 Mw of that total can be produced 
by small WECS. This Is equivalent to 
50.000-1 kw installations thai will 
receive encouragement from PURPA. 
especially from the buy·back provisions. 
Figure 3 showl t..';e tvlal installed 
capacity of wind generation expected 
duci r.g the next 15 yeges.In the near
term. about 140 Mw are expected. with 
ahout5 Mw from smdll WECS. 
Appendix D contains a detailed 
discusion of the market-penetration 
analysis for this technology. A 
conunercializa tlon or mass-production 
program that can produce more cost
effectlve units could increase the 
potential for reaching or exceeding this 
amount of capacity. 

The principal environmental. health. 
and safety co:tcems related to small 
Icale machines are: 



23676 Federal Register I Vot. 45, No. 69 I Tuesday, April 8. 1980 I Rules and Regulations 

• Structur;.lulety ot the blade and tower 
under ludden gusts; 

• Electromagnetic interference, especially 
to UHF and VHF video !ignab. 

Technologies With Moderate 
Envjronmental Effects 

Several technologies appear to have a 
moderate probability of serious adverse 
environmental impacts. Design options 
are available in most of these 
technologies will mitigs te serious effects 
within acceptable control costs limits. 
Included in this group of technologies 
are: 

• Fuels from Bioma!l, 
• Photo\'oltaks. 
• Small-scale h;\ldrvpower-Ca!egury I 

dams. 
• Energy Recovery Systems for Municipal 

Solid Wastes, aod 
• Large Wind Systems. 

4.3.3 Fuels From Biomass 

The biomass definition contained in 
the rules ir.:plerr.enting section 201 of 
PURPA contemplates the use of any 
organic material not derived from fossil 
fuellncluding all forms of plant 
materials iitcluding high·yielding field 
crops. peat tree species and aquatic 
plants. Biomass conversion processes 
are thermochemical (direct combustion. 
gasification, and liquefaction) and 
biochemical (anaerobic. digestion. 
fermentation and biophotolysis). These 
include conversion of agricultural and 
municipal solid waste. Municipal solid 
waste is discuBsed later in this 
assessment 

Biomass offers a significant potential 
for reducing this country's dependence 
on fossil fuels through the conversion of 
a renewable energy source to electric 
energy. Conversion afforest products to 
electric power and steam is currently 
carried out at competitive cost! in 
several parts of the United States. 
Residues supply fuel for the production 
of electricity to many U.s. inclust.-ial 
facilities and. in some case~ , supply 
power to local communities from 
industrial or central conve~sion si!es.(D] 

By the end of this century. the 
po •. mtial contribution of biomass to the 
national energy requirements is 
estimated at 1 quadrillion Btu (quach) 
per year.(g, 10) The market projections 
renected in Table 3 show that biomass· 
derived electricity will not be PURPA· 
induced at least until arter 1995, except 
for 360 MW from MS\\'. The reasons for 
these market projeO:::!.ions are disC',Js sed 
subsequently. 

Biomass can be 'Jsed to prod<!ce 
electricity in f';:~ ~<J s:c \';;;'j"J. Firs~. 
blomas3 m..:.;: ei t~.i:i be t.u.mea ajr~dy 
to produce electricity or converted into 
to ..... Btu fuel g:!.s or mc:.,.lw :".£! . U 
converled into fuel gas. this prod:.!cl may 

- ..... - - --
either be burned directly (to produce 
electricity) or npgr(lded to pipeline 
quality for m3rketing to commercial 
pipelines.(IIJ 

Sizable amounts of organic material, 
auch as wood residues. wood pulp, com 
stalks, and other plant materials and by· 
products can he converted to fuel gas by 
either biological (anaerobic digestion) or 
thermal gaSification processes. Wood 
chips and pulp materials and by· 
products may be converted to fuet gas 
by pyrolysis and methanization. 
Because of the seasonal nature of 
agricultursl production. the product 
materials and by-products may also be 
aeasonal and thereby limit the activity 
of the qualifying fa cility's operation. The 
cost of most facilities (and associated 
transportation syste~s if necessary) are 
very high when compared to the avoided 
';051, even given 8 range of financing 
success and feeds!ock prices. This is 
hue even for a wood chip bo ~ler 
installation which is the most efficient 
and inexpensive type of conversion. 
Most industries with suitable 
feedstocks. such as sugarcane 
operations and pulp and paper plant!, 
are already using all of the biomass by· 
products for cogeneration and otber in· 
plant needs. Therefore, PURPA 
incentives would nol appear to resolve 
these institutional issues and encourage 
this technology. 

The methanization of cattle manure 
from feedlots is fi!latively new. The 
amount of manure from swine and 
poultry operatio.ns may not be of 
aufficient quantity at individual 
locations to make it economical for a 
methanization plant. The size of the 
caltle feedlot industry in Arizona, 
California. Colorado. Kansas. Nebraska 
and Texas appear to make the 
conversion of cattle manure to methane 
economically feasible. It is possible that 
in areas • .... he~e c!".ickau farming is 
extensi ve. such as the DeLo:tarva 
perJnsula. there might be an edectt.:a!a 
source of raw Ola!erial to operate a gas 
plant. B'::::i!:':!!~ .:l::;:::;I~ ;n;:;;'1<lra cani!ot be 
ecor;omic.,!ly trdr:sported ver'./ far to a 
met.'l ~ ... iz2Ho:J. pia::! ~t a;pe.!.t3 tI:<it larga 
cattle reedIcts off .. r the bes: a::iodl 
soutce to. m~:"':an i zatio!l of mdnure. The 
newer feedlots p:oduce ma;;ure \'oith a 
bigher percenlag!] or s2~d and gr:t than 
the older concrete feedlots. This c;eates 
greater disposal proble:ns which 
provides incentives for on-sIte 
conve:s:on to ruel Currently the Cew 
enimal waste conversioll sysle.:::J.s in 
operation eitter produce fuc! gas ~or on· 
site need:i or upgrade the fuel g:!.5 to 
methane fo! sale to nat:.z.;a! g'li 

pipelin<!5 . 

Sewage sludge," the sewage/water 
mixture produced from waste· wa!er 
treatment operations. can be converted 
to energy either by direct combustion or 
from bum.in8 a sludge·derived fuel gas 
called digester gas. The latter method, 
an anaerobic process. is the most widely 
used C(Jnvenion method and produces a 
gaseous mixture of methane (CH.) and 
carbon dioxide (COs). baving a beating 
value of 5(J)...OOO Btu/ctL ft. Based upon 
the amount of sludge produced in a 
waste·water treatment plant. the electric 
power generated on site from digester 
gas only meets about 70 percent of the 
total daily electric power demand of a 
plant. Since the availability of the 
feedstock sluclge. is relatively fixed, 
there is no apparent way to produce 
excess digester gas·derived electricity 
for off·site sale. 

Potentia! environmental effects from 
conversioll of biomass into electric 
energy may arise at three districlstages: 
(1) biomass production. (2} biomass 
transportation. and (3J biomass 
conversion. 

Production and transportation of the 
biomass fuel. from the harvest area to 
the point at which it will be processed. 
will impact air quality, Other aspects of 
the environment may. be effected due to 
development of new communities, 
roads. railroad facilities. and other 
infrashuctures. 

In most cases. however. biomass 
energy conversions aystems utilizing 
biomass that would otherwise be 
disposed of would have net 
environmental benefits due 10 reduction 
of current disposa! problems for these 
materials and the infrastructures needed 
to carry out that disposal. 

The impact of biomass conversion on 
the atmosphere is critical in the 
commerical development of biomass 
use. Direct combustion of biomass can 
emit quantities of carbon monoxide, 
partially burned hydrocarbons and 
particula tes. and lesser amounts of 
nitrogen oxides and sulfur oxides as air 
pollutants. Qth'!r thermoche~ical 
com'e:sion tlroces3"s (gasification, 
pyrolys~!. ad liq!.:.cractic;;) "mit 
poter..tially barmful pon'J !a~ts such as 
phenols. pbctoc.ier:-jca!ly reactive 
compounds, a:d pofe,,:..ial c3rc:r.c;i~ns; 
tars and oils 3.!'e also generated. Veri 
little work has been done to 
characterize and monHor the production 
of pollutants from processes utilizing 
biomass feecl~~clts a::d to develotl 
apprcpria!e ccntr;~1 technologies or 
di sposal p.actices. 

The major ?'1re~rial wale ts:;z!i:y 
impact of :r:ti:~s; .. e forest culti\'ation for 
bior::.1!.~~ ;;ro=:.;!::ic:: is sedbenfation in 
IIUf[.;ce ... ate: ca:.rsed 0.'1 rain erosion 0:
irrig .:.tl~ :1 t".J.t:o:' fr om exposed soils. The 
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tedlment loads from large eflt~rgy farms 
may be or equal. or even higher, 
magnitude to that or conventional crop 
or rorest lands lince residual materials. 
whIch normally protect the aoit from 
wind and water erollon. are remo"·ed. 

Major environmental concerns related 
to biomass development are as !ollows: 

• Emillion of undealrable quaollHes of 
00. hydrocarbonl and particullttt from 
dinet combultlon of blomBss. 

• C1ear-cuttins with removal of IU Ilash 
CoIlISel • 1011 of (P"Ound cover thlt leldt to 
falter nanoft', mere .. et lollerollon. 
dqrldatlon ofwaler quality, and destruction 
of eeolYllerDI lusilined by the deCII)'ina 
cqanIc mlterial 

• SOU erosion clrned by the action of wind 
ad Wiler 00 open fannllnd foUowlna 
nmOViI of cropt an leld to Incre .. ed 
particulate air poUutlon. Increased 
MdImentation of ,urflce waler ,upplies. and 
lmpllr.d productivity of f'ltposed cropllnd 
due td 1011 of son. orsamc binde .... and 
Dutrlenll. 

• Efiluenll emitted from the operation of 
alerobic diseste", can cause degradation In 
.. ater quality. 

• Tba Uquefactlon and gasifiatloo of 
bIoman mlY produce gases and oill that 
ma)' be hlzardous to health and ,arety and to 
eco1oalcal eo=unltles. 

• La'1leland and waler requirements for 
-1InTe,trtal bloma" production may create 
llpiftcant eeologlal di,turbance. A 50 Mw 
biom .. 1 fueled plant. for example. could 
requir. ap to 25 ~ulre mUet of production 
land. and create relOurt:e cooDicu. 

',,:1.4 PbotovoltaIcs 

Photovoltaic technology includes the 
collection of incident solar radiation. its 
CQnvenion t~ electrical energy by 
means of photovoltalc cells, and 
alteration or the reswtant electrical 
energy to. form compatible with the 
desired application. It also may include 
atorage of the energy produced. (8, 121 

The ClaJor types o! technologies that 
may be commercially available are: 

1. Flat panel arrays with lillcon cells 
Or cadmium sulfide and other thin film. 
pbotovoltaic ceUs. 

%. Concentrating attays using sillcor 
or gallium arsenide films. 

3. Combined collectors employing 
IOlar·thennal components as well as 
pholovollaics. 

Numerous technological 
breakthroughs will be: necessary before 
there Is widespread development of 
photovl?ltalc systell1!ll which will be 
interconnected to utility grids. 

Projected growth in this technology 
trrritbin the next 10-15 years appears to 
be In remote, non"grld·connected 
applicaUons. Table 3 reflects this by 
thowing no tignifica..nt eiectrlc.lty 
production due 10 PURPA through 1995. 

A ,allenl realutl! of the pholo,,·oitalc 
teclmologies il the relati ... e ab.ence of 

hazaroou" residuals at the end use. The 
only signi!icant pollutant Is heat. 
released from the col1ectors to tha 
atmosphere. 

The mOlt serious environmental 
concerns with the use of photo voltaic. 
are: 

• Large land requirements per 
kHowatt: 

• Microcllmatic and ecological 
changes where IlllJe elTays are 
deployed: 

• Health and I8rety hazards due to 
accldential over.temperature cooditions 
In an alTay; an.d 

• Mining operations to .upport 
manufacture or silicon. cadmium and 
other components of the cells. 

,1.3.5 Small·Scale Hydropower
Category I 

Two categories of .mall-scale 
bydropower dams have been identified 
for purposes of tt4s assessment. 
Category I damt currently maintain a 
pool and would not be repaired or 
modified to mcrease the normal 
maximum smace area or normal 
maximum smace elevation. Category n 
dam. either. (I) are not in existence and 
Impounding water on the date of 
Illuance of regulation allowing 
qualification. of Category I structures, 
or (2) requ1re repairs or mOdifications to 
increase or Claintain the nonna! 
maximum .urface area or maintain the 
normal maxlmum surface elevation of 
Its Impoundmenl Partially or totally 
breached dam. fan within Category Do 
which are discussed on page 41. In 
almost aU cases. both catesorie. of 
dams require a license from the FERC. 

There Bra approximately 5,000 
existing dam tites in the United States 
In the capacity range of~25 Mw at 
which approximately 8,800 Mw or 
hydropower cou1d be devel0r.ed. (13, 14) 
Small-scale dams. generally ell than 85 
feet in height with impoundments of 500 
acres or Jess. can be developed for local 
power .upplements in at least !our 
ways: (15) 

1:. Reactivation of the many existing 
bydropower ttations with installed, but 
Idle, turbines and generators: 

b. mstaiJation of turbines in outlet 
works: 

Co Us. o! I: tiphon to move water over 
I: dam and throUSh a bulb turbine; and 

d. Construction of a power house with 
tube turbines driven by Impounded 
water nowing through offset piping. 

The market penetration analysis has 
forecasted PURPA"indtlced hydropower 
de"'elopment at existing dams or 1,180 
Mw by 1985, 2,358 Mw by 1900, and 
3.540 Mw by 1995 [fables 1, 2, 3}. This 
represent. a slgnincolOt proportion or the 

overall small·,cale hydro capacity 
projected by the year 2000. Appendix F 
contaIns a detailed discussion of the 
market-penetration analysis for this 
technology. 

Of the (121 .ltes expected to be 
developed due to PURPA by 1995, 
.hown in Figure 4. 83 ~rcent (520] are l.a. 
the capacity ranse nfO.05-15 Mw. 15 
percent (92} wou1d have capacitie. of 
15-25 Mw. and two percent (12) would 
be as large a. 30 Mw. Based upon the 
projected rate of development ,hown in 
Figure 4. it appean that .bout 185 
Category 1 dams could be developed due 
to PURPA in the near"term, with the 
majority of these .ltes in Bve regions: 
New England (12); Middle Atlantic (30): 
East North Central (40): Mountain (IS); 
and Pacific (88). 

These bydroelecbic !acillties may 
Impose various degrees or control on the 
.treamflow. Mlnimal modifications 
would involve rerouting water from I: 
.ptllway·lhrough a turbine wJthout 
changing the down.lream Dow. This 
run-of·river mode contribute. to base 
load power seneration. However, peak 
load production could involve 
fiuctuaUoDl In the Impoundment level 
and dnwnstream Dow that could be 
environmentany damagins. (18. In 

Environmental effects associated with 
retrofittfns and management or Catesory 
I bydropower planta are u fonows: 

• Aquatic and .. to1equatic OIIaniJmJ may 
be advenely Impacted If re .. rvolr level 
fluctuatioltl occur. Careful dnliD and 
JDaDIIpment would IlmJ:t the fluctuations to 
.,.artatloM caUied by peak demands. n. 
presence of euda.oaered .pedes will bar 
development In IOmelocaleL 

• DownslTeam environment and 
acosy,tems could be imPlcted from the 
nle .. e of abnormal amouolJ of ilnpounded 
chemic' I ••• edixnenlJ, and ,Uta. 

• Tbere may be eonOicll with established 
recrestlonal ute of lmpoundmeoll. 

In almost aD cases. these !acilities 
must obtain a Ucense from the FERC 
because of the breadth of the licensing 
requirements under Bectlon 23(b) of the 
Federal Power Act. Since the 
application for license must Involve an 
environmental report· that discus§es the 
environmental effects listed above. early 
identification or issues, reswts and 
pro51ems can be e~nated or mltIgated 
prior to construction. A detailed 
environmentalalSessment or the 
development of smaU"scale hydropower 
11 included in Appendix G. 

4.3.6 Municipal Selid Waste (MSW) 

Organic materials can be con\'e,ted 
into fuel gal which can be used to fire 
hoileel to produce electricity. The fuel 
.as generaDy would be o!low·Btu 
content Municipal solid waste can be 
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burned to ~claim energy that can be 
convetfed 1.&10 electricity. (IB) 

Many of the basic environmental 
usues and problems are similar to those 
occurring in the biomass technology 
ainee similar processes may be used to 
COllvert the organic material to useful 

. energy IOuree,. 
Currently, less than 1 percent of the 

Nation'. total MSW ia processed (or 
eerU recovery. although up to 65 
percent of the energy contained in 
MSW, 1.95 quads per year by the year 
1985. 11 deemed to be recoverable. 
Current eltimales indicate that about 
G.33 quad, will be recovered by 1985 if 
the DOE and EPA programs for MSW 
enef'l)' recovery are successful. Table 3 
.howl that PURPA will encourage the 
deve10pment of 360 Mw of elecbicity by 
1995. Figure 5 shows that In the near
term PURPA-induced capacity willms! 
become evident around 1983, with under 
100 Mw of capacity by 1985 due to 
PURPA. Appendix E contains a detailed 
discussion of the market-penetration 
analysis for this technology. 

The basic processes ror converting 
MSW to energy are combustion. 
pyrolysis. and bloconverslon. The laUer 
two proceSles require some mechanical 
preprocessing to separate the MSW'intP * refuse derived fuel and 
noncombustible materials. Ferrous 
metal I. routinely recovered today. and 
the technology program will encourage 
the increased recovery or energy
intensive materials such as aluminum 
and "glass. 

Combustion in waterwall boilers Is 
the most developed of the energy 
recovery processes. with eiRht plants 
commercially operating in the United 
Stalel. Co-combustion with coal in 
axlating suspension-fired furnaces is 
belas demonstrated at several locations. 
One advantage of co-combustion is that 
the low sulfur content of urban waste 
can be used to offset the sulfur 
emilsiona from coal combustion. 
Qualification of c~ombustion activitiet 
would be subject to fuel use standards. 

Several pyrolysis proceSles have been 
tested in pUot plants. These include the 
Refu-Cycles. Occidental (Garrott). Purox 
and Landgard .ysteml. They vary in 
input material requirements. costs. 
enel'J)' and environmental results. The 
Purox and Refu-Cycles procelle, 
produce low-Btu gas. the Occidental 
process produces oil. and the Langard 
proceSl produces .team usin8 on-aite 
awdlJary. boilers. (19) 

The pyrolysis concept bas I reduced 
potential for air pollution compared to 
incineration .ystems. The Landgard 
system. howe· .. er. baa caused .ome air 

r.Uution problems from on-site waste 
eat boilers. Where chan are produced. 

- . ..... 
they repre$ent a potential heavy metals 
pollution source. The Purox and Refu
Cycles slugging process produces a 
sterile, chemically inert material which 
should reduce poUutfon problems. 
However. quenching of the by product 
material may represent a minor 
environmental problem in liquid emuent 
disposal. The full effect of pyrolytic . 
products on the environment is still 
unknown. 

All municipal waste energy recovery 
processes (except those recovering 
methane from land fills) reduce landfill 
requirements. 

There are four areas of environmental 
concern: 

• Air emissions [fly uh. bydrocarbons) 
from combu~tion and pyrolysis processes 
may [mpact ambient air quality to ucban 
areas. 

• Effluents from bioconvenion, 
combustion. snd pyrolysis processu and 
dflpoullitu may pose. bazard to water 
resoun:es and ecosystems. 

• Landfills and Impoundments or waste 
process residuals m~y pose a hazat!i to watet 
lupplies through leachins· 

• Mechanical preproceu[ng may pose aD 
bldultriat bealth hazard and cau..se siUng 
problem..s. 

4.3.7 Large Wind Systems 

Large WECS. with blade diameters up 
10.300 reet can geperate up to 3 Mw of 
power. Test units or various sizes and 
configurations with capacities of up to 2 
MW bave been Installed. Tests on 8 kW 
and 200 kW systems are scheduled to be 
completed in the FY 1980-81 time. frame. 
As shown in Table 3. PURPA is 
expected to encourage the deployment 
of 1,9QO Mw at Wind generation by 1995. 
concentrated in the West South Central 
(1.000 Mw). West North Central (420 
Mw). and Mountain region (360 Mw). As 
indicated previously In the discussion 
On small WECS, about 50 Mw of these 
totals could be from smalI systems. 

Figure 3 shows the total installed 
capacity of wind generators expected 
during the next 15 years. In the Dear
term about 140 Mw ate expected. with 
about 95 percent generated by lara:e 
wind iystems, especially t.!'ose in the 2.S 
Mw range. Appendix 0 contains a 
detailed diSCU!3ion of the market
penetration analysis for this technology. 

Large \\'ECS require up to 40 acres per 
unit. Wide scale commercialization will 
require extensi ..... e manufacturing with 
associated environmental control costs. 
(20] The other principal concerns related 
to large scale wind systems are: 

• UDn!solved conflic\J related to land use 
and the alternate U5~S of proposed sites and 
u,ocialed resources. specllicaUl In the 
Dortheutem U.s. 

• Stnlctuta1 safety of the blade and towet 
under Judde!] ~s:,. 

• Electromalr-letic interference. especially 
to UHF and VHF video lignals. may limit 
acceiltance of\\'ECS. 

• Vl9usllmpacts will require particular 
c.are in aiUng. especially for large systems or 
urays. 

• Noise becomes an mereasins ptoblem as 
the .Ize of the WECS increase,. 

• Potential hazard to low.Oyinl slrcraft . 
and birds. 

Techn%gles With Significant 
Environmental Effects 

Technologies ror which the 
probability or adverse environmental 
effects is relatively high are: 

• Geothermal. 
• CogenetaUon, 
• SmaH·leale. bydropower-Cate&ofY D 

dam,. 

Site location. controls and disposal 
techniques present problems on a 
selective basis that can delay 
deployment on a commercial scale. and 
.ome local and institutional impacts 
may be of major societal importance. 

4.3.8 Geothermal 

Geothermal resources are convective 
systems of water or steam trapped in 
fractured to<:b or sediments by 
impermeable earth layers. A geothermal 
resouree is classified as "vapor" or 
"liquid" dominated. according to the 
physical state or the fluid released when 
such systems are tapped by drilling. 
Large scale utilization has only recently 
been demonstrated in the United States. 
but bas been successful In New 
Zealand; Iceland. Mexico. and Japan. (8) 

At present, the only geothermal power 
plant in the United Slates is the 900 Mw 
hydrothermal plant located at the 
Geysers 'in California: However. DOE 
bas estimated that by 1990. the electrical 
seneratioD from geothermalsouree,! 
could rise to 9.490 Mw (5.940 Mw in 
California and Hawaii, 2,350 Mw from 
the Midwe!lt, and 1,200 Mw from the 
Gulf Coast). (IS, 21) Table 3 indicates 
that Done of this capacity is expected to 
be influe;"lced by PURPA since most 
installatic .. s. to be eco;"lomically viable. 
will be larger t!-:ar: 30 ~:w. 

A recent estimate of total geothermal 
resources in the United Sla!"es shows a 
potential for generation or about 3.400 
quads (lOU Btu}. (22) The bot geotherm81 
Ouid may be used either to generate 
electricity or ror spate and industrial 
process beal Geothermal fe!lources 
suitable for beating applications (WOe to 
tSO"C) art! more nlmlerous thaD those for 
electric generation which f"eq..lires bigher 
temperatures. 

Three types of conversion cycles can 
be used in the app;icdtion of geothermal 
energy for the generation of electricity: 
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1. Dry Steam: Scrubbed stelll!! drives II 
Q1lbine gen erator. with condensate 
water used ror cooling; 

z. Direct nash: High-temperature 
.team I. produced by flashing the brines 
&om .. well; the spent brine may be 
reinjected: 

S. Binary cycle: This system. generally 
tIrlptoyed to utilize lower temperature 
briIle,. uses ,«oDdary nuld in II closed 
I)'Item. The secondary fluid (isobutane. 
propane. Freon. or ammonia) I. 
.. porlzed via II heat exchanger. The 
brine'.lde of the heat exchanger tnay 
operate a •• closed .ystem by bavins 
tbe.pentbrine Injected into. disposal 
w.1L 
ne relative Importance or the 

.nvironmeotal problems associated with 
potbetmal energy are dependent on the 
conveHlnD cycle used and are also 
Wahly .ite·specific; water requirements 
and airborne emissions. particu1arly 
hydrogen sulfide (HIS) are of major 
concern in all cases. {23. 24. 25) The 
confinued operation of the present 
plant. at Geysers. California. is 
amOngenl on IrUccessful demonstra Uon 
orth. HaS emissions abatement ,ystem. 

Primary environmental concerns are 
u fonows: 

• FucftlVlalrbonie emInlon. and 
obfectlonabla odot'l an preHnt from.n 
CDIII ... nllon qcles. 

• Emueoll from cooUoa tower drift. may 
a!fect local KOIogy and bWDlD Ileallb. 

• W.btrbome e1IIuentJ. .pent brine (direct 
Beata and binary cycle techniques), and 
.acondmy fluldli wUl require sreat c.ara 
dwiq ditpoMl or l1!placemeut. 

• Hiab DOise leveTs. partlcu1arly wilb the 
dry .team cycle. 

• Poulble danced leismlcity and 
Jab,ldeate can l1!.uIt from eIther extraction 
• rel.nJecHbn of aubtunnean brine. 

• Water requin!meoll fat cool1na tower'll 
..., PO" rnource con.fficta .inca mo.t 01 the 
prima ,Iothermallflts are ill water-defident 
arta. of the u.s. 

4.3.8 Cogenera tion 

111. majority of coger:eration 
In.tan.tions are expected to be based 
upon the u.e of fossil fuels, in 
COnjunction with .team. turbine Sfster:.lS. 
combustion turbine systems. or internal 
colllbu.tion engines. Howe,,·er. because 
there J, 00 restriction on the sile of • 
qualityins cogenerafion facility, there lila,. be. sreatermagnitude of eeect at 
• pa.rticu1ar .ne for a cogene.raUon 
facility than for equivalent ge."l.eratioQ 
by. ,roup of dispersed small power 
production facilitie •. Also. a 
qeDeration facility ialikely to be In an 
IodlLltrial or populated area. This can be 
• factor in alSusing i13 overan 
tnrironmental eHecL 

Conventiooill generation of electric 
po ..... er. whethet by .team turb~,. 

== 

combu,~on turbines or diesel engines. 
produces more than ha lf of the primary 
energy consumption being discharged 
into the environmentln the fonn of low
grade heat. Cogeneration facilities 
utilize this heal 

A further benefit available from 
cogeneration plants Is reduced 
transmission losses due to the proximity 
of the plant to its load Center. 

The national potential for 
cogeneration in the indusbialsector 
could be 16.600 Mw by 1995. of which 
3.410 Mw would be PURPA-induced 
crable 3}. (26. 27) The three largest 
indusbialsegments that are likely to 
participa!e in PURPA-induced 
cogeneration are the pulp and paper, 
chemical. and petroleum refining 
industries. The primary fuels that would 
be used as input energy by these 
industries and the types of cogeneration 
tec~nology u tilized ,,-W vary. In general, 
pulp and paper planls and petroleum 
refineries "ill utilize s!eam-Iopping 
boiler cycle inslaUations. with pulp and 
paper plants using wood and other 
process by-products, augmented with oil 
or gas for an esUmated capacity of 835 
Mw. Petroleum refineries will generally 
use various refinery products and off
gases derived from petroleum to fuel an 
estimated capacity of 1.485 Mw. The 
chemical industry is.expected to 
cogenerate with either gas-fired 
combustion turbines or steam· topping 
cycle instaDations using various 
process-derived fueb or natural gas. 
Each type orracility Is estimated to 
produce about 50 percenl of the 1.090 
MYf of capacity projected from the 
chemical industry. Figure 6 .hows the 
relative capacity contribution or each 
Jndustry. Appendix B di.cusses the 
m8l'ket penetration analysis for 
Iodustrial cogeneration. 

The muket penetration analysis 
.hows that PURPA will induce 2.500 Mw 
of commercial cogeneration by 1995, 
almost exclusively in the Middle 
AtJan6c Region. Diesel engines and 
dual-fuel use engtnes are likely to be the 
pri.."11ary equipment choice for 
commercial cogeneration. Commercial 
cogeneration ~sers will.use natural gas 
as a fuel for duat· fuel engines whenever 
g3S is a\'allable or less expensive than 
diesel fuel In ruralueas and in some 
urban areu of the Middle Atlantic 
region. no natural gas pipennes eJdst, 
and dis tillate fuel will be used. Thus. in 
these areas cogeneralorS will choose 
diesel engines. In larae urban areas. 
because nalural gas i. available for 
potential cogeneraton. congcr-crators 
will instan dual-fuel engines to take 
advanlaBe of low-priced natural gas. 
even though a dual-fuel eng1!le costs ~ 

10 ~ more initiany. The percenlage of 
tlte commercial capacity that will be 
developed in rural or small urban areas. 
I, difficult to determine; however. it il 
estimated that cogeneration in larger 
urban regions may accounl for 25"" 10 
159(, of the tolal 2.500 Mw by 1995. It is 
expected that PURPA will act to 
encourage the use or diesel engines for 
commercIal cogeneration. but that other 
factors. expeciaDy favorable natural gas 
prices. will act as overriding incentives 
for development of dual-fuel type 
cogeneration. On this basis. and for the 
purpose oflhis assessment. an PURPA
induced cogeneration is assumed to be 
diesel powered. Figure 1 depict. the 
development of this technology in the 
commercial lector. Appendix C 
discusses the market·penetration 
analyst. for commercial cogeneration. 

U cogeneralion were Dot used, • 
facility would utilize a low-pressure 
ateam boiler. or a furnace. to obtain Ita 
thermal requirements. and would 
purcbase electricity from a utllity. Th. 
environmental effecta of cogeneration 
are therefore limited to any increases or 
quaUtative changes in the type or 
quantity of emIssions produced by 
cogeneration. rather than that from the 
Aparale production of thermal enerJtY 
and utiUty"electricity. 

A common characteristic of 
cogeneration systems is that the 
electrical generatioD equipmeut 11 
located at a .ite at which a non
conseneration facility would otherwise 
be llIed to .upply thermal enellD'. with 
the resu1Hhat little or 00 new land use 
impact i. involved. The resulting 
reduction in demand upon the utillty 
grid reduces the requiremenl for central 
atation generatins capac1y thus 
conaerving land and reducing associated 
pollutant emissions. 

Bottoming·Cycle Cogeneration 

In a bottoming-cycle cogeneration 
facility. electricity ia generated from a 
.ource of waste heat-typically a .tream 
of bolgues e;nitted from an indu.trial 
proceu heating facility. For example. 
bonoming-cycle equipmenl can be 
retrofitted to such industrial heating 
processes as annealing furnaces. cement 
ldln,. and glan production furnaces. U 
retrofitted to an existing Industrial 
laCl1lty. a boUoming--cycle is anlikely to 
lead to an increase in environmental 
emiuioD.S since no additional fuel a 
burned. Even in Dew racinties, the use of 
"oUomins-.cycle equipment is unlikely to 
lead 10 lnc.reased fuel use and resulting 
emissions since most industrial heatina 
processes cannot be substantiany 
modified 10 operate at higher 
~mperatures. 
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In both retrofit and new bottoming
cycle applications. additional fuel can 
be burned as supplementary firing. In 
this caSt!, fuel is burned to increase the 
efficiency or the electrical generation 
equipment. No extra heat is added to ·the 
industrial thermal process. 
Supplementary .firing is not expected to 
result in signif«:anl air quality effects, 
because the fuel is burned in an external 
combustion application since internal 
combustion engines are not suitable for 
bottoming-eylce use. 

Uttle market penetration Is projected 
lor botlorning-cycle cogeneration. 
Industries generally can find other ways 
to use wasle heat (such as combustion 
air preheatlng) thai cost less than 
bottoming-cycle equipment. 
Additionally, as energy costs increase. 
conservation practices will reduce the 
amount or waste beat available ror use 
in_ bottoming-cyle racilitie!. 

Topplng-cycle Cogeneration 

T~pping-cycle racilities utilize the 
energy input fU'sl to produce power. end 
then "use the waste beat Crom power 
production 10 provide useful heat. For 
steam turbine systems. the fuel 
combustion system Is essentially a 
boiler. The emissions are Identical in 
nature to the emissions ot.an industrial 
boiler facility producing steam alone. 
without cogeneration. By addlng 
cogeneration equipment.. however the 
industrial facility bums somewhat more 
fuel than a facility producing industrial 
praceS! steam. Thus the quantity of 
emissions may be increased white the 
characteristics remain un~hanged. Table 
"shows the relative emission rales ror 
the major classes ortopping-cyle prime 
movers. 

In general. the environmental errects 
of fuel-burning steam cogeneration can 
be pictured as a moderate Increase in 
the fuel consumption and stack 
emissions or a large industrial racility. 
Ho ..... e .. ·er. the !otal emissions will be 
less than those which. would occur if the 
power and heat systems operated 
separately. Iri addition. the resulting 
reduced demand upon the utility grid 
generally results in less consumption or 
fuel by the utility and hence less 
en ... ironmental errects. 

For cogeneration tacilities employing 
internal combustion engines or 
combustion turbines, the emissions will 
be essentially the traditional outputs 
from these units. Since diesels produce a 
very high ratlo .or electricity to thermal 
energy and. further, ca!lllot produce the 
mct!eralely high temperature and 
pressur~ steam needed fer some 
indus~ial applications, these uni!s a.:-e 
not expe:!cd to find much indu9trial 
coge::erarion use. Combustion turbines 

will be more common in industry. 
especially where a relatively high ratio 
of electrical to thennal output is desired 
and the requirement for premium tuels 
poses no special problem. The 
environmental effect or the cogeneration 
equipment is not likely to be significant 
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General Operatlng Conditions 

Cogeneration facilities may use a 
variety or fuels. For example, steam 
turbine systems can bum any fuel, 
Combu9tion tl.l!blne systems. and spark
Ignition internal combustion engines. 
and dual-fuel engines bum liquid and 
gaseous fuels-chieny distillate fuel oil 
and Ilatural gas. Diesel engines 
ordinarily bum distiIl~te fuel oil. The 
Industrial or commercial application 
process, the cogeneration technology. 
and the fuel selection and controls used, 
all detennine the environmental 
characteristics. 

With regard 10 application or this 
technology in commercial settings. 
typical applications include large 
apartment complexes. university 
campus es, hospital facilities, and 
shopping center~. Since the primary 
product desired is electricity. and the 
thermal output need not be at a high 
temperature. gas-fuel internal 
co~bustion en&ines or diesel ensines 
are the favored prime mcve.:-s. ~faior 
environmental prcoie:ns are not likely to 
arise from individual units but could 
arise from a number of installa tion s in a 
single airshed. 

A number of factors :nay interact to 
produce adversa environmental Impacts 
!rom a tepping-cycle cogeneration 
facility. (28) These· factors include the 
fol!owing: 

• Typ~::/ ;;.-,'":r. e move.-.-Diesel engine, 
dual·fuel er.gin~. ,pa~k.!g!:.:tion er.gine. or 
comb..:s;;..Jr. .:;r ste~!!1 rur!:.;n.:. 

• Fuel u$e.-Ught poillroleum fra ctions 
and natural gas are the most com;r.on fuels 
.Ithough some la:ge radlitles may be able II 
bum lighter grades of residual oil. 

• 1)Ipe of pollution control equipmenl._ 
Nwnerous technologies exist ror controt or 
pollution from .uch 'scilitles. Catalytic 
converters .imilar to those used in 
automotive applications are feasible Cor the 
control of some pollutants (chiefly 
hydrocarbons and carbon monoxide). Other 
means are available to control particulate 
emissions. 

• Siting.-1tJ urban areas, adjacent 
.tructures can cause the exhaust to 
downwllh to jp'Ound level or alternatively 
the exhaust plume may impinge upon other 
downwind structures. 

• Slack heiahL-A tall stack can mitigate 
the alt sta&nation and blocking errects of 
nearby Itructu!es in sn urban location. 

• Almo$pheric concilior-s.-Wind speed. 
air stability, .ir temperatwe, hwnidity, snd 
.olar radiation. 

Diesel Englnes 

Diesel cogeneration units employ an 
exhaust heat recovery boiler or a water 
jacket heat exchanger to generate steam 
or hot water from the heat rejected by 
the diesel en8ine. Currently, standard 
industrial diesel engines bum only 
distillate fuels. The future adaptation of 
heavy residual oil-fueled diesel engines 
to industrial cogeneration applications 
appears promising. The major ~missions 
from diesel engines are pa rticulates, 
nitrogen oxides. gaseous hydrocarbons, 
.ul!ur oxides, carbon monoxide. odor 
constituents, and noise. Currently, a 
IIlgnificant contribution to the lotal 
atmospheric concentrations of the first 
three pollutants emanate from diesel 
lourees. all shown In Table 4. 

The emillionll from diesel engines has 
been most effectively controlled by 
modifying the combustion process itseU 
rather than the post-combustion stage. 
However. current research indicates 
that more time will be rc~u ired b~fore a 
sa tisfactory techIlicalsoluticn to the 
diesel emission problem can be attained. 

In maior hig.lj-d~r:sity urban areas. the 
significance of en'.'iron;r.€ntal ir.~;::at;t 
fra:n an air quality point at view will be 
a function of L':e nU!:1be: of diesd uni:s 
opera!ing G;Jd the efficacy at 
em;ronr.-.• m!al controls utilized. The 
na tional ambient air quality standarcs 
within a region will beccme a . 
controlling factor for the po!er.Hal 
Dumber ot units which may be si:d 
therein. {29} Nobe le\·els ad oGor .. h<J 
pose er.\;ronmental proclems in ur::.jn 
areas. Nois~ impa ct and antlo;,'a::ce 
facto rs can be partlcul<l : ~ }' ! e ~:Ol;:; ! ;Oil: 
residential and cOLl".me:cial cog'!:-:e:ar..:on 
radities d-..:e to il'.Gur.ed p:;:: i::g cr 
bu ildin8 vibratior.s. 
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[Jual-Fuel Engines 

A dual-fuel engine can operate on 
either fuel oiJ or natural gas and a small 
quantity of oil known as pilot oil. Ouring 
fuel oil operation. a dual-fuel engine 
operates essentially as a diesel engine. 
During gas operation. the engine 
"perates much as a spark-Ignition 
engine, with igrtition accomplished by 
tJI; injection of pilot oil rather than a 
lPark. Tbe piJot oil. serves only to Ignite 
tfle gas-air mixture and contribules only 
a sman percentage of the tolal energy 
lnpuf during full-load operatiOI1-
Typically. conversion from one fuel to 
another Is automatic. Should gas 
pressure decrease to some 
predetermined level, a control valve 
.utomatically shu!! off the gas and the 
engine reverts 10 diesel operaHon. 

Dual-fuel engine, are more cost1y than 
either diesel or spark-ignition engines. 
They are typically in,taUed when 
oatural gas Is available at lower cost 
than fuel oil but on an interruptible 
basis. The efficiency of a dual·fuel 
mgine operating at full power is 
approximately the same as that of a 
diesel engine of similar size. However, 
at parfialloads the pedormance 
decreases in the same manner as a 
spark-ignition engine. 

The environmental impact of dual·fuel 
ef\8ines clearly depends upon the fuel 
use, In addition to the other ensine 
rarameters such as size and speed. 
Tlible 4. shows !hat when operatins In its 
normal mode (90/20 mixture of natural 
IU and diesel oil) SO. emissions are 
'ignificanlly lower than a diesel. and 
NO. is about one-third less. Generally, 
Daturalgas is available during the 
spring, summer, and fall. Interruption of 
las supply. with the resulting diesel 
Operation. would likely occur during the 
lrinte:-, if at all. This fact should mitigate 
the air quality impacts, since gas 
Operation would be the norm during the 
.womer months wben air quality 
problems are generally most 
pronounced. 

Retrofit of heat recovery equipment to 
an existing dua l-fuel engine will pose no 
adverse environmenta l impact as no 
additional fuel will be burned. For the 
same reason, granting qualifying status 
to an existing dual-fuel cogeneralion 
(acility ..... iIl have no adverse 
t:I\·i~nr:li!:l.ta l irnp~ct. 

Ccm!Jc5ti:m Turb.'r.es 

Co:r.bs:i=n t<!!bl!'!es are wicely used 
IC p:od .• ~p. e:::-o:;::::;c p .: we~ Thej' 3re used 
by e!;!t : ~j r. u!:i' ues io~ P"";" p,) ,~ e; 
app:ica:icns and do net .e:.;~:re I~:-:;e 
\!uan1ili",s or cn,):irl,g ·•· • .:;.~cr. Hc wo.! \ e:-. 
!he ~r therma l eW .--i<:ncy is lower than 
!.hilt or sleam grncr .. tir':5 se:s bec;l\,::;c of 

the bigher exhausl temperatures. (30) 
Effir:iency is improved by using them in 
conjunction with steam turbines. kno\\'1l 
as a combined cycle system, but 
electridt}- Is the only product and this 
application is not cogeneration. 

Combusfton turbine cogeneration 
provides for use of the waste heat 
directly for industrial processes or for 
.pace heating. Combustion turbines 
produce more electricity per unit of 
thermal energy ouptput compared to 
.tea~ turbines. and can provide a better 
match for the energy needs of lome 
induatrial facilities than other 
.Iternatives. Another characteristic 
affecting selection of a combustion 
turbine Is the fact tfl.at capital costs per 
kilowatt are relatively low, but because 
premium fuels are required. fuel costs 
are high. Generally, industrial or 
commerciallnstaUations of combustion~ 
turbine units are economic only if the 
waste heat I.a effectively used. The 
increased rates for sales to electric 
utilities, coupled with lower natural gas 
fuel costa available through the 
Commission's rules. are expected to 
result in larger numbers of combustion 
turbine instanations. The opportunity for 
qualifying facilities to bum lower cost 
natural gas should encourage some 
reductions in oil b-urnJng and result in 
improvement of a.ir quality. 

Steam Turbines 
The operation of a steam-turbine 

generating plant can cause a variety of 
envirorunentallmpacts which may range 
from inconsequential to potentially 
important. The Impact is primarily due 
to emissions to the abnosphere. Thermal 
discharg~s to water bodies are typically 
less than Is a non-cogeneration, electric 
generating facility. Noise levels can be 
significant at the turbine. but may be 
mitigated on a site-specific basis. 

Emissions to the atmosphere may 
include particulates, sulfur oxides, 
nitrogen oxides. hydroca:~ons and 
carbon monoJdde. Sulfur oxides and 
particulate emissions are the pollutants 
of primary importance. Confrol for those 
poilutants is available either by 
remo\'ing them from the exhaust gas 
.tream, changing the fuel. or dispersing 
the ex..i.ausl gases via a well-designed 
stack. Nitrogen oxide, and carbon 
monoxide emissions can be controlled 
to some extent by proper combustion 
technology. Lack of pollution controls 
can cause adverse eITecls on bmr.an 
health. degrade visibility, and cause 
de teriorati(ln of the built environment 
throu;h c~i!:rIicJ! e!!ec:s on st:uctm·es. 
The extenl of these effects will depend 
upo~ tf:e s ize oi the iaciiity in qc:estion 
and the proxirr.ity to other scarces or 
simi!e r pcUu!ants. 

-
The ash remO\'31 from the- boUers fieed 

with solid fuels may present a solid
waste proble:n in some locations. 
Storage of coal or solid ..... aste poses 
groundwater and fugitive emissions 
problems. However. rt is not expected 
that coal·fired Iteam turbine 
cogeneration will achieve significant 
market penetration during the next 1S 
years. 

The largest steam turbine 
cogeneration facifilies may produce 
effects on. air quality sinu1ar 10 those of 
a central station generating ani! and. 
would require similar poUution control 
'yslelDJ. However, most cogeneration 
systems will be smaller and will 
generally pro",ide increased dispersal of 
environmental effecl. as compared to 
central generation. In any event the 
Incremental air quality effect from a 
topping-cycle steam turbine' 
cogeneration facility win be .mall 
compared to the air quality effects of a 
boiler producing the required thermal 
energy supply. 

Overall. the use of steam turbines for 
cogeneration resulting from the 
Commission', rules should not pose 
.Ignificant environmental impacts 
because of the inherent bigher efficiency 
and reduced emis.ions from such 
'Yltems compared to the separate 
production or heat and power. 

Spark-lgrulion Engines 
A ,park-Ignition engine when used ror 

cogeneration applications, typicany uses 
natural gas. Propane or Iiquified 
petroleum gas {LPG} gas may be used. 
but bigh fuel costs limit this practice to 
sbort periods of time. Heat recovery is 
achieved from the exhaust or the engine 
cooling system Approximately 30 
percent or the total ene~gy 'inpul to the 
engine appears as heat ~'l the exhaust. 
About BO--65 percent or this thermal 
energy can be recovered. For all sp,ark. 
Ignition engines Li.e overall heat balance 
depends upon the load placed.on the 
engine. AI partial loads, engine 
efficiency decreases. and the fraction of 
energy input ending up as heat 
increases. 

Addition of waste-heat recove~y 
equipment to existing spark-i£Il::ion 
engines will not add to the 
environmental effects or Ute orig;nal 
equipment 5lnce no accitior:al fuel :s 
consamed during ope:ati(l!l eve.l ;\i:h a 
moderate inc:ease in fuel co::sump!"h;n. 
lns :e::td. a net en\,~"OI:!.,!!!e:'!21 b€ :ief,1 
would be expected from :~ese !acilit ies 
.ince waste heat nOf!1l::!"y e'W;;,'!! lpd to 
th~ air is cap1u!"!d for U .~I! . 

Construction l)r ne ..... (ac::;liE5 will 
res·Jltln some lor:;:;.!:ze::! e:l',':r:m:";:e=ta! 
impac:s. but the im?act of indtvidua l 
unitt> is expected to be minor. Although 
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• spark-ignition engine will emit much 
alOfe carbon monoxide thiln an 
equivalent diesel engine. emission, of 
,ulfur dioxide 8fe negligible. Emissions 
of nitrogen oxides bave been found to be 
extremely dependent on engine output, 
but in 8Jly case. they are much less than 
those from B diesel engine. 
Environmental Effects 0/ Cogenerotlon 

The significant environmental effects 
associated with the development of 
PURPA-induced cogeneration 8fe 

mainly those caused by diesel 
cogeneration. therefore most of the 
effects lisled here are related to that 
technology. 

• Diesel engines that UBe dlstlllate .. fuel 
,enerale 50 to 80 times the particulate matter 
that natural laa fueled engines emil. The 
effect on human bealth I. nol fully known. 
New .curce performance .tandarde [NSPS) 
ror stationary diesel e"linea ve cUr~ntly 
being developed by EPA. 

! The performance .tendltrds cWTeotly 
beina del'eloped may require control 
teehnlques to limit NOo eminions. 

• NSPS .tandard .. which do not recogriize 
the fuel.avina.lnbef1lntln cogeneration. 
could Inhibit th. m.rket penetratioo or 
cogeneration tec.hnology. 

• Environmental control cost. rOf [lu.gat 
desulfurlzatlon or 10w-.u1fur oll and 
regul.tory uncert.intles {EPA'. propo.ed 
abort-term NO. .tendard may affect NSPS 
pennita tor cogeneration} a"odated with 
direct-fired ateam boilers may Impede their 
acceptance for .team turbine cogeneration. 

4.3.10 Small-Scale Hydropower
Calegory n 

There are about 3,000 undeveloped 
lites in the U.S. with the potential for 
amall-scale hydropower development 
thai correspond to Category n dam or 
locations. These sites ha ve a potential 
ror 15,7(1() Mw.(13) However, the market
penetration analysil, contained in 
Appendix F. showed that the Cosi o( a 
new dam would increase the cost of the 
(acility so much that avoided costs 
would not result in sufficient economic 
incentives 10 justify this category of 
dams. 

Recent filings with the FERC fo r 
sm.alJ·scale hydropower ha\'e almost 
been exclusively for existing dams. The 
average construction COlt, In these 
filings are S2.ooo/kWh or installed 
capacity. Cost estimates developed (or 
Category n hydropower have ranged 
from SJ.OOO-SS.ooo/ kWh. which-are 
l ignifica nt1y high'!f than avoided costs. 
even for municipalities and cooperatives 
which ha ... e the ability to obtain the 
lowest ':;0,,: fin anCing. 

F1s:.: :-e ~ .:! ~ ;: :C t3 the ;]a:':" n31 picture of 
de ve!oFment {or ,mail-scale 
hy~roFO ~\ e- by 1995. Appendix F 
discus =-~ .. the markel-penetration 

- -
analysis of this technology. A detailed 
technical and environmental as!ess ment 
of small·scale hydropo ..... er 15 found in 
Appendix G. 

Based on the market-penetration 
analysis, and the recent experience with 
.maU-scale hydropower filings at FERG. 
it does nolappear the PURPA will 
encourage a measurable amount o( 
Category n developmenlln the near
term. Development of this high cost (orm 
of hydropower will probably appear 
when (ossil fuel {mainly oU] prices reach 
levels wbere Ita development I, co,t
effective. Regions wbere thi, mJght be 
expected by 1995 include New EnBland. 
MiddTe Atlantic. and the Pacific {Alaska 
and California]. 

Environmental concerns associated 
with construction. repairing or 
modification of Category n dams are as 
follows: 

• Aquatic ecoJYJtems are converted from 
those of free· flowing stream. to thOU! of 
.tanding water. 

• Inundation or land resourcu. fncludina 
wildlife- babitat" forests. 8l:Id agricultural 
~d~ . 

• inundation of human habitats [home 
lites. towns, Industrial and commercial 
location ••• cenic and hi.toric .ilu. etc.} 

• Aquatic and semi.qultic O'1anislI1I may 
be adveI'lJeiy Impacted If reservoir level 
[luctuatiolUl occur. Careful dasigD and 
uULDagemenl would limit the nuctultiolUl to 
variations caused by peak demands. The 
presence of endanaered .pecies will bar 
development in .ome local". 

o Downs~am environment and 
ecosystem. could be Impacted from the 

"" 

release of abnonnal amounls or Lmpounded 
chemicals. sedimenls. Ind silts. 

• There mii.y be connicts with estlbllshed 
reCTeltionl1 use of impoundments. 

un-ironmenlal F"lDdings 

The markel penetration analysis and 
the environmental analyses presented ill 
the previous sections provide the basi. 
for these environmental rmdings: 

1. The regulatory program, taken al a 
whoTe on a national basis. will not have 
• slgniftcantimpact upon the quality of 
the human environment within the 
meaning of .. cHon 102 of NEPA, 
primarily for the following reasons: 

• Mo.t of the technologies ~Iy upon 
operating principlu that Ire uniqui to each 
technology and the environmental effecta 
a .. ociated with the bulc 0plflUon of lach 
are diUimilar and oot cumul.tiv • . 
Tlchnologies thlt involve combuIUOQ or 
rOlill fuel. and bloman are .pedal 
IxceptiolU. . 

• The geographical diltributJon or PURPA 
Induced technology development thoWI rew 
eales where cumulative effecta could occur. 
Iven on I regional billie. lbial •• hown 10 
F'~ a. Careful evaluation or regionl wh .... 
potential cumulative effectl uUiht occur 
(pacific. East North Central Middle Allaotic) 
indicate. that only 10 the Mid-Atlantic regioD 
Ia there potential for two techooloJl .. to 
Interect to produce cumulltive enviTonmeot.1 
effect •. For example. 10 the Pacific region. 
mo.t lodustrial cogeoeration will occur In the 
northern part or the region. wbereat 
munlclpal.oUd wllte development Ia 
Ixpected in the lOuthem portion. .0 adv:erse 
air quaUty efleets would not be cumulative. 

'''' 50 .. 
hl.os!rial~lbI_ ,__ _ ___ x____ x_ __ , , 
~~Iion _ __________ H_____________ x_ 
~..rd .. ut..__ ,_____ _ ______ , ______ _ _ 

SmalI·Seal. ~._ X X _ _ _ X X X X X X 
Wind .. __ .___________ X X X _ _ •.•. __ .• _H_H.____ , , 

PQI ... :laI for ~o;.,.. Id
__ ""'0 ... " • • 1;11 .r-
Iocts NIl NIl NIl NIl No No No v.. ,. 

F" ...... 1. "I~..:~ .. oc..;,,:r1"_ '" P\:IU'A~. : :tc..no;~.-<J ~ : • . ' :.aI!Ot .......... ~.;.,~..-v ....-or"""*':..i~_ 
~ "'M/ !F',,","", 11 "'" ___ ~ 0I .,.,..,,~. 

I'AC--P,,:"c: """_l,I :)O,:~:'1\; WSC-W·Is1 Sa<."JI c... ~.>I: .... l'WC-W .. 1 Hor"JI c.-to/; ESC-~as1 SeAl Cr.:..o/; ENe
bsl Ncr.:n CAr':l-'; SA--s.::...c-. A~ '-IA-~ A::anlle; Nt-,...., EJ>c'&I'4. 

• In the near·:e:-m. oruy one technology. 
commercial cogenera tion. was found 10 reich 
ale\'el of d",\' e10p ;r.~n l tha t Dl ii h t cause 
potentia lly . ignincii. nt envirorune!l laleffects. 
These effects would only be e~pec : oi! d in one 
region. 

The Commission noles that certain 
benefits ha~·e b ee n found a s the re ~iJ lt or 
this program that tend to mitigate 

possible environmental effecls. as weU 
85 improve the Nation's ene~gy picture. 
These incluee the potential dererral or 
cancellation or some ele\·en 500--~ 
coal-fired stea rn p!2nh. or.e 1.000-1fW 
nuclear plaut. a n .. r.,;;·f"f 017&-~r.v gas 
turbines, ce~tain la ~g~ ·scale hydropower 
ra cili!c s. a nd sOI:.!e cO ~llbined cycle 



InStallations with all associated erred. 
due to construction and operation being 
avoided. (See Figure 2.) In addition. 
pURPA-lndliced facilities are projected 
to dve an estimated 40,000 bbl/day of 
oil. 4{I,000 bbl/day equivalent of natural 
p •. and 120,000 bbl/day equivalent of 
c:oa1 by 1995. 

l. The projected market penetration of 
technologies which can qualify under 
PlJRPA i •• bown in Table 5 (also see 
rable. 1-3). Certain technoToBies, will 
DOt. as the result of incentive. under 
PURPA. reach level. of development 
that cre~te significant environmental 
impacts. Solar thennal and solar 
pholovoltaic, biomass tuet~ and 
aeothermal technologies raU in this 
category. and a finding of no significant 
Impact (FONST) Is appropriate for these 
technologies. 

S. Qualification of existing facilities 
utiliz1ns any of the cogeneration or 
• man power production technologies 
encompassed under PURPA. including 
existing diesel engines, is nol expecled 
10 creale significanl PURPA-induced 
environmental effect. because these 
faclUtfes are likely to continue to be 

ope!'at~d with or without L'te incentives 
o(Pl.iRPA. The Comr::.is51o n has made a 
finding or no significant impact (FONSI) 
for this category of Cacilites and will 
proceed with qualification thereon. 

4. The incentives oUrus program will 
encourage tne development oC only one 
technology. commercial cogeneration 

r.rimarily by new diesel engines, at a 
evel where significant environmental 

effects may occur in the near· term. 
These effects are expected 10 be Umited 
to the Mid-Atlantic region. The 
Commission will not grant qualifying 
.tatus to this technology until it 
completes and evaluates an £IS. 

S. Tbe Commission Is es!ablishing a 
monitoring program to alert the 
Commission 10 the likelihood or extent 
of market penetration by lechnotogi~s 
which qualify under PURPA. This '. 
procedure i. de91gned to produce mid .• 
and long-term lnfonnatJon that J;Ilay be 
relevant to taking appropriate 
environmental protection action before 
thege technologies reach a Itage of 
investment or commitment likely to 
determine lubsequent development or 
restrict later alteration. 
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