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means that the heat being rejected is very low grade heat, requiring lots of air movement or large .• 
radiator surface areas, neither very appealing to vehicle designers (Borroni-Bird, 1997)) and 
prevention of freezing in cold weather. 

. . . . 
On-board fuel storage represents a significant barrier because hydrogen·s energy density is very , 
low/ and the easiest fuel to reform into hydrogen onboard the vehicle, methanol, has no significant' : 
supply infrastructure. Chrysler -in partnership with DOE recently announ~ed significant progress 
towards onboard production of hydrogen from gasoline, which would solve the supply ~rastructure' .. 

• problem and allow much ~asiei- fuel storage than hydrogen. Not .surprisingly, ,however, the _:_ '·. 
selection of gas_oline as the preferred "hydrogen carrier" for fuel cells is by ·no m~ans-an easy~~-/}· 
For example, gasoline's availability anct' easier fuel storage must be traded off against the cost arid,·:·· 
space occupied by the reformer Oost, 1997).8 To~·ota has claimed a ,subst~tial improvem.ent ir:\. ':".· 
hydrogen· storage technology using .an advanc~d metal hydride adsor.bent ,that match~s-the .energyt . .-,: . . 

. density o! li,quefied hydrogen st~ra.$~ with _only ·lO atmospheres <>(pressure requir~d (Y~~St,t,~hi,J /· · • :,-: 
1997). • Presumably, however, this type of storage would.}?e extremely heavy. Other optionsib~~g·::;::-

. pursued by ~arious researchers incl':1de: direct methano'r ~~l cells, ~hich predudeJh~-,l;\~~ foi: :'a ::;_:· • 
reformei'.,: and-th~ ·-use of etJ:lanol ~ plaee of metha{\ol okl gasoline-as a-hydfoge~ :so1..irce,~\Th~. latter :\· . . 

, opt1ori is espedaily attractive if the ethanol can b'e produced fro~ cellulosic matenm>p&ause the · :, • • ,,. ".:_ •• , 
• effect. on reduci.Jlg gi~enhouse .gas· emissions is particularly· large fo~ this tecl_mology_ . • >-· '1 .,. ·': ~ : . '.\J', : < ·,/. : 
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Chapter S·. 

5.2.13 Fu~I Cells in Heavy Trucks· and Locomotives . 

• In many- ways, fuel cell propulsion may be · attractive for large transportation vehicles, such as 
locomotives or ships, b~fore it is ready for use in light-duty vehicles. Use of fuel cells in heavy 
trucks will require a breakthrough in hydrogen production, distribution, or on-board ~forage, or else •. 
a breakthrough in reforming technology be.fore it will be competitive with the diesel engine. The 
drive-cycle thermal .efficiency of current heavy-duty diese_l truck drivetrairis is in the range .of 35% 
to 40%. The drive-cycle thermal efficiency of current methanol s.team-reforming fuel cell 
dr_ivetrains (including electric motor/controller and battery) is also 35% to 40%. Thus, ·.there is ._ 
like~y to be· little incentive for_ heavy· trucks _to,_i;~itch· to fuel cells until'hydrogen_ fuel cells, with' ·-. 
drivetrain efficiencies in the range of 45% to 50%, become available. 



presumably a portion of any cost reductions achie\'ed in automoti\'e fuel cell~ would be applicable to 
fuel cells designed for locomoti\'es. 

The average efficiency of the fuel cell O\'er the __ duty cycle would be 1.6 to 1.7 times as high as the 
diesel engine (whose cycle average efficiency .excluding idle is about 35%). Fuel sa-vings of 4_0% are 
p9ssible, which is approximately 150,000 gallons/year for a line-haul. locomotiye. Hence fuel · , 
savings alone co·uld pay for the capital cost increases o\·.er about eight years, making the technology· 
reasonably cost-effective in the context. of a 24-year useful l~fe. Of course, major uncertainties e~t 
in the actual cost of the fuel cell for a 3000 kW unit, the life of the fuel cell, and the mainteiiance 
requirements relative 'to a diesel engine. • • • • •• ;, • ' 

If successful;_ fuel cell _locomotives could have a 5 to 6°/o ·market share by 2010, :and 16.to 18?/o by io15, 
for , th.e total. fleet. In the . high~efficiency / low-~arbori scenario, we assume a 5% s.h~re in .2010 • ~d 
20% by 2015. W~ furth~r ·assume use of cellulosic ethanoli altho~gh _methanol and .LNG would .~o-· 

. be likely . can:did_at~s . . ; · • • • • • ' • • • • • • ' • 
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from natural gas, .while it is a relatively attractive alternative fuel for sp'ark~ignited ihternal' 
combustion engines, seerT\S to offer no CO2 reduction potential. 
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Figure 5.1 Fuel Cycle Greenhouse Gas Emissions for Light-Duty Vehicles 
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current natural gas-fired plants would achieve roughly a one-third red~ction, and electricity from 
ad\'anced combined cycle natural gas generations could do even better. Estimating COz emissions 
reductions from electric vehicles is highly dependent on assumptions about when vehicles will be 
recharged and how utilities will choose to operate different kinds of generating units. One such set 
of estimates, developed based on technologies and generation mixes projected for 2015, is shown in 
Figure 5.3. There are no CO2 emissions from vehicle operation and . emissions 'froni _ vehicle . _ 
manufacture are the same for all regions. Largely due to greater use of natural gas. in advanced : 
generating units, the south central and west regions are expected to produce the lowest· greenh~use 
gas emissions !or EV.s i;>perated there: -

Figure 5:.3 Projected Fuel Cycle Gr~enhouse Gas Emissions of Battery-Po~ered Electric Vehi~Ies by • 
Region in 2015 
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Among the alternative transportation fuels under consideration, biom~ss fuel~ derived from wQod • 
appear to have the greatest potentiai to reduce greenhouse gas emissions. Whereas ethanol deriv_ed 
from corn may actually produce higher levels of CO~ equivalent emissions than conventional 
gasoline (depending on the fuel used to power the distillation plant, and other factors); ethanol 
derived from cellulosic sources (wood, switchgrass, wood wastes, agricultural residues, municipal 

. solid waste), can reduce carbon emissions by about 90% for both light~_duty and heavy-duty vehicles 
(Figures 5.1 and 5.2). Cellulosic ethanol has the potential to be more effective _than compressed · 
synthetic natural gas defived from wood, partly because of the energy that must be used to compress • 

. methane for storage on board the vehicle; and partly because ce!lulosic ethanol produc~ion yields 
by-products that can be used to· gene~a·te more · electricity. than is required to produce the ethanol 
(~lucchi, 1991, Table 9b; Wang, l996). 

Bot11 b~~tery ele_ctric vehicles ~d compresseq natural gas vehicles, but especially battery-pQw~r.ed'.-:;,· . . ... ., 
vehicles, are likely .to cost .more_ than conventional gasoline vehkles: _will require more frequent ·:~ • •. '· , . , 
refueling, and wiU have reduce.d range (Greene, 1994): It does not appeaJ" likely that most COI)SUµt~r( :::-: ··( ' '::; ·:" 
.will-consider these d-rawbacks to be:outweighed by the likely lower fuel costs-for these,. vehici~s.; ,/ • ·: ::: __ /'.,; .' '. 
Thus, w,e expect these potential low CO2 fuel technologies will not easily achieve the-:btisiness~as- •• •• '. • .· • . • 
usual forecast ·market shares (of cou_rse, technologiqJ _breal(ithroughs in .batteries or gaseous fuef -:; • -1 • 

. storage could make th~e ,·ehicle technologies much more attractive).- It is for these reasons that we ·,. 
• focus ~elow on the use of cellulosic ethanol as-a-transport fueL • • 
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• Figure 5.4 New Light~Duty Vehicle Fuel Economy and Gasoline Pr:ices, 1967-1996 
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performance and size O\'er the fo'recast period; the difference here is a rriatter of degree, not one of 
radicallv different \'isions o( the most likelv future . • • ., . . . . 

Figure 5.5 Use of Fue~ Econ~my Technolo~ In New Light-Duty Vehicles 
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• A gasoline/electric hybrid vehicle (Gasoline Hybrid), and 

• A diesel/ electric hybrid drive vehicle (Diesel Hybrid). 
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and future emissions standards, the DISC and TOI Diesel engines, as well as the twerstroke engine 
included in the business-as-usual case, will require· the development of practical, lean-combustion 
nitrogen oxide catalysts. Catalyst technology for· treatment of exhaust emissions has been advanced 
significantly over the past few years and, with further research, the prospects for it~ early 
commercialization appear to be very good (e.g., Buchholz, 1997; Strehlau et al., 1997). Achieving 
equivalent results for diesel exhaust NOx appears to be more difficult, and commercia-Uzation of 
diesel catalysts is likely to occur several years after introduction of gasoline-engine catalysts ·(U.S: 
Congress, OTA, 1995). In addition, the DI Diesel will .require advances in fuel and emlssions control 
technology in order to meet likely future particulate_ st~n~ards. 

Fuel economy benefits, incremental costs and other· changes are calculated with referen~e to~ .1995 . 
technology· gasoline vehicle. In .the ·.NEMS model, light ... duty vehicles are classified into passenger · 

. • cars vs . . light trucks, domestic vs. imported, and four size classes'. 1n each class, th'e .1995 b~ vehicle 
has the average ch~ra~teristics· of cars in its · class. "For exa1:nple; 11alf of .the ~passenger cars in 1995 
had 4-v:alve · per cylinder engines, but less than 10% -of the light _trucks did (Heavenrich and 
Hellman, .1996) .. • One· hundred percent of passenger .cars and 99%· of light micks .had port fueJ­
"inj~ction, and ·so on . . Future fuel ·economy impro,;ements are calculated· based o_n ~ .additional 
• pen~_ti:ation of fuel econpmy technologies beyond the hµSin~ss-as-usilal case: Thus, . tn~bility ~f •. 
further use· of port _fuel injection to _improve __ fuel e1:onomy is -negligible, while consider~ble potential -· 

. rem·ainsJoi 4-vah-e_ tec~ology . . • • • • . . , 

. T~chnology · 
:, _ \ . . . .. 

;. 
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5. 3. 2. 4 Trends in Vehicle Performance · 

• Chapter s<>, • 

The NEMS model predicts consumer demand for increased performance and ~en adjusts new ·car MPG 
downward to reflect the effect of higher horsepower on fuel economy. The model's predictions are 
consistent with recent trends in light-duty vehicle performance since the early 1980s. Over this 
period, new vehicle fuel economy was constrained by the federal Automotive Fuel Economy 
Standards (CAFE) to le\'els higher than the market would otherwise have de~anded. Gasoline 
prices fell precipitously, starting in 1983 and reaching pre-1974 levels by 1987 (Figure 5.4). As a 
result, new technology adopted since· the mid-1980s, that could have increa~ed fuel economy, was 
instead us~d to hold fuel economy constant while increasing vehicle horsepower .and weight. The 
ratio of horsepower to weight for passenge_r c,ars increased by. 50% from 1982. to 199Q); The .NEMS 
horsepower equations essentially continue this trend of ever-increasing performance. • 

Co~tinued use of new . technology to increase performance without increasing fuel economy is 
consistent with the continued low motor fuel . prices projected in the AE097 reference case. • Th'e 
reference case foresees gasoline prices rising from $1.'15 in 1995 to $1.23 in 2010 and falling to $1.18 
per gallon in 2015 (1995S) .• Such variations are .within th~ noise of year-to-year fluctuations. For 

. example, ,the actual average price of gasoline in 1995 . was $1.20 and th~ average pric:e for 1996 will 
• likely exceed s1:30 per gallon (EIA, ·1997, Table 9..4): With ric> increase in price and binding :fuel 
economy st.i:ndards, .it is likely that performance and weight will' c~nt_inue·.to increase and fuel: 
econo,my will.not. . • 

In the efficiency case, the trend tow.~r_d _ever greater hors~power is questiona~le,. In the presence, of 
higher ·fuel economy standards,· volµntaty commitments. by manufacturers to meet GliG .targets, . . ··: 
"greener" .co~umers, ·extemality~based fuel taxes, or some other chMge in policies or preferences :·< .

1
. _ 

focusing consum.ers' and•mariufa~turers' attention. on effic,iency, it is lU<ely that -performance t,ren~>.' ::- •· ..• 
would change'. Nonetheless, we· re~ain th~ NE?vfS perfoim~ce projection in the effi(:iency case, but/ _,. , > 
relax it in, the. higfi-effidency/lo':V-carbon· case by permitting only half of the projected increase -ii{ • • 
horsepQwer. , Thj.s_ result's in new vehicle fuel economy ,levels 1-2 MPG higher ,in·· th~ 'high-

• efficiency /low-carbon c;~e than wdul,d otheh\'ise },e the case.! • • -
', ~ • •. . ; , : I .... ' 

. . . . . , : • . ·' 

:_a. .:_· • . : . • _1 . 

5.3.2.5 NEMS -~e.w_ 'Llght~Duty _ Vehicle Fuei Eco:riomy Estimates . . . .. ' .\ • 
•• · . ·•:: .. •. • . • • . • • ...... -...... ·· · . : . • f . .. . :: · · . · . ·, ·., · . • • ... . ~ . · • .... . ... · .. . • . . ·. ·. ·. • • • • .. • :. / :::·, • •• : 1•,··:·,:'. ,_:-:; •/,./ : ·· . . . 
Transforming :the· technology of .fraI'l$poi:tation energy use·;_takes. tiine: . l;irst;::manufas:~rers:. must, J ' . ·:; •. · ; • 

' ' implement ,Vnew· technologt y N~w.'; des~gns ' II\usf·_oe' ·engµ\~reci> 'tested, .and. certified to ,meet ' _. •. ; ' <'. :' 
' ,:• ""'· . •.• g~y,errunen,t ,stabdaids. Generally,:capital e'quip~ent 'will also:~a~e'lb be replaced or retooled/ To{:· .'.':': :_,:; : :' 
, . • . or~er~y.replacement of ~ong-lived production· facilities (ehgine production lin¢s m~y,~ 15 years, or;. :-:~:-:}r:~"':'. ;;: 

• .. • i • . •• ,· .. , m~r~f~ ~poi:tant t~ ~oi<Ung d~wn:the cost of _t~olorcal_ change. ·.Secon~, consumemµu.\st ~~m~::,:;,{:_.,J~•. t ~ · 
. • • : • . . a~custome~ t.o the new teqmologr, and the .. supporting _infrastr:ucture of mamtenance and repau._'n;n.1~! .. .'}J~·;:r <, , .' , . 

• b~ develop~d. Fu:i,ally, n~w t~ologies 111ust comp~t.e ._~ith ·~~ting technologies ~d 'Y~tJ:t·.othe(··. -.,::. '.:' / ._. _, 
• ( ... · . . • ·I)eJN tec~ologies.•,: l~ ,,g~eral, i·a' single te~ology .will.~not~doi:ni,nate :aUpossible' applications_:· ;~· ,' -.··: •. : . 

,:·, • • : (:veh~cle_:~yp~s ~d -c<>~um~i: ,pr,Jer~_n.~e~). : F<;>t_all'these_. reasq~, new ~echnologies i-arely.achieye\ '·'/:<_ :-,:-' •• • 
• -: 100% .{or ·even 10%) ·market pene~tion of the ·ne.w yehicle fleet' in the first year of iriti'oduction/ ' '.,t:: .... :'..·'::'. :· 

• : • :fbe NE¥S: :m:od,ei ··simula~e·~. ;t}le· ·.g~adua~ • eyolqtiori .'of te~lu,oiogy._ market. share;;· toward • their·\·) :;<_~ : •.. \ . 
, . <·_eventual equilibnumlevels by.means.of technology.adoptiori. curves calibrated to histQrical rates.of; ··:r :~/ ··.·:·. 

· ·.\, ·:~~opti~~'.:(\· ·_ <'.': <.- :. · ,- _ .•.. , -~: -. .. :: · -~-.:,-:. ~-,.-' :1:_:,·_:, · ,.'·.:: • . .',.' _. • _::,) ,}>.}:?;,::\.::/ 
I, • .. ~-: ·~·~•.·~-'· ' :, :,l ,,:l~ -:~;;rJh1i/lli~ ·~s 'iJ~~~sf:hf iJ;~~~~~ful1 --~~~~~y1.-£6i ~~~/?.J~h'~~i~ -~~ ;l~g .~iliJd· ·fu~/ ·_;,' , •r ·:fi' '..t : 

-• • • \ f.,.r1.t .:; , ·:·:· • ;~ ~~~olci ,. icai' ,;-- 'ote~ii:l)j:~ };i$fol~trateci ·,h{;_;'.Table'15.3;?"htfh~liBts';.~ ;of ;the '.,1:,~tf~~6itF· • j/ 
'/ ,•':iJ~~:: \- :~ ·< :··.:•1ipied~ct~3')&~b:ra~aflat1e:in~,2ofo.1.~d~ZOi?,lirt·~th~:~~lfi'~l~Jf.'~eifaiio•r~~'2ep{that th~\ tiesel i i ' :··t . 

l 1,:J/)> ' r : '\ :• ., tt ··~ ttht '•· ~ Qiiri~~-li~h~a ,,d':iliaitiJedt i'il J i t1e~r:filJ e~:,~tlo"n°i.,{thah ueAikely:~t6 1tedti~e'!I' ~ 
/ .. •~i'· .~-~ij9~· • ',U~~·~~-~~·i1:-~·~·~~~~~-i.tttltili~rr~!~~:.e@~~~-.. . 
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• at 1997 levels); this applies only to Table 5.3 - all ~cenarios incorporate -substantial increases in· 
hp/wt ratios. The combined ' effect of all technologies could improve the fuel economy. of _the 
average passenger car by 100% to 55 MPG in 2010, and by another 20% to over 60 MPG in 2015. Yet, 
even in the high-efficiency /low-carbon scenario, these levels are not achieved by the new car fleet 
in .the NEMS forecasts. • 

Table 5.3 Maximum Technological Fuel Economy Potential Versus NEMS New Car Average 
Estimates • 

. Technology 2010 
. Fuel Ec~nomy 
• Improvement (%) 

2015 
Fuel Economy 

Improvement (%) 

.Material Substitution IV 1 9.9 13.2 
Drag Reduction V • • 9.2 12.0 
Engine _Friction III , • 5.0 • 6.5 ,, 
Tires III · :: •• • 5.0 7.0 • 
'AC¢ IJ · . . . ... _. ' i.0 1.0 

•• ::Eledri'c Tra:As~ission~Ut 1~. 1.5 
Electric Pow~r S~ee~g/ •. 1.5 -LS. • 
Air Bags • • • • • • •• • -.1.0 -1.0 

I . :· 

. .... - ., . 
', .. • 

E,mis~foris l)er II. · · ·,--.·, . .::, :"' ~1.0 · • ••. -1.0 , 
· .' • .. · ABS :. ••0 • • • >·, · . ,,. _ .. • ~o.5 • . . .. ,.- . .- • " ·.< o.5 ·,· 

• ·, ,•·.,' Side-J.il\pact · . : ,;,\j:>> . · :."' -0;5 .._ • .. :' · ··:;t '._ f) ::..o.s< 
.·,Roof'Crush ,' -: . .i',,:..;. ~'\ ·-o:3_ _j .1_ ./ ··~0.3 · 
• ·oiesel _.Hybrid ·',' • -·/~_;'\'~·: •: '· . ·.-· . :,5:4:0 . ·, .:-.,·.':-·/ :;, · 60.o ' .-, 
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_5.3.2.6 Changes to the Heavy Truck Model 

In contrast to the business-as-usual case, the efficiency scenario for heavy trucks: 

• · Adv_ances introduction dates for two fuel economy technologies, 

• Introduces one additional technology, 

• Expands the applicability of several truck technologies, 

• · Reduces the "trigger price'_' at which the technologies are assumed to become cost-effectiv~; ~d 

• Accelerates the rate '.at which new tech~ologies . are assumed to penetrate· the-new ihj'.ick . . , 
market. • • • • • • • 

' ' 
' • . • . .• . ' ' • .-~· .• • l l: ~; ' 

The AE09_7 reference ·case assuines that the Turbocontpound Diesel Engine and ._the Advaijced ~L~:?? ·\ • -
.Heat Engine will not be available through.2015. The efficiency scenario assuil':es these technq_!pg\~ ·-<J -•· • ,: 
"will be introdui:ed in 2003. Advanced drag reduct~on, which is also_excluded froin tne-referen~C?·:~~·\# ._ -.:· ( 
for hea\j' .tru~l<s is·assumed to have .bec_Qme-available in 1997. •:· ·./: ,fi~:'.'.( .:_::.;.:' ·; \ <·· 
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Chapter.5 · 

summarizes the primary fuel economy technologies for heavy trucks in the efficiency scen~rio for . . 
2010. • • 

Table 5.4 Key Heavy Truck Fuel Economy Technologies for the Efficiency Scenario in 2010 

I Technology 

Improved Tires & Lubes 
. Electronic Engine Controls 
Elec. Transmission Controls 
Advance<J Drag Reductfon · 
·Turbocomp·~und Diesel . 
. LE-55 Heat Engine , , 
"Reduced,-Empty Weigllt · 

Year of Trigger Price 
Introduction (19955/MMBtu) 

Maximum 
. Market 
Potential 

(other l diesel) 

' ' 

Fuel Economy 
Improvement% 

(medium/heavy) · 
.. · • , 
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Because existing energy-efficiency technologies have yet to achieve full utilization, because other 
promising options exist, _and because further operatipnal efficiency gains are likely with the 
ac;f vance of information technology and some additional railroad consolidation, rail .energy­
efficiency improvements could continue ~t. a substantial rate. A concerted effort to develop and 
implement cost-effective technologies is represented here by a 2% annual improvement in tQn~~ile 
efficiency in the efficiency _case co_mpared with the 1 % rate assumed in the AEO97 reference c~. 

· 5. 3. 2. 8 Changes to the Air Model 
. . '• 

. . " ' ' . .-:.·; .... . 
No new technologies were.introduced in the NEMS Air Travel Model, but several important changes • 
were made to promote ~d accel~rate the introduction of fuel efficient teOUlology in accordance wi'th 
goals. ~t by the Con:unit_tee on Aeronauti~al Technologies,·Aeronautics and Space Engineering :Board 
of the NRC.- : Broadly, the_se goals call for a reduction in fuel bum per-seat of a~out 40%·by _th~-2Q10 ·to • 
2015 time period, .to be achieved through a· ~ombination of impr()ved propulsion system per(ormance 
(25%) and aerodynamic ~d.\\'.eight ~prov~rnents (15%) (NRC, 1992,·p. 49). : • . . ' • : • • .. : · 

i . ' • 
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electricity generation, offer about a 20% net reduction in greenhouse gas emissions per mile (Figure 
5.3). ' 

In the context of this analysis, a 20% reduction in greenhouse gas emissions will not create a strong 
incentive to adopt an alternative fuel. For light-duty vehicles, if society's willingness to paY, for 
greenhouse gas emissions reductions were on the 'Order of $25-$50 per tonne of carbon, this could 
justify up to a $0.06 to $0.12 per gallon subsidy10 for a fuel that produced no greenhouse gas 
emissions. A 20% reduction would .therefore be worth S0.01 to $0.02 per: gallon, hardly enough to get 
motorists' attention, A~o, the principal near-term alternative fuels entail some increase in v.ehicle. 
cost or loss of amenity (Leiby et al., 1996). Thus, unless much higher incentives are introduce<i, it is 

. unlikely that enough. substitution of alternative . fossil fuels for conventional gasoline will occur
1 
to 

produce significant greenhouse gas reductions in transportation (Leiby et al., 1996) . . . • : .. . 

Altemati~e fuels .produ~ed from renewable biomass feed•stocks can yie.ld signifkant red,uctions in . 
greenho~ :g~ ~missiol)S. The m:ost recent estimate_s indicate that.ethanol derived ·trom cellulosic __ ·:, 
feed stocks: (as::opposed to grain) produces less than 1 % as much greenhouse gas emissions on a fuel . 
cycle basis_:~s .s;:onventio~al gasoline or :diesel.fuels (Singh, 19~7)?i 'Table.5.? shoYls the~eenho~ . : • :l ~'.·."".:·· --~ 
gas emissiqn:~~fficie~ts used t~ e~tirriate the effects .ofcellulosk ethanbl .use' arid increased demand . : .-:,;: \~l:·"",:bi~il?':J 

. for diesel fuet,o~ transpoitation .·sector gree.nhouse gas ell)lssions. -E~anol from .cellulose generates .. = :·\,-~-~--:-i-.)r1:·: : 
negligible· amqµn~: P.f greenhouse ga~s iri comparison. to. !~,ssil fue}s or ethanol from grain. :}\fl,l~ther· .... • \///::~~+·.:{ 
eth~~~:_is ,dei:i,vecl _from graino! woody.bioma~s, :the carboh .·jn.~e.J\.Je,IJtself ~oes _J;lot coii,.nt ~a~ . :· ·'!/ }!.:~{½ti ?~~ 
equ~v.alen,i.'. car}?on',:y.,i]l. be -recap_tur~~ (roII). the . at~osphe·i:e .~y . the.;next ·rotation .. .-<>f. cropst~ . .J'he:~: \ -, 'i~f~~J.~J 

. . . . . • • _ . _ Y . _ ~ . . .. . . . • • . • . : . . • • ~ - - .. r 1, • • • - , ._ . h . · , " - ~ 1 

differeq~~ li( in· feed stock culti:v~tion: -fettilize_r manufacture, and_~e~• producti?n- :_:~~ r~9-w~~:-: ,: /t;w<;)f.'.? 
• mote culti"'.,ah.o~ ,and mQre_ f~rhlizer than woody ,crops, ~d :~erUl:izer. produ~t~o~, . m~pai:H~~;:;,., ; ,'4:~:,.·,~r::-t/:• t#:.-'\ 

gene~<!:t~~ . signifi<:.~! gr~_enh~u~e ~~s • emissjons. •. • _ Wher~as ,'_distill~tion of alc:ohol:,~~!i*-~~?( ;-t-~f\~~~~~~ 
..•. (ei:znenta~~~ of;g:r~ JS energy mtens1ye,: by-:-prod\lct~ fi:om the.wQOd-:to-alcohol process~~,P,~P.~.:i·~,-r~~l~fi~•~i ~·-. 

, • excess.,..pow~r;.-ori net, iesultin,g in a·.gr~nl)o~ gas credit for replacing fQSSil fuels with bioinassiin·:~~\- ~i1'Jri :i),.''..'.-;;,} < • 
• generatio~ . .:·ofelec;tricity:· ._Indeed, giv~n curtent practice~ ethanoPr<?m com:may .p.roduc;e·-;~ore·:._ ,. :-r:,1;- .-... , :,. 
gteerih~~:g~ emissi_o~ tha:n gaso~e~·on' a per Btu basis . . Th~::~thap9l from cellulosic °£~ ~t~.'- ,,. : ... :_:_ i\·-ft·: 
.w.ill. n~t_;i>n'l; !~uce g~~nhouse ga~· emissioi:15 by r~.,lacing g~~~,. b~t' might achiev~·:ev~ ·~a~~1f ,l · :•;(;0{: · :~!{:·'. 

. _ • • benef~ts~ br _r.~pla_~.u:'g · ~!h~~l fro~--~oi:n. ~o~ever, -th_e _n~~ .. ~~nhouse ~as .b~l~fe ·<?.f _;f:~~ ~\_;.'.::}t~'.~~~'f,_}i!f-:\ 
. ·. : • , . • prod~~~~/ ~?m. coi:n • _1~ : ~tr.ong,~ • ~eP.,~flda1~ ~n}~t~r~· _corr\ ~-•e~ds,: ~e- m~rket _.f~~ ~ -~ ~~~~f-:;·:· }f1~f-~, r • .. · 
: .. :.-; ·.' . . byp~~~~t.~ .d -~~ e_ff~Cl~~~y ~,, .. ~~ ,furl:~~-~ ~~~a~q~J ~ ,r:re~~Y,~ _c9~ lS.~~eJ\~~~-l>,~;,~¥,,1.:?irV--f 'i ,j 

; :_ :: .,:/ :· • . , • .. f~el,)?~;f~~:-~l?f:: c~r~-base~.le~h~rol:~t d~s!~vanta.ge . ~ _.gte~~.~µse .gas em~~s•o~i ·•~.uf :ffl:~~~t ~~,~-) })f:1( ·:: 
·. ·. :,: ·. : .- widespre~dii.1se bf.cotn.stillage·as fuel •would•swing ethanol's·greenhouse gas emissions strongly.' ·::~ _-_:1,/1~,\·~,. •;~ 
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Table 5.5 Greenhouse Gas Emissions Factors for Transportation Fuels 

Fuel g/Btu • Btu/gallon g/gallon 

Conventional Gas.oline 
Swnmer . 0.10554 114,500 li,084 

Winter 0.10304 112,700 11,613 

Average 0.10421 113,537. 11,832 
' _, , 

Diesel · 0.09617 128,700 12,377 
Ethanol from com· 0.13390 76,100 ' iq;190 -
Ethanol from cellul.ose 0.00076 76,100 >.~ : 58 

Source: Singh 0997) 



Transportation Sector 

current level of about 30%. Estimated ethanol ·demand increases as its price declines, from 2 bilHon • 
gallons per year at an ethanol price .ofjust over $1 per gallon to 5 billion gallons _at $0.80/ gallon and 
9 billion at $0.65/gallon. From this point, increases in demand associated with further price 
decreases drop off sharply as the limits of economical blending are reached. The moderate 2010 
supply curve for cellulosic ethanol intersects the demand curve at abol,lt 5 billion gallons per year 
(Figure 5.6). • 

Figure 5.6 Biomass Ethanol Supply and.Demand for Ethanol in G_asoline Blending 
. . ~ . ' ' . . • • 
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assumed to be accounted for in the other sectoral models, they are included here. Note that the 
reduction is shown in toMeS of carbon, while the emissions before and after are in tonnes of cai. 

Table 5.6 Impact of Cellulosic Ethanol on Greenhouse Gas Emissions from Light-Duty Vel\ides in 
2010 

Cellulosic ·Ethanol (million gallons) 
• Com Ethanol Displaced (tnillion gallons) 
Gasoline ·Equivalent Energy Displaced (million gallons) 
GHG Emissions Before (milli~n tOJ\lleS CC>i 'per ye~r) 

Efficiency 

5,514 
1,263 

. 3,696 
46.6 . 

Optimistic 

7,480 _ 
: 1,119 

5,014 , 
62.2 

GHG Emissipns After (million tonnes CO2 per year) _ 0.3 : . 0.4 . 
GHG E~ions Reduction (million tonne~.C per year) 12.6 16.8 ____ .....;. __________ .....;._..;.;;.......;.. ______ .....;. ______ ~------,-, :;,:: .. 

5 ;3.2.1.1 • AdjuSt~Orits 10.' lncrea,ed ,Llght;Duty Vehicle Dle&e1 Use · . . •. , .J.::{~+t::~/ 
Beca~se the TOI Die~l engine and the Diesel~hybrid technologies were -int~oduced in1.the :NEMS.: .'.:· _--:_ \ . ,. • 
TratlSporta_tion ' s~~t~( Mo~el : as fuel econon,iy . t~ologie~; the fuel-Wpe: accounti:f.\g .algc>'ri~:. or}.~:· : '.- :_ \ 

• _N™5 w_ere ~ypassed: We i..r;ltrQduced the ~dvan,c_ed dieselin thi~ _-way.becauseiwe -~_~eve th,.-~;.i~ .:~.--. ·,_ •. :; .· . 
. characteristics will be ri\ore similar' to gasoline engines than the 4-iesels_ ~vai_lab!e _in· the ,pasf __ ,~e· .. • .. · .. • •. '· 

. I -· • ro.~ wil! fullf mee~· aµ g~oline_ vehicle ~ta11~atds, and _will _be ,q~it~ s,¥~ ;~}~ ,':l! )?~:~<?W1§c~~ . :j;. ' . \,·;~\, 
', ~' ..• ' -.' • nQJ.!;e, :and odor.1\ .~~s, an. a~J~~~t m~t ~e, ;m_a~e ._ex ros.t,_ to_tr~fef atl _ill'PfOpl'la_,r ~y~t-?t tN::;~-;\/J. 

_ _ _ _ - _.- ~nergy_ fyo~ ~ eig~~~-ine. to the_~t_illat~ <;ateg~ry'. . ~e -~~J~~~t :~f~~, !h~ .~ne~SY-~ J ~t~J,m~~ ,:~: ;_; 1_:~frk 
• •• _ m. three (rel~~•y~lt?1in~~~ v.rar~; .· Fl~t,.~e:TJ:>l.D1e~1·~ ~pact _lS sped~~~ Ill}~.~( ~. ~ :~g~:in;;,:~=r-t:l,/;. 

· _. miles _per gallon . . S~ce d1e_~l fu~l contain.s 'more Btu-pE!r gallon ·than gasolin~ .and· since, the . NE_MS __ :. ; .• .. , • ._ : : ., 
~ -· • _.-. ·' • , ~odel assumes that -_gasoline 'is being. consuiried;'the-energy use transferred front' gasolli)~ to 'di~ l·f.· . ,,_ , , •. ) . : ·-

: . '•, .. . . ·. must be incre~d·by the ratio. of di~s¢1 to_. gas<>~e J3tus"per gallon. · Sec~n~~ <ti,sWI,~e •f:ri~!--~t~~~~:·t\L , ... ,·\ ~ 
. ·, . -slightly less carbon emissions-per Btu than gasoline. ·Therefore the estimated .carbon ~~o~ :m~H~· • ·. , 
._- •. • • . ._ . -. • be ~djusted both fo~ ~e slight increase -!-1'~ e_nergy ~ -- ai:id the -~~~tlr, ·i<i'X~f ~~ ft~~.fif~1tf'·;~li&t.'.: .,_~'-' . •• 
, .. _-::.:.!:'.;tt• ., • that greater·e~:e11gy use (the net'.result '1s .a very_small ll_\crease _µ1_·q~rbop.;·~~ S1(?,r\S)l::1 ,, ~ ~i~;'-·:.:·:, ': -

.. :_ ; ·t1\~;?.<r,~: ·.",_;: , : -~y, the reduction';in gasoline use reduces the 'p'Otential poor for elhariol 'biendmg-ufg~ •. .":~:\' ' :··'-. \ • 
• :-- .• _\/½{ ~'.--\ a result, the c\eman~ :for ethan6Fqulst be: adj1,15ted downward to·:refl~ t 'the 'lciwer-levet:~¥•~/;,,: ~ '~?~•-• ·.\ \' 
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•. ' .-::~ /._-: . • :·, . The 'high~ffi~ienfy/lo~~arbon sce~11rfo- ~-~shll_at~s . the . inltoduction"befo~~-:~ioio ~~ ~~v.~f~t:1ti'.flf}~)fti t? 
• •. . _. • _- . -~~ologi~s and ·combines th~m wi~ other ~~ges to :reflect gr~~ter s1:1cces~ in d~~~!PI?~¢t~ cf. ·,1i ,i.; :;./.:·' 

·. : ., ·_. ·, ~plementing .-1~~.grE:enhouse gas technolog~esaI\d greater publi¢ c9ncem oyer ,gree~o~ •• • ._.:::,, <.,. 
. -... : ; : ___ -.:_:•_·_-~-,·'_r_.)~.).:_·_.:···\-;: ./ . -~ errtissi°'r:'5/~ ]~~tf · tr~t successfully a~hieving _, thes~· -outcomes , r~quJres ·,,~~e'f:.ie~ef ':?/j;i. 

·; . . .-' •. brea~throughs~ ·.-im__pJying that the 1'utcomes· ·are sign.ificantly less certam man:· those ,•· 1';:{':<\':: 
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designed to operate on alcohol fuels. The gasoline fuel cell hybrid achieves an 84% efficiency gain . 
over a conven_tional gasoline vehicle, assuming major progress not only in fuel cell and gasoline . • 
processor technology, but also in electric motors and other electric di:ivetrain components. B_ecause a 
major breakthrough would be required to make this vehicle marketable, we do not attempt to 
estimate its cost. Instead, we assume' that it will be cost-effective on a life-cycle cost basis ·- that is, . 
that its in<:remental cost will be equal to its lifetime fuel savings. This implies a price incre~ent of 
$800. ,. • 

Some of the technoiogies ~ecessary to produce an 84% effici~ncy gain. for· the fuel cell hybrid _would _ 
also mak.e the internal comb1.,1stion :engine hybrids, .both ·gasoline_ and diesel, sQ~ewha:t mC?~~-~-:.,:;·· 
efficient (e.g., .~ltra high-efficiency electric ·motors, improve~ energy storage· ~evices with·.~ig}:l / • . 
• specific: ·power and high in/ out efficiency). Fueleconoi:ny gains for the gasoline and _ diesel hybrids· .' . 

. '. are b,QOsted to 42% and 72°{o, resp~tively. - A inore optj~istic a~suinption is ;made for th«:·,_o~.:.< ·1.:\(, ,,-_::'.:_:· : 
• · • engi.ne;.as w~ll. Its f~el economy benefit is increased. to·23% from 18%. - • • - . • <:,~ ::> (··, :;" '. -

• • ' ' , ' •1_. • ' • I • ' ' • • , · ',I ~~ ·'• ,.•:,i ._•, ~ • ' • •. e 

u'IntelligenfJranspprtat~on Systems technologies ,_are 'highly s~ccessful; they should ~~) bi~) ~.:;-.. _·. \ .,_. .;-;_,'. 
improve tra.ffic flow,· resu_lfing' in higher· on~road !~~l ~onoµt'y. To reflect this,_'th~n-road "lue~ , .--_:,::;'\~·:_,,ii/ 

• • econo~y-, fa~~?f · ~hi0,_ ~~~:~is_e. deteri?rates ·by tlci f~o.~ • 1997 to ?~l~,. is· held · ~onst~'. • l:h~. ,!¥~~.: }. \ ·:: ;:·:?1~.'--i~ti 
, effidenc;y:/low~arbon _cas~ further assumes that the current ·empnasis -on .horsei:iower (HP) will · - ' . •. :: ... '.';:,( ,- ~:.,(;:':" 
abate:: ~ubs._tan(ially, •_althotlgh ,increased, HP 'wilt' still be .valued. _.· This c'ase is. ~onsistent .:~ith01 '.a")~',}/.).;:t;:!:.~ri·.: 

.. , • c~an$eJn '.at~t~des fayoiii)~ ... greenet': _automq~ile_s . or polic.ies t9: en.cou;ag~ higll~r ¥PG:. :To re{l~t \\/)t,.;/{/J/.: 
·.' ·-::' -~ .' . -~rea,!~t>p~blic;\co~~~r~\ g~~r. ~-e~.rlfoll~e "_gas _elll~~'i~n~~:·-:~f:'?~~artd \!~t~s~~-~-sep :~of~ep~W:~r.: ~:/;r.-.:;:;, .. :i:4'.:t:)f,:~ 
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Chapters 

Another Potential Breakthrough Technology 

Aside from the new technologies postulated in the. high-efficiency /low-carbon scenario, other 
potential technologies could yield substantial reductions in greenhouse gas emissions with 
technology breakthroughs or, in some cases, ·with a substantial market push. In the light-duty 
vehicle ·market, for example, battery electric v.ehicles have potential to reduc_e greenhouse. gases if 
they can greatly increase their market share and improve their energy efficiency·. For example, • . • 
severaf recent studies have concluded that, wider plausible _assumptions ~bout EV effici~ncy anti the_ •• .::• 
mix of fuels aI'.ld t~chnology used to gen.erate red:iarge electricity, use ofEVs will yield netreductfons 
of gree~ouse gases. Delucc:h( (1997) estimates a national average reducti~h of 26% in 20_15/with .,; .· 
power generation he~_vily weighted to ·coal; \vhereas Wang (1997) estimates a 19% reductjoll :iri 1}t'·'.· .. • . 
2005. Areas w,ith ·predominately natural gas~gen~rated electric.ity could have much larger saving~: . ~. 
Note, however, th~t these r.esults,.are dominated by. assumptio1\S about EV and baseliJ:;le g~line ?-:.::- '. · :.,-- · •• 
vehicle 'efficiency, type' of fuel.and. teclmology u~e,q fo(power generation, inclusion or ~xc1~ion of :~l:l\ :/ .. :t . 
non-CO2 . greerifouse g~ses; • and the · types of .tdps repl~ced. by• EV. use; _it . is, relalivel}' 'e~y ' to i fil:(,;{'··. 
. construct . plausible . S<;ena,r~os with Irtu~h •. higher ~r lower reductio~ in greenho~ gases, ,' Qr. eVel_' :frr-?Xt ,' 
,inc~ea~es (with cbal-~ired ~lec,~c P?~er 

0

and· extre~ely' efficient c~mpeting g~s~lin~ . vehi_cl~s):· .. • ;. . • :ii.-'.:•~i}:-. :, 
, tt • I 1' ' • , • \ • 11,•M.'.? .>; ., i',;,",'.". 

• •• • ·-: ' ·: '· 
1 C~ciai technologi~al r~a~~l~~ •.for .Ev,-·m~ket penetration_ a~e: , • , / •• • • • • _:-._, .. , :'. : :Jft/'.·~:-\., 

, ' • ( ,. t • \ ,--,J • 1 1 • -. •• .. •,.. ~ \ • • ~ • l • • 1'' ! • .- • .. ~;,,:_(! • !,-. ,. , 

,:/ .• (i;:' ., • , • • Batter~ impr~~~merirs':~·'.eipe~ially·· higher specifid en~rgy ~~ . po~~r, l~wet, co~t; ~p~~v;~ ·JJ~-,'::H~_:,, i 
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.'",, ~ . ·; • • Electric mbtor_s.;.; espec,i~y highet,effi~en~y over·a range of driving cycles::an4 Ngher .. $p~tjfi_c:. /?';? ; 
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f \ .' .· .... , · . There. are 'claims-.that transport~tidn: :i1se of alternative fuels other th~ elect.ridty (particularly •. :\:\•: • ·11: 
·• •, :~o~Pr~sse'.d n~h.1.-a:1 g·as) -~ill :fi~tq ·_~ti:ottg gt:eenhouse -'ben~fi.~ . .' J.ri ,n~tu~al gas's c~~~.t~eiit.~f.Ses ~·" ., -~,_;\,~·/'(::,:· 

: ' ·'· .• •• • . 'haye_shown ~o.ntr~ting,gr~h}lpt1~ ~lf.e,~.j:~·r,ex~ple,·~1ucchi (1997) ~tjma~ij?fo\j~ -'-stJ€4: ·• "·'\{:). 
• _ ,, : _ · ,r •gl'.e~~()use·gase·s .coinp~re.d t~:~a$()lineu~e ~ .. 201~,· w~ereas W_~gjl~~-est.911.~~ -· •. ~%f •• '_1 

•. -:,r .j,.,. \ ._ , • • ., m 20$)5. The -priµ\ary dif.(erenc~.i,n-tl)e·.two;ana~yses is -that Wang ,~ompµt~:a 1 , :· .- • ' f -~ 
}i.; .tk;:·t•:. . . . . p.en~i.fr assoc\ated -~ ,ith_ 'sW-it~~g • i~\,C~G; b~e_d -.o~ rec~nt 'test ~a·ta;))e,l~c, ,· ~ , ., 

1
,~.: .,, .':•: f_i-

: .• .' :/:.:~\·-. ·:·. • · ' imp_t~~~o\entp\ e_n~rgy_ef?ciency.b~d on potentia,1 _efficien~y_:gains•f~~:high~~.,,9~mp_~io. , >~ 
.·: ->·::::;, .U ·., •. , ei:igmes. pel~c~'.s. op~~~J;llaY,~ ~eltl~e._~~,9.r~-;~pprop!1~te app~o~<=:h.£6~ tf:i~}~~g~~.t~~.~~t~!: 
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·:/·· ·':,::. / .-, . • . ~1>~eak_tlu~ug~" .~~<;1l~W. 1,n·the,.~g1!~f.~~~cy/l9~_-carbon.scenano, ~'intpu~aJ.ys~.,~~9.~.t~~~~ • 
.1i:':\ }.~/~ j ,_: • :: . the·dµ-~ use :of hydtog~ ~ a.~el-~ ~uf~~ently,·more .attractive to._ou~eigl{the:_~~4~~,8~.'~_f 
;/_:.•. ,_._,,.,.._ . h~ro9en'~ l~w ~~e~gy _de_ns1~y ~C0!11Pl!Cat~g on~~ard ,~tor~~e)..~d,lack .~fa su~g1x~~I~~~~; 
1

• •• -:.t ::;\~ .:... . (Ogdel'.l, -~~77). The ~d~~t_ag~~ c,f _4~¾~Y<ir~gen}nc~u~e av~1~cll\ce of.µt~ -.a~d~,~~ d • 'O • 
:··i ·: ~.).:. ~-. the fuetproce~r and larger.~~l.cell.~eqµir~ '(~~l ~~-11 p.erfoi:ni~fe:'.is ~~~~~~ • ' t ' 
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• Chapter 5 • Transportation ·Sector • ·, • 

5.3.3.2 Changes to the Medium and Heavy Truck Model 

Medium heavy trucks are typically operated . locally in pick-up and delivery mode. For such 
vehicles, hybrid technology, with regenerative braking and energy storage capabilities, should· . 
offer significant advantages .. It is assumed that a diesel hybrid becomes available to heavy trucks 
starting in the year 2005. This technology is assumed to offer the same 72% fuel economy b~nefit as · 
the light-duty vehicle version . 

. Greater success .in materials, aerodynamics, tires, ~d engines, should make these technologies more> • .:, • 
econoxrically attractive to truckers. Since the NEMS Heavy Truck Model does not explicitly inciude :> '. : ·: 
an economic trade-off between fuel savings and tecluwlogy penetration; this effect was simulated by ; ·•· 
shortening the time. to 99% penetration for each. technology by 30%. • For most technologies! this' .· ·: . 
implies a 15 year ·period from time of. introduction -to nearly full market penetration. • • 

' . ' . . . ' . 
, • .. 

• . :·:< ~· . 
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Passenger car and light truck fuel ·economy · improvements are, in general, attributable to the 
combined effect of many fuel economy ·technologies rather than a single, dominant .technology. A 
number of improvements to conventionc\l engin_es combine to increa~ a,·erage new vehicle MPG in •. 
2010 by almost20% for passenger cars a,nd py about 10% for light trucks. These include engine friction 
reduction,· greater use of multi-valve engines, and variable • valve timing and lift controL 
Substitution of lighter weight mat_erials, aerodynamic drag reductions, various transmission 
improvements, and . the · combined effects of advanced lubricants, tires, and accessories, each 
contribute 2·5°/~ gains. . Of all the _technologies · added to the efficiency and h~gh-efficiency· . • 
scenarios, the -lean-bum gasoline engines (DISC and 2-stroke) deliver. the · greatest fuel econt>~y .. ·• 
benefits, abo1:1t. 15% for passe_nger cars and · 12°io for light trucks .. These numbers ~epresent 5.~l~s· •• 
weighted average .effects, taking into cons1deration the fact that even in 2010 new vehicles. are nof· 
equipped with these technologies . .Diesel· and hybrid technologies each boo.st average ne.w c~r and · 
light truck fuel economy by about 5% in 2010, t!leir smaller impact being due to· their smaller market . • 
shares. · , • • , , . · • • ·. • ·. • : . . • .:• .• ·., .. • R : • •• .·,i:-· 

The .sal~_s we,ighted avera~e ·~pa~ts ~f .. n~.e cl~sses of fu~l ~on~my _technoiogi,es ill:: _th~_,i\ign,: /\~. ::i\:r; 
: ef~o~cy (l?w•catb~n:case are illustr~ted m fi_gurrs ~.7 and ~.8. The!l:Jleas~e~ perc~t fuelec?.n~~f.i\~,'.,;,f ,\): 

gc\m applies _to ~e _impact of th~ technolo~,OI\ the ~verag~ f':lel e,co~?.my of cill -~~W pass_e~g~~-S~it-.'./. };r, .)p 
or light trucks and1 thus,·. takes mto .. account the · es·timated market p~l)etration for _each cai¢gocy:\gf:J ; ·:. ,,, ·, .. : , ... 
technoiogies. In. 2019, passenger cars ·. tet a considerably . greater: lienefit from ~~g~e . ~ff.i.~ie~1f '!' .: ; . :}( <.' 

• improvements than light trucks; byt the_ 'S-'P narrows cpnsidei'ably '?Y ,2015.· ~~Qug_h -~!, P,~ :a,.Nt (. :,. , \ ·i-~:. • 
2-stroke technqlogies.are the· mo~ signific~t new technologies in 2010, ,the .gasoline _fue,lcel))c~~~ >/./ ·:tf.:,; ,<i 
'on st~oI\g by 20i5,: ,llieJ#lpaci of the'h;lel

1

ceU.~ :201.0 is 'ob~i~µsly linuted ~y' ~~i~#P!i~~~ffr*>t \~\!;i~\ 
wottld be.Jir$.~ ,int{'.q~~s¥:in 2()_07. :The' impa~ts s~own in fi&ll"~·s_.~;:~(i _5;,~:d~~~ ~91',11-t~~\ift· .}itb· 
cost<; fu~l ec~~o~y-~~.~fit, an~ ii)trod~cti_~~ -~~te_assuxnptions ~O~,:~:J~p!,~''.?.i~A~~}~~:~~~~tlt~:':!-r:?::•,:\ .\' .. 

. NEMS mod~t tr~slatesJhose assumptions mto mai:,k~.t suc:cess. Jhus,;J~e: gr~pM'. 9c;,,:~o,h~pt~;~.:\J \: •.• .. t:: , ·, • ; 
: .. . , • pre~1dfon:-'of. wh~t' sp-~ific t_ecl\no:logies . _wi~l ac~ieve; J>.µt . r~~~~/ ar.' :,:illustt,a.?~#.}Pf -~~~ ~~4J~.t~;{/ ·::-: ~> 

,, ·:· happen given lhe outstanding succ~sses in fuel economy t~~ology:~&D, as r~flec~ed in' 9ur;N~{"'' • •• :· '/ ,•" ·. 
~~ :'/.. effici~tjcy/lo.w-carbon~enarioasslimp~ions.·. ,·,: . • ·· ,: ;< ~-. .. : /~./,/ . ··:~\ ,· ··: 1 ··.· .:; ,- •. :. ~'.?;){i:J''·~:->\;, 0,\.::~ 

•• •• • • • Th~\3% ga: · 16i ,Ji~t:ui;fihi~i~;,ri 2ot5 i; jZ\iightly ~:~l~ 4 :t,:OJiti~~-i; Eitf 1 
. • ;J. .. improveil).ents by' fre,ight Jruc:ks ~d)aiflri 1he,.efficiency .. ~enario; ·iAir~'lff{ciertfr~t: ·:.~· ,'# • • >, '.:\:,;):7:\· 
• >i·<:. ~,> , · lag.behind.at a mere\90,fin'201s/ b'ud@s ·1s·.c1ue .toithe fad:.tilat:ai:f;~as~g]f ~tat'8.encf' : •':,.· .. -'{ii 
• ::~)ff::.~;t. •• .. the -most Ct7o/o) k thl bJsfuess:~'as~tisJ~f ·,.ase:: in'2oici'"i:au ancrair iurv~:.~armf ~ ·:,f~~t ' :'I 

·~t :?::f{-::J ~: / 'g~; ovh 
1
i997;' ' Thif~:·cons~teht\rt~ ih'{r~o;.-c.!t',:o'(the··past ~~art~r.' c~wY:-':'ch.i~i ;'•!' 

·::-~~· .. ·:i f,~:1\:.. ··, these 
1
tiro 'mooes'ha\}~:t~lall others•'m~fn'~tey~ffici~ncy imp;ovement: ,··.:/. \, ;\:·'\ :-,.·<::: .. ~-~~ 

• , )('t .."r 1,;• f l .,,a1 • • • - ~ : -.· • ,,••~Y., ,.J1, • • • • •- .: , -ls~,t--~, ,_:,,•,.• ·'.]~~•J/':[";'~'(Y! •1J~ •,1} "" ,r.-•• 1••\'."• 4',. \ { . ~;• , ,'l : ~)_,1 :...:,.- ~-r•:,i,:~ • Y,f:J.~I"• : , ..,:, ( '('~• ~ :-~ . f •jltJ :,.,(# 

,:;\-JJ}t_;:;l>.\<: • .• -_,· ·:~1t /:{-\,'./ ·~-. .' ,: ·_.i.,',J,,."' ''fi.r:);i~J~:,;~;t. ~ '·r:1~.:-:-:;~.,::/::··_::\ ·</ i~:tr :_:/ ~:~~1·\~/·.~~ ;-:::.~•;;\~··,J:~·i~t-"~f'· • 
;. :,i\~,"'Nr ..... , ~~1:~ ,\· i11,<\ ., : .• ~.

1:.\ 1:Y ··$g~~~;;,,', 1 ?,;:r:.:, ::_ !J:~t~t~"',, ~~j:-..... '-;l·t•1r,.~ ~; 1 i · ;• \{~ ·-~•.r.: ' ¥1' 
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Chapter 5 Transportation Sector 

Table 5.7 Transportation Sector Energy Use and Energy Efficiency Projections to 2010 and 2015 
. (continued _on next page) 

1997 
BAU 

25.5 
,·487 

BAU 

32.3 
· 616 

2010 
Efficiency 

29.3 • 
543 

Change 

-3.1 
-73 

. , ' . 
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Table 5.7 Transportation Sector Energy Use and Energy Efficiency -Projections to 2010 and 2015 
(Continued) 

1997 
BAV 

25.5 
487 

1?..1 
0.0 
'4.6 
3.6 
1.2 . 
1.1 

2015 
BAU 

' 34.0 
646 

18.7 
.0.0 

. ·:6.0 
,· 5,o ·_ 
·. 1.8 -
.2.s : 

Efficiency Change · 0/o :: , 

28;7 
532 

13.5 
,.,0.4 

• .• 6.5::: .. 
4.i, 

-/LS 
2.4 ' 

-5.2 
-114 

• -5.3 

Chari e .. 
~ 1~% '.·: •i: : 

·-18% ' 

~::.: , .·.·;:~Y.:~:.::'./: ;' 
-0:72 -151/o)=••. · -

. !:~, .}t~i~.,. 
, -3 6- ''., ".;}9 Yo ,·' ;a., ,,,-,, . 

., ',1~23 ,_.: ., · 0
" :1759 ~'. :,- -1 ',;,,.. ':-'· •,::-,; 
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Table 5.8 Transportation Sector Energy Use and Energy Efficiency Projections to 2010 and 2015 • 
(continued on next page) 

· 1997 
BAU · 

25.5 
487 

2010 
BAU Efficiency Change % 

• 32.3 
616 ' 

27.9 
512 

·_4.5 
. -104 

Change 

-14% ·: 
. -17% 
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Table 5.8 Transportation Sector Energy Use and Energy Efficieocy Projections t~ 2010 and 2015 • 
• (Continued) • 

1997 2015 
BAU BAU Efficiency Change % ' 

Chan e 
~ .. s . 34:0 26.7 '. -7.3. . . -21'%> 

• 487 · 646 ·484 • -162· ~2s01~·:::, 

. ,· 
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Figure 5.7 Sources of Fuel Economy Improvements in High-Efficiency S~enario, 2010 
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Transportation Sector Cha·pters .··.: :.• . 

Transportation activity increases at moderate rates in the business-as-usual case and, 'indeed, _in ,aU · · 
the other scenarios as well. Transportation activity in the NEMS _model is relatively insensitive to 
energy prices. In the business-as-usual scenario, light-duty vehicle travel increases by 22% from 
1997 to 2010, an average annual rate of just l.5~·o. In the high~efficiency/low-carbon scenario, the 
increase is 24%, reflecting a very small increase due to the lower fuel cost per mile o.f vehicle travel . 
(1.7%/year). Growth from 2010 to 2015 is slower still, 1.1% per annum .. Air travel is the fastest .· 
gre>wing mode, with seat-miles growing at 3.4% annually through 2010 and slowing to 2.1% annually ; 
:from 2010 to 2015. Efficiency improvements in the efficiency and high-efficiency /low-.carbon :: • • 
scenarios include increased · load factors (passenger-miles per seat-mile) ·so that seat-miles · are ;:. 
actually 7% lower in the efficiEincy case than in the business-as-usual case in 4010 (Tables ~.i·_~d?\ 
5.8). Freight truck vehicle miles increase at a faster rate than light-duty vehicle. miles, 2.~% per • 
year through20i0, slowing to 1.l0io from 2010 to 2015 . . These levels are almost unchanged by furth~r 

• inqeases in truck freight energy-efficiency. NEMS measures rail ~d marine activity in 't<>n~miles, : • : -
'and these are up 21% .and 17%, respective.ly, by 2010. Once,.again, the growth r~te fro~·2010·to 201s :. > • ,' 
.is at ~e.much slower rate Qf about 1°/o per year. • . _, ! • ,· , . 

.. . . . . \ . . . ' ' ~ ' . . . '' _':j-~ :\:;··.::!.i•~ \ :. :-
' ·To_e comb~ed effects of ·mo<:i~r~tely iricreasin~ . t.r~sportati~n _a~tivity and sisnU!cant e,(f~~ieij~ ~\';~tt~ti i 
• gams are still. n.<>t e;n.ough • t~ red.u~e energy. use ·:or c~rbon . enuss1on~ beloy, pre~llf 1~yels ,by,'.2Ql,P .: ,A~J}}\\ :. 
Overall, transportation energy use in the business-as'.'usual case grows from 25,.S q1:1ads in. 1997~0 32> ;i; .::;: 
in 2010 ani34.0 in 2015~. The efficiency scenario l9wep; e~ergy ~ by 9%1n 2010 and'carbcm ~~~ .• ,;, ~ .,::::·· :,: _:-' .' 

. , ~y :an_ addi~;onal 3%, due to the s~_ccess o( ~e~~~sic: e~an?l :'5 a gasoline bl~_nd;;ng cgmponetf S_tWi~'.\\-l?'· i . 
energy use )S up · 15¾ over the 199'.7· level, and. -C~rb~n e~s1ons are 12%-~gh.er-: m.. 2Q_l~, ~ow.e~~~r.~/!.f?,i/&~ri; 

'. energy use ·and. carbon emissiollS ate . redu,cecl' co~p~r,ed to 2010 -but _still nigher• tha1r,itj l<J?r:fJt;f.::_';i:V;t 
< ,. ': ·: • Although the 1997 version of the 'NEMS model does ·not forecast be)iond 20i5, it:is reasonable,\to,'.:?\i_-~:· ::;':·'.':.h 

, .. ,? :· .:· > ' • assu°'e that ·energy ·use and ~mis~ions will coijtinu~·t~. fall .for a decad~ ·or 's<> :beyond ';z'o'if 'ii~•il'<'--J~ ·f J\ 
... 'technc,logical improvements perte!rate: the-sstpcl<.of. tt~portation ·yehides. . '. · ' • • • '. :: :\ ·?,. '4{.f 'fj 

. ·.·· ' . .. ••. . .': .• , ._: ... : .·-~·-· . ••• ~'· .. --:_.· . . . · . _:, • . . . ..·.:\:i-~~; ~~::;~ii>~{ 

I ' ' Motor gasoline use,, on the ~ther h~d;\{only o:is ~~ads higher in 2910 th~ in' 1997~ md is;,·~ ~ 1'.: ;~~1f,l'L: 
~ .. <, . •,· :,- ·: .·:· · ·q~ad~ :}ower, than 'the 'current l~vel-in ·2Q15. / I:ne \ise of 0.4 quads of cel~ulo,sic eth,~ol,::~_a':: l -;::~.,/~:tr 

' 
' ',• ; ' ' ' '. equi".~le~t ~hift: t~ •ai~sel ar~ ·parti,u~, 1·.~~►~~~b~e ' l~r . the redtic;ti~i\ ll\' g~?~f:'~~~~P... ~~1\1j.JX1f 

" ··Because ~llulos~c ethanolprodu~e~ ·alnlos! ~o net ::sreel_lAouse gas ;enuss1o~t .1t~!;5;~ -J~,o~;~J ~1\ t~. 
·.~an any fossil:-based altemati~~}uel .a~ teduci:ng :,~tansp6rtation's carbon ·._e~\O,!?:S!r~ • .f 

,:. {;i~i:: :{::\ 1:,' • .• '. <_ : d~tiUa:te and jet fuel .co_m~in~. is•~f.},;! qu,ad,s ~ipt? an~ _ is 2.6. q4~~ higl{,~r -~~:'tr~:~z41: .. , . ?(\} 
.. '.'i ·, ,,i,:),i•.\ t:\\; . •.·: • .. 2015, .. The slower gi;owth of gasolin~.d~mang ~-qggests:.a ,change in refmery::QP~~f1~P~-~.C?~ •,;:/:<.,:./:, 
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iOlO and 15%' by 2015. In most cases, the majority _of CO2 emission reductions ha·ve yet to be realized, 
even by 2015. The point is not that little can be done to reduce transportation's CO2 _emissions. The 
point is that if CO2 emissions must be reduced; the sooner one gets started, the better. 

5.3.5 . Cost-Effectiveness of Light-Duty Vehicle Fuel Economy Improvement 

The cost-effectiveness of technological changes that improve fuel economy is a very complex issue, 
~epending not merely on the value of fuel savings and the increase in retail price,. but on how each 

. technology affects the performance, reliability, appearance -and _feel of a vehicle. · Even such a 
seemingly simple matter as· computing the value of fuel savings _is not sttaightforward, since .it 
depends . on car buyers' expectations.about future fuel prices, vehicle µfetime (or, alternatively,_ 
market. valua~ion of_ remaining (uel savings when the vehicle is ' traded in · or resold), consumer_, . __ . 
discounting of future savings, expectations about" future depreciation of the vehide~s value, and • •. ; ' 
expected utilization rates. •• • • • • • • • • • • • • • • ·- • 

/ ··:/:~·: ·i ;:. 
' . ·.• . ' ' • . • • .. · .• ,: _· ' ! • .. .· .• . . :, )_,.·:·.- -... · -. .. ~---.. ::;.:~ _-.. • . .\ ;/~~ -

Techn9logical advances ·are likely to create new opp'ortunities to provi_de ,c,~her benefits 'of -'\\:. : ._• .. ,:,:· ' },'; . 
·_ importance to_·_car buye~: and to soci~ty. For e~~ple, )lluiti-pointfu~l:injec~o.n, is genem.ly he_ld \<:>' :\·•"'. :-, _: ·.:{>•_>i;~. 

be not cost-effective solely Olf ~e basis of fuel saving~_· -yet" every· new car sold and nearly every neYi-~·ri;-:::_. :;;-::,.>·.-·' '.f.:: 
light 'truck;is equipped With : i,t.. .The . reason . for inc~ud~g _.,fuel inj~ction,:,is that it . improv~s A?\.•:'f L /f·, 
drivabUity an.~: ~ls_o _is a critical technology for meeting_ en,us~ioils s~d~ds: '. T~<>,_l<;>gies inclµcf:ed _: ) :. \ ; .. :, ·- :,:·>t ;. • _ 
~ the .' ~fficie~cy ·sce1'arios :also 'have the po~ential ·to-):reat~ -~ial ,-benefits:·'.·. ·B_y, reducmg :,pil;::"it7- .·. :· :-,, '.·-.:.·;:, .. ~ 
consumpti9n, :"Utey will ~ec~e~ the \•olwrie of.-U .s:· oil .imports~ . :By.-·m'.~g-. it eas!~~(~ p --~~~p,# :t~f :~tf:-> -f~ ~~ _;, \f8 
imprQve- ~f~i~enc~ and _subs~htte,.alte1:11ativ~ en~r~ -soufces f~r. oil, ~~. t~ologt~ ~~ .. ~ (~Y.~ ;t*! ;;-.:-_ \ ,· • .1P,-_: 
U.S. energy_~cunty. Technolog1~s .such as hybnd -vehicles an~J ti~l:cells .~ifi·_~E:lP.,,Y~cl~.'.~~tf~/;:f.'J •. -. :¥'{ 
i11crea~~gly . st~ge1;1t , em~sions stan~ards •.. ·Most· imp~,rtantly~_·. ~~~iogi~al,lh.~X:~-ces':·~ W.£:h.t .. 'i•f:":,-~i;/\,i';\ :·:· 
essent~ to creating a sustainable world tJ'.~port syi;tem. , · -1 

.
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Although it took less time for multi-point fuel injection to replace carburetted ·fuel systems, th_is 
technological change was urged on by emissions regulations. Nonetheless, as a point of comparison, 
it suggests that the rates predicted by the NEMS model are comparable to .similar historical 
transitions. • 

~ ... ·~ 
t; . 

~ . 
:i 
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Figure 5.9 Market Penetration of Advanced Engines for _Domestic Passenger Cars - Effidency • _ 
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·Figure 5.10 Market Penetration of Advanced Engines for Domestic Light Trucks~ Efficiency Scenario 
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is somewhat controversial. In the buildings chapter. for example, a 7% real rate is used to value_ • 1._ 

fuel · savings. We believe the 20% rate should be used for valuing light-duty vehicle fuel economy 
savings for the following reasons. First, when consumers invest in a fuel economy technology, they 

. are investing in a depreciating asset. Motor vehicles depreciate in real :value by about 10% per year .. 
Thus, a passenger car that cost $20,000 when new, would bring a little more than $12,000 five years 
later. ' We believe that it is reasonable' to · assume that incremental investments in fuel economy 
technology will depreciate at the same rate: Second, empirical evidence shows that vehicle ·use 
decreases with vehicle age at ap·proximately 4% per year (Davis and Mcfarlin, _1996, Table 3:U)._. . . 

• • By-reducing the quantity of fuel consumed; this effectively reduces the value of future fuel savings at ,_, _. ::> 
the rate of about 4% per year. Finally, consumers will have a simple discount rate, reflecting their ' ' . • 

• time preference for money. If we assume that th~ simple discount rate:is 6% per year, we .obtain a · • ·. , ·: 
total discount rate. of 10% ,+ 6% + 4 % = 20% . . We recommend using that rate to .value futu_re_. fucf .·//(.:+ .:. ·' • · 
.savings from the consumers' perspective; 'That rate is also consistent with the va_luation of.flitu!~t:;1;1'.{{ :? . 
. fuel savings in the NEMS model. We show a lower 10% rate here for purposes of comparison:·with "- : • :.-.'<. ' : 

th ' . • ' ., ·,• :- .. [ . ·;· o er sectors, · - . . • _ ·'"" . . · •,. . ;.~··-:t:• •' 
• • \ . :_ ,· ., . . ··:_> -~t/\i.\,f~~ ::~fr-
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monetary costs and benefits, and attempts to simulate actual market behavior. Thus, the 
calculations· reported above do not correspond to the NEMS technology adoption methodology. 

5.3.6 Oil Imports and Oil Market Benefits 

The reductions in energy use achieved in the efficiency and high-efficiency /low carbon scenarios. 
represent significant reductions in U.S. petroleum demand which shoul? result in reduced U.S. oil • 
import dependence and lower oil prices to consumers. Because of transportation's continuing 
dependence ·on petroleum in the business-as-usual scenario, 95% of transportation ~ergy is s,µll 
derived from petroleum in 2010. In the BAU scenario, transportation uses 30.6 quads (14.5 milli'cin • 
metric barrels .per day (MMBD)) of petroleum .products. Technological advances co_ntained in .the 
efficiency scenario reduce pe'trole'um c~>nsumption by 3.4 quads (1 .6 MMBD) in 2010, and those in the 
high-efficie~cy /low.:Carbon scenario produce total .oil savings of 

1
4.9 q4ads (2.3 MMBO);. - • . 

J • ' ' I • , - I., 

Lower U.S. ,oil co~umption due to more energy-e!ii~ient t~ology '~d subs_ti~tionof cellulpsic •• 
• etha.noishould reduce. O.s.· o,il .impoft;S, or reduce w~rld oil.prices, o( both. - The 1!~~ WQJ:'lcf9il •. 
mar.ket.· response .is . indeterminate because it depen~s on the · actions of the OPEC~el. . In a • 
competitive world oil market, the. resp~nse to. reduced U.S . . d~mand d,uld be p~~dict~d based_. on 
knowledge of the U,S. and r~t-of-world supply and demand·curves for oil,. Bu~ \>¢aµ~ the cartel's 
supply, does·ni;>t necessarily follqw ·the i:ules of competitiv_e ·market be~~vior there .-is, in .effect, no . 
QPEc; oil . supply curve. , Fa~~d with ·red_uced . demand, competitive producers .~ould)<>wer :prices, . 
encouraging dem.and arid driv.ing out the higher c6st producers until a ri,ew_ equilibtjwri-wire ~ached .... 
-But ,( cartetcari' c;ioose .to tut ptodu·ct,iori; raise produ~tiori, or ·do ilothijlg/ ina'.&g'.:th~: ultimat~ 
outc<>m~ uric~#c\in: . Cutting prooucti_oniwould r~ world oil ·prices but ~ f c<>St° t~ OPEC:'would:-be 16$5 ' ••• 
of~ark~t_s~aie_, :a.kfr :,deteiminant of:~arket power._ ' :. • • •. ,. '. ,· : ', - .... ··_;,, ,,' ,,. • -Y:X.; . 

·. · •• •. ··.·< ·:·; • ..• ·: ::_>'_ ,<;-,\'; ·· ·.•· : , .· .. ,• . • .. . . ·>?·'•:.::?: .. ,··. ·.:-:.,;~?::.·· 
• , No mattet'~hat the OPEC cartel ·chose _to do, however, .either :c)..s.- imports' ~oajd;~all(\i)r _oil pri2~s/' 

wot,ild ,~aJI, qr both, as a tesult-Qf the :technological advanc~s reflected .in the'efficie_ncy and high­
efficieftcy'/tow~~roon sceriarfos: • · This is illustrated' ii\ FJgure· s.12, -~hich 51\tWs:'tts:' long.;;run•·.· ..... · -, .•. • ·.t,;,, . 

• s~pplf 'an~ d~mai\~ cu.ryes_f~r_pe~le~ derived fro~ the 1997 Annual ~~igy_~ .9~~=~-~\V;·~g~; ·: . ·,,. '. ,:\ft'.~: 
and Refe;epc~ OH-Price _Cases for 2010. •(EIA; 19961?, Table ~11). 'The cur:v;es-clear , . <?.Y., _ th~t·at:,the :. . •. • ·• ,.,· . • 
• • • ' ' ' ..•••• ,, "· • • . • • • ,• . . . ' ' • • ' • • • • • ••. ' ~ ' • ,.. \ • .., • • ., ;. ' •• . '1 • _., ' ~. • ' 

; • .. . • • re~eren!=e c~~ ,_~ii; ,p~ce . ~f,~Z~--~1 per;~~rel., dome~~c _su~ply ~-~ ~~~~~, i· >. Q'.tll_~r~~~-r~~ ;: • ., 
• , ·: • \\'ith ·th,e,.r~¥ ,tJ H~t tp~~2=9 .M¥81?} hortfall must, pe ·unport~d:·,t1. I~ ,J-!t1: ➔.::•1ti}t.1: :-- .. ~·:i •• : :~//(,,:,(_!.:, . .-:, 
~•::~,,_''. • ·.~.,,' ~:~\~f{: .~:-.:~\.•, :~~::~ .. ,'~,·p•d ~--:i•l/'i•: . .-,?•; '':1;._, ' ,• .• , , , ·••\:·~: ,::;~; : ,~§:}r;::;._:~~;:f~,\~'~~ r~.:',~. 7~;.:4~ .. '.: :•~f~ft. ~~~- '~ .. . \".~ 
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The advanced technologies of the high-effici~ncy /low-carbon scenario shift the demand curve 
towards lower demand, and may al.so change its slope (perhaps making demand more responsive to · 
price). If we assume that the world price of oil does not change (to achieve this result, OPEC would 
have to cutproduction by an amount roughly-equivalent to the reduction in U.S. consumption), then 
U.S. imports_ would be lower by about 2 MMBD. If OPEC tnaintains previous_production levels or 
increases its output, world. oil prices would fall .. As prices fall, U.S. domestic supply will decline 
and demand will increase; pushing imports back up. However, to achieve the original level bf 
imports (12.9 MMBD), prices would have to. fal! by about $5 per barrel ·(given the ~upply_ and 
demand .curves shown in Figure 5.~2). The $5/bbl. price cut would reduce th~ total cost of oil to .the 
economy by about $35 billion, and reduce the c:osf of oil imports by. about $20 billion, in comparison to 
the AE097 reference case. The possible outcomes are: 1) U.S. imports are reduced by 2.3 MMBD or , 

, more, 2) world oil prices fall by aboµ·t $5/bbl or.more, or 3) a combination of reduced imports of up .to . • . 
2.3 MMBD and a price decrease of up to $5 /bbl. ·occurs. • • .. ,. : . :;.-

5.4 R_&D ~OTENTiAL FOR ADVANCED . TEC.HNOL_OGIES IN 2020 

5.4.1 - .Light-Duty Vehicles 
·- -· 

• ~ '• . :'--~ .r 
' •' • •• : •,~ •:, • • •• • . I •, : • 

' . . · . ·. 
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. • Ultra-low rolling resistance ~ires, .CR of 0.005 (about half that of ·today:s tires); 

• Hybrid drivetrain with ,lightweight, highly efficient storage deyice ·(ultracapadtor or 
flywheel) and electric motor/ c~ntroller; 

• Fuel ·cell powerplant with advanced hydrogen storage or efficient · fuel reformer (safer • 
alternatives: DISC engine or DI diesel with lean NOx catalysts); and 

• Use of high-efficiency /low.:carbon accessories and low-energy-use design (e.g., advanced 
window coatings an~ insulation) .. 

. The c':1-""ent PNGV program is addressing many of the remaining R&D roadblocks though some need . 
• considerably more attention and the solution to otJters-mi~ht be. acce_ler_ated with greater resources: 
For example, c;levelopment of manufacturing processes for composites has~ hit hard ,by budget 
cutbac~; as noted; without major breakthroughs, composites \\'.ill likely be too expensive to ·- play a 
major role in vehicle light~weightirig. In -addition, there 1.s some· ~oncem_ that Japanese and 
European _firms are devoting more resources to· DISC. ~d DI diesel engines than ·are -U .S. companies,·· • 
and these engines 'may play a criti~al role in future high-efficiency/low-carbon. vehkls;-especially , · 

• if fuel cell development . is · 'delaye4 oi: is unsuccessfuLat reducing costs sufficiently for .'' 
. commercialization,- · • • 

•. Fuel cells are widely· believed: to be Pte:-most at~ractive powerplantqption fc;,r 'future vehicles; and 

:,:•1· ... 
-; fi. 
,: 

recent progress in increasihg.their·power·density a.nd lowei:-ing costs throug}:i red,µcfug their platinum.· ,. 
require~ents has b~en ext_rem_ely:_ prprnising; . Neverth~less, as di5C':lsse4spreviously, many hurdles :-- . 
remain, and their costs :ll\USt decline -remarkably for them ·to compete succe~sfully ~it}:l internal)/ -~· 
combusHon ·engu-ies: ,' ~ -fact',·_ they_.would' revolutionize the power generati<;>n industiy':long. before they(\.) .. '.'.· 
read7,efthe $30/k.W, le\'.el ofl~Es-~:-, .· . , . • - _ . . . .. .- :/ ;, • : . . . _ .. . . • • • . • : • '. ·, :: . . ::.~ .;. . 

Although s~m~· may vie~· :a Juel cell_hybrid vel~ide .as· an '"ideal'~. v~hitl~-,)het~ ' are shffici~~t -· ·.' ·: 
uncertainties in the .potential ~f t~e tec~ologies needed for . s_uch • a 'vehicle, . and_ ·sufficie1't • ... 
heterogene~ty _in regional r~qu~ments and markets,_ to imply _that an ideaI·R&_D,pi:~gram in ligh~•.:,., • i,:.> ,· _. 
~uty vehicle • teclu}.o_logi~~ should . b~ . a -~road _program • incorpo~~~;hg a • r,nge \ o~··.altema_tiv( :. \ )r -;f,'_°: . ,. 
tedmology .path~~ys_ t~J:jigh _yehic_~e e~fi~i~ncy ~d low emissi~ll;S'.;· A: bre~~Uiri?.~gh ;_in. hig~:.::r~· . .-.-·)···. -·i'-::_ ; :· 

.. ::· __ .. _. ··:· . spe~~c:;nergf.~~tl~ry .t~~?l~gy.} :~4pled ~th.'si~c~t.pr~gress·~ j'.elec~c;~~~~~-~d:.'p~we~ri~~~%/·~~ :· _;::,: 
.'. ,. ' ' :-, , _. •. el~f.O~CS, tor .~xample,, c:9~4 p~t il~rge ~UIJ'.\bers of: efficient· elec~c .- vel,tl~les_:intQ.• µ'lany urban~.-·,,:~-~·- > .. -~_:\ 
. ,:·· :: .. . • • markets; ·in s~~e. .:_of fl.lose n_t~rk!!ts ·ce.g., ·C~lifomia) • bo~ the ,over~ll ~missions . effects ·and .the'.,l,, ;•:·,( ) • / _. i ·_ 

... ~:: ~: .• . ,, •. ·_ . • gree~~use gas~m\is$ions .~~f~~;.c~~lcl)~~~-exti:ell\~.ly.positive/ Siajl~ly,J?,J~~th,r<>,ilg~ <>n~b~a.J;d:~{;,~;:;/:;~~$A 
;.:::,t .. ,\· _ •.. , . , , stoiag· tf technology·· /for'riaooal :;g' Miiiiieh.t::aUo.w -~ubstantial N>netratiori~'of'~fufaf:i7ilc-v~cles 'into·r~~r ·1·· \,•,~>;:::'~:~ 

·· }~;,tfit(,,·::;::i~;ltrianv''ii\ai"~ts • attb'nligh., thl • ,ci$it1ViF:.~::."1.o~-.. , -~~Irii§sibg,hli •· 'aef·Jl,~'-ch"~;it'i~,•7-,%otii&ilic1t i~: ,~~,>~~ 
'!;:it:,;-.t,;:~~::. !·, :).:(~-~•~.fir~1·.·:• .';{. --~ .... _.,,'! ' .~··· .• '> -~ .. -,.,,., ;- . ... · : ... . , ,::P~ \:.,...;.,~ .. :w-o-~~~!'t.~ -~ .... · .·_;-~ _:j"~ ·,. • .• -..:a<-•·:.,•....:-r -,,,P ,. ·, ·: · ·.1 .... ::~~~ .•:•.·.•'f•.~~~:p..; -. .•.:-: .. ~ ., ••. _._. ~Y.:.(~_~1r.· . .. f1-1l_ltii-:,~':-. "'~. 
-·• • • • • •• ' be 'substantially less than·'for c vs:ot'fuel cell·hybriw,·, · " -• • • • • • • •.: " • • .' • • · ' - • '· •• • t"'· i"'I ' · • • " ' • ' 
,· · , · < . , •·. i' • • :• ,. ~ • • ~ '.· • • - :;:,·· • ' ' . •• • • • • • • •.• • •· · ·::1: ·• : • •• • .. · ·· ,•. :~·.·:· · • .t. • · ··~ · ~,_.- ·1 '".·•--~::.: · _..r•::·. ": :\ 

. . . . . . i: •r ...... .. , ,-- . ·. . ·:. _. ·:: ~-. . • : . . 
,5.4.2 ·_ Frelght-"Truc~s arid Locomotives • •·, .. >, . ., .. 

. . . ,' .' • ,• : .'.?.:;··:,. ', : ' .'.': -... ' :.'_ :. ::,\-~ :: __ ' : , . .-.;,: ••. . . ,: : ' . .. . ""' ;,, <-.--·. ':,, · -:. • : .;_·, ;., .• ·,.-, .. ; ,. ,:.,_ . ~ ... •. '· 
·:· 1. •. • The ~iesel cycle,~~gine 'Vill ·_doffi?l!lte_:·the freighHr~ck sector aHeast .#tµ 2020 bec,ause of its high \.-::,.,i~>(;', _J,: 

.:- ' _--', ,· • . : ther~~ref~cienc;y;.~p';)ten~iaL-f'\~l1flexibilitY,, and d~ratiµityi . DOE's_':omce,.o('~_eavy . Vehi~e ·~;.:,A. ·,J\~d;~ \ 
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ik_v;';.;~-~i,-,: ;-,. /: _, the ~~.~~ling tec!m;~l~~1!~.9~.9.¥ .., t~;_a~~~e· fuel fle~b~lio/, ultf~:l<?i~ •'. emis~.19~;-,.~4 high .fu~l;,·· , ,:1.-,~t,;.; -:.~~J 
1{l~i: .;;~:: r · ·:,_ q effic1encx: in alt.classes 'oftrudcsl~buses;. :and other heavy \i-ehicles -~uat,:as off-highway vehicles' i i,~ .. ," -:_:-1 
·::.\~~; j,it::~..,;-;_;-' The- •• ',ichl new c~~-s·tfactor li~~dn'·2b20 is e· ' ied ·to 'achie~e;ar\'i(3n~road-~ef'econom .ofi>~~--· .'.: • :~:~, 
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have already been ·demonstrated t~ a limit~d extent, a key enabler is a 'c;h,irable highly· efficient 
NOx catalys't capable of operating at high-efficiency/low-carbon in an oxidizing atmosphere.ts 
Fuel reformulation is envisioned, as well as nonpetroleum fuels, during this period (2000-2020). 

However, as the efficiency of the diesel cycle becomes fully exploited (thermal efficiencies of over 
63% will be highly unlikely), the hydrogen fuel cell, unconstrained by the Carnot cycle, may be the 
next powerplant of choice for freight trucks, · locomotives,. and passenger cars. Significant R&D • 
efforts at DOE have· enabled the demonstration of methanol-fueled fuel cell buses and other 
vehicles. Howeve~, significant development of the fuel cell itself, power mana~ement strategies,. 
and hydrogen fuel production, distributicm and storage are required, and economical solutions are . 
hard te> envision before 2020. Particularly ·probl~matic are the low cost, efficient production,. 

• deliver;y, and storage of hydrogen fuel -(carbon-containing fuels significantly degrade fuel cell .· } , 
• thermal e_fficiency..:, in many cases to efficiencies belo~ tha~ of current-production diesel engin~s);i• .

1
;: .. , 

. The fuel cell powerplant, combined with low a~rodynamk drag, low rolling resistance 'tiJ;-es, and:·-, .,: ~ • : .. 
lightweight materials may raise Class 8 tractor trailer fuel e,fficiency to ··15 Mf,G or more. : . · . : ·: • . . 

• Locom~tive engiI\eS may be an ideal test bed and. an early entry for fuel cell powerp1¥\t ,. . : • 
technologies, because sizes . needed (409() hp-~quivalent) are_ on the scale of srrwler stationary .- : :. , .: ·.: 

• electrical power generation plants whkh-are . .already commercial. In addition; locomotives are ·-:"'.''';;·~--:<-· 
already:driven,by computer~driven: elec;trk motors for tract!Qn control. - . · .• . . • . . ·>. ; ,}i/ < ;; 

..,,' :··!•, '._ .. ,-
, ·,· .. • , it, .. 

5.5.. SUMMARY. • ;_·';; }\;,)? 
• • • • • ' I • • • • ••. ,I~ ' • .• • • :;- ,_:•. :.• :,/.-

• " . I Cost:-effective or rie~r.cosheffective technologies arid alternative energy sources have the poteritjal ;' >_:.·,, .;-:r: .: 
to •signi,ficantly restrain th_e . grow~ _of the : U.S. transportation sector's greenho.use gas etnissi,~~)t'.){)<\_'·,': 

. -~-~':'8~ 2,010. :·~ere remains a S';1~~taritial reseiv~_ir of prqven techno~ogy_ for imJ?"rQv}~g ~()~,o!J')J{(/\. : . 
. yehicl~ ·ftiel economy, and technologies that are,:very necµ-ly market-ready (such as ·th,.e·~:>ISC-~~e;\·'1:, '.;1::.: .. :·. -· ; 

with · 1e.~-Nox· catalytic converter) will ~ost • certafuJy_ further expand-the .potentiilf to increase,·;/\- . .-_:,:, :· .. _: 
MPG by.2010. New technologies arid <,>p.erational efficiency gains hold out _similar potential for air :~;,. · •• 

. passe~ger" travl:!l", and for . truck and . rail' freight. : Ethanot d~rived from cellulosic feed. stocks iris~ead'.;',;'.:\<.-. . 
• bf gr~·co.uld ~)so make a ~ignfficant 'corttributfon by-2010.:as a blending component for-:~onv~tj9~a.l):,):;; ,:;".·<.· · 

. . . . gasolm,e : if• cost ~d ucti<:>.ns for~seen by energy. researq-i~i:i; : are achiev~d. ·averall, ::the/,~O~qin~sli)~/l'i '\~'.{{.; 
• -: •. •. . . ", ... , •.'. impact of such technologies could be to reduce greertho~··gas'emissions by 10% µ\ 20l0·Md'. by ah#~ ' ·· 1~~t;,·1; 

I • • l < .. , ' \ 11 • , , • • 1 ' I ' • t • • ,, f ~ !-4),:1.":,C t , 

' :.:, ._ :,, ;:, ;-_.,~.-. \ .. •. '. 20% U1. 291s, relative to the business-as-~Sllal c~e. : u i.¥,:portant breakthroughs cari ~ 'achievedJ i.\ ~i, ? .~.Ir::.,~:: 
• .. . • -: .. ·., '.: ,. ~~ : .. _ • ,fuel ~el~ :and other key technology, transp9rtation's greenhouse gas emissions in 2015 could be held'~,··{//<:·:· "\, ·· · 
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• _..:,.:_- .•f •-1~~~F1 •. _·aric(34~0 'in 20iS: ''Carbon diox1cie·enussions~ iii)nillion 'tortnes' of carbon~ increase from '487ln~i997I . , .. _,:,;r:f;: -~: 
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• ._'· \ _ . 616· ~ 2~10; ·and to 64~-in 29~5;_ • As menti~hed earliet;: tl;te:,busiriess-~-usual case antiqp~~es-_ra'tes l?f,-.. <(~~:);/t-'· 
growµt ._m ·transpor_tation activity that. are slow by histo.ncal ,standards. The .actual outcome·.c(?uld ::_. ,;: . . '. • • :. 

• •. _, •• , • ,··. e~ily be:10% higher:. -The efficiency c~h~lds transportation -energy-use to 29.3 quads in_201~~~;:-,1.i;~,;~i ··: • ; 
:. • •• -_>;···. ~.7 ,in ~Ol5. , According~y, ·carbon en$s1ons g~w·to. 9~Y. 543_ MtC-'in 2010 and 532 in -~015. The· f~~}/" -\,{.;.:,· . . ~ 

.. : .. _ -: · ·,:J~'lat ·~mis~iqns are low~r in 201~ than in1-20JO refl~cts ~e fact that changing, the .te~ology}>_ .i(, ;-/:{ 
• • ._> ::; .. ·, ! • ... ttansporiation energy use· requires .the ord~rly turnover of durable capital stock. The high-1:;· ,;,.'.~\t< ·.:; 

. . : · :·,_..: /(} ;~ ·::; effici~cy/1,ow-carbon scenario holds ·2010 carbon emissions from transpqrt to 512 MtC, ~d .red1,.1ce's ;(II:< ·\, ·.\ ·2 
· < .. -:· .. ;:·{◊{i\i( 2015· e:iuss1<,>ns to 484 MtC, just sli~tly belowfthe 1992 level. : .' . • • : - ' : .. • :. . ..: • i ,(;_;; 
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-~ • : te"'""·J~,;fuel$'.·ex ·ands iri'•'aU tfu~•!sc~~t;:~~ '.NatJtal!i.fu;Jc.hrtsum tion'Jor· ··ans ·ort/ " w·· f 1tit' 
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Chapter 5 

. 2010 pipelines still account for 70-75% of natural gas use, but CNG vehicles consume about 0.25 T~F, • 
and .natural gas used to produce methanol for motor fuel accounts for nearly all of the·rest. Biofuels 
in the form of cellulosic ethanol come on strong in the efficiency and high-efficiency /low-carbon 
scenarios, providing from one-fourth to one-third of an MMBD oil equivalent. In accord with the 
AE097 reference case projections, all -scenarios foresee substantial increase in ·electricity use, . 
essentially all going 'to electric vehicles. The lower levels of electricity use in the efficiency .and 
high-efficiency /low-carbon scenarios, like those of natural gas use, are due to the gen_eral 
improvements ·in vehicle technology in those scena~icis . . 

• Table 5.10 Transportation Energy Use by Fuel Type · 

2010 
. • Fuel 1997 BAU Efficiellcy . High-Efficiency . 

Petroleum Fuels (MMBD) : 11.77 14.59 12.91 12.1l/ 
Natural Gas (TCF) ,•- 0.75 , 1.22 . 1.19 · :11.16 ·. 
8iofuels (l\1MBD OE). : 0.001 • 0.()4 0.25 :0'.34 ._·: 

• Electricitv . (MMBD. OE) . ·o.04 ·. ,0.23 0.22 • 0:10 -.··: 

. . '- . . . . ~ ~ . 
• ' Note: . Petroleum 'foels • con~erted to million barrels per day oil' equivaleot using a he~t. ·conient :o_f 5238 

~MBtu/barrel. Na'turat gas mch1des natural gas u~d to produce_methanol for ,use ~s a neat fuel~ but:does not .• · 
mclude natural gas~ to proc;iJJce methanol for -use m Methyl Tertiary Butyl Ethe.r. It IS assumed ~t, ~ pJ"Q(iu~· 
one quad of methanol, 1.44 q~ad~ of natural gas are re9uired. Fo~ electricity g~neration, 3~· q~ads ~{ p~Olary 

' ::.-- . ••.• ·•, ·. ,,\. 
.... .:.: '.·;: ;~ •• 

. ~ ,,., -- • • , .·• .... - .. • , .. ·-, :. : : _ _ , . . . ... ·. ~.-- .. ·; ~-.. ·. :>-~;. - ~.:>>-~~-- . . ' 

·Carbon emissions by .mode at¢ sum.tn~ied in Table 5.11. Light-duty v~cles -account fo_r_;th.e ·yast· -
majodty •.• of carbon . emissions rediic\iorts versus the · busines.s-as-usual case; wfth(si~i~,mt_' · . 

. . · . , . co~tributfons also ~eing ~aqe.br'.~¥.¥5 and commercial aircraft. Rai} .. fte_ighfshowsjhf·:sfe~test. :: •• 
,. • • , x:elative .red\l~tion/ wh.il~ :.~~.;;is~i~IlS-ifro.i:ri -shipping,' military and "o_thet'~ are. essent~a~y :f.<>p~~~ , . 
\ . across the thr.ee sc~nanos. , •• .-. • • •, ;, . .' :.'.':, .: , •. . 

: , . ,. j a~1Ji;~ Car?on Emissions in 20i0 <MIO S . , . ':3'.3)i,;fr;:·'. ; · 

energy are assumed t~.be reqwredfor ea~ quad.of electrical en~rgy consumed. , . . . . ·. . . • . ;_. •·· :. ,· -. 
• • • ~ .' · • ·, : ·c ~: •. • • , _. •, .. ,:>•~.>->· ·\ . • I 

• ·"_!-, :- • .. -, ,. 

<·: • • • • • •. · ,., .• , .. · , • ,-f, ao10 • .• .. · r ,·,. ,:1,.,::/H~~~•t;. -.'.. • 
•:,,j•,•~•::•,:•r :.:•' , 1 , :,/.· ,_· .... . • • , •. ' -·•·•••. ••.,: ~.•t,?,:.~/~,:\•.~~.?.:.·.,'.• 199.-.f,\7••,.:,'.~.~;.;,:~,,',,.,.~~.· ;:_:~• , ', • ., •. ,,.,,,,.' ,I' ' • •"•~ " • ,: 4 l ,. -::~• · 

·:;:fl~!~f~i:·i·,·:-'_1• • . . . • -:.-.-.::,•·t··:.,· ·'•; !"<:>: • BAU·. Effid:~cr:::; •. --• .Hig~~;~~~f ~~~~( :_,: ~ .· . . . 
:... /?;:: i ·. , : ·: . Light-Q'1,tY Vehicles ., •. ·::. :. · . 27,8.7, .!,._ .. . : 346.3 297'3 ·: • • , -~ -0 •: :·,, , • • · • • •• · 

_,, ;. --~ ~ti~~_:_ .• _:_.:'•,_;_~·'.:-i_i __ .•.:,::,:_: __ • . .::_~--- FSF{hr:i.·~pt.· ... ini'_:_r .• g·,·,R,ru,'.,:"';,:t•:_:·:·r.'._i __ ·~'.~'-· .. ··.·::,·_,.;:,~-:_:::·_-.·.:_i:'~.·,•.·.' .. ·,.-.··:.·_·_:_·.:.:,._t ___ ;:._: __ •. :,'._._:_._~.•.:_.•:•·i·,:.·,f_· .. ··.;_,··.~,r .. _!.:~'.·,; __ ~.--.~:,~,-.•-.: .,.~·: __ ;.·: ..• :::_·_-_:····f,:,·:,··"·.:.:_~_-.::_ .. ~.~.·.:,~ .. -,'.:J:>:,·::,"'30:;a., ·-·l.i, ... ~_;_ ...• ~:.i:'".~ .. :.~_·· ... :,·_'.·._j.it:,: __ • .• '.7_'.:_~. :_/:_·_.~: _: '.:.~4:2·.:~7-.·· .,: • : ' ' ', _:::: ::~-
8
it'~(i?: :i ~'</ >::,,;::\·~irt.)::~}rr 

7
f ?tf :L: 

-. ~~~~££ii, o~.r ,t ·•: · · ,:§:•I · ::~ '. ': > :;!f ':>' ';:,}?I!t~~J·:tJ:~'.:~f '!Z'.( :V'.ei.Qi 
•:: •. • • • , • • • I ~ 

~ ~ . ·. ··:,•· ~--:.1~....... . ,4•• .·:,· · ,, _. .- , .. ~ • •• _,, -~:'I ··. · •• 

., .... " • .'.. . • . TOTAL·:,,/ :. :486:;~;~ ;- ... •. · , 615.9 . • • . 543·.3 • • . •· :Stf';s'\(·:/: ,\;;·, .·<:· 

'·.·:t:; ,_ .. _. ,Note: . J3~eakd6w11 ,into .m~al.¢~rbo" ~~i,onsba~.d on ~missions:factors taken from Elf. (1996d>;'ind~DO£i_ .:···., '.': 

f 1::{i1&~: :2:~i-~;~~~~~~~~Ji'.~ ~~~oom5~.~lish~¼~~4-it~~>i+ 
,/:'.·:-{'. .< Jh~te; ~ ;'.t~~r,.~e~_onf:f~ .. . ~~r,~t; li~~~,uty vehicle t~ology !}as b~en·:f~ mo~Jl;lt~iv,etf:}l.:':~ ·•t }[:, ··'. • .. ' 

'· ~~,, :···:. · tud'ea·•'·· '. '.th'"t'til· ... , .. ,~fa ., .• r. ... i.. . ,. ... , "";.:, ' t th techn l ••• al '. t ti"'1 f ', -,1..:,;, .· • s;.;•;a •',~~ ~-• ~"'ti't-.~l •;•r·· 

;r,~ttl:tJite\i~vittfA~ii~fijrti~ t ·'.6~,~;eat~t-for ' ~t&t:~Jrthil~-::ib~t::~~,i:t.:¥:;if'.}if .. ' :'~ 
::~?:·aeriis i,~~~':R&D~~'fu~lli~~~~r~~e ,cJR.Third~·1ule c~~ercial ~al:~es~·--, r:~ev~~'t~~~ f ~~-d~~ ~:·:~%1;:r.,f.~~ ;' ~: .·' 

if,':~•. Y:fr:::":~~:,ri;t.f itJt~t)lt: .. t .•• ·· . 'f ·• • .•. r :/~/ < t\~·t ;~1l'i:tf :J ,t; 
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Transportation Sector Chapter 5 

sensitive to fuel costs and more aggressi\'e in the adoption of energy-efficient technology_. Therefore, 
the rates.of energy-efficiency improvement in the business-as-usual case are higher for these modes. 
Finally, light-duty \·ehicles simply use more energy than any other mode: 60% in the business-as­
usual case. The other modes cannot be ignored, howeve.r, and should probably be given much greater 
attention with respect to R&D investment. 

Although technological improvements have the potential to cost-effectively restrain greenhouse 
gas emissions from transportation, it is not likely that the chaJ)ges will come about without a major 
public policy initiative. There are two reasons for this. First, the problems posed ·by greenhouse gas 
emissions are what economists term a classical public good extemality. This means that the market 
economy will not provide the right price signals either for the _deveiopment or the adoption of. low- . 
c"rbon technologies. Second, the AE097 project.ions foresee a world where fossil fuels are abundant, 
available and inexpensive. _In particular, none of the oil market upheavals of the past quarter 
century are presen't in the forecast. As a'result, there are no other economic incentives to encourage 
either energy-efficiency or alternative fuels. In ~uch.an environment, it is not reasonable to expect . 
either: ·th.at ap1fropriate technology .will be developed or that success -in the marketplace .will 
result. • - , 

As a result, ·the efficiency case is b~sed .dn the ass~ption that . policies are ·implemented . to. promote 
. the development of cost-effective . low-carbon technoiogies and to spur the adoption of these 

technoiogies·. In our view, th~ , would include ata; min_imum ,a greatly increased. public sector 
.investment in .R&D addressing energy-efficient and low gre~ouse gas technologies, perhaps two to 
ten times the current level of effort. There~~ otherpublic inter~sts in.developing s~ch technologies . 

. . (e.g., energy security and environmental sustainability) that, _we "believe, could easily justify such a •. , .. 
. • 1evel • o( investment. But policies to ~sure the l;ldoptiQn' of low..c·arbon technologies in · ~e.,m~rket • • :., 
• :would •·als:o be necessary. -It is not tlie purp,..ose of this_ stu_dy to recommend what those policies should : .•• . 
• be; nonetheless, ~e are obliged to point out that mea,ungful polici.es_.will be necessary. • • I .:, 

•• lndeed, '_te~hnqlogy has enormous pot_ential to reduce µ-ansportl;ltion's greenhouse gas emissions . . · . ·., .·::,_, 
Cost-effett~ve technologk~ll chang~ _will take ·time however/ and its full effects will no.t _be felt'for •• ::, . >. . . 
two decades·ot more. Because the pro~lems .tha~ may result_fromincreased carbon errussfons af.fect • . 
the ·global · environment, signiffcant red~ctio_ns Will ~e.mand. pl~~~gfµl: puQlic policy initia~v~s. :-: :. , • .-·t 

. These 'must · include a .greater effort to develop low-ca.r~on _technologies and a coinn\itinent to • ·? . 
• • •. implement policies that Y!ilJ insure their adoption in ~e· m,i'rket~ • • • • ., • • .. . . . . . . . '. . . . . .. ~ . . . 
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.Removing its· wheel. $k1rts;:-which. .nught irih1b1t mamtenanc.~ ·~d res~r1ct the veh1c.le's .turr,ung .: . : "*•:. 'I 
circl~, ·would 'likeJy raise its cltc{abo'iit 0,i2 . . ·B.ecause:the vehide·:s .und,erbody cover,a~ds weigh( :. : ··.·.·:)_.,·. · . 
• the net positive ~f.f~~t .. ~i:t Juel_ et:on9my ~ill be, reduced somewha~ (ljiS. ~c,rigi-ess, <?T A;)~S,)~ :')}) ,,: •• :,}''' ,' /, ·~:/ ,, "'?_·: ·· 

'·,\ .,, ,, • • J •., •, • • r ' • • • ' •' • !) ' I " ,., •. I •, • ) • • • '; ~; •,I•'/ 1,-, I > ,·, 

4 In ·particular, requirements ·fot Q-60 mph .acceleration and s_ustamed •gtc;).deability. ' .. • ·: • ,~ ·: ._ :· .. ·, :>.:' • •• , . 1 
.. ~. · .,, ,I· :· ··: . : ·.: .. ' . ,,,. '. • . • • • . ;,·•. ·. , ~ ~. . • • . .' -~; •. ·, ',' ~: ·: •• ...... , :•i::. • • • J 

5 ~o teferr~d )o as : co~pression, ignition dir~ct injection .(CIJ?I) engines ·and tu,rbocJ:larged .qirect. . .:· •. . . . 
injection (TOI} diesel ,engines'. . .. , < • • . . • · . . . · , • _ _. _ · . ·: ., ; . ,,• •:· _.. " 
6 Ari accurate_cost ~oci~~n w6~1l~iive ~· account f;r the transn,i~ion need~d by '~e.·:~$irie:~~~&ifj~f?>0,< ·, ~ 
the electric mot.9r needed .. to ·cox:iver\,th~ _fuel cell's output ~lectricity;into sh.aft ·po~er~:/)AJ.sO~; ~~Juel I .~;. \1 . • .• /'. 

'·':.:t,: .. _f,·.,: •. ~~.: .. ;_;_::;_l:i,,_-:"_: ... ,:.,.'.'. ·' celld:ive!r~in _tnay'~1d ,a .pp~i rtp1:t~frery; todrive~ele'hi~l~~~ -Wi}:l.it'~~P.}:~:~~reWW'.i'it:('f:':tftr\,_·,· t 
' • •1 At abo).lt 3700 psi ~f~;~g~ p~~~;Jr~';.sio~~ie volu~~ fo~ hyd;6g~it ~~.\~b-6liS.thn~~-tll~t\11~~~d f~r. )::',-:{·./' .. ·i•. ,, 

·"·· ;' ~-.: ',, ,., :. ··gasOlirie ccier·· i 99.7f :f,{./'" ...• ,: . 't.,, • •. t':·•,..-r .. ;"'" : '- '·. I ,. I • • .. ,; • ; ' ;· • • • • , • ~r·· :.-:>-:t-':·.., ·:.· .. I . ':'· ·. '
1

' •• • 'r ~ ,, ' , •·'.,_;-:.; ·
1
•

1 t<. ·>' ~·:· -~_::_ ~' ·_·;·,~ •. 'l 

~~:t;:i/ • • · ,8 ~ addi~;~~lc~t / l~; be fuJ:;ijiJ:tf ~is~~~- efficiency ~~~a~~d;':';it}l
1

.ri~bo;d ~e~~g :J :~!u':)i;);~;::~i 
'.f.l;J,{-. .• • . -~ t}:te originahei~g,of-,the'g~~¥e? l:fo~ever~ o~board hy~og~ s~o~age }:las energy~c:~~ :~ .tlie\·.,:· · ~~ {~::.,.:, I 
\})t~; ,: ·• !::n::rt~~~s;:i:~~~~~~~:e,:t;. ;r;::!~ :=._an~ , m;r_e efficient ~an :~

1
e/~b~~? \ t • '-:;. • •• :;:~'. .. ·-! 

• .·~. t . ' • • . •. • ) I:;,:~.· \·~· .. \'.: :,';• . .-·. , , ' .. : ~ · .... •~ .. ·, , . , , .. !·· ·, .• :;. :;· ,•!.°: •• • j' 

• . ·: . .: ·, .. • 9 Despite w}:\at· is ~p»ed in the N~S. Transpqrtation Model_.doc_umeritation, W!! were infon:ne~ by 1 ; ' • : 

·/:•;} •• ,:i Mr. ,David Chi~h, :,prµjcipal in··&a1;ge ,of the Transpor,tatjonM~el, ·that ~e model's .~altjtlatio~ / ,·, ; _ i 
·t~~t/fi:.:)_·.:' ,, . . were in 198~$'.::-~ t s~ -~ ~-. ~~~~;,r,~~~~~-):~q~~t~s ,t<? app.ro~~te!?:-·~~;~ .·~9~r~~lla!'.~;·r:\'.~'.:~.~,\\.1))1/~,f,/).·· ':: I 
.::-~~.;;;:;t"1-:;'.,: • 1° For, qubon only;J>r,.$.08-$0.~6 p~r ·:g~llon if •the tax applies to,all_greerthouse gases~ '. on :a c~rboh;:i~_!,;\t_;·-:::'· . 
i:~~.,,.i~r, ." '-.'' • • ·• a} b , • .. , ". il't~'' •. - /-·r ~· ff,,,1 • ·, \ . , -i. ·-hi ,• • . , ... i .~ •• '~, ,.;;· •' -l';i:; .t:,1"'\,.t . . i • • i' ,<,,.,. ,· .,,eqq1v ent , a$.~ '. :'<-,,.:~~:v_,..,,..,. 1,., .. J,1:•'• :, .• · ··_, ·., •• ··.-·-.,t,1\l'•.,,··,.;·,, . -/· .. ~· ,: .. _1,_,-,::r'";,·;!~~ :1.,,,-~_-.·.:1 
'·, }'' :,'. : ·. :it c··' ... ,,:J~ti,.r/;JP il~.>·i:/ )lNiJt\i5' ) .h '· f. ,Ar• . . ,~ • ·,N·. ·rt:. ··.,;:;;·1•i-~t b·,-'..i.,.'·'t•·.ii:. ·A ..• ril'' .;i3:·;jlJi9''9.,7::•;:·~--.:rie1· /'"j\ ,·. 

,., .. ' •. . , ·ommun1ca o · rOmJ•fnargare 1~ mg , o .· gonne , 1ona ,,.;a ora ory, p 1 , ·· , •. , -:n -
:->,,,,n•,·· ;, al·' 1 -. 11 ":'"''"''illl."t, '1'/,1\:,,,1 • . ~;:;_t;)l',- :t.i't~••t\1•····1· 9.9"· ,i•.:r.,, ~- ,, . f--~·-:,;i,.,~ t l rt<"·~.;::.;','•·:~ ... i,. '/CUc.:\'t$•j~C ,,;,,;_> •• ·,· ···t·:i .. ,; ,·: c cuations·were·ma e:·-usmg.me :ucrust,1, •, ,-., ,v.ers1ono .: ·, -~"!u.euccrusr,':-~":".l&'ouse~ . ,,,,_. ·• 

,i'}'t•,. ·4,· / ~,,.· 1 ' ,·d ··:1i;' ·1"' , .,i.1 ~--~! • ~"i;!t;· ·~ t11··f~ ~ ·,.§;4;~1:1.t 1h.,~,~ .i.,, h l .• •;;.,;8 '"';r.• ,.:.: ~ :,,yif,.,~t.. ,th' ,:..-...,th·~ .. ; 4• -~~f.. l' . 
•n:. • • • m""'e an :, c u , ·, 1c1en ams ·.w 1'.u:.m1 • • occur-:.w1 ·~ e ·use t!o 7 •·: 
·I,.\,, "'. 'Ye.hide ·"{'··· ·'··, ,;;',;)··· 1i·'\' • ,,,, '·<,,'·if~;~_:,.,,,':'~:._: • 
·r \ }{f, \?. ·: ... \ 1~r . r.:~tF} , '\'li0,:\~\ ._.·):,. ,. 

~;·:..tY12";) \n;:.;alterna l ..,._-:;;,~-,;-,1• -: n Oto ~ t ese~vechnologies ' 
'~\•~-il.,r ~ ...... _.,11 ·-!ti;: n~; ~ ~ ~\'-~-". I ,~r:.c"-'4~'wi~ ,r'\.t ,>.r' '-fy:•.,'1,~~1\T , •,;• . '"'.'!':: -·~,' ,-1{' dfj.1 

,.¼.¾ii"irransportation·,, •1capabilitie . Hroach:-was •· • otttak 

.. .. ·.···;.,~i:!t\:]J;i'.{
1
,~~~¥/~ti ·})'.'~ .::;:·;:~tl{ ·): ;1/,tt.t:.·~:'.·:\.?' 1 ::)•R. ·.::~~ 



~-~•:, l!,~' 

• ,' • ' ),' t: ~" 
. ... ··\ •. "' ' • ·,ti 

: }.\.;~t j,}, • •" • • , 1 ~'.~fi,, ;;~~ , • 1'' =·• -t\, • .'~ , , ~•; 

• grounds that diesel is. Jll·ore ,'con'yentional than an alternative fuel. , Con$umers are· familiar. with itr 
. it is widely available and, especial,ly for the .ad\•anced, c;lean, TOI technology co11sid·e{ed here, its 
P, • rf9rmance would be essenti~~y:td~ntical to that of a ~asoline vehic)e. . •• . , ·. • .. ,: . , • 

, . ,, l • . 
13 Actually, for ap accurate_.co·mparis~n, an KE plus a tr~smissiof\ and inexpensive fuel. tank should 
be compared with a fuel -~ell, hy~r:ogen storage or liqu~~ fuel storage/reform~r system, battery· ~or 
wa,rmup ,power and power buffer, a_nd electric ~_raction mo_tor, making ~e t~k of comme~cja!iz,ingl 
fuel·cells all-the more onerous. • •• : , . • • . , • . . • • , ... • v • . I • 

14• Jl,e., Ciass ·s ·t~c~ i~:·:veh effici_ent_already.;, 'Co11side'ripg an energy pe! "ton•_mil,e, n,1e~~u~~ef~ 
PE:rfonpance, an eqt;uyalent,passenger _car needs fo trav~l -about 140 miles·on a gallon ofg~~·t • 

~ eff1ci~t;as a 7 MPG Class,8. truck. . . • ::• /'.; • '~,l • • • • • 

·, ·1 ,, , ·~ •:.:. ~-- ,, . f , • ., • /~· ·:> I .-. -~ ' ) ,) ' ..J'. ~ ';· ~'- : . . ' l' ; I ~ ~. 

1

\_. ' ~ 1,biS ~~~~logy. __ is .,r~q1:¥:4: ~ff,~t~~~~;;IJliec_!i~n, ~~o!in~{~~~es as wen.:" \; -,- . 
..., ' •' j ·:· ,t •:· '' - .,. 
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Chapter ✓ 6 

THE ELECTRICITY SECTOR'S RESPONSE TO END-USE 
EFFICIENCY CHANGES • 

I 

6.1 INTRODUCTION 
f 

Electricity consumption ~ccounts for about 36% of both total primary energy consumption ~d carbo~ • : : f ••• :J; 
emiss_i~ns in ~~e l!nited St~tes ~EIA 1996a)._ As a ~onseq~ence, con~erting 'efficiericy-~~u~ed _ .. ,..:'J,. > 
electnc1ty savmgs m . th~ residential, commerc1~l, and mdustnal sec~ors 111t9 carbon reductions lSJl • '" • 
critical part of this study. • • • ' • • • : : •• 
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Chapter 6 4 

• :· :i-r-. ~· ... :~· '.' ·•., ,.; 11¥ {i::, '·. 
. ;, 'The Electricity Sector\•. (:;·:_· • 

We see a future in which the genetation sector will be driven primarily by competitive forces rather ' 
than by .regulatory mandates. Decisions on whether, when, and where to build, repower, or retire 
generating units will be made by investors, not by regulators. 1 Historic~lly, vertically integrated. 
utilities. have planned, built, and operated power plants to minimize the life-cycle costs of the 
entire electric-power system over a long time (e.g., 20- to 30-year horizo~).: In tomorrow's 
competitive environment, this decision . rule will be replaced by one that emphasizes th_e 
profitability of individual generating units over a much shorter time horizon, using a higher 
discount rate to reflect the increased· riskiness of power-plant ownership. • 

. . \ . . ' • . • ,• ·i . !, .. ~ ,· • 

Our view of the future calls for ~ost of today's utility-operated control centers to b~ replaced by :-•• • ." 
independent system operators (ISOs) that cover larger areas. As a consequence, the number -of contro,l :. :,,, .,: 

• areas· will decline from aqout 140 to perhaps only 20 to 50. Because these ISOs perform a monopoly • 
func~on, they will be regulated by _FERC. ••• ·:. 

' . ' - . -, . ' \ ' . . ' 
Similarly, transmission will remain a m_onopoly· function, ·al.so regulated . by' F,ERC/ Increasingly,_. • .. ·,: . 

. transmission will be ·separate4 from generation; _".J'oday,_ FERC requires utilities to/ 'fun~tionally" i\i.'i~: ( . :: · 
unbundle generation from transmission. - In the future, utilities will increasingly divesHhemselves'."·Ji'~Ji-<i;;i;·i, , • •. • • 

'· o~ their generation ass_e.ts and .~ill . becom~ "pure'.' .transmission or tr~mission-plus-~Hstributfon fi.¥1::i •·~- ·,: 
utilities: .In this environment, transmission. will become a common carrier. . • • • • . · . . • 

1 
.. • ,:"11.f,:ffi;\: ·-' , : 

., 6:3: MODEC OESCRlf'TIOtf . ':/, . .• . •· ... · .. , ~;;;; ; : ,1;;J;{ ·:,:; 
::.,.-· . .C~RCE"£? is c\1' exparided 'version ~f part of _~ pievioitslr developed m<?d_el .c~~~ :?~~t(0ak ·~~~:,~.,'' • ·o((;..:·· :,. '),·¥,: 

~ . _Financial Model) :(Hadley· ~9:96).' :. JVt.ier_.e~s _ORF~N .1s . a comprehens1v~ _el~_c,~1~~~J~~ty;·:~l~~i: i-~?'\ .. / ··:!1 
. __ . ,·. ·;mod~I~-ORCED deals only,-'.~ ,I~ ;ge,neration. We _- deyeloped OR~ED ._to a14.,:1{t~~e1~,ai:l~y.s1S pff~ . !~:";. • ··; 

. , . operatjon of .competitive (as. opposed to the traditional regulated)'bulk~power m~tk~ts.:, The.mod~ :. 
· .. : allows the foll_o~ing,is~ues·tob~ ,~xamined: • - • • , • • ' •. ):_ .... -,r.-.\. · . 

. • •• ' • Horizontal mar~! :o~•r.~n-~,io~ o~g~~•~:~o~ assets.,;,~ng a fer o,me,s'.. '.: . Jc ::;}l~iF r . : 
.- . '. ,: .- _ ,,. . .-. ~ Gene~~tor:pro~it~~~lity~-Y-'.~i~h ,.~its wi~'-pei ~.etii:~d beca~ise .th~i.r:e?Cpect_ed re1;~~~e~ :JVif _:ot ... , i).1Y.·:,·,:: .:<{ f 
-,.. .,.· .. , ., .. ,-":. :. -~ov~r !he s~~l,;-of ,~eJr ~u~l. c~st!, ,varia~l~·:,~~~rati?ns ~d_ mainte~~ce_:,~C?~M\ cos,ts,~ '/:-,.y·: -~ 
.. : .. ,. :/·, -~,.; · \(avo1dable)fixed()&M~osts,~.well_cisr~powenng .~dnewconstruction ·_dec1510ns; .- :·,:·.': £1.~ ••. ·-•.,,'(",'--; 

,.1. ,,.' _ ,• f• l;'i-;·:~'' "~,- '>~:~.' ,,: . ' ·"'."· ,·:•,.• _', ~. ," ,' . : . • i, • .' '!,_- ;',. , ". :i.. "'~·. ,._•,·,: 1' 

::: ·\,,~~~,,.···· ', .. ,.,:._~~ -i{t~~-ori ~Q\issjo~\ti,4 '.~Th~i~rivir~~~taL~ti&tlof&~ge& in ~e U.S~•bulk:.pQt~to;; Ji • -~ i~)-,j :> :_P-~,::: /. • . .-?.<r -1.r,?·'}:<' • •• • • '._ .. _-•.. : _ :·: ;·:.J~'.iT. ;-:; _-1,,:.-;.~,- .}. '.:·· ·:.·· . .::tt :: •. • • :,·:. ,,,· : -. ::: ~"f:- ·:'i'.)\\\ ;,o- ,., , ~ ·.:/; '.;:/ .·.:~r-~--~ 
,. · . ' .• • ·::.,··;: ~ ·_ •-:0pwn~l mix of.new and existing ·g~~~_rato~, ·m~h.i~g,ne'w g~erating te~olo&es/·.:· • · ·, :_'.;t'' . . '.-;_~\· • : _ .. ':-<:,: 

( • ,· ~-':\. ~-- '. '• ·.: . . ..... , . •' , ~::\.: .,-~\ ;i'· ·:.~ . '~,1 ! .I'~,•,.:. Y. ,, .·•~'.: .'. ~~ :_ ... ,. ·,:..,.; ·:~~:-::.·~Jf. J ··,{;: .. ~ (°/;,_:•~1i~ ••• ' 1 !'. 

·.: :;- . .. :_'/ ... -:::·: ·;,_:Th~·zri"~~l'is's~c~re(t~'.;~~o~·siip~lati~n'.ot~i!t~re~t buik~p~J.ei mar~$!L~~chireg:\:fu parti~;. >iif.~:~ ~- f.~ 0 
.. '. :_. ·,, ,;,.>, theuser.canspecify:v.ariousgerierationptjcing·scll~mes:!· ,,' ' ' ' ' •·-:~_..-,, •• .,:_: ·1(:',~: -~. ~~· --·.--: '-:~i 

.·· :· :: ·, ·.i ,~;~--~-~·\.::··./·· :::·-'~. ,·',.··.)t·\~t.:-::;:t<~t:'i.';,;;·:,f.~~:J.-.:\:.,:·;,.};:}.7.'~-· : ·' . , ·., • .... , ,_ •• _A .,.:. _.--. , i" :·}?\l:i;\; __ _ ·_/{:., 
_. ·_• : ·--~- '•;•;~i' ?~\/: • -.. _An,~~_ergy-drilf~pof pric~'.'.,a~ p~o~p~e~ ~f ~ ~;~e~:·~~lifo~a invest(?r~ow~e~ -~~~c ~tili~~t , J~·if:1;,;~, i:~t;;i:) 
.•. ~···· ,- :,·. ·;.:\·0,.f:_· .:,,W}l1e:n,:~co~s~r?11;\e~ •. ?,~~.~p:e'5c~e~-~-.a~a1~~~le~~up_p~y, w~~! _wo~l.d -~th-~~~~ .•. b.~ -~ ~,.~, •·~.,.·?f::.:W ~ 

,7 ~- ... ,_ • :::.': tt·j./'~'.':, ( : ;-:~~er.SY. ,is ." ~ut!,ail_esf lfi.:.¥~~~ .SP,~t!pnc~~' ns~ ,spffic1e11tly to s_uppress ,de,mai:t.~ ., o,tmitc:h J~e·l ~14'-<i:i!'.~~t • 
--~? ·-~..-i.J~·:tt :si;;; '.1 \,:;!'of,,~V-~~'b.l~/'"''W., ~,atfug,~ i.e;~·aty f.lThe;fusei ')ffi.u atq\ this ~ (uat(dh :1,~ 'ec· '·· ··gt;,,• .. •·., ~,''" • 
i,;::,,· i,,, .. ':Ji :,), .. •-.,,. '\• '1~'' ' ·#r ,, ,..,,,!',, .... ~ ~~/;. ;;.F,~·qj:-· ll"~v''1t'" ,,,.:.,,;1,'F'.: . •1.;· '>.-~-,ni,n.,;i::.;t'~i/:;!;;', .• ,,.., /lj 'E l . :' ,,,.;,.;, 'i, . ,, n e.,e as . em luurm .. ese .. ~,~~:-.~~--~ · e. 
~~•:· .. • ·t,~ .. ,, •;r,\r.1· f,i!)l . ·\, , l,f!i'·•· · •. l•i,.~'1",\1.. ·;t,, -~';, IW:IJ".J",""a' .~ , .,,_,,. ... , ·ca rve 
t·r .\,j:,;;;.,· .. • , , 
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The Electricity Sector 
.,,.,,· Chapter 6 • 

the model multiplies by t}:le hourly value of the loss-of-load ·probability to produce a time- . • 
varying increment to the energy-only spot price. • • 

• An energy-~nly spot price plus a capacity reservation price (in $/kW-year), as.proposed by the 
PJM Interconnection and the New England Power Pool. In thi~ case, the user specifies an amount 
of generating capacity needed for planning reserve, which determines the annual capacity 
payments (in $/kW-year) required. • 

We are using ORCED to_ examine the issues listed above as functions of the following factors (in 
addition to the_ pricing schemes noted above): 

• Characteristics of individ_ual g~nerators: type . of unit, differences in capital and other fixed • 
costs ($/kW-year) vs. fuel and variable O&M costs (f/k\;\'h), dispatchability (e.g., fully 
dispatchable coal plant vs. must-run nuclear unit vs. stochastic wind plant), forced and planned 

_ outage rates (%). • • .; . : 
~ • ., . : :! • • .. ':' :: 

• Custoriler and load char~cteri~tics: shape of l~ad cur~e, price' elasticities oi'de_mari~i, 'value of· ·::/; ::-i,::) l 
. ' . • ' . . , '. ' . . ,~ ' •·.. ,• : :; 

unserved energy. 
'•4-.. ' ... ,. ~ ' 

• Generating-resource portfolio: mix of generating units and relatlonship _between· av~ilable ··: . , . i 

generating capacity and unconstrained peak'demand. • ' ' • • • •• .. •. ' ,-?:''.r'·. ~·:: ;: 
• I I ' I -~ 

. . - . ~ -,-: , . ·,. ·' .•.(· ,-.. ··.-\ .. :' '. •. ·, ,j•. ·.;-J, ·~\:· -: .. :., 
ORCED . includes_ a production-costing model that _uses load-duration ' ¢urv~s_'· ra"tl_iei: · tHari -.:\!-·> ·• ·,: { 
chronological -load~ as inputs. The model is run twice for ~ach year .of simulationi. :,once for an on-'· ,:i;:: i 
peak season and a second time.for an off-peal< s~ason (~igure ~:1). -~e defin~(tl\~!~?.~P~ct½ se'aso~ ~f J;&ft:!' .1+/. ~ 

• Jurie through August, and the Qff-peak season as the remaining mne monthsJ$epten1ber ,through t•/W.;-,l','/.::'• '·,·:· i 
• May),· although ,the mod~! can.a~cep't alt~rnative definitic;,ns .of-the two\s~ason~>:iJ 1ie'. mQdel·,caf\t~ff· ·\, J 
• incorporate disaggr~gate inputs on loads ahq load shapes for the resic;leritiaI; comme,rcJal;" and -:'?";,::·.:,:_·'- • j 

industri~lcustomer classes. Data on these class loads aI'.e aggr~gated for use, within OR~ED, whi,ch :-: .•• '/.:: ·i 
: buHds and dispatche,s generaHDg ~ts to .meet aggre~at~ ~o-~~- ~ : :__ : • • • ·. • .,·:: • •. . . . , ,/,t~~i~:!f►\f:~L~ 

.Alo_ad-duration ~urve is c~eate; by ~rd~rii)g d~;afld.:(0~)-~ te~-o(~;grii~~;i_fro~hig~~~;;:~;.:;!~~~~;:j 

,low~st. The res.ult~~ .cury .. e .. sh.Qw .• s ~e perc~ntage _of :t~~.:'.~- ~t de~~d e. xc.~e:'d .. s:t ~.'~r,ti .. ~lar :~~.~u~;,'.~f~~.,'~f':.\Jfl 
-.,_ ranging from the one-hour:p~ak. dema,n_d d_own to the nwun'\Wl;\-qemand ..... • • /•,:: ·;;, ··;u:.;,.?! . . :;- ; . , ,":-;-, .:.';~,,~,:;~~'.\~~~;;.i~. 

-~ .-, . . : ..• _· .. : :· < ·.:. ·f,/ . • , . • .. : __ .... -: \.-... ·.:-::-.. c·· .• . : +'"•: ·r ... ,::_:· , • . ~,. ... . ,. ... _f:t(:!'!i • • .. ; .. : : 

Use of a load-duration curve to cakuiate production costs is ·much siiripler and ~ornp~onally)n~ '· -~·;-~~~,1 
les~ burdensome ~~n· us~:_of ch_r<?hologica~ lqad~ _(i_.e.;'hour by ·h0ur lo'ads)':'.:1:'1f.1tiriiplific~~~\ , :,;.;JfJ_.'. 
however, '.has a pnce: because ·1t-.obsc~es the hmmg ·of: loads, one c~ot·. accuratelv cakuh1te ::'" ,·~:" 
production costs on the basis of genera'tin_g-uni't d_etails, ·such as minimum:ajid '_maxi,imiinJoad,~g , I • 

points, startup times and C<>Sts,·arid minim~ shutdQW{\ p;nes; i'To partially l'etned.}r.':~ese,prob:I~ 
·oRCED analyzes production' cost$ using the two. load-duration curv.es, one. for!,Jhe'.· tnree-mop ' 
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Figure 6./Ex;mple Load-Duratlon ~Jives for Peak and Off-Peak S~asons 
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In .addition, the model can use the time-of-use elasticity tQ compute the \'alue of unserved energy (~ 
~/kWh) that ·equiiibrates supply and demand when unconstrained .demand would otherwise exc;eed 
online supply. Alternatively, the user can input an estimate of the value of unser\'ed energy, which • 
is then u_sed to calculate the costs associated with those times when unconstrained demand would 
exceed supply. A third approach involves user specification of a minimum reserve margin and 
associated annual capacity payment (in S/kW-year) to pay for this "extra" capacity . 

. In addition to dispatching power plants· and computing productiQn costs~ the model can also 
"optimize" the mix of generating units available for the year of analysis. (That is, . the model · 
includes a capacity-expansion module as well as a produdion-cos~ing module.). We,put optimize.in 
quotes 

I 
bec~use the factor on which to _optimi?e. is almost certain to be different for a competitive 1 

electricity industry than it was for: the regulated. electric utility industry. For example, the model 1
-

<o:l~:;~~z:::.~:~,:,ili• f~ toWmg optintizalion funcliO~ •• .. . . : ,· it 
• . Minintize avoidable cOs,t? (fµel, variabie and .fixed O&M); . ._ -, \~ •.>if;ld 

I I • ' •• ·, •• ·,.;.· \-.~~ ~.:tl~ ·.·l 

• Minimize electricity prices;-or _ .:i · { 

•·. Maximize generator earhings;\ ,-. ·, )}\ l 
• • • • . , . I .. , ,, ,,:i;:. 1 

~ .. . . . . _ .. ', . -. ' , . ' • . • , . ' , ' ' : /" -· . . ; -\~.,- . . •. _ ... ~, ~•,. 
In Figure 6.2 -we show the impact ·of different objective functions for optimization: ··Minimiii,ng price . . ·,1,i" ! 
does :n.ot" necessaNy minimize cbst,' beca·use prices "are based_ on. thi'variable c:~sts oruy·.·~~-ignore ·.: • •• , • ". ~1V. ~ 
fi).(ed cpsts. Civen choices,of:technol?gy, ORCED would. se!ect low vari~ble cost~ut .1i~g9 t~tal co.~t . l 
techI)ologies. ·Conversely1 max-imizing earnings does.not r~use total cost. -lnste<id, t}:le· mod~l selects • :.1 

high•v~riable/lowfixed CQSt.'.technofogies. ·.For 01.~r ~n'alysis wei,chose ·t_O·Opt~i~e Oll,:~inimizjpg ' • • :,! ,. 
' • avoidable cos~s; • we , l_!lade fhis .- choice :b~cause. it was_. ~oriceptually the . qiost. appe~li(\g and the· . --,, , 

re~ults w~re . ~!;le _ most re~~OI):a_ble J o~ __ a _~ys,tem~wide optimization: ·_for plants _not. ·ye~ built, their' · • J\::. i 
• -capital costs as well as all operating costs· are avoidc\ble. S~ce rio costs have been ~xp~nded to build . . \t " 
. them, fu.~~rc?rist~c~i~n cqs~;, ,ft~?,~?~k''.~d0 _f,~ be,~~o~p~dL.~Y:,~.?t ~~µ?ing ~e~<,,1 <,:.J, ., ·_ · ·,: ,'.. ·.: .. · :-+~k 
. •• .. ,, ' •_., '•. •.: •,,• •, .•~• ' ••, :~\.•~ .. •i:! ~1/•;f•~~~ ,,-.. •i', ;. ••~ ,· • . •~.• '..<•<, • •,.\_ .i' , •ri','/_.~,; ·, • • · -: _,};\; ,,•~· ,•~t.:-1/( •• ' • ••·•:.','~;'i",1~7'"'.~,.•. •~~•~:l:;:1-i::• 

\!.. _ Jn. _ a?dtJ~on ' to' sp~~\(y4ig tl_le'.:'optiiriizati9n :.functioxf ~he_ ,.user -:can.:,.tlso s'pecify'::eop~~r~~nts'. ·6n :f:~'') ·-:~:t:'· 
~~ -.• ';:~~~=~-~:~~=~t- ;·~ 

·\/( : • ,· .. were builf earlier: : Minimt.tm. leY.els;co·u1d be ' specified for those units , that ·m'tist .:be-1avaifable lor":,j',,?,<'..:'I {'j,:,_. 
/:;\? • • • · policyr'r~~s.?n~, ~e.g,, • rene~~9I~~~.is•~~rces .that might' no_~-be· •~~lly ·cost~~ffecitivf:b'~ :~~f $ieeni~d)/f·,:~?~\1f;\: 
, .. :·'. : . • • . desira~~e,fn>~ a proad societ, ~ p~~~p~ctive). Al~o, minim~1m,.l~'{el~ _for new plaj:\~_.mat_be: speci(ied •. , ·_;o-::'"l;· i 

• :, . • ., to repr~s~,nt,pl~nts , built_; b~~~r!9}~; .. current year -~~d-:th.r ,s~~Y: y.e~r .. 9the,r~ ~ei, .. th~.~ 9del mily . . ,: :_. • \t~d 
,.-:;_ .. , :J·-~}wos~: 1 ~.~ .. t~ ~u~l~/.~~~s~ .. ,~tl~sMe~i~t~ :i~~ant,s, -~~~~c~~s:,o~l~- t~_ose ~it~ ., !h_r ~~~t:~~v~nc~d , . •. _. .. ,:·•J~i•f 
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~·;, .·. _ _ ... • -: car~oi:i e~i~sion ~)_Ic;,w,~~c~, _!'~ _tp _~ns~re th~t each g~~erahng ~~it _recov.e~~ at le~~t, ~ts,var,1a?le ph.!S / 1 •., •. _, '.(\.,. 

, . • avoidable fixed costs, ani:l so ,on. · ( ,
1 

_ , .. ... . • • • . , . • 1 ,.,• ., · . ·\, .-.',1 -~ .. ,. •,. ,;• :: ... <, ,.- ~ _,,,_~,~, 
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• /.. • .. • • Since OR.CED is •written in·· Microsoft Excel, ·there are seve~al methods that cari be.,used ' fcfr ,; '-..': •. ~Alt 
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Figure 6.2 Generation Price.and-<;oi!s ·u ~irig ·Different Optim'.izations (10%"):~ed Re$erve, Margfn) 
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Table 6.1 Comparison of Year 2010 AEO97 and .ORCED Estimates of U.S. G~nerating 'capacity an.d 
Generation 

Percent of generating capacity Percent of generation 

EIA ORCED EIA ORCED 

Hydro+other renewables 13.4 11.3 9.6 9.2 

Coal 35.0 36.9 50.1 50.8 

Nuclear 10.2 lLl 15.8 . 15.5 

Oil 3.2 3.1 1.5 0:1" 

Gas 38.3 37.6 23,0 24.4 

• ORC:ED' analyzes the · generation sector. oi::tly; the · mod.el is silent with respe_ct · to , the .~osts of .· 
. transmission, distribution, and customer service. • ORCED produces the following cost estimates for 
2010, all~xpressed_in 1995 dollars .and adjusted up-ward ~y 1/0.93 to-reflect the-7°/o'T&D losses 
between the generate>r busbar and ·the customer meter:5 • • •· • • • . • ·: -:- • • , •.• .. 
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.development of alternati\'e cases in whi~h ~ e intended to reflect mor~/'f; Uy ,than ElA did · the . . ,. 
effects of competition in bulk-power markets. . • ... 

Table 6.2 Comparison of ~IA and ORCED Estimates of Gener~t~on·Costs (1995(/kWh) 

Generation costs 

Capita~ 

Fuel 

- Q&M 

EIA AEQ97 

1 .. 00 

1.57 

· q.69 .: 

ORCED 

0.99 

1.36 

0.69 ' 

Total : • 3.26 3.04 • • • • • • • 

4l. ~ ; 
.,. I ) •S, 

f• ,· ~, · , •• ~ 1··-~ • • •• ' • \," r,?~.# . ~ ..... <-: •• "-''of~,:· .· .,.· 

1; • ,,;. • 6.4.2 The e·ase !,Case for· a .Co.mpetltlv~; Market • ·: •. ·. . . . ·, , , ... : .:"t·; • ~· i· 
··:, • .. •. _· · ..• ·.~ ·.· .• .: .• •,•'''f//' ·•·:,.•~-· · ., -~ . ~·•. ?., .. : .. 
• B.~gipn~~ 'wiUl th_e .~ .EO?? ._cas.ef:=we.devel, • } se. intended to .r~flecMh~ ~~!~~t 9-f. 
,,competd1ve bµlk-p.p'fer _market :in tli~,1.yea •••(fllle ·A:EO assum~s cp. ·continu~hon"'o 
_.~ec·~m~mi4 r_egtilatio~'. -.a~ :indic.~t~~f~b'oye,, an4·th~r~~or_e, does not ,a~cqu11\ (pr tp'e po~;~fbl~·~·f 
: ~·estru,ct~~e_q ~na ,lar~~ly._ co~p~iitive ll,;~ ... : ~ indu~try_. ) '.T~ 
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utility regulation sets prices to recover total costs, future prices may, or may not, be sufficient to 
recover all costs. • 

Overall, ORCED prices under restructuring did not differ greatly from the AEO97 price forecast. 
Part of the reason for this similarity of results is that EIA did assume some cost decreases in their _ 
model; we did not assume further O&M cost decreases on a plant-by-plant basis due to the pressure 
of competition. Also, the objective· function used in our cases was to minimize avoidable costs on a· 
system-wide basis. This did not necessarily create the lowest-priced scenario, as discussed in ·section 
6.3. Because prices were similar to those in the AE097 (less than 5% difference when factoring in 
transmission and distribution prices); we 'simply used the AEO97 price forecasts for analysis of 

• energy-efficiency ~avings in the other chapters of this report. • • 

T~ble 6.3 Comparison ~{Year 2010 forecasts: AEO97 and the ORCEO Base Case for.a Competitive 
Electricity Industry . ' . : • : • 

,,, , 
Peak demand; GW 

Total. end-use electricity sales, TWh 
·) ' 

System load factor,% . • 
' \ ' 

Reserve margin, % 
Generation sh~res, /lo 

• Coal 

Gas· 

Other 

Generation prices .and ·costs, ¢/kWh 
- ' . . ,' ~ ..: 

Retail_ price . 

.AE097 

734 

3;?84 

6i.8 • 

10.7 

50.8 

24.4 

24.8. 

Competitive ;Industry 
~estructuring · • 

709 

3,828 

65.7 

6.8 .. 

', 

, , 47.4 .' 

· 29.2 . 

_: .23.4 '. • · 

· ;Var~~ble cost 1.43 \; > • 1-~~ : : , . ,. , 

Total.cost. 2.81 -~ :~-51 •. ., ··,:f 
'Carbon emissions, MtC . 631 625 _·. • · .• •., . • ;''.;;/{ • { 

16.4.3. EiflcleriCy an.d Hlgh~Eiflciency/Low•Cllrbon Cas.eS , • ''.f"~ •, ·• • : •:· ; •· --~~1;1 
/ • \ • • • ' ~: i • , ' • • I , 1;,, "/; '· : ., ' . ~• ' ' ) :,:•·-~}'/_~<~ 

Yf e next a pp lie~ ·th~ electricity;:savings estimat~s, described it:l_· f4apter ~-fci~ .:the .. resid~ntial an~ :_ '.,; , i'. 
• qnnmercial s_ectors and in Chapter 4 for the industrial sector, tq adjust the aggregate load shape for , 

• • t}:te Unit~d States as a-whole. , We then reran ORCED. using' the .new, lower load shapes. · As ;in the ··. :· \ : } 

. reference .case; :capacity was .optimized to minimize av·oided costs, and dispatched on ti:te basis of . .·· ... ·.·._• .,;·.·.·_,:_;,;:;·.~.:,~\/ 
lowest yariable: costs .. Avo~ded costs for existing plants only included the.ii vatjabJe~ ~t~r~-up,:and ' ..,.· 

, 1 , • • , fixed .O&M costs, while· plants to be .built between 1997 and 201o ·'also .included,i the ;annualiied L. ,, ,J 

-·~:'.· ,, •' J. : : : ' ' " ,,, 1:~: 'capt~ai ~o:;t QI. ~!?ir~!:Onstrt:ict~ob;., ~~ pcµ~ of fu~ ,Ng~~#i.tj~~y/l.9,.~ ::c'arl?P~~~~~f;)X,f:.ii)i;~µ4~d4.~ $1t; 
_ ,, . . • .. • ., a~ditio~.~l ¢:o~r~f ~~R p~~: tonne _ ~f ,~arbon~· to J?e COI)Sistent,'•vith !h~ :-~ational~-:u~.4) i:(~ f ~~i#i¥~:{t~(/4f 

side ~ffic1encri~C~~a,r~o~.' ·{ · · :-. : ·, "i ·,> ;'. '.- "\>.·/.,- ,:},,' :.';{t:\:,:/: 'f,J. 

' • :, ·<it~; ''.!i';r+ > ' ',l'Ji './,:_,t.;_.•,~.:•_.c':• ~••:-,l,~.:,'. ', ' < ; >A :: .. ,: •:·•,•;}i~,ti; .. ~~;;;~?' ' ~ 
·: ,i··\~·· :: : (~: • -\1,~.:/'."•' ... "" • .·J~:4~•f' . ... , -. ·.-:1' -J ·, < • ~r- , .,. ·<~-~-, ~~ r-; ,~~•At- l14~~li'•f -~~ ~1i,, • ~ .. ,N1J~t,')t!ri-. r' 

::,)J_l:~P::.j ·:
1 
... ,::,,_:;' .. : .. _:'.:~ i•x--:~ ·, ·--~"lt:-. ' .:'.·"_:,. • ·:;(:• :: - :: ::~-.~-i:·:::·:::::-- •::P-i}~A~;_:~:Jt\~\i~j~Ji~-' 

.-"~t::."):~;,,1; .;,. ,"": ... SeptemberJ1,5,\ 1~97. ' ,:.. :JJJft .::<i'.: •• ·,,.!>; :': 't(~' •·." '.-:tttl~fy "\i,, wiJ:\( :,:, ft; ?l. • ·d ? · ;i~J: 
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On~e power plant. production levels .were determined, carbon production and .prima.ry energy use 
could be cakulated. We c~lculated marginal carbon savings, the carbon saved by the· redµction in 
energy, by taking the difference in carbon production and dividing by the reduction in energy 
demand. This is in contrast to using the average carbon intensity as an approximation of the carbon • 
saved per unit of energy saved. The marginal carbon and l:!nergy savings take into account the change 
in production . mix that occurs with energy- effidency and carbon~reduction measures. A plot of the 
carbon savings and primary energy used in each scenario shows the changes as a function of the end­
use energy saved (Figures 6.3 and 6.4). The slopes of the lines represent the ma·rginal ca.rbon and 
primary energy saved. • 

• • . Table 6.4 summarizes the results· for the three scenarios. Table 6.5 describes these results in terms of 

,_. •. ,1 

. :· · :· _{.-.,, ... 
. , 

. percent change relative to ·· the base case for a competitive utility industry'. The efficiency c~se 
yielded · a 8.5% re9uctio.n in . electricity end-us~ _e_nergy and the high-efficiency/low~carbo~.:;case: "·/ 
·reduced.end-use energy by 16.3% relative to the. ~estruct~ring case summari~ed in Table 6.3. ,-'.; _ _.. ;j·.'"·1t1 ·,~. -~': 

Figure 6.3 ~~b-on Prod~c~ioi:i·v~rsus-End-Use Dem~d: Reductions Due't~ Energy E,ffici~ncy ·aria1~\ :>;; . i 
•• : • • • . Carbon Manag~ment . .. . ; . • . . • • 
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Figure 6.4 Pn~ary Energy Production Versus End-Us~ Demand: Redu~tions•D·u,e t~ Energy Effici~ncy 
and Carbon Management 
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Table .6.5 Comparison of Year 2010 Forecasts~ Effects of Efficiency arid High-Efficiency/Low- • , •• • 
Carbon Sce·narios 

Peak demand 

• Total e_nergy 

. . System load factor . 

Reserve margin . 

Generatio~ shar~s 
Coal . 

,· qas . 

Other 

Change relative to the competitive utility industry base •case , 

.-8.2% • 

-8.5% 

· -0.2% poin_ts • 

+1.1% points 

+4.7% pom'ts. . . 

• -7p% points.· 

+2.3~o 'po~ts 
• ! 

Hi'gh Efficiency /Low Carbon 

-16.0% 

-16.3% 

-02% points 

+6.1% points 

~ 1.2% points 

-3.2°~ points . .. 
t4.4~·o poii)ts 

. \ . 

. <+21% 

.:: +43% ,. 
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Figure 6.5 Energy and Carbon Changes from Restructure Case 
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• ;'efe6iric;ty Su~·ply T~chnologi ~ 

7.3.1 Renewable Electricity In 201 O 

As stated earlier, renewable electric technologies . will make important contributions to carbon 
emission reductions in 2010 in the context of a policy that imposes a $SO/tonne cost on carbon 
emissions. Estimates of those contributions are presented here. While the scope of this study did not 
include a thorough and systematic- analysis of this issue, the estimates given are based on a number 
of directly relevant studies. These µ1clude, in particular, carefully developed performance and cost 
projections for renewable electric , technologi_es (Office of Utility Technologies, 1997) and projections 
of future market penetrations of these technologies (Office of Energy Effici~ncy and Renewable . 
Energy, 1997). • -

The.potential qf biomass cofiring"wasassessed because that technology provides an opportunity f~r-1, . ,, . . . . . \ 

reasonably straightforward displacement of a significant amount of coal. This assessment, which • 
draws. upon another recent analys~( is presented first. • 

t-

;•·: :·!. 

.i•: 

I I { 

An analysis of the impact of a $SO/tonne cost of carbon on wind power was·~ conducted, and tho~ • • -·, _:,..,jt~.:fi:l:<~'. 
results are discussed secpnd. Wind was selected beca4se cosf projections for wind power.indicate that _ ,,1,:,,0(,/,:;{i 
this .techne>logy will .be ·competitive .w.ith other, electricity1generation sources ·a(:cording to •the .. · .I'. ,. ~t\tf 1•,:;t,1.-i 
.elect~idtyc_osts modeled in the HE/LC scenario .of this study: In addition, wind ·pow·er is already , ••. ,,:·,;,,',~;·····ir:d 

· successfully_penetrating electr~city markets in the United States and abroad. , •. ,,.·, . . • • · . · . • ·• ,;, -~i-;:J:J 
·, . :. ::.,· ,.-, • . • . • • .. ·· · _. > .• · . : · · · · · · . · · : · . · - · ·• >: ,· ::\ ·, :· • :·. • • • . ":'if·:'.:;::H 
Thi~ ana:lysis

1

is_ folfowed by ~st~ate~of 'C~~bon:emission reductions-.. ~at w~til ... ~:.t{.,IU<~f to re.·suH ~ ._:, ,:;~Mil ' ·i 
from hyclropower upgrades and landfill gas capture and use. These estimat~·ar~denv~d from POE • .. ?Kif.~>: ;f, 

. ·, an
1
d EPA studies rele~ant' t~ -m~rket p_rojections· for th6s~ n:vo,technologiis~ tekpf th~ely/(Rinehart e:t'/>'1/:\:rf\.1t·~i\~r ., 

al 1997··EPA 1993) · • • 1 -" •1 • • • - • • • • • -· :,· • > ' · •• • .... • , :,;-< ''i:1 ·,,'d4 
., ' . , · . , . .. _- : . ' .. • -~ : ': ' ' ' •• ·:- \~ • . ' , ,- \ '. ,: , ., .• .- ,' \·,_;~:\}(.:] 

' ~inajly,· o,ili~r ,k! y renewable :po~er t_ecl~ologies are·· discussed btjefJ.Y: -w~ 'P~~~( estunat:s of_'.the'.~::}•,);§:~~~-~f;{t!, 
likely.c~~tnbuh~n-?f these ~echno)ogi~s in. 2?~0,,developed thtough.compansons,a,n9 ,~xtrapola~ons •·: ·:.'·:::'::!t}\\fW.-1 
from earlier proJections (Off1ce·.of-Energy Efficiency and Renewable Energy, 1997.): ·,-,. • . -.. ·. - -.-. •• • • . , .- };,.~'-•,,:,;/i:· f 

7 ,,3, 1, 1 Colfring Coal ~I.th Biomass ' : • . • • ' • •• •• •. : • • . . • ' .· • • . . • • , \5:AiJ\~lt~f 
• . Cofjring ~io,mass ~ith coal :has·th~ t~chnical ·and ~~oriomk,:p'otenti~I'to r~pl~;\ ~t;l~tt:~-:~~;:9f/~~;tl~ti$/, 

• ' .• • . : n~Hor:''s .~oa..kl;>ase~ :gene~a.ting cai';rc~ty, by 20~?~ _'~d''as ·~lich:~ f~ ,qw. by 2~20;,);A'~~g~)ll~,~f t);,f_; ;?fit 
. . sub$htu,hon,ra~e is neghgible,'a :rapid expansion is ,po~s1ble_ ~1th··the use 1of'..Woo~ ·res1du_es:(\ltµan l''-:••,:,r,~:-i\, , .. _ _ t 
. .wood,_,p~_llets, an_d se~ondary m~ufa~turing· products) . and de~iic_~_ted . feeds\~~ ~'.~~-Y,' ~Y~!~Jll5, '.?i;~~f.~2~,.I· 

(DFSS) such•as willow poplar and sw1tchgrass '· ·· - • • ·· · ,. - · - -· ., • ·,., · ,,,.... ·· -· ,.,.!k;',, •, ._.,, :,, .,l·itMb.r,,,t,. . 
.. • ·• : ·_ • •• - . · . - -_ , - - ·~ -.. · • . . · • . ;· ·: · .. -: '::•·_, • .· .. _~ - .:-~,_._:r: ·::.-~-,~ ·~-..:,:(<--·t:::tfi:J.:ft, 
• The curr~nt ~oal-f~ed po~er-genera~g system ~epresents .f direct'i ppo~ty}~~:f¥bon· .~ .fi..g~~,?,~)K/;?~tf'.J~;jg~:1 
-by substituting biomass-based renewable carbon .fq_r fossil ca,;bon, _. Extensive •d.emonstratiqns;{ll\d ."1N '::A;~.,1~!-1·:i.<~:! 
. ~ials 'have shown thaq,iomas~ can replace ,up to a'bout 15% of -~e ,total energyjinp~t 'wi~.;~~tJe}:?h ·_.;;;,,_,-~\•: 

... . : more .than burner an~ fee~-~t~~e system·modificati_o~ .fo e.xistillg stati~rtS '._(Cp~G;_'}.996):-,.:sitjs,~r· 
.. ; l~rge-scale po~er_ boil~r$ mJ~~ay's 310~GW-:c~pac~ty .fleet/ ~~~ ,fro~ ·l'>? -~ } -~ '.•r ~_:9 ,'.\V~ ~ '•<::: ., 

b1o~ass pote_ntial ma smgle b?iler ranges from 1s~1so. MW . . • • ':} :: • ' • '\. _:;;:_ • '· •• •. ' ' . .',;}:\: {\:,:- i't '\-l~Fi·()' . .'·: 

. -. ~rep;~~~;;~ :oi~~~iµais t~ an . ap~r~priat~: size;9u ~~s. ~~ ~~~~~~~-~~':i~~cl\,:~,~i;i A~~t~,:.i.fj}\tr 
• • :'' of._.1~ss thai\ 25~o/ _can be ·achie~ed us_4lg ~,tjsting(f6~~-i'~i~• ~f ~ $~9~~f k'q'~~'. e,j~f ~~i ,, 

, , ,, -, . • .· o_utput of. the .boilei:s cau$eS l1~tle-,lo$S. m -10,t~l(ef!.•peng/ t~ply~g~th~( th~ J <>.~ as~ ~~ l~ 
:,\ ,.i ·, . :, > combus.tion. efficiency is .. close 'tp .the ,33-3r,>/o r_~ gl ,o( an~uwn9~ifi~a :-'c~al~.pfah1 .~ cr~>-<ti 
, \ ,;, • •• -:· ; s~,d-.al,~~~;bi'omass g~neratinfc:apacity has. ye({to ·demons#;:te!:~~ifi~l0,\· • .. • • 

·, , 

t ( ,, • ' ;;\'t: ' • ";)~ '. • .,:,, • II ;:''t~~:/l{W·i'.: 
·.{':f.f/it)< '·. , 

:·.~::_,-/~-



I ·, 

Electricity Supply Technologies 

Economics 

The cost of implementing biomass cofiring varies from site to site. It is influenced by the space 
availab.le for yarding and storing the biomass, the installation of. size-reduction and drying . 
facilities, and the nature of the boiler burner modifications required. The cost is expected to be in the 
range of $100-$700/kW of biomass capacity. Early trials indica~e that a median value of about 
$180/kW is likely. A 100-MW coal plarit with 10% biomass substitution would then require an 
investmeflt of $1.8 million. There is an O&M cost increase of $70,000/year over coal, as a result of 
the need for an additional yard worker to handle the biomass. Assuming a GENCO recover$ its 
investment cost in three years, the annual fuel offset then has to be $670,000 to cover capital .. 
recovery· ($1.8 million) . and increased O&M costs '($210,000 for three years). If the average price o(· 
coal is about $1.40/MBtu (million Btu), the annual fuel cost of co~J is $1.081 million (10 MW of 
biomass capacity at 85% capacity factor and 32.9% thermal efficiency, , 10,337 Btu/kWh). The · 
allowable cost of biomass then is $411,000, or about $9/tonne. Above this cost, the biomass >would 
have to be subsidized to encourage a GENCO to use biomass cofiring. • ••• , 

Fuel Costs 

Near-term potential biomass feedstoc~ are those re,sidues availal:>le within a radius of about 50 •.• 
miles around a plant. Data from existing biomass power plants. in the Northeast and California , 

.. indicate that there are extensive soµrces ,of biomass residues available for about $0.50/MBtu. (less ·'. . . . 
• than $9/tonne).' Transportation costs Hmit:'the range. over which such biomass feedstocks can •be ,::, ·• 

acquired and, in the lon,g terin, there are likely to be de~icated fee~stock sys'tems Iiluch d?seno:·t11e· • • 
power plants. By definition, residues (e.g.,·. u_rban wood residues; rights-of-way clearance, 
construction and .demolition wood, pallets, and·saw~ust shavings ~rom s~condary wood prote~ing) <: 

' . are finite arid will respond to the pr.ices off~.~ed for them. • · •. • '· /?(t 
. • . . , ·. , • . . ._ \ .· • • ,-, ---~ -~ . · ,• . . - : .•· · .• •, , .. _. • .. · . • ·.- .-::~1:i}'.~-<~;- •. • ·:,;,:it~f~~\i~t? '· · 

Decticated feedstocks would not be bo~ci ~y ~ -constraint. However, such feedstocks are-~uch~ore}if ~fi~~jt 
expensive th~ residues . . With c.urrent t~chno~~gy the pti~e is abo~t $2/MBtu, although· ~e ~r~t :;.- • . ·,? 
development goal is in the '.range of $1~$L50/MB~.'lt is assumed that an.estimated,I0;:4 i;nilli.ori ;,· ;,}k .· 
acres will be neeqed 'to reach a_no~al produ~tion of.86 .. Mt by2oio. ·Be~ause DF?S -is'ii) aj)~~~~IY,::).'i_.t:-~:. J 
. stage of devel,opment, t~e model . assumes : ~at · the . initial.. p~a_l':ltiri~ • ~m yi~.l<:f '9~1Y,'.i;a~•1if/.~'.+:;:~\rl· · :t. { 
tonnes/acre by 2002 (today's state-of-the,;;art); and . that. by 2010 the · y1elq will .b~ .cios~rJo :.8: . • 'r, / • 1 f 
tonnes/acre, Today's co~ts are h~gh; ~5/,(onne is fea~ible, but a combination of'lea·m~g~~-uzy.~\: ·_:.\ • 
imprpv~me~ts _an? ~onomies of sc~le, ~h9~? ~~g the, ~.ost dow1' to .a~<?ut $32/tonne by fO}P◊.~~· ,:.t· . . ·* :,· ,i_ ., ; 

• / '. . .. ••...• •.•. . • :::::: :::.::;u:i:u;:::i;,:~:~r~:(~l.33/GJ) ilirou~9ul • . • . ~ •. ;:'. )I;,:4:0~~~~5,f i 
The ·COfiring estimates in this sectio~ . were' derived . from a 30. GW . scenario for . al{ bipin~ss}(<},;·:-; . • ;; 
techn,ologies, ·.developed by ,NREL ·£or !he 'cur,r~rit Biomass Power Program Strategic Plap:~J'N,s\, :./ '. ,,;: . .: .; 

.. : .· scenari~ is for~ mi~·<?f ste·am, cofir~g:_ and:integrated gasification/combined cycle {IGCC):bio~a~· . ir-•i , . . . .; 
generatioI'.I, However, the resource plan th~t was developed, wnich included residues and DFSS, is . . :: • . ; 

. independent of the end use and involv_es ~e de~elopinent of 11-12 milli~n acres-of lanci for OF_SS by : • 
.. . 2020; or just ,under 3 million acres by_ 2010. To.e resourc~ development shown in Figure 7.U is ~das • 

. . . . • • . the basis for this carbon assessment. This indicates ·that DFSS would come on rapidly. after the year • , .... 
;j,li'-;~>:)d:~,'.i•iWi ;;;.:J\209l,and:a~s.~~s, t11at_lesidues_ .~otil~ '~~: ~r~I~P•~ 9t. ~~y :~ sm~ h,'cre~ 'in quanti~y, sm,~~ ~~~-:~_ .. fi,;)1i . ';' :. 
~l:l~},i$~,i;Jil:i: .:~r .a1reaqy ~~~g . ~~z~p- .:rh~ av~r~g~ ~~~~ ,g,f~~ff~~~~/ ~ ;e~p~te~ !O~JI\~te~e,: gra_du~y ,;.tj'. ~e· c~~t \' •

1
1;:., •' • ,:· 

!~~f. ' •• \.k_;,.: ~£Pr~s,~roP.r;S~~p~t~q -~9 .(ie~o,~~rt,:~.,~~~n~i;~~.~~-~~f!fS~,~O[\ODU~s,of ·(--~\.. ,''.· M:\~;it 

~:;r~f~~,:~·;J;t:~:f ~if i • • ·-it1:~
1
~ ••• ,}'ii~:{-il:i:iiaf :t• :· •• ; ::;::~:;•i~~t~i;.?~ 

.,.. ·<,; ... : , . , ., .,· ... . ""''. t: ,j· ·.i1,l 

l 5ff:tiiii?s. 1f~lt' i· <t· · .. ff'.!1' f:Jt:·.•.. t· ··\ ,i~·1 
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Figure 7.11 30 GW Strategic Plan Scenario 
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While, a . c:oa1~fire9- station could be modified for cofiring,:- iil° les~. than one year (induding .··.' .... ,· : "11- \ f 
environmef:it.al permitting},-a biomass .resource . assessment,• c_ontractuai jirrangements,,and :Jogjstic~, ••• . . \/4; 'J 
for biomaifs :residues' could t"ke 'the better part of 18 month~, :baseii on actual project e?(perience. -;'.°. •• ~- ·\·,'' i 
Although_ the availability of resic!-ues is _ assumed '.to be .• significarit 'i and -would ultimately, s~pply • , • -if:·i· 
about '_S0 _Mt,: price '.·and availability_ are likely to be var.iab.le. The price w~ no doubt increa&e_ 'with ., ·1~·, 

. • \ ' \ . . . l , '.At 
• the level of demand; therefore, the biomass feedstock supply is .expected to be a blend.of DFSS arid · /!· . -,,,,. _ 
residues . . . : • • • ' • ,_ , • • • • • . .. · c:. / t 

Th~ DFSS cci~ponent is predicated on making a, start on· l-¥'d accumulation (whether pu;cha.ses,1 • _·_. __ ··~-- -·-:·.:···_•._:·_ ... '._:,_·:,;·.·:·_~ .... :::·,'·._.:.:,._',:'.·,·::·_~i:{':,;,:_:_:_•·.-''.'._·· .. ,·

1
!!· "' ~eases,' o,r c_oope_ratives_), with land -preparatioi:l and' pl~ting )n 1999<• A significant effort will be • . _ .. 

required to initiat~ dev~loplllent of.the 1_1-12 million acres proposaj for 2020; today, di~sions are ,,·. ' 
about .-DFSS demonstrations at, 'the ·iooo-~cre level, Adequate clonal material and ·ma,nagement •• •• • •. ,.;,i,;,;.,, • 

• systems:for plantirig;·;t~riding, ~d harvesting will also need to'be developed. The crops of choice, in .-·· ·i'._ ::· <~it\ J 
much·:ofilie Northeast "and 'Southeast ·ate probably w·oody species, whici:l would require extensive . . I .·n: t 

. h ursery 'ai;:µvi~y' .to put1he ·needed clonal material in pface for _,planting out;·.With Willow,·the first •. - ; :-.1 
harvest cycle woufd J>e four years after planting and a rotation ·of three years thereafter;: For poplar, .. i - . ' ' •• ·:~'r 'l 
thecyde.~ :likelytobe·in:therangeofsixtoeighfye'ars . . ·. ·_ .': ,. . • . .· ·• •. .. -. i\t;.;j . . ·' . . . ,, . ~ . .' ,. • . . ,~ 

, ' fl 
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Electricity Supply Technoiogies 

Portl~d cement manufacturers, so there may be a need to negotiate the acceptance of mixed biomass 
and coal ash in such applications with respect to ASTM stanc;lards. 

The DFSS environmental impact is dependent on the choice of lands for plantations. Replacing 
annual cropland with perennial DFSS appears to result in ,a ·net environmental gain. Results for 
pasture land are probably negligible and rep_lacement' of forest may result in some increased impacts. 

The use of residue has the potential to offset landfilling as well as potential methane emissions 
from landfilling clean ~iomass materials. Experiences in California indicate that the issue will be 
one of rationalizing the cost-distribution between the waste generator, the hauling contractor, and 

• the generating station receiving the residue rather than it going to a landfill. If such negotiations 
were successful, and the generating station could guarantee reception of the re.sidues at all times 
(many urban wood residue generators do not have -storage facilities), both residue costs and their 
av:ailability could improve significantly. • ' • 

Impact on Carbon Emissions 

Given the technical' and economic potentiai described above, ·it is . probably reasonable to assµme 
additional biomass-cofired capacity of 8-12.GW by 2010; which should reduce carbon emissions by 
16-24 MtC. • - • 

1:3.1.2 Wind Power · 

The development of wind p,ower systems has progresse·d quite rapidly since 1980. There . are ' :i: 

approximately 1800 MW of '1-ind capacity operating in the United States .today, and another-4300 ~- • ,: 
MW of capacity overseasl ffl.gure 7.12). This capacity· growth is almost certain to continue because of · 

•;'. 
• continuing decreases in the ce_st of wind-generated ~le'ctricity as well as growing interest in emissioi;l-
free power derived from local, renewable resources. Figure 7.13 -shows the projected c_ost of wind- • 

• gener11ted electricity for wind farms located .in 'Class 4 an.d Clas·s 6 resource sites (as presented in 
DOE's 19:7 Technology Char~cterizations); Class 4 sites have_ average wind spe~ds of 5.6-6,0 m/s~ . . • ' 
Class 6 sites have average WU\d speeds of 6.4-~.0 m/s, both measured at a height of 10 meters!. ?, 
Figure 7.13 also displays the ·median, 10~ percentile, and . 90th percent~e of electri~ity generation . 

. prices in 2010 based. on the HE/LC case.described in Chapter •6. ,As tllese projectjons indicate, wind · • 1 • 

• power prices are projected to drop bel9w the median ·2oto· prj.ce·for tha(S<=enariQ before 2005. Thus, : . ; . . 
strictly on a price-of-energy basis, in this scenario' ~illd power wii(be able to compete favorably . ~- . • •':·. • 1 

·with other power sources for several years. prior to 2010. . '. • • ·: . • . . . • •. ·: •... : , • ~ 
, ' V. ~· I - ~:A -. f ·_":; ·!'-~_;_j-~ .t >~ 

• A ' • • ..... • • • ~:.• '• ~ • ,; 

. In addition to the price of energy, a· number of other .factors ·will affect the ex.tent to" which wind . .}. : • :-r-· •. 

power systems will be adopted b,etween now and 2010. 1?ese includ~, for example, the overalr •• • 
market for new power systems, the price ·penalty that ~ind. power will encounter for providing· 
intermittent power, and the price advantages that w.i.t\d pow.er: will realize because it is a "green" __ r __ J_ .. . 

power source and because it is not subject to the risk of future fuel price increases. Because the lev~l of .. 
influence of each .of these factors has not been analyzed, it •is difficult to project their combined • ii.,_·.. . : 
impact; • • • • • • .. · J • • • • .- :• -~ 



Figure ·1.12,.o~~esti~ ~d· Inter:n~tional .Wim~ Power Capacity, ~rid-~onnected 
' • j 1.•• 1:,. ,','•:,\··'-; ' • ,,. • • I ,· ,· r;. ', • , •. • • • 
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Electricit 

In the AE097 reference case forecast', E'IA pr~jects electricity generation ~o increase ·by about 800 >:· 
TWh by 2010, from 3083 TWh in 1995. to 3874.TWh in 2010 (EIA, 1996). In this context, EIA projects a 
total of only 3800 MW of wind generating capacity. The Quality Metrics analysis by the Office of _ 
Energy Efficiency .and Renewable Energy (EERE) of the impacts of its R&D program estimat~s -that 
additional installed wind power generating capacity will · reach 8 GW and ·contribute 

•. approximately 29 TWh to the electricity market by 2010 if wind program goals are met. This w'ill 
result_in a carbon emission reduction of 6 MtC. Neither of these projections, however, assumes a major 
new market policy to promote wind po~er. . . 

' ,.,, -, 

In the HE/LC case of this study, electricity generation will increase by significantly less than • 4\ . ' • ' ·:J 
the business-as-usual.case. Thus, the HE/LC scenario presents a much smaller target market for ~ew • • · ·' 
power:-generation sources. Howe~er, under the transiti_on of the utility ~ector to a competi~y~, : ·.::1 
market, it is very likely that newer ~ectmologies with lower genera'ting costs will _qisplace_ scf e :: • , 
ex~ting generation ,capacity ·wit}_\ hig~er gene.rating .cost~. Moreover, iri the HE/t~: seen( -! {~1'.: - - ' . ·; 

generation costs_ are projected to be mo~e than 25% higher. _thaxrin the base case. 11:ius; .~ ' ~us~~te:<f \.: :, · -. ;:, , .\ i 
~ • • • • • • • ' ' ' ' • • t • ' • • • • ' •' • \. • 0' ,J\_r•·• .• \•. • I•,',, ) • '.' 

. ~ .Figu~~--?:13, w,LI_'d p(?wer . ge~e~at1011_ costs. ~dl b~\ P;~gl}!t.·:-c?mpet.1hve ·m ,thl:$ ;-~ -,r~~Wla~-~f, ,::,~l-t!/\~' '"· iJ/~1 

. d1sp_l~c~.rent o_f: ~igher-cos~. exist~g. ~e~eraho~ ~by :.w.~4/~ --~~ly. ln ~ -attem~t6:;_~9d~l.tfi%.1jtt~:_fi-, :. 
penetr~_tion of wind under th_ese. c~ndihonsi the QRCED,mode,· was run using th4r WJJld ,technol_ggy.t,}f.t.\~~, 
~haractert~tic~·- developed by _the ·Offi~e· of ,-Utility T~c~ologie_~· (Office . of :Utility T~~o\ogi~~b-+ ~J>.~:}t~7-
1997~--,/\s might be expected'. the results , ~di.fated that the .~e_v_el pf w_in pen~tration in· this ca~~Jf'.)\i·: .. /~•:~f, 

i ,.· 

--~~w~ _·sensi,tive t?, the ~ctu~l, ~p-~t p_ar~eters. Accord_~ -~}.~,m~ ~c;>de,l~ f.or : ex~p.l.~( l:15~~~;tn~-i-i' o ~l,' ·,~~}~i~k-. 
~. '.:·:· • . , > -: ~d pedoqnartce charact~nstics pr';)Jec!~d by D?~ -for ~e,,y.~ar ,709s_c,ouldJead to ~~:a~<>}'~OI'.\ ~f;,,\~·-t\i·;-:-:w;t· 

.! __ :_'i_'_:_'~_i, ,_-.:,".~_-.. _·_:11_~:_'. __ '.•_._·t.:_·.~_'r __ ;,:_. __ :. __ ·.·_ .• :,., ~~ch:"~t-~9J>?.P ~ -of w,m4 po~~r ~r,..2~1_Q,_ ~sing_ 160~ ~~(,,MW'~,~~ a_v_~r!l~~ carb<>~-~t~!.!X;~{i . ~~; • 
;,:,A-~"A :,,~ to,,. 1 . g~~~p1t~~Il:~~splaced .• (s~eCh~p.~!~.?l,}nis \Y0':11.~., ;e,~':1lt ,W-i~ c;:~b-~I}~l!U~Siqn .r~~-~~~Pin$R! } , . ~! 

• ' •,_; .. -~ ·- • . i _B~,~a1;1s~, -~~ .9~c~D -- ~o-~ef ll\~~~~teq/ t.~~~.1t~~~ -· n~yt~~ m<:t,,,CaJ?.~Ci\y w~~lfe~,!~F, f f.9AFJ,: ~ • 
J;~t~'.i:;)~ :·.·: _ • • · ge_n!r~~~~j ;~ ·hig~er conv~tsion} ~.~o (~?,5 .J<g/MMh), h~ (~~ct!<> ~t~~_te_ car~ol;l .~~~-~,e~if~,~-~£~ 

, '.ti,\'?~:-
1 

,·••.. . --~ _sul~gf\~ ~st~a~~d ~e~t~or o_f:~~'.~~~;,· :._ ;·:: ._·_ · ;_ •• -:: '.'._''·.·_:•_:: ·:- ,:_: _.-:·_ .. • __ ·-: .. ' • ··:_::,~\'..;:~;:}(:'.t·/"~~-
11
;,.,•;,~~~~r _;-

:.• ' 

·:J. -·: . .'/ 
~: l ~·-:: ,. ,. ·. 

This level of penetration would'requiie .wind-fu_rbine ·manufa'cturing capacityto'e~pah9- .afa rate·>of , . .-:--· .. ·::· • 
appro~atel),<25% :Per";year.-_;-As :Fi_gurf 7;_ti ktdicat~s1_.i,~ ~ ... !~Y~~of winq_:,~a~~9:~~£i'~!.9~~9 ,,,., "' • • .. 

• beeri r~acljed .~ __ the ~~t._ Eu,~9PfS, :exp_~ri~c~:YJ~_tll ~~~~?S~~.,_*-'?' ipdif.~t~-~ ~L :11i·· •• ·~ - ~~ 
can ·e~pan~ quite rapidly. It _lS p~~sib_le for -the man,uf~F~™'g ',JI\~~-try, to ~}?~P?A~!;a m~ . _,,; ,:... , 

-.::<,. :_:--:,: __ ,:;· , demands~ $ince most of the ~omponerits _of.wind systems\(gen~~ators and :geatb'ox¢s). . .'.are'.;:teaffilx1 
", ,_: ',, _;, .• ' . . . . availabl~, and not ~pedf~c t9 win~. ~echnologx. Iru 1'99~( the::Eiif9p~~ Win~_ Fer~W!~ ~~i~?~ -il' 'i' 

.J -r;.:<:,,:•\ .. :.· :. • •. go~ c:,f ,4·G~ of windsby -20po. This ·go;il has been realiieii alt~ady;.m ·1997,·and ,thtfnewi®:geb.'1 
•.'t •-•~-~·'.•;•~/" ... . , • • " • I J , \ • • ~ l'i•~~&-J'j'(!♦ '~1'"i.\.f.•/r.:••' :..:i •~~•,!, .. ,,i,( .... l!'!l'.,l'""'\!t\if';~ •"--;r. ..,\ 

:;1;:fr::1{_'>>--·. I _i ' ,. GW by. 2oqo _and 40 GW by 2010: ,Giyen -~at Eur9p~ is a ?\~i:Jf mpre iana-co~ti-aiile~-c;onµriE!11( 
t.,::,;,rJ,· -:· ...•• ,; . 'generally-Jo-w-er _winq. resources' thai{th~"i:Uruted'States; Ws''~pµipa1is6i{ suggests -lh.i~"GWi,oft" 
' .. -~ ? .• -;- • >, . • -~· power . cap~city .can be realized:, in 'thl ,funhed', 'Stat~~~i6.y,°!'20lb\m' the ~ontexr'c5f\""i~sh'.dilgf~~ 

,.,; : ,: . ,:,·::: : •. en~~~nine~t-•-·. ·<· .,,:_, ::·., . : ,_·,_< . __ :. : : ; __ ; f'~:·::::,.,· •• ·: '_:
1

: ~:::~~:;~{;}f>-::'.~ ..... ·::>· .!J:· ·:::-.~-t~r/::;.;:~:}};:> ;~•.>,):\:·:;\: 

._ . . : \ ·., :-,. 'The.-kE/.,LC
0 

c~~te;t of this .tn.aly~is as;~in;/ ,f~~li~ ~;J~~~ t.\h,~t· ~ib6~i;d;~l ih~', ii~f%jsl!ttir• i-; 

' ; •; • address gl9bal 'warmin~. In. such ~-env_iro~ent~ fene~-~~li,;~~~gy~ :indud~g -·~0~ ,pf ~e_r?w,~~:Y~ri,~it :\'\~~: 
'{ :•-' 1 {>; •}'; ... able t<? dem~d s~~~w~at high~r ,P?Ce$ ~~fa~-~ 9:f ~o-~~~~f ~p~?ef!~~1:'c~s !<:>,r.i·.gre~,'~9J,E!f{l~ _f X . 
:' • • , 1.' .. ,. _ of that premium is not.yet known. 

1 
• /}"_· • . 1._ '.i\\::,"_:{ '· • :. :-· .-}.!/;::: : \)t'.}\_:;~·q~'~} ,-

. · :· ·f. ':/ : . . _ .• It is . well~~ume~ted that-~ind Jisoili~~s~ ~ ) h~ u;f~§~gtii,f .:. ~ ~ •tiit~':~r\~it~~;'.·St '; f~:,: 
...;,;,., · ·- •. · · · •• • · t·· f · · • d ' • · •• · a"· , ....... · ;:;•·t .. •·tr~~·- -··';..:::':~·· -•l~ ~ , ,it, t ~ .... /11,"{; · \t\)I • "' .:>!, ·::,,,,·;,;•: ·• ... :··,_:·_, -·assessmen o win ·resources an -:acces;:, ·. o: ..,...,,s10 • 1 a , .. t o an , 

.~f!ii1~"'i{!·;~:/?'.; . • ;> .•• and,Cf~s~:-,16''.sft~ --:are' ;~Jth4t{S] ffil,e~"~fl e :~· 1 ,itjf1iix\ • • • . .er. 
,r·,• ,, .,,, .. 1 , , •.:i.;!..:. .th·•· t '' ;.'i.~ • .• • -· , ,. (P. -~•·. ~-'· '.l'!~t·li:.: l' ti•:1t'·il:~ \"1~~ :'"ilf.:\~ 
; •f-H:,. _.. : . • w1uw, a )llCl.1.ue~~ange• . ars~ns-~ , .. ~ f ;',.1.~: .. 1;::!'.~~' , 
~ ,. ::.:>. •• wind :, (arm',.devel!)J)inent ~~u~ f; i~d)f S,; ' '.

1
t(\_wj1'c(, 

. :·t,, ... develope'f '· p*~a!~Y;'.Jif;S!li sf ?t l n.d'i~ f, 'M,'; ~afe 
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·~✓il't,' ,•, ,·, ' '1 • ~· ~' ·•·~ ., ' , . ,,, ,\ • .\. 'il~'?.Ljj••'yf_ 

• ;i:;'I"· '? ·-_:.·---. _' ' ' i.: ' '.' ' •', . : ,_\1 ,- •r •·: • 

:i; . •• s~pten:,~~t -t~.-.. f 

\'.". • • • ••• ::')~!, ;·('.{' ".. . •· 



. . 

·-· . .., Cha ter:-7 . 

. .. t • 

• relatively high capa~ity factors and l~w costs of ·energy. (The Draft Techn~l~~y Characterization~::_jf/\~}t-~,~~~-
indicate that capacity factors will be 45% in Class 6 regions and 35% in Class 4 regions by 2005.) • • .,.:,,·.:,,,i't ::· .• f;• 

• ·)'' ' . \ · 

This analysis does not take into account the fact that wind-generated electridty .will probably face· 
at least a partial price discounting because wind power is not· fully predictable. At this time, the 
_level of this discounting is simply not known '. To cfate, with low levels of penetration into _grid­
coMected generation, intermittency has not been an issue. There. are some indications that the range 
of electricity prices in a competitive market will be fairly narrow. For example~ price_s for 
electricity transactions on the Continental Power Exchange du~g peak hours generally vary only • 
by about .2 cents/kWh (Continental Power Exchange, '1997). 'This irnpli~s that price :variatio1:ls!, 
between .different generation sourcest cannot vary by more than that, and it_ is likely that the : ·• 
• d~ference will be much smaller under full competition. • • 

t~ 
• t~ 
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Electricity Supply Technolo_gies 

The main challenge for hydropower in recent years has been the, growing concern over . its local 
environmental impact. By damming rivers to create storage reservoirs, hydro fa~ilities can have an 
adverse effect on terrestrial and aquatic ecosystems. Wildlife habitats can become •inundated. Fish 
migration routes can be cut off, and fish can die in the generating turbines or because the downstream 
water quality and habitat are changed. Plants that grow along the riverbanks can be disrupted by 
changes in the natural water level, both above and below the da~. and large or rapid variations in 

~ the amount of water being discharged can disrupt aquatic habitats . and accelerate erosion 
downstream. 

Regulatory measures - such as the licensing of non-federal hydropower projects c\J}d the Endangered . ~ 
Species Act - are ,_reducing the environmental impact of hydropower projects, but they are also i 
reducing total electricity. productioi;t from this energy soufce. Between 1995 and 2010, 19 .. GW .of ·1 
hydropower at non-feder.al projects will be ~ubject to relicensing . . Recent trends indicate : th~~ . . . .'., 

. relicensing 'results in an averag~ 8% loss in generation due to the imposition of new .enyirp~en,t.!11 ,,,: .... , .. · , ,, • .. 
cons.train~ ori operation. • . •. . . • . • . . . . . <,',, ,' .:.::. ,./, :.:, ,: 

• • I• :, • •~,.;I' • '• 

, • .... ' ·· 1.':._.;'i:f~i!.1.?;.,t . . ,r.--... ;_1.\' '.",, •' 

Under the HE/LC scenario, and assuming a St.tstained ~egulatory' re.invention effort between'·now an,B. .t,!•:.',:-·,i,;.{\·t f 
the yeai: 2010, incentives could be in place to increase hydroelectric power generation iri either ~f , • . : . . ' ·.:·: :,. :: 
two ways. Neither of these _opportunities involves the' cons.truction _of hydropower .plants at,ne;vf, . : . :°- :\ ·.:_ ;;, 
si~e~. ~owever, both ~ill requ!re continued R&D to improve ~he design of tu~binf:? systems and t~_. _.: 

1 
;:i'(~(,11iq 

muunuze advf:?rse environme!ltal effects: , • •. .. ., . • •. , .. ," ,'0:'.$1l~f:·O 
.., ... • :!l .. • -~~·•·-: :\~.t:t..\~-~:f~;t~.11~- i 

• Incre~sing generation· at existiiig hydropower plant~~ This option' c~ns~ts of m~de~iing ·arid , ·: .; . ,·.",'.'•·.~ ~ 
u~grading _exi~tir\g ~rbin~s _and ~enerators ,t() in.crease -their efficie:1'cy artd/.,o~ ,el.~~cal ~~~~t : '::) t.'.- -;;·>•}f.: f 
With enabling mcen~ives, upgradu:lg hydropower plants can result m energy.pr~quc,tio~ SlUJ'.15,'.<>,f >} .. ,: , < , , •.· ,i 
5%-10%; Hydropower µpgrades :w~uld also have significant environmen!al .bene~its, ·.l:!ecat1~. :,:•;,\J;: ,,,,_;/~}t,' i 
new generating . techn'ologies ;offer improved fish passage, _better water ·quality, ~and ·'·new~.·i,;'l-1,::.,·fi~~i>l 
opportunities for improving ~owns~eam' aquatic habitats: • • • . , · ~ , . '=. • ,t • , . \ ·,,: :iii~~t_ij 
. • '.. . ' · , . ,·· .. ·: ~-·:.• ·_.. ,· ,1'. _,'·•, .,._· · • • •• ·:_ •• • ·.·.·., .• •. _,_ .. ,-. -- ( .~:- _.' • . .-;,·:~~~~~\~ 

• :· Adding gener.atlng capaciD7_ at existing' dams. 'A recent resource assessme,nt)dentified 1·~0,:GW:of.:, r, •::,,:f',l'.i,~\~~l}i 
u~developed hydropower capacity at existing dams (Rinehart et al., 1997). About 36,000 GWh· • .. • · ~.: l~·:;":_i i' 

• . of.new hydropower generation could be a,d.ded by developing these sites between ·19~5:an~·2oto' • ... : :??: ~ 
.. :. · • (Office .ofConservationandRenewableEnergy,1990). . • . • . , -: · · .. . : .. ;,, ,/>,>;_i 

t\::·<~t\ , __ . . F~~ther expansio~ of hyd_r~power ~~p~ci~y)s ;ossible~· ~~t ~nlikel~ until after 2010.':.rit~:, ~~t~Jjti~t;:;.l:f?~~ii 

.
:,:', .. '..~:.::_:-_~,;,f_·.:.i.·.·.,_~.:.; ;- • . hyd_ropower resource .·assessment ·:(Rinehart .·et al.>. 1997) .~as identified· ~ -a~ditional_;lJ !,_~-~ :fei-;~,~. ~~.;'..j ·. . l 

. . . en:virorunentally acceptable hydropo\:'Ver at undeve!oped sites .(those requmng th~nsgu~tion, ,o( :,:1s:;:r i 
r •,.:;· ·_:.; new dams or diversion~)- These res.ources may eventually be: developed,.given more·adv~~1tgeojJ,s •.W-\i¼.\-;lti J i~: 

ecoriomics,_ re~latory reinvention, and/or . te~hnology_ impr?vements. Further dev.elopinent of 1,,; •. ,,~_r.i:-t;,;;)),~ 
effi~ient low-:-head gen~rating technol~gies would enc~urage ~eployment _at the m~y .· low~head • :·:," .. •i1:,•,i\;_/;,~; ~ 
sites ~at are curre.i:itly unsuitabl~ _for, hydropower additions. • • ·: -:. <{t·J ~ 

. .: .:·~ '.·_ Con~idering only: the n~ar-ter·~ options, ~nd 'the fact that ~ ~re may be so°'e loss ·_of ·hy(i;pp~w,er.· . / .• :\i)\_) ; 
.,. :J '.·,i,i;., , capacity due to· relicensing is~ties 'aiJ:4 e~vircinmental mitigati~ri regulations, net capacity :additio~:-.''·;\, !}'.t\~\!1 
~,. . by 2010 could be 10-16 GW, reducing emissions by 3-5 t-4tC.. Additional carbon savings can be · .. _.· _._ '/;: .. 1 .. . ':, 

~;i;~~h,'-,, ~~~~:::5~:;I{j;.;~&i}i1h:iE~t£if ~ g ,:•c~ olo,r::~;~;:~•nill \~'' '~~iH 

~f;(:,::;> When:'food ~raps and ·o·th~r '.~rganit .w~tesiud .ilidfuis;decompo~, they prod11ce m~th~~t~eth . . 
•• • ·~ '-h;,,:;, is~· a· pot~nt 0.gre¢nhquse\~g'lit.that\ i~Ja~~(): 'the'f ~ i~in -~ingx:e4ient 'Of •natural ·.gas. -Acchtdingf.' '&~{fue 

''·"ik·::,., ·A·. ', ,. , · .. -.1~#,_1;> -;..:.•·· :·,~-f?.+~~;,,iM,~, ·•.'i~it<~1•: .... ,;,#-"li"'rr~.',H •j .... ,:,c. '.;'""''1r~;,,_,:'• •'·' ·' 

• '}\\'· ', ·.·•i .. :··. ~ • • ,:·.· <:·' •• .:\}i\~' .".".~;;i~W:-~'·: .' •. ', \ ,, . . . .: ' ·:· • ' '. ,., ., -~•''.·:::~::\\{.)}:;-(:),{·~· 

~;f.,•:, .. :~>;~~~8~~~r:n,~er_Jf••j 9.7 ~;, :/ ,r ~1~. ·<J!f ',,'.)./ft:}t ,, 
• ., '_. : .·..:, • • i :·'.~{ti;(? '.:, :.:,•> 
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Electricity Supply Technologies. 

Intergovernmental Panel on Climate Change, each kilogram of methane is about 21 times more 
effective at trapping radiation in .the atmosphere than a kilogram of carbon dioxide. Landfills are 
the largest source of anth'ropogenic methane emissions in the United States; they are responsible for 
almost 40% of these emissions each year (EPA, 1997). 

New EPA regulations require operators to seal larger, closed landfills with a special cap, collect the . 
gas, and bum it to prevent atmospheric releases of methane. But wells sunk into landfills can ca_pture 
the gas before it escapes the surface. It can ·theri be used for -a variety of appliqitions, including 
generating electr~city. • • 

Today, about 165 landfills recover and utilize methane as a fuel. Various estimates (Governmental· · .·. :·· . • "·\,.: 
Advisory Associates, 1994; EPA, 1997) indicate that _between 300 and .150, of the country's 3500 ,i .; ,, :_ 1 

lanq.fills could economically recover metha'ne using .:currently available te~hnologies. Jne;;:t(·r,~· ... ·. 
development of more ·emcient, less expensive technologies for gas recov,err,. clean-up, and{t<\t,. •·... . . 

. u~~ation coul~ accelerate the adoptiol:l of lanqfi~l gas•t<:ene~gy systems, Fo~· exaµiple, hi~hlY;,tli~;1~{•;_()}~f .> 
eff1e1en.t; experimental -fuel cells have operated on landfill gas processed. using new clean-up ~\)~;•,,,;./fi'(V. l.· 
'technology. • • - • • ., • • ~-:\:i··~::-: .:/,i .' 

' '• • • • • • . • I :.li ·:~l/·~:-·. ··•, ... ··~\ ' : : 
, • . . . •".:.~\~~-; ;.,, ·11•· '. ' 

By · 2010, 0.2-0'.5 quads ·of energy per year could be recovered fr'om the methane in , landfills and~~4~~ :.;;~.t_i\. ·.f 
. converted to electridty, Taking .into account the differenc~ in the radiative effects of methane art~tf.'i~~:;;·:~~";}:1¼·;\~ 
CO2, this represents the equiv'alen:t of 25-53 MtC in redu~ed entjssions (DOE, 1994). ·,<: .'· ' ' · f.~~~~:'1"; • ·4~~':.,fl 
'. • ' " , .' ' ' ' , ' •. • ' • ,' ~,,;.;_;::•<\·' I ,' :,;,,iy~~ 

7 :a f·1.5 .. Other Renewab~e • Power · .. Technol~gles • : • ·., - •• • • ·-~~)~i.';,:>.·.-: .. i/~ii 
This section exa~ines th~e~ ~~re. renewab~e ~l~ctri.c _technol~gi~s: ~hotoyoltaics (fV), geothe~ .. ~;·j;;" ·.;:, /:t.~t/ -~: 
power, and solar therm~l ·po~et- Figure 7.10 lllustrat4:!~_•.that-~th~ .costs:£or th~e tliree t_echnol?.~~ _. . _ ;\i:f 

• have also decreased sharply o_ver the· past 15 yeais: lt IS very likely that this trend will continue... . . , , . ~rt 
~~~ no~e of these ,te~ologi~s ar.e eJfpecte:d:to coritribute.as.J:i:tu~ e~e_ctri~cy as bfo~ass co_firirig •ot- :, :·_:.-·•\:i.t_~::·:.y:;1j~;)~.i! 
wind power by 2010, their role m 2010 ele~c1ty m_arkets may be significant and growmg._· •. • .·· .1)r,•~~.'+,\:: 8'j 

• • , • • . . '· ' • • . " • . . . . •. • • . . ' . : . . '' •. • . . -. • • . .· : ·-t~~:}~~5;<~i1,;±:!i_'): 
Photoyolta1cs · · , · ·. · · ' · · · ., · , · · · k"'; •-•fil, .... , ·.,,,i .. , •, . i 

'-,. • '!·· ·~, · •. • • ·. ·• • .' __ ' . _r, •• • •. • .' ·::· ._: __ <.~ _:_. ···> .'. ·: ·-.-:;~~.-.;,:~:{ti;;~\/'~.,':_;.~:!,~ •• :~-~, •~ 

. : Photovq,taics (PV) ·_uses s~lar c~lls to .gene~~te ~le,tricify_.jrom sunµthi iwitho~t ·any. e~sjo4 ~?f • 
. . . • • ~ ._moving p~~- This_:t~_~<?.logy ·has ma~e s~bs~~tial pr<>~e~s sin~e,its (ii·.s~·S\l~c:essfl.fl applicaµorc:. ' 

•. • . spaqF :Whlle PV p9~er ·,costs are still s1gn1fic,~Uy , ~1gher 1.than. *e ·, .. ce>sts .·of other. :rene~~l?. 
• .. t~ologies,. sales,-of pv ·:power ~~stems ;h~ve :~e~n ,gro~~$ !te~dily, p~o?ably."beca~:(f the:~ ~ ; 
.. .unique.advantages ofrV, The_se include modulanty .(appliC.<!,tlO_I\$ can.range from :solar-cak~atorsJ , 

. -~o.wer . st,tions), widespread applicability. (since. ,adequate sQlar resources . are widely /availa:b~e) 
• an9 ease of integratio~ into the built_ .environment (thrpugh .in.corporation into building facad~s 
roof~g materi~ls, ·,hfgh~ay .. sound barriers, 1 parkirig-fot . s~ructures,·,e~c.); .The ·most.·impor(~ 
applicati9n of PV today ·iS.41 stand-alone 'systems that provide power to remqte water ·pumps or 'o.ff • 

• grid ·resi~ences, for example. Because apprdximately 'two billion pe~p~e HV.e <.in villages ·.withou 
grid -,electricity, rem·ote power represents a·very ·large)md;important,~arket ·for PV bi''devel9pi.h 
countries. • • · • • _. • • • • • • • · • · • <;/,; 
• • :,, . . • • • •· .. 11 _:- .>~ .. 

:_ ::'. • 1_ ;. .. . . .For,~d_-c~nnected a~plica?ons: o~e of the most p~6~in~·!r~ds ip·~e:.pcis~ fe~ ye~s ~ \'!b~~,;. 
••:•.•.-:,'/''i<.\l;,'·· • .. :,.·:_•integrate~'.' PV; NW11~rousibu4dings ~ave:~ee~r-:ccinstruct.~~ :'½ P~.arily,in.~Europ,e;}J~p:~ ~~ ,,~ 
\'-\·,);;\,\:if\, : .. /U~t~d .'~t~~es ~ tha_~!;~ .sory~r~~e ::Pr·~~~-~ -,-~ ~:w,~dp~-~~·:,'a_~gs,._'of ff~ ¥~\mate_~~i~~ : 
ld''~'.~J:1.~),.{;_. ~-i /, :, P,V;,pane),$;serye. a qµctlif,u:ricpon;•.whl,~~-effectiY,ely;Jp~er~·i~ .e,:~<?~t:of: ~ell'/;IO!~J~ ':PQ.~ ~rl ~ 

-~' ._,. ·.. ff:;• ,/.i:{In\itQ'e~~t~i' . licat. ions; • ·,e.\PV¥pow~x:i i:liiectl '{df~i• fa'_ctis"f': da '' Iettri8W;.l~a'ti the;.e''ifif;•· ·om'.t .. _.,,,. .,,.,.,._,,..,, 
, '}~,:~-~deJi~~ryi~{Je_m; ·v.i~l t . ·\ {h~~ithe]igr.eatest .vJ4~~ ~ othe"'.1 i d . ·~1 tage, :~·£,P.M . ~-!~tnit ~~e~ 

··.- _. ~ . _". • '.}l~)q~oµtp~t}t ~ erally. ~o~~e~ iwith ·pe~ ~#,lectrlc~ty·t~~ ~dti°~ ~ ~ ifurth~rf,Af,t_m~es •iG~ ~~t. '¥ 

Jt)t}}iii&': • ::.i;.;{;df &lizt · · ~{~ij[-,} . · · :· ; . '. l\ :·~r • • • •• • • .... s{~;.-~;·_ : .:\;};~~~ii::::: :}:··'
1
_j}~1~/··: / ... • 
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,,,•. • • Electricity Supply Technologies • • • ~ha:~~~r; .?~. ,. 
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Woridwide sales of PV power systems have _grown to nearly 100 MW per year, ~p from 10 MW. •i.n'l' :. '·\f; i, ... 
1982, an average annual grow.th ra_te of about 20%. This rate of growth is likely to ir)cre~se as ·a .,\· • -:·,·· ~.i; 
result of numerous -programs promoting PV for village power in developing countries as well as • ' • '· • r. i' 
programs promoting greater u~ of PVi in severa, developed nations. Ont? example is the U.S. Million ·: ·_- :·t 
Solar Roofs .program, announced by President Clinton at.the United Nations on June i6, 1~97. Others . 1 _: /: ·, .'; ~ 
include Japan's Sunshin~ Project, Germany's subsidy of up to 70% • of PV syst~m costs, and ( • 
S~itzerland's PV Schools ,Program. 
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. . 
parabolic dish reflectors to provide thermal energy to a Stirling engine mounted at·the focal poiht of · 
the dish. A few individual prototype units, which have power outputs of about 10-25 kW each, are 
being tested in the United States. 

While EIA projects negligible gains for solar ,thermal generating capacity by 2010 (EIA. 1996), 
DOE's recent Quality Metrics Study suggests that solar thermal .systems will provide · 
approximately 2. TWh of electricity in 2010 in . a BP.U scenario (Office of Energy Efficiency and ·, 
Renewable Energy; 1997). Under the· HE/LC scenario of this study, an estimate of 0-2 GW capacity 
and 0-6 TWh electricity generation in 2010 is probably reasonable. This would reduce carbon , · 
emissions about 0-l MtC. 

7.3.2 The Long-Term Role of R~newables 

As indicated at the beginning. of this section, it is quite likely that renewable energy technologiest, ... 
will play a crucial role in limiting carbon emissions and global warming iri the long term. Contin,ue_d < • . 
domestic. .and int~inational economic development tl;lat" does not foster further. global Y{arming wUI,;~ .-t,'. ' ,' . : 
.require greater energy consumption coupled with_ lower carbon emissions, The only options are thus • :- ) : 
low-carbon energy supplies, s9ch as nuclear .power or renew ables, or the sequestration of carl:>on!;;'>·'.• ... ;,\,.,. ·,,· . 

. ' emissions from _the use of ·fossil fuels . With . the· continuing technological development and ,cost[.··':- 1- ~ .: , . , 
red_uctions of re,;iewab,les, renew ables ma"y become preferred energy resources some time within the }:? ;: / . ! 

• next one to three decades. Moreover, they will probably expand to .become the world'irprimary~-s,t!}JJ~,:-·,' _:;;•,i,':' ~ 
• energy resource in tl;le latter half of the next century·. In fact, just such .a transition was suggesteq tt:"~:"':\'(!/,: ::::,,)~:.-.. ~ 

.· recently by Shell Inte'matfonal (Figure 7.14) ·(Royal Dutch/Shell Groµp of Companies, 1996) . . - • ·,,•{~?~·": :'':\11~:1< ,, :· • 1 

• I • • . •. , . .. , . • . . . , .. . . ' . • ' · . . t·Ji ' :.: ':<? · · ~ 
• Figure.7.14 Su~tained Growth Scenario from,.Shell Int~mational (Reproduced courtesy of Shell1;~\:foi/:!\~J.:,: · •: ·,.:, 

• • In~emational Petroleum Company) • · y• ' :,:: • .<':'., . · • 
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• Biomass Power 

The most important R&D areas for biomass power are in gasification/ conversion systems and in 
feedstock production. Gasification involves converting the solid biomass feedstock material to a gas 
th' t is cleaned and then burned in a com~ustion turbine or used in a comb_ined-cycle plant. This 
technology is currently in the initial denwnstration stage of development. • 

The importance of this technology is that it can take advantage.of advanced turbine desiSJ1S ~d . '.f 
heat-recovery steam generators to achieve almost twice the efficiency of ~urrently µl

1
St~µ~~.,',,.·,- ·.: .. 1 ; .. ;, 

biomass technologies (NREL estimates, 1997). High-pressure gasification technologies yield the • • -;' 
highest efficiencies, but they also require the development of effi~ient, cos·t-effective m~thods for • • ' • • '· 
cleaning the hot" gase~ before they ~~ter the turbine. • • . 1, , • . . . , 

' I 
' ' : •, \ . •·. . ' \ • • • I •, • • • • : • . ,• •. J ~ 1• .• • • \:·. •, "'. ·• • ,): 

On the biomass proauction ·side, g~netic research is likely to -produce energy crop _species}hal;- :·\ -::.i~.;::.•:. ~ 
provide consistently 'higher biomass yields _on an energy,1=on_t~n~ _basis, .thus providing a p.rpp?,ni<>11.~ :'' /;: . ~/<:/ ,1 :-f. 
red uctio_n_:, in .bio~ass feedst~c~ •. co~ts_. , R~l~_ted r~~~~r~h) . .nto. ne~ sp.~cies. ~es~gn~d ,for, be_~~r. /~~l 'Jf f)!: --~~/11\:;;:f,j 

. • production also,looks promismg m tenn_s of . significantly. decrea~ing biofuels costs ove.r tune. : ·: ;·\ ,'i ,:f .-:,~q 
Researc1' into advanced agricultural ·methods wil~ also lo½'.er -feeqsto~k production costs oyer ~ini.~;_)) :~t:'.:;. :t;)Ifl • 
Finally, ~e development of_ ~~p~er,_. f~e1stock handling ~~:_ pr~essin~ me~ho~s "'.ill ~~o !~~d :~i~i.;;;,_~;~~~­
lower costs; Whole-tree professing me~ods, for ~xample, __ wh~ch_ avoid the . cost of !=~ipp,mg otl:le . ,. • • • ··, • "· 

. wood ~efore processing or use> could_ r.educe the co~t of ~a_f\'!}ting ~d-delive~ing,,t~i,e biomiiss;:t<?.·~e'.
1
'..ti. 

p'owerplaht ,:by about one-third (OTA,'1995). • • - • ;,,;, • ·' • • • • • • · : • --, .:· ,,,._,;,;;, 
··:~\\'i:.~j·.-:: .. ::~:',·~~:·:- • ':-·.·t"'?( .J •• : ••• , ••• , .... ::·~ •• : ,\,·':· -(~. -,·:'· ·1'' i ,,::~:,.1~·•--;1~· • /\'. ·t:~··:·.·~.: • .. .···-"' ·_:'ft/>·?~~~:\~·.~ 

• , • ·, • Takeq )b~~ili~~. -iin~~ov~me_~t~. hl: b~b~~i~ ·:1,-ow,er f~Y;rs_i;~ -~~ :~~ii ;as , f~e~s~dck':f ; o~i9~1t;, _ . 

,.· process~!(~ould_·reduce the cost_o( ~l.edtrici_ty_fr_om bio!Pass.·to ~bouq~4 ~ents(!<Wl_l:,-~ wi)~l~~ .-,l f11(, 

,· bio~a$.~,:F8~~r very .eco~o~~c,I ,~ '.c,o~p~r~on }c:> -◊~~rin~i.nstr~·~ ~iectric:it~ ~o~,s~~'.; :M i~~R,~~~J, ' '' . . ' A\J~ll . 
. power, e,?.'~~ds; Ol~S~ of 1.t ~111 emp,l<>Y;?~~i1ate~ Je~~st~ks •. In:tllis, c9.nte)_(i, bio1:1'~s,:use ;~illwn-~ .-- ~:: ·)·:,:~~~,'1t~' 

,·. _.I,011 net_:5~~~on em~~ions. Thes~ n,~t e~siQps_1pr~arily J~su~t; ~?m -~~ co~b~b9n'.of f<?~~~l ~!?~W--\J,,)itr,itZ~~~ •. 
. proquchon, ·and delivery, bec~use the ;-c~rbon e1:mt_ted _dµrmg c~nve~sion:wilLbe reabso~bed :as i:te~ ::\;;:\ •·• '. , .. 

·· feedstock grows. -,Tllus, biomas~ powerc~·become amajo! to1;\fributor fo,red,ucirlg ovetall Cclfb?f\/{;;;},'/· 
• emissjons from electricity generation :~ ~e \:Oming ~ecades. :. . .• • • • '.1' • ' ':; 
• • • • , . : ·. ' ' •. '-.: .. -' • .:' . ,' .. • . : . .•. , , . • ·-:.:,_..,, , .. , : ;~- J • ',)\" .. 

, Wind PQviOr _ . . _ , ,c ,, _ _ . _ . ,. ;,,'.; : )f{~~~t' 
" • The tec~ologi_cal apd econ~~c f~as~?-~~y ?f win~-power ·-:- ~o_th ~ the_ {!nite~ St~~es,-~~:'.~1'r~ ., .•. , ,,,. ,., ,it,,~,:'.·.\,-_.;• 

• " • " --:- has already been well established; as ·the ,wind generat10I) capacity curve'~_]il _' Figur~ ·7.12':-.. :'1~"'1'',-· ~,: 

indicate. Nonetheless, major advances-for 'wind po.wer technology in both the shoi't-"'mrin ancHon''·~· . 
• .. :, '' • •. term, are . likely. These are ·pre_dicted lor ~e isho~t~f~m\'.by° DOE~s· cosf :and ·t,erf~ririAACe:J~oj~¢~~::: .... }.t::li~;; ilf:ti-1',,ll',; 

· } • , (Office of Utility Technologies, 1997), as illustrated in Figure 7.13, • -·· '.. : :- • • • ' •. -· •\" •. ·•,,:2t1.~~•1"-,'' '': :_-~ ~ 

Wllld turbin~ desi~ is ~ e'~ost t,U;cal 
0

~&0 a,~•- ~•• 'ge~er,al ~r0-, µ,e~~i-4 :~1i?:f ;:!1fi~~ 
produce turbine designs -that have ha![.of-the ~atemil content oftoday'~ turbm(',s,.a~ perhaps:tlif~e- :: f •. J, •'.:. 1J 

••• ' quarters of the 'material cost (to account foi-'_more'' expi ns~ve,-materiili)~but ~ith''>:ug}le:_,~fnci~cr· 
• : . ~d l~~gex: lifetim~s. Su~' d~$i~ ~pfo~ye~~~tf :~ m :~of"oply'. l?f~K ~e"~6:~i-:~t~0~f.~e'~i~a~~-

. · electric1ty, they_ will also make . it I eco_nomically practical· to uhhze·:_~!;! 'widespread, so~~wna 
' · • • ·' • • '1'1 ;. , ,, ' • , ·• • • . ~·._.,· " , \ . ,,· ·' · 1 .-.:'• '•. f i , · /'•f ·"· ••,,;•,~,.;..~~•;,~,•1·~ 

lower quality wind resources founq, in Class.4 wind regimes. Spme of the criticahesearch) teede r 

. . . , . •• .achiey~ ' ~e~e goa~s includei ,-c<>Il!iri?~~-'.-,¢qtp!~~c~~:•:r~si ~~,)~!~ -'-~ :~::~~~!r.~;t~~~; .. );l~~t ~-f~tf 
; __ ._.;_:_.,_,.~_-_//;,: ·.·\ 1. __ • -_._. .. _·• •· _ computatipnal_ fluid qynami~s ~~d~l~S: <?,f .;:th,t:,llltt?I'.c,l.C~~q~},~~~ -q,., -~ ~~e~ e~t19:t ~,, "d ·1· . . 1 d .th t • 1s••; .. ,., , • ' }\1l.'n,,:~·· · ">·a11~· · ... ·a i•''t:t'i' ::Jd,' l,., , ,t,r •. ,, ,\_,I\~ .--~ · ·,, 'f,. if\~:--·' ' .:• ·•,.' mo e ~g. coupe wi ma ena ,:.res~ai:c __ ;_''l'I"-+.~ \ ~ . _ -, ~~t? ,· ~-"' _r . . ,<:,,.r 
{:,h{t.,,,j:/, t:,:;1 ',, ,i..' .. blades :that iminµnize ·material~~til~z~µQW1w hile'!,e,(t~h

1

f.'.lirl' ', I, a'.d'' ,, r • 
• ::·• ·.. • '., •· •• 1 ·•: -/[: .•. .. •. •. , .•. -.-, , . • , _: • · • . --. ''"r:··.· "· • ' ,.J_';· •• • :.;.:-ii<·~· ?i' ·-1\t;,m.,.,J•,,._· .. ' ' ·'':,.:. .' . , .·.-. ,, •• :, "\-:··· '(le,,, .;i:1 ·,\')'ii 

iyl·,Y ~~~rr -: : J • • >, , • .,- .w .. : ::r t,:~r':~\;:3i"A 
·r•··•'-';)?-:' '·•·ii'l''i"t''';,~,,-. '.•'~ _:· :;-'. ,·,- >1 , • -· ~,·i1:~.'.li/\;·.•·.•:r~-
·/·,_.~~- o:-·-f<:·t· '.:rL.:i~·~ .·~•- .. ;, . :.- 1·; ·:.:,~~v; :,,.'(-:•\,,. 
.f'J;. 
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Another important area of R&D concerns the development of direct-drive generators and improved · • 
power electronics. This will yield higher conversion efficiencies and more durable power-conversio_n 
components, eliminating the need for a gearbox •in the drive train. A major challenge will be ·the 
integration of advanced components and controls into large-stale, utility-class hardware .. 

There is also considerable room for improvement in turbine manufacturing processes through process 
development and automation, since today's turbine blades are still largely built by hand .. 

A fourth critical research area is that of wind prospecting and prediction. Wind regimes are 
extremely .site-specific,.so even though wind resources have been broadly categorized for the nation ·. •· ·',. • .f 
and the world as a whole, the siting of individual wind farms requires detaile~ infO:rmation in order' . Ii 
to select the best site. Wind speeds can vary dramatically over the course of seconds (due t() . . .~ 
turl;,ulence), h~~rs (diurnal va~iations), days (~e~ther: froi;tts), _and _months (~easonal. v~~iatio~)~::.>_: ,-.'·. ·•.{·.:•.'_.-, \·'·; ;:•;_: \.·t" 
Toe; best, locations are those with strong, sust~med wmds havmg . bttl~ turbulence. Fmdmg sudj.'::~~ · ,.:'.,;f~ •';•P'.: ,;,: . 

• locations requires extensive prospecting and monitoring (OTA, 1995). The development of better tools.~fi,-1;,:':>" ;.1!;:/· .. : '::; •. 
for reso~_rce characteriza.ti~n an~ . we~ictiori wm_ bo.th imp~ove the economics °,f wir)d p~~er. ¥d.!~r~~}.;·tv:.·;·:,~~i.;,:::::,::t'.1 
enhance. its value by. enablmg. utibtie~ to more reliably··preq.ict t}:\e p:ower outputJ i:oll\' specific. wmd:.?".,,\1i t•·~~tl: :,:1-:· :. 
power pl~ts. . ' . , • . . ·. : • • • • . . . • • . . • . • . . . '... I'. •• // • '. - . . ,: .. : : .•· :: •~-f~j,' .. _.:-:.- :,i 

~o~er import~t _thnist io~.~~search is to address i iting.iss~es. For exampl~, th~ t~~s of rid,ges ar~ ~.-·. -\:-::,/·'. •• :~,./\ tJ 
. often good•wind sites, but :such a visible location for-a.wind farm ·can be-ac~~ for 'con~em-when the /:;'': '"'':"''•,:,:,;:a.;>'.1"}\I 

sit~ ~ either «:l<>se , to a population center or in an '.#ea of pa~ticularly .gre~t;:SCeruc;: v~lue. To date;~t\,:ij«;\#.\{;1fi;l'i;.i,>;~:r 
. ;.there ,have ,b.~en . vir:tually._ ~o :·~tudies. to und~rSt.µl.? ;~e: loca\ :v~ues •'as~ocl~t~c:l-~.~ .ith'. , the .. visuaJ:hii~;\t1~tir(~lirkV'k • 
. . impact .of :w.irid_ sy.stein~ telatiye to .other ~nergy.technologi~~ µvthe .Unite~kS~a,tt::~i~)'~t ~1:1ch .analys,~ • •• .:' ·;-~:h· 

• ... co.uld;1,l~y.. a key : role in. ~ecisions about . the adoption ·_of:,w,in_d ·p~\Ver;:~ ,spe9fi.<;::ifegitms.'.,AI)ofu.~1 ;-:, 't,: 
environm¢ntal considerat_i6'n · affecting sit~ sele~ti,on. is : the •. p6tenti~l;risk\ to ::b.i~ds:,,\ p~tti¢ularl '\k 

. r~p~~fS,/which ,soµietimes fly _into the. rc\pidly, ,turning rotor . ~l~~es. ·Thjs,/too, .:see¢sJ i;~e:an·Jssttf , :,; , :·~ -~-J~~ 
. that m~y. ~en be resolved• through research to .~derstil,1\d .. the .. ~ope of the problem.,·reiative to oth~rr,i''- ~~~~try,},;lt$,· 
. ~reats tt>J~ird ~pecies as well as the development of ways. to keep birds a ,safe·~tance from movi.rig 'i~~,,,)'1;c:.r,~:}~:;f:~ 
. b' •. b.l d .. • ' . . .. . . • • ,· · . .. .. •• · · · .. ·,· '· tui:. me a es. • , , · .,_ ·,: ,-.,". ·"1.;,,r• . • . .?, :r• <,.F ;~::-:it 

.. . . . ,:· .. ·:,, • . . · • .. _: : . .: • . . : .. · > .,; ..... •. . . -_,,_,·. :· ·.: .<\:.. . • .. • :.\{/c.-..:1},•·~·u:k~iifif-< 
. In su~ary, ,t,he . resea~ch front1 f9r ._wind power technology· is v~ry:·hroad; -A~evem'ents ·.ire like~y jo'<t(J~\f{l;/',, .: • : ;~ 

lead ~p; )V~~~~j,re~d.: .. adoption· ard .applkation i of this el~ct~ic . powe( te·~ology\ throughout ,, t}ii ~~,·1;•~ • 

w_<>~~d/ v.,h,erever tesources:are adequate;·ove'r~e next few:_ 4ec,ades. • :. ·: o:,_ :' :··· '·, ·(•. ·)."-,-~ \ ; .• :.,- • '.,,. ·, :. _' ---~·~!~);:if 
,. • •·:,;. • _ -.. ~ ... · .. :.,r · • . .-,.·.. ·- ·' \), ·•;;_,;. • :· ;·-:: \\~f~;~~\; _ _ .... 

,: ,G~other·~~, >,Electricity ' •. •• ' . ' ' :, • • \ . .' .I·. ' : •.. :. •.:, __ , ••• >./iirttiI~.i~~( ':·::~;,f~l 
• ,. ·1 :.•·. i._ ••• . •. • . . • • . •. • ~ ... . ·. .,.. ., . . • :•. ,,::(d - · • ~ .· .1:;•!. .\, .. .. ! •• ,,. .. ~?..-~~:,, 
• Both current geQthermal p9wer syste~ aiid_. ii,dV~~~d geother~al .pow~r ~te~~,ogy com:epts .v.imi.", . , : 'l"S*~{th-1 
benefit from continuing R&D . . • • •• . · ~ . • • ·• •. ~·· ,;;~,:.~: .. , ,.,·. ,, .. ;::, ·-'· · .... ~;.,:i 
• , • • , • • • ., : ,'.' i .: · .. , ," .. ' ' . • . ~-'.\ .: (;: ':;;:;',s{.'j,r:,): ;} • 

Today's: geo.therm~l power plants use the,, thei:mal' 'ener~y from', hot ·water ·: and steall'\ ifi :.,~\}::N.~t:.f:~:1:,,:<· 
·hydr~t.h~rmal reservoirs to generate . electricity.-'-: While, the . powe~r· conversion ·.and drillirig •i,X,\·'':t~!'-i,; 1:~•.i•>'fi.i . 
. ~~<?lcigies !elated·to:,the~~ power plants are c(>n~jde~eci-:rel,tively ·mature,· they will,'also ;beil¢(it " • 'fil•;, 
from R&o· in heat exchanger$; hot fluid mat)age~el;\f:systems, and· new· thermal ccorivetsfon· cyd~ .t. '~: 
'These .acti_~iHes,alone could t.es\llt in en:er~ c,c;,s~}E?duc~io~. of at ~E?ast ·-20.o/o_in: the next. few :Y,e : '·'· 

. 
1~t: :::·:· :~.~7J; t .. • .... • ••. •. . . ':.! i~iI171tif iit(d,:1'::iiit,(" .)'\ilI • 

·• ~- ... . '.:'•'·· :;:~:ra~f:hz~:J:~;~c\~:'.;i~\!;~k~t~f~~J~~p · t,~,u· ~~~ f ~-~ tf!esp :l · $l,kft~ .; 
·'°.'• .\ •. : •. ;~:.' ':•:,~uch:as'i ~·m eri~re':, cie 'lh}:~tist~inable\i ' '''i .. a l'.i 't,i fiiliii~' s B 
~,.:,,. ;, .• I • .. ,• • .• /~•.•· '· • •)',,.,.,,}',ti' , P;:,: ,.," :•i. • • u,,f P. • ,. ; r"-•t~/'0'''-'~•i ~ ' \ ' l '1•~ ~ 
!Y.11:tlt:tr,~q~,4W~'0:,~~1•1~l :,.,s•~- ~0~~~ • i,n.ie 
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Electricity Supply Technologies Chapter 7 

modeling and interpretation of the data could lower the average cost of locating and assessing 
geothermal resources by 50% (NREL estimates, 1997). 

In the long term, geothermal power plants could make use of hot dry rock resources - areas of 
exceptionally hot rock (above 150°C) that have little or no water in them. Energy can be extracted 
from these zones by injecting water from the surface underground, where it is heated. Although the 
engineering feasibility of extracting energy from hot dry rock has alreadx been demonstrated , 
(Secretary of Energy · Advisory Board, 1995), further R&D is ;necessary to, make the technology. 
commercially viable. With .success in that endeavor, the potential for geothermal power would be 
vastly expanded because hot dry rock resources are widely available. • 

Photovoltaic Power Systems 

Although PV power technology has already experienced major gains in both performance and 
1 economics as a result of R&D conducted over the past 30-40 years, there is still -ednsiderable ; 

potential .for further improvements. This is true for essentially all aspects of PV power systems, . · i 
including research on bas.ic photovoltaic· materials, development of high-efficiencyPV ·cells.- ~4'_ i, 

modules, development of better ;PV · power products, lower cost . manufacturing processes, and ·. ) 

:;:::e::::: =~:::::n:::::::::P; :::::y ~ompaM~ the module effkjencie; ~I cu,;en, , • ·,. • •. •• • iii 
commercial PV modules ·with the ·effitiencies ~f individual solar-cells. For crystalline silicon PV," ·:;, ":, /·\;;:,)_{ 
tech,\ology; the technology representing-~bout 90% of_current ·sajes, co~er_cial module efficiencies_;:J,; ,'.·!-,:~,:-,,,~5j!;!.~ . 
are ge~er~lly between_ 10% and 1~0/o, '~1,ille the bes~ laborato~ cell efft9en~1es .are w~~ ab~ve '20~: '_\f\f '•·::·!'it:i,,;:p 
For thm-f1lm PV technology; which mcludes amorp}:lous s1hcon, copper md1um diselerud~, and:. ,,i' ,'.": :..:·.·: ( 
cadmium telluride modules, current . module: efficiencies are. ·generaJly well .under -10%, but ~ell <A;, \. ,. ,·. • f 
efficiencies are above 15%. Thus, ih all ·ca~es; progress in commercial products would be virtually'.: ·;;-~:, ,· • ,.J 
assured through the replication of established laboratory results~ There ,is also clearly· the . :, .' .. • .. ~ 
po_tential for greater in~reases ~n .c~ll efficiencies over to~ay's· lab~ratory. r~sults •. : So~e ·of . ~e:\_~·, ·-;:.: <_\).<_·.1·. • 
research tools that are .bemg appHed include computer modeling of vanous sell'llconductor 1:l\clterial$/,1{! ,~~,.•\(y'!:. 
and atomic-level engineering of new d~vices to better .understand .their photovoltaic and electronic·;-_; . • :;'. . • • • • 1 

pri;>perties. . . . • . • • . . ··, . • • . · • • . • • · ,· , .. • • • ~ , .·, :))_,:; \\_ \-, . i 
• ·L~king

1

·~e~d: .Je. find that si~fic~tiy greater efficienci~s,_. ~~e possible. ;o~ e~~~pl~,-~~1tt~}i~~:•~t,· -~<:'\:;-] 
. junction cells have been tested_ with efficiencies above -30%. At this time, -., these -are . small; :,:~ • • . , . ..,,. -f: 

laboratory-scale devices wh_ose initial applic;1tion -is expected to be V{ith concentrad>rs, .in which /:~.: :-"."":~:'.'-i::i 
the . cost of the_ cell -is significantly off~t by the . increased· solar energy captured by the optical ::i·/,;,:f :.2~ ;,, •. ;(i} 
concentrator. However, in a decade or t'Yo, it is ·certainly conceivable that low-cost processes for . : • } 
making similar high-efficiency m41ti.:junction devices ~ill have been developed, which will make· 
it possible ~o use them in conventional, flat-plate PV modules. • , • . • :.-.,,r 

In the area of manufacturing processes, c~nsiderable effort is being made t~ perfect processes thcit • • : ' . , ,. 
provide uniform, . high-quality ' materials 'for the thin-film tec~ologies. The fruits of these efforts· • ;_\ . : \'· >' ... ;. ·l 
are likely to be realized in the next few y~ars clS a number of firms construct fairly large (~20 MW :-,c: \11·~ 

·.:' ,_ _. .- _· . ., per year) manufacturing plants base~ on the resul~ of process research and d~velopment. • · • . .,· • : • :.>i ··~ '·: 't i\"·:-~ 

~:;}'.,.'.;1'f./;~,,;i/ \_., .. :. • ~- ,::. · · \ .. < • • · ' ·' ···, \ · .' ":" • • ':· .:/,;·:: · :;·,;~·..:_,::.~,,,.,,:,~;,::·:.::-~,,· .. .. ' .. , ·· -- ~- - .;,:,i•r· ~:... •· ·_· · · '. .• ·.,:.::.: ·• ~ · .. ,'.:,;:;;·.·.;::;'.,;};.,,;;}ti;i/J.t~~ 
.;j. ··';:ii;\<'. ·._ . . There. is. still considerable ·progr~ss ) p ,be ,o,ia91:! ,. in , the de~el~pment of- PV P~'4-'~r j>rod~~~: .J=#r • (· ,:, )~;~ 
. if.: ,.);i ·,· • : example, ·many PV 'power _systeiris ' foday'. ~re· ,still ;being individually· des1gi:led :for '. n>ecif -\::~~ \ 
;·', •:!._ '· (11":;:::~,;.t·.:·,_;: : .. applica tio~s. Off~the-shelf . PV . ~o-ivef syste·fu's -;.arid consumer' products (su_· ch as ·, 'py walk~iiglits , · · 1 :'•··. }t_·~~~.~-

• ~- l\ • 'i;))'.f '.i_{,: lanterns, and ba'neiy chargers); ai~!ti i c:gmii{g\~~rJ '·'a~aiiable_; buf th~ cobune~dal py' irid~~trf '. iii 'Jilli'-~ .. ,'.\f:lt;'.:;7:•t': 
~,):i.:~·1·: '(·it ~Alf;f;:/\a :long '*~y_' f{~ll\ iriakipg ~t ~ -e~~J ]i{>~pffic}l•~ ~ttf~sid~riti~ ·py,'~yst~m-.as 'it ' is 'to bhf ~: refrig~~at~r':~::11i-n~~ti: ~ 
• -;,,. · ·•>·f·:!f:,:,· t · The development of ·products :that 'are ·reas{ily,_ appHed .to such ~dividual needs will have an '. '\/<. ' :.--. I 
t''>:Jf.'i)fJf;,i) . < , • ' ,.;, .• ' , '<\\,; , 'i,. , . • ••• • ; I 

jt: , i?.l-·f. Sep,t~p:i_bl3r_·1s, 19~T'(i,·.r', )Y,t;l • .- ·:;' '/> /},·· •t }:Ji~': 
?tt: .. •,\·:;}>;:? ; •• /:- ;:.v,:::.· );(, ',,• . : ::.1,,.i'-~", ,;,t:f.'.1 
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important effect on PV electricity costs because it will increase the volume of sales. A particulariy 
important set of PV products is likely to be PV components for building shells. These include · 
windows, wall materials, awnings, and roofing materials that incorporate PV and are as readily 
installed as the components they replace in today's·building industry. A reasonable long-term target 
is to have a large fraction of new constru~tion incorporate s~ch building-integrated PV products. 

Finally, we will continue to see improvemeI\ts in the balance-of-system components of PV systems; . 
Examples include power conditioners- and controllers, which serve as the electrical operating and 
interface system for integrating PV power modules with the load and/or the power grid. These 
components will continue to improve as well as benefit from developments in power electronics. 
Greater system integration is also likely, simplifying overall ~ystem design. A good example is the _ 
<;!,evelopme~t of PV modules that incorporate ~c-tp-ac inverters, an activity that is currently under . , .. 
way . 

• In s~ary,:PV technology wilt benefit from major R&D advances for many.years to come, and .these-,> 
advances will significantly improve the economics of PV power. Among the impli~ations c;,f'these ,."[/ , ; ·• 
advances, it is ·likely that PV power systems will reach• prices of $3000/kW by 2010, wnich'' is less /· . : •·, 
than half the current average price. Further price reductions will no doubt occur beyond tha't. • • ' • 

• 

Solar Thermal Electricity • • . . . . .• . . • ·r < <: j 
' '. . • ' . ' . •, . . ~ . ;' ' · .. ~ :' . .. '~f ·,t .. ·' .. J 

Solar thermal technologies wiil benefit from R&D in.a b~oad r.µ1ge o_f areas. For-~xample, successful :~\·1/1<~':;\~· ~J,,,:-.J 
developm_ent o~ durable ~ilver/polymer reflectors will reduce reflector costs •by:25% ~o S0%·_fof ~ •,if:c~::}!· :Wr•1t'.· t 
three:technologies, reducmg system costs by 10% to20%; Improved_reflectors and,rece1vers will ·als.<>?lt?1\4.?· ,,;.i- ;1::--. ·: 
alfow-'highef operating_' temperahnes ·and ·. thus higher -solar-to-dectric conversion .•.efficiencies::.~t'.•p; .:~•_i _.,: •. , '-' -; 
Technology advances fo~' Stirling ei:igines will directly ·.benefit dish/ engine systems; one of.the most-')f.,\,/ ;·,/, . · • . • • 
important areas is the extension of operating lifetimes between overhauls. 1he development and -;, :1, ·Y'·> -
application of hybrid solar /natural gas systems will be particularly important for power tower and ,':;µ , , :··: ·;:·. ·\·. ·" ··\· 

. parabolic trough technologies. These will make it possible. to provide dispatchable powei and ti?-: µse ;}t •:,; '. ,4{ f-. :t? ~: k. 
combiried~ycle te~hnology, _ as . well as_· ~mailer. solar. fields without _,b~ing: P~i:talized_ by ·· smaI.~e( f~f: {?-,:{!•;,:f 'i.t\:, l 
steam turbmes, which tend to be less efflc1en.t. .. , , . • • · ,: ; jtt>~ti1i!;:1} <r -'. i 

, ; • , , , : ', • · , , ' •. , ', ' ·, • , ,;-',i-.:&'.~/ ,:>;~tr '!-•' I~ 

By 2020, we a,re likely ~o see powe~tower conversion effictencies around '30%, compared with a~b,ut1f;,1 • .' :\(:1;:.·:~1;~,{;,. 
• 15% today, : and· dish/ engin,e conversion efficiencies. of about } 5%,. up fro~· about ·25% ·.in ·curt~~t ::~1;";'{': .~:_,.:; -:ii:.: tifi:-i 

prototypes. At the same time; these technologies will cost -less and .be mor~ durable. At this .sfage;:·l·.- -. ,;, ''•,e,<:,d 
' they are likely to ·be fully competitive with other. in.ainstream power technologies -udueas , With\j;,,., ·c !ij~i.;i.::) 
.good solar resources throughout the United States and th~ rest of the world. · •· ·I' -. '.:1;;,i ·:/tf, :•. · :)\; ):";:,_;~:,ti: 

' • 11 ' • • j,j ' ·,., 1 l• • ", • ~ 

7.4 EFFICIENCY IMPROVEMENTS IN GENERAilON AND TRANSMISSION & . 
DISTRIBUTION • • 

. • • • . • . • :· . • • _- _-:":-, ... / I": · ,. 

Lowering the heat rates -~f fossil-fueled gene~aticm results in gr~ater efficiency (i.e.: less fuel'bumed17~;,.iji_:;~::{(-i~,:e~.t~ 
.· ( per elec;~city generated) and lo~er carbon emissions. OTA (1991, p. 320), for _instance, sugge!its :tllak • '·• · • ' :/:~p;·~ti 

impr'oyed maintenance could redu.ce hea~ _rates by S%, resulting in a reduction of 22 inillion tonn~ ~f 'F :'~! 
-·, carbon e~i"ns .by the year 2000 .. OTA includes this.measure in their "moderate''. .scenario/ ,Vie\V:iif •• 

··: "°t . . it as either 'il'low<ost or a·no:.cost measure' . . • The rate of improvement assumed by OTA-is c6nsisi~ 
. . ·, . ,,:with \ i. po~er plant -per_formance :monitoring an~ imp~ovement ·proj~ct condµd~4 · by·.:tlle{El@tj" 

•• .. , •• ·' .Pow~r,._Resear.~Jnstitute '(1986; 1~89). ·· Hirst'ai:ld .Bax~er:·(199:) also not~ -~e _ _:v~~e-of cut~g·~.~t. 
'- • . •• . rates for .foss1l-.fuel •·power plants, , as . a carbon ·reduction .option . . No ·eff1c1ency · unprovements)j_, 
'.',,·•: ·/ ·::: .~-, .·/, .---: existing fos,~il-plants are ,assumed in; the 1997 Annual Energy Outlookis refe.rence case . (Sch_ouberf ,:/, 

, '.' 1997~-:> ?r? ,, :,.:-~ ·:·· ' '~/. '··:···· .. · .. ·,:.-:•• :··-.·:.,·,. • •.. :.-,·_.;.·,.·•:·.·.:.~ ... :·,.·:··:,:,: .. _·:,._ •.•. :.·,i.:.r,,;i 
.\:: .. >}(/:~\\it .... .-(:_.·.jJ}~~i:~J:':{.·: · :t,}~, - ·:/¥l·' · ;ii.·-·: . ,t,t•:'!,'- ·•!:· ·1 _ .. ,, .-. ; 

.• •i -' .,: + J.:,, · ,· 7 .28 :J1t,·=i~-~1,ct ·, · ·r\~.v:,\• · ,,i;~ ,,,..,.. ,·,• L~.Q,. • . ,;it: • ·,,,::r;J,!; Y Sep!_e,:i:l~er-.. 1~:~,·9 
•• ·. ,·•. ··/t ,·-·_ ;-:(\~f~t-'.;{i{:.~t: ;fiifit •- )}!:~::-. \·;;;7-:. ''. .. ·t,:,. • •• .... .-: - .·,.::i ~;r·'. :/:1.? 
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The Southern Company has had extensive experience with improving the efficiency of their electric 
utility system. Over a thirteen-year period, the Southern Company was able to reduce its heat rate 
by 5,8%; lowering it from approximately 10,300 Btu/kWh (in 1982) to less than 9,700 Btu/kWh (in 
1994) (Southern Company, 1993; Siegel, 1997). This represen'ts an improvement in fossil system 
efficiency from approximately 33:2% (in 1982) t.o 34.8% (in 1994). The current level of efficiency in 
U.S. fossil-fired power plants is approximately 33%. In addition to improving the company's 
system-wide heat rate, the Southern Company was able to increase its reliability from 88% (in 
1982) to 96% (in 1994) (Southern Electric International, 1996), and was able to increase its • 
availability to approximately 86%. The current availability of U.S. fossil-fired power plants ' is 
approximately 81 %. • • 

These heat rate ~d availability improvements to the Southern Company's electric system• }~ave' • 
provided:benefits valued at $1.1 'billion/year: One of _the la~gest benefits to the Southe~· ~ot~~ f . 
has been from the deferral of 6,000 MW of new capacity'. The cost of these heat rate and reliJ~}.hty 
improvements to the Southern Company is estima~ed. a,t appro,xiinately $32? million/year/ :.Th~ 
operation and rriaiI;ltenance activities that comprise these costs ~elude: establishing a heat ·r~t~ !.. • 

improvement'·training program, creation of a 'plant }:\eat rate ·revie~ board an<;! a system ·heat"'_i·ate ' 
technica~ network assignment of an efficiency• engineer at each· plant instituting a prQgrafu 'o(l\eat :,' ' 
rate monitoring, and investing in design upgr~des (Siegel, 1997). • • • 

, .. • I ' • • ' 
, • ', 

The Souther~· Company's e~perience is con~ist:e~t wi~ fue OTA and' EPRI estimate 'that a So/ol~~at . , • ,,,..,i 
' rate, ii:hpr~v.~m~ntis ·technically feasible at~ lo~ .. c~st or' at'no :,~ost; .Such iu:t· ~wov.em.en,( ~ .~-~lcI ':i ·;,:}ftl 
result µ\ ~f c.oric~mitant reduction., of 5% . uf the .-¢~rbon .. 'emissions of the utility . setto( ! _Ba~g~"~n • >' ,._ f .•.:t,;~ 
Chapter •• 6's HE/ LC case (Table ·6.4), the electricity ~ector's carbori'emissioris in 201o·wouid ::be,'.492 ·,•!; . :• .' ~ -, •• t,,~':. 

~~~: c~G,°i~t ·~~;~~~;;:~r!)6 ~6~;~t~;k)'t~.
1
,:~·;:to~-~d~~r.~~~~~d:~:;.tyfti:::~e~ ;4~ r :;;;:., .. • ·,.1; ~:,_: ',, 

. reduction would represent 20 Mt ?f carb,on emissions: Assumif\g that.35~5% of this ·totap.sfeas~bl~; _·. · \ 
a realistic. estin)ate of the potential reduction is 7-13 MtC. . . .· . •. . • • •. • • , . • • r 

: -: . ' . . . . 
' ' ' ' . ' ' ' ' ' . . . ' • ' i'.~ 

• . Im~r?v_ing _th~ eff_icien_cr __ of ·.tr~smi_ssion, ~d:.~istdbtitio~ _(T&D) 'sys~InS is :_anofh~~;s~pe!l :! ~~l ;,1:{•i:{fj:;,:>'.~ 
' ~phon available· to l.ihhtu~s. 'As witl;l ge~~ration, ~.&o, lfl\PJ'°.Vements Cii;Il m~l~d~ 'b?~:s~n!~,,;;;., \\ ' ;,> _!,, 
mv~stments. (for e,:cam pie, i:iew: J;ransfo~ers anci condust~rs) ~d unprov'rd operations., Bec~~ •;r&p. ,:;:•, . _., .·.. f 

'' '~:~~g;c,c::;t! t:~~~i:;~~!le0

~

0

1:i!~!
1,:s:f :~:~:t~:t:;~~Y!i~~;~ttef:!~6t. 1~i}t~r .. :.;f.r . .I::~'.;:;<\;::~ •• {•:;·;'..::,· 

·.)?·''.:. ·._· • . Improvmg'T&D efficiency ,by 10% would cut enussi~ns.by ahriost 1°(o(HU'St and Baxter, lgg?)/'.~~\ .. ~J. L .. ' • . : : 
: .. ~ ,t . ~-.', ·,. , ; • - , , •. -- · • - , • , , , . • ~ . • • • ._ _- • • • •. ;•·•' .' (A_,,.._.!, 1 ._""It'· ,~_,. ; • . •• . _ 

'\ ~ ··t·•:~ • . • •; 

• . • . . - . . • - .- ,{~ - . . "" ---- -_.:-'-·~-:-.~n 

1.s • N~CLE~.R PLANT _LIFE · •. Ex~~~s1~:~, • ___ , ·:, . .. . , . 1 •• _ ;; _ :-' .::;t J.:} ,-'. <···",\i~I 
' • • ' • ~ ••• , ,, w "'"" , •J\l'J,i,' ' 

In both·th~ AE097 refer~nce ~~se an~ the r~struc~i'~d '~a~ desc~ibed in Chapter 6; n~clear pl~~~~-,.' ': •• ' \' ·\ ·t 
• ptojected Jo lose' market share 'in the . nalional mix of electricity ·generation. • Siin~lar trendif are ' .. :- • ' : .:•! 'l '' 

. . forecast wodd wide, -~ith the fo~ecasted. ded~tt, ~~~ear power in ~ur?pe bein~ ~articul~ly. l~~f t •· .·. 
<'·f J ,, ·, (South, et :a~, 1 } :997). , • ' \ ,: ' ' I, , ','' i ;: :r. , ),,: ' '. I' , .. _ ' ( /. ·1 , ••• ' ' ' • :,;·:::,:;J,::::,{t ,,{:•,; , , ," :'>;••~ 

' '• '.'' ' ··.- ,· ' '' In th~ 'U.S., the n~clear pow~r capa~ity of 99~fgiga~atts that:e~~t~~-41 ,1995.is proj~cted :to ,ct~bp '.ti ''.'?: .::.'.::,.' :,,) 
. : : . ;: } ,\•'.::.,, . • •. ·,.: . :88:9 gi~a,~a:tfs, _i~1,~oth ~~ ~J\_E9,97 • refe'~e~c_e, c~ti~;~ .. ~~ .~~s~~&:d :~as,e in ,~o~o;_ : .. ~ . ~~RP\~•r:,~,?t 1:\?;ltj 
',•: ;_) 1 {~>;};t'::.i . : .. :~=b~Ia~ ~l ttw~ ~!t;::t~l~~~J,I~~,~~+~-~P..~,l~~~?\tti~r:r;!IT!. ara~·tt~f?~1 ~·~:,fl:; ~·,.~; 
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):'lo additional nuclear units are actively under construction in the U.S. Therefore, no new planned 
units are assumed to come into service during the 2010 forecast. One nuclear unit, Watts Bar 1 owned 
by the Tennessee Valley Authority, received its license in 1996, but a few plants have ·also recently 
closed. 

Nuclear power is a carbon-free source of electricity. Retaining as much as possible of its current 
power generation would therefore be an important carbon mitigation strategy in an economy where . 
carbon emissions bear a charge of $50 per tonne, as in the HE/LC scenario. 

AE097 defines a "high nuclear case" which assumes that every nuclear plant operating in 1996 has . 
an additional 10 years of operation, as long as their operating costs do not exceed 4 cents/kWh. This • 
2010 forecast results in the closure of only three nuclear plants (totaling 1.3 gigawatts of capacity) 
due to license expirations and the.addition of 10.i'gigawatts of new capacity fro~ 14 plant lifetime 
extensions (EIA, 1996; Nuclea{ Regulatory Commission, 1996). Thus, nuclear capacity in ElA_'s 
forecast for 20.~0 grows from 88.9 gigawatts (in the reference case) to 99.1' gigawatts (in the "high · 
nu cleat · case"). Based on .a capacity factor of 77%, . this 10.2 gig a watts of capacity expansion from 

• nuclear plant life extensions results in 69,000 GWh of additional nuclear energy in 2010, eedlpared to 
the reference case. · 

••••I 

According to EIA's "high nuclear case," 12 Mt of c_arbon would be offset by this additional carbon­
free source ·of electricity. , Using the capacity on the ma.rgin in the HE/LC case (w.ith ·carbon 
emissions ave;agirig -160 .tonnes/GWh), we estimate.that the carbon reductions .from ,this :~dditional· 
n~cleru,-_resource drop to 11 MtC. A range of 4-7 MtC (from 35-65% of this potential) would appear to • •.· . 
be a more realistic' forecast for the HE/LC scenario. This range r~cognizes tnatJt will not ·be • .. • 
economical or politically feasible to· extend the operation of nucle.ar power plants with licens.es that 

. ' ., , • _. 

expire by th~ year 2010. • • • • • • 

The :AE09t ~eference case forecasts that nuclea,r capacity in the U.S. will decline at an increasing 
pace after 2010, decreasing from 88.9_ gigawatts in.2010 to 62.7 gigawatts in 2015. Thus, ·with the • · ... · · 
dem~d for energy continuing.to grow~ the impact of nuclear power as a carbori offs~tdeclines '· • ··: 
precipitously over this ~lightly longer planning horizon . . Under the "high 1nuclear case,''. the : · . • ,,- , 

. assumed 10-year nuclear plant licensirig ·e.xtensions (subject to ~e 4 cents/kWh maximum cost) :'1 <{·: ,.•, ··. 
incr~ases .nucl~ar,capacity in .2015.from 62.7 gigawatts (in the .refe.rence case) to•94;7,gigawatts .(in · : ,:; '/ 1 . 

. the ~high .nuclear case"), · Thus, t~e magnitude of carbon·offse,ts offered by this stra~egy),ecomes ·' )- -·- • . . . ' ' . . ~. . ·,, . 
. quite ~ignificant after 2010. _ . • .- • . ' • . . . • . •. : • · • .. • , ,· • 

' • . ,::.::!. - • 

. Figure 7.15 illustrate_s the accelerated rnle that nuclear power life extension ~ould have in,.offsettihg ... 
carbon ·emissions after 2010 . . Only 45 of the' riation's 105 nuclear plants _have liceflSE!S that exten4 ., ·,. .. 
beyond· 2020 (Nuclear Regulatory Commission, 1996). An effort t~ maintain the viability of this :·· •• 
capaci.ty could result ·iri a yery_ large co~tribution to carbon reductions over the next quarte~ century: ·.- , •• , •• 
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AE097 doe; not estim~te· the cost of its I/high nuclear case/ although it acknowledges·, that the ; ·.• . 
physicaj degradation. of som~ units would have to be reversed. : OTA (1991) also notes. the. potential '' •. i 
carbon _sa~ings of extending :the useful life of all nuclear plants to 45 years; but' assumes that this • : ,_ ,. •· 

.t• • . option·inv~lv~s eit}:ier low costs or saves money. U_nderstanding·the eff~ts of aging 'in order to bette~-• : • >. ., . ,_. · 
• : ,_: .• manage the . aging :nuclear infrastructure is ari important R&D topic., Pressure ,vessel embrittlemen~ •. :,. I ·fi't ::'! • . . )if 
;/., • . . . • .·and theidegradaticm: :<>f cables; pumps, and v.µve~ can -be. be.tter ,managed by advances_'in i:naterialf;<fJj•.,ir,(':: · t1:t ; . 

. .. • ~~-. : . ..,,_- • ·. scien~e :~d by. de~.~lciping .and impl~menting advan~ed ·mo~t~ririg· technologies,: Such t~chncHogies\ ·t:·•Jfiff;: ~\- • ',,}.~/ t 
-.w •. k .,. ·:, ._ · .. are the -result of :R~P .and-help ·maintain ·the .. cu.rrerit -licensmg :basis bf the rtation's .nucJear .power:.:•;:-,;,:~-i:~'1:•fr -~,,·:, 
';4J;~;/ ; ,:(: •: ::: : p!arit;sf::U1~.i~~Yii~~blh;ig 'their opei'~l!(>n ~o· ext_eNt ¼rond -the •@tial-4Q~y,ear.-lice~ing perio~L },i/f.i• i•f' :".-~3~1-!2ifl-\ • ·.(::i '. 

. :;::: \ ' \,:: ,; ' :;:tt!1f ~ • · 'C:~ ·.•· .•••••..•• F,f '/J} •. • • •••. !,¾:\; •••• • ••. ••. ; ' •• •• :,,) , ; IJ:/tii~if :,:, ;:1' 
·•/;.1,: .• .7,.30 'e(J5;1/1 

·;.,,; . <·,·,· .. •·f ./,·.~;·.·.:._.}:~-.--·#.';l_ ' 'i-';j/,:' •• k •• i. .'"; 
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Figure 7.15 U.S. Comn\ercial Nuclear Power Reactor Generating Capacity 
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7~l. · ADVANCED ·,COAL T.ECHNOLO'C~IES.: •• • • • ·'.i:;: • ?i~t -~ 
• · ·. • - ' •• · • • · , · ·_. · · • • • , • . · · . • ; 'H · · - · • • · 1;:.'.A;'t1;?I-:</!~;\ t 

:. T 9. te~t. th~ possible· effects .on car~_on 'einis. sions ()~ . othet advanced (?s~il'."f~ed. ~lectridty. gen~ta. ·.ti· ; 1~.,.-Hifh-.'-'' ~-ib·::··'·,; .. -,i: 
·technologies, we replaced the adv<!Jlced te9)Ilologfes·used qy EIA-w1tl:\:,es,tim!ltes,f.rom OOE'.~;P!fi.ce.~1t· ,-J:t 

. '·&t Fossil EnEirgy (see Table ·7.6)i These' ·estimates·ich'ii:nge'd the ·consWctlorN 8st5" and heat 'rat~sff~f\~~•r.i:\.iri\J# , 
'.,;<_:raa i ance·d ·'combustio_n 'turbines; .combi,ned-cyde':'iiruts/ ~d ~oal• uriits':'•:•:-bRCED did '.not' select ;ti-i'~t~\?'''''.ft~1 J, 

•• 'advanced coal ·u•nit :•with ·• either the _EIA o~ · the' Fossif En~rgy:e~tin{ates·· of _this ~t's ·c~st~ '.~Jr~:~/i1t1,·-j 
•••• ·.' ~- --operatu:is cn~ract~ris'!ics; _ ~ __ bo_t~ cases; ._Hs ini~i~~ _'t~-~! .. ~~ • t~o. high} ~:_warranf in9us~~n] [,t; W,~ ~T::i''~~} 

generation mix. The only s1gruf1cant change to 'occur Vf_as the replacement of the·most advancecl :i.-<~'.- ,., ·,7~~:' t 
• combustion turbine as specified by EIA with ar/ dld_er combined cycle unit. -The net effect of ·t:1us?1f'·- -:~/•t;· ~ 

change on carbon.emissions was negligibie. . . · • · , : .: . ,. , . .. • . • •• ; . ; : _ .. ; . _ :; <· .:, · • 

\ lh~ li:.,ed analys;s s4ggos~ lhai bet~ .. ~ ~oW : ~. ~e ,;ear. 201 ~; hi~hly effiden, {i.e., :£.~i{V;'f ,,1: l 
: '.• •,: • ·rate'of about 7000 Btu/kWh) ·bu·r eipensive.(i.e.: a\~o~t' ot'over $1000/kW)advanc'ed coal units·carmol~:.':?~f 

~omp~te econo~ic~lf ~.ith 'either the generati~ri 'iijix' th,a:t ._remains fr9m_· the 1990~ ?r witl\°s ~ ;-~ffl:J.t?(~i~ t 
combmed-cycle uruts · . · • . • • • , • • • • · •. ' ·t• .,· ·• --~-. ·.·-,,! ,"f· • ' 

" •.• •. • ... • • • ... •.. -·_.:_;;_;::.(,,i .. ;,;'.~1:_,_: ___ -.,.-,:-,_: .. :_:. ·_· •·. • · .. :_:,_·. ·__ _;.,.:_ ·: -, -·. ·_i ·.·_:_)'. ·._. • }_ ,jf f ,t ;; r "' ' 
t,:.,,•.1.i~,•-~,\ii,(,i;,~,:-~:.:~,-.:,,:,;:_•,{Ji.:.·.•i, .. ·••·•),'~,:~~.'-·;_•,~-~.,;:._; .. \:··,' .. '.:.•_~-'..-'~ .. :. ·,,·,:,·:~:_:., . ( ~ · .~'.., • ,· ~J, .l .. ~' •'~,--" .. 1, <~ • • ·" .·r, • ,.t,., : •1 

a ; ••1 
• 1 • r"fj',; ~,' ' • .fit ~~ ~yr. J,·'' :;~, ~~ ~,. ;\ . ' ' , ...... . : ,( ~,~·~::;~, ... rt'),' ~/. :· ·: ·l ;<~ \ l :i. -~~t,.': .\ .. :~•t.f/ ', )!~\ 

• • •;i-. ~•f~r.-,t!;1\f~J~:❖t~~ ·,t, 1)j~~•,.~'f,; •.• •: ~- \i;; n. •\~; f. ' •• 1 
\ : ._,. ; ,/ t,, ' .. ,:,' ""' • • •: I\ ~1~ ~ '.~ '~ ;:11..,~• •• ; .: • J\f ;-J/t' l • • Lit 
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Tab.le 7.6 Base Case Technologies Compared to Advanced Technologies (costs in 1995$) 

Advanced Gas Combined Cycle 
Year of construction 
Capital Cost, $/kW 
Heat Rate 
Fixed O&M, $/kW-yr 
Variable O&M, ¢/kWh 

Advanced GM Combustion Turbine 
Year of construction 
Capital Cost, '$/kW 
Heat Rate 
Fixed O&M,. $/kW-yr 
Variable O&M, ¢/kWh 

Advanced .Coal . 
• Year of construction .. ... .. /· 

Capital Cost, $/kV{ .• 
Heat Rate • ', •• 

Fixed O&M, :$)k'w~yr , 
Variabi~.' q&M, .¢/kWh . 

Original 

2005 
410 
6284· 

27 
0.05 

~2002 

339 
10873 
11.9 

' 0.010 

2006. 
1340 
9600 
.34· 
0.25 

I. 

Alternative 

2005 
525 
5688 

16 
0.015 

2005 
400 
8699 
• 17:6 
0.012 

. \ 

2005 
1050 
7064 
26 
0.2 

I \,',·• 

Original 

~··: : '•,. 

2009 
410 
5817 
27 ' 

0.05 

2008 
374 

. 7793 
1.6,9 
0.05 · 

Alternative 

2010 
500 
5538 

16 
0.015 

2010 
364 

· 73533 ·. • 
17.6 . \I. 

• . V 

0.012 

.... .,. 

-------!---------------------------.-.. ... , ---------- :·•'.·• ''•· 

1'.7 SUMMAR~i: ' : . •.· •. :. ·. ·. ·•··• .• •. '. . . ,;,:, ... ; '. .· . , • ;i!ix:i ,;· _•,i 
Table 7:7 summarizes the potential reductions in carbon .emissions 'tha(cotild occur .as the result of -;.r:;:,- , • , , ··:; ';~~··: .f, 

• "' the technoiogy• options discussed in this thapter. Ea$ optj.on '·is:·: inte~ded.,tp :reflect roughly-i the ·\ . . • :: j'.jitf: 
. amoun! t~~ t totAld. 'be achieved under,. aggressive :' policies . cotn~in~d • ;~Uh ·a '.c~_rbon. Jic_entive .of --: ;,. . ~:.t :'~~Jj 
approxunately $SO/tonne. The tot~l. carbon: reciuchons ·from the options ,shown· m·Ta~ 7:7 range ',::;-.. .: , • :t:~,~·~,J:; 

. .from . 80 to 117-MtC' by , the year 2010. -Additional carbon reduc::_tions, 'may result . from lfuldfill .igas •.i.t· ··' . : ~."''i}1 ·:-' :t 
• recovery, photovoltaics, geothermal/' and ~plar th_ermal resources. ' • ' • • •. • • • • •.; ·, i 
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Table 7.7 Carbon Reduction Potential of Selected Electricity Supply Technology Options in the 
HF/LC Scenario with Carbon Permit Price of $SO/tonne 

Converting coal-based power plants to natural gas 

Cofiring coal :,vith biomass 
Wind 

Hydropower 
. Efficiency Improvements 
Extending the life of existing nuclear plants 

Total 

7.8, REFERl:NCES 

High-Efficiency/Low-Carbon Case 
, • (MtC) 

44 
16-24 
6-20 
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7-13 
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ENDNOTES 

.1 Other approaches include (1) repowering with an advanced coal technology (integrat~d coal 
gasification combined cycle (IGCC), or pressurized fluidized bed combustion'. (PFBC)) or (2) . plant 
performance ·(efficiency) improvements throu~h various management and technicat"adjustments. 
With both of these "other" repowering options, the carbon emissions reduction potential is not as 

• great as with NGCC due to (1) the magnitude of efficiency improvement and (2) the carbon (together 
with sulfur and nitrpgen) content of coal versus natural gas. • 
' ' .·•'' ' . • . . . ' 

2 All coal-fir~d pow
1
~r plants .greater ·than 50 MW, and ptojected to remain in operation~ were 

considered for NG<tt repowering: 22.5 gigawatts (GW) of capacity identified by EIA in AE097 to be 
uneconomic were dele,ted, as were 475 GW qetermined: to be UI\I'\eeded due to end:..use energy 
efficiency improvements (see .Section 6) . . Appendix G-2 discusses the deletion of this capacity from 
~e coal/gas tepowering analysis. , . . . • _ • : _. .• • . • · . . . 

3 On_e million Btu (MBtu) is th~ equivalent of one ·thous.in~ c1,1bic feet {MCF) of ~atural gas. One 
trillion cubic feet of natural gas isabbreviated as TCF. • 
4 This estimate of gas transmission cost may .be high,. · slli'~e it~ m~y ove.restimate the amount of 
interstate and intrastate pipeline that is needed to serve the repowered capacity. : Alternatively, 
since the c.osts are averaged · over all candidate plants based ·on g~ volume delivered to the • 
repowered site, it may ·approximate the disecon!)mies of scale· that might arise in expanding 
·coµlpression or building ~ew pipeline to serve only'a ~ted amc;,urtt of repowered capacity .. · • . • , •• 
5 A const~t 1995. ga~/~oal piic~ differential assu~es 'th~t (1) ·~nd-use :energy efficiency has. an 
offsetting · effect_ on· •increased utility gas ~onsump!icin ~d/ or (2) extrac~on/ prod1f$On costs fo~ 
natural gas decline at th.e same r~te as. the mcr~ase m demand. • : • , .· : .. •. • • ;,- . , . 
6 The gas/c~al ·price differential of $0.72/MBtu represents th~ 1995 value as reported by EIA in its 
Annual Energy Outlook (AE097). It represents a lower bo~d value, since the differential remains 
constant over time (and demand), reflecting no prke response by the'tlafural gas industry with 
increasing utility Juel demand. The $1.18/MBtu reflects .the 2010 g~/coal price differential within 
AE097. This differential reflects a real natural gas price. increase -of $0:40/MBtu ($2.04/MBtu iri 
1995 to $2.44/MBtu in 2010) and a 1.9 TCF increase in utility gas depland. . . • 

• . ~ . . . . : . . . ' ' • . . • · ...... ~ . . ~ :. ·.... • . i • 

7 "Parti~ Repowering" is equivalent to the "no additional transmission co'sf'. case. 
. · • ' ,,: ' • . : •• . . . i' • . I :~ . ·-: ,• ,: ' ' ~' : .• . 
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represents only about half of the total price of electricity. Keeping transmission, distribution, and 
customer service prices the same, the total price increase \,·ould be only 10°/~. 

Because electricity prices are essentially unchanged under the efficiency scenario (changing from 
only 6.20t/kWh to 6,22iz/kWh including other components); total electricity costs to consumers 
decrease by an amount that is proportionate to the reduced electricity demand (i .e., 330 TWh). 
Thus, the cost reduction is approximately $20 billion. This value takes into account the savings in 
transmission, di~tribution, and customer service costs included in the full retail price of electricity. 

'The high-efficiency /low-carbon . case yields slightly lower savings o( around $18 , billion . . Total • 
energy savings almost double to 630 TWh, but the price increase of 0.65¢/kWh due to the carbon 
charge cuts into the overall savings. 

i. 
One way to measure the cost impact of the $~0 / tonne of carbon cost is to· evaluate the extra cost due , . • . J 
to plapt operation · changes (redispatch, retirements. and new construction) . . In the _:high- '. t 
efficiency /low-carbon case, we construct . and operate the plants as optimized . with, the . carbon ' • \ , 
charge. If we remove the cparge; but construct and dispatch plants as ·in the high-efficiency/low- - · • \1 

carbon case, we are no longer operating at minimum cost. The excess above the minimum cost is ab9ut _ · :'- • ,. • • ·~ 
$2.2 billion: Dividing this amount by the to_ns of carbon saved from the minimum-cost case yields an · _;•1 
average cost of $30 pe~ tonne of carbo_n saved. • _:, "f 

' ·~ 

Allocating thhe bcarb
1
_don saviJ;tgs in(the edffi~i_en

1
cy- cdase bet~,·ee~ _th

1
) e builddin

9
gs·anM. d infdustrb· i~l secht~r

1
~-, thwe . . : __ .,\~, Ii 

find that t e ui ings · sector resi enha ·an • commerc1a save 1 .4 t o car on ·.w 1 e. e • .. · .' •:_ , 
industrial _sector saved 9.6 Mt(Table 6.6); tpe carbon savings for :each ,w:~re propol'.tional tc>'their ' . . . •• , •,· •. 
savings in electricity; since electric generation_ is determined by the_ sr~tem load.. • • .., . . , ·. , , . • 

' ' . . . ' ' '.. ' . • , .. ,· '). 

. Tabl~-6.6 Ca~bon Reductions. from Electricity Savings·by. Sector under,the -Efficiency and High-· i <,:,,,._._.: •. · ::· :. :-./ ·J 
• • Ef,ficienc:y/Low~C~rb_on <;:ases (Mtc)'· \ , .. 

\: '. • -~'. :- '· ••• /~~ :: ' 
Efficieric,· .· · • ·, . Oi High-Efficiency /Low- , ··, ·.• ':·,-_ • 

Case • : Carbon Case , 
1 

:. ,,, . . • .. , i:\<i~ "<i 

Sector 

Buildm.~s .(~~s~denti~l) • -.-. . l0.9 · 49.2 . , 

Buildings (Comrpercial) :::}:. _·._, , ,. " /_ 38~.3 - • : /?,'f:,: .;-,:;- •L 

• ~:~;:~port ~ not -IDcluded sID~e el~~it; u::~•fuat s«tor ~ negligilile. l:~:~ •.·-~ · .: .,::. J~f ~;;~~~l 
I : : • • •. ( • • • • • ..... • . • ' . . • •: • , • • • ' ' • '• .• • • ._ , _~\,·:.;·. •:-~• •. . . ,, : • 

. Some of the'133.Mt of carbon that is fol'.ecast t9 be displaced.by .the hi~-efficiency/low-carbon 'case ·.•.,;-,._:,:, •. '· :.: ; ·.j 
can be attributed to the end-use efficiency impr,ovements.in the quildings and industrial sectors:r The ::,;,:: •• ·: • . •. •• ·,, •• ,. i. 
~emaining savings are attributed to the'ch~ge in el~cO:i~ity(~e~~r..,ti~~-&.-that_,resulted fr~m:~e /{~:~{:· · _'. .• ,,::.·):~ 
charge ·of $SO/tonne of carbon . . Two methods -of allocating tne ,carbon·savings between the end-use::J-;.\'.:it'•. _. : '\1 

and supplf ~io~S We~ exaµrined. •·••·· ;" '', ' '' ' .. ' ·, /_',. , . •. •\:;:·· :.t·it i{-if 
• • In. the'. first m'ethod, ORCED ·modeled : the.· high-efficjency /low-carbon .. case without'' the.''. • ,iJti•,;\~\/:•, ·','.':;f 

' . $50 I !Ortne charge in ' th~ supply s~_ct~r<,lJle_ -,1;esu~t \,;as ~)~av~ gs,) :>~ ~ -M,~C;.-a_~ribu~ed t6:~~rf ' i·i•:.: '·;_-;;;:p&~,· 
. , . . ' . . efficien_cy:::~One ... , Th~ · rest of.;the/ca~bon,,);avjngs'- (?7,:,M«:}·•is ;i!';thenfattributed : to; Ute electn6i' • • ~ • 

' ' .se,c,t:;·)\}(,· .. _•.:_.: ••• \ · .• • ... -_. '· :::- :,, ·:::::·-; ::~t~1~:.1r-::\:~/~f{1~>-').:;,;~):,;:~,;t~\-'.1iif1t}/.ti:.?\ ·:·~:' / i ' ·:· ; ••. '.:::-';~:!-it' 
• 1n·. the Je~orid'·meth9d;-ORCED /qi9 d~l~d~tl)e . (~#.c~1 • :" ~~tl{~~1$~o /tonrie.·chaxi~~ltifi • 

. :supply,,~ector', bµt /~vi~out the:\de~~ di-f~~' ' 'cl ·. e:huff ~~cy' •" ~pr.6xemerits;-"-•:·Th • i 

•• : rx,~,. :'.11: \!flt~\}\ 3, ;;jJ'.t}¥tf;-t::{1t:};;; 
• - ,. ;_r,;~: .. "' . _. s.14_' 

.,,, , :-··. 
• "_;:f.?'i°"'_,._·: • 



.... ·;, 
•. ~. 

The Electricity Sector 

:., . . . . 

Chapter 6 

was a savings of 33 MtC, which is attributed to the electricity sector. The rest of the carbon 
sa\'ings (100 MtC) is attributed to the end-use sectors based on their energy savings. 

The results of these alternative allocations (including the distribution of carbon savings across the 
buildings and industrial sectors) are shown in Table 6.7 and Figure 6.7. The total carbon that is 
displaced by the lower electricity demand is the same (133 MtC), but the allocation between the 
end-use and supply sectors varies widely depending on the method used to allocate the savings'. 

Be~ause the savings involve a synergy between increased energy effici~ncy and changes to supply 
dispatching; it is difficult · to identify the appropriate allocation of savings for the end-use vs. 
electricity supply sector$. To simpJify matters, we used the average between .the two methods 
described above. Specifically, the following averaging was used: • 

• The minimum carbon reduction ~ttributed to electricity end-use efficiencies is 56 MtC (Method 1) 
and the maximum is 100 MtC (Method 2). The average of 78 MtC is therefore assumed for the 
end-use sector. , • 

• The minimum carbon reduction attributed to the electricitv sector is 33 MtC (Method 2) arid .. the ' 
maximurrf is 77 M\C (Method 1) . . The ·average of 55 MtC is therefore assumed for the ~lectricity 

. supply sector.. • 

• Table 6.7 .summarizes t!:is allocation process. 

Table 6~7 All~cation of Carbon Reductions from the Elec;trkity Saved by the High-Efficiency/Low- • 
Carbon Case (MtC) 

Sector 

Buildings (Residential) 

Buildings (Commercial) 

... Indµstry . 

« . . Subtotal . 
<. 

El_ectridty. Sector 

. • Total 

1 • 

Method 1: Carbon 
R_educed by Energy 

Efficiency First 

• . 21 

. 16 
19 

56 
77 . 

133 

Method 2: Carbon Final Allocation by 
Reduced by $50/tC Averaging • • 

Charge . First 

37 29 

29 22 
34 27 

1,00 78 

33 ·d55 

133 1'33 --

~ 

Based on the_ results shown .in Figure 6.7, 160 t,onnes of carbon are displaced for each GWh of 
.
1 

:. electricity ,s.aved in the high-efficiency /low-carb~n case ~ -ith c~rbon permit price of ,so/tonne, 

,_'.-! . 

'. 

:, reflecting the ;ntroduc~ion•of new low-carbon technologies. This is the marginal carbon-to-energy . 
. i:atiQ .that is therefore used for analy~ing_ the 'irripa.¢ts of other carbon management strategies in t11e . 

_ • . electricity se~tor. in _ C.haptei:- 7. , This value is significfltly higher than the marginal carboh-to-
• .. ·energy ratio us~d in the_ efficiency case (90 tonnf:S ·of carpon per GWh. of electricity, as ~o shown in . 

•• ·- ''." Figure \6:3),for•thtneasons ·not.edearlier. • --:··· ·-..'·· 0 .... • ... . .. • .·, • • ~ • ... ,· ,.,, .. . .. , • • : •·•.•· 
. . ' . . ,. • . .., . ' . . . 

• . . ..., • ' • '· · '. , .' . ·. ~ ; 
:, •, •: ~ ; , .. ! ·\ , • . .1 ,lj , ; ,- ~• 

{ . 
. '· 

;. \ 

I . 1, ,:~. , • 

'· :·' 

. ' . , -· . ,. 

. :, 
·,, 

• '( :.. . ,. 

:,,, ·, • Septetribe.r 15, 1997 • 
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Figure 6.7 Carbon Reducti~ns Ou~e: to Energy Efficiency and Carbon Management: (A) Without a • 
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7.2.1 Repowerlng Approachs 

The simplest repowering approach is site repoii1ering, ·where the exisfu\g power plant site is reused 
with an entirely new NGCC system. Cost and performance data for the General Electric ."H" frame 
turbine was used; this class of turbine will J;e tlle most efficient in the post-2000 period, with the 
lowest cost per kilowatt of capacity. WhHe site repowering provides the highest" cycle effidency 
{since none of the existing boiler island equipment is reused), it also requires a greater capital 
investment {see Appendix G~i). 

\ ' 
The .more conv~ntional approach is referred to as steam turb~ne repowering . . In this case, a new gas_ / . ~- .. . ... 

1

f 
turbine and heat recovery steam generator (HRSG) are integrated with the existing steam turbine • • 

. ~d auxiliary equipment from. the coal' plant. Due to ag~ of equipment and the fact that the steam . .,. ._ • t 
turbine was designed · for linkage with a coaHired . boiler, · the .efficiency· of a repowered. steam· .... ' • : _, ) .. • -. ;'.· r-, 
turbi{le .plant woulct be lower than at ,a site repowered plant . . The steam turbine repowering optid11)i( .. ;~\:;Ji\/ • ::'i';,:.i 
has a high~r operating cost (due to the lower.efficiency) b,ut a lower capital cost (see Appendi~ .Gt>¾~W')J,:,;~~:-.r., \i· ·.J 

• !' ,. • ••• •.. : · . • •• • • • • · · • . . ·._ -. ~ ,· _;_,.<i.":.:.·tz;:::-~\;.: ~·:,~:::..:. ,; __ · ·l 

•• The cost-eff~divexie_ss .. ($/!C) of hQtharej,~--:•rin. g ~pti~ns ;. •• rxi!IDU)ed . for all coat-fuOi/ J~tl ,j/l.@_li,:a_~i ... _1: 
. plants . greater than · 50. megawatts . (Myv'V <Jncluded ·in the ·~ost -c·alculation were7h~S~ost_;~ , _t, »;:-:_-,:t{t( 
repowering, hook-up, and ~ransmissfon. We, analyzed, the site, r~po"'.ering· results ft?r\ th'e_,:',t\v ,\s}~-r.~. i_ 

alternative gas/ coal . price differentials: · $0.72 arid $ h.18 per million Btu -(MBtu)3, three •pric~:,tiu-1f . ,. ~~ ;,~\~~,-,·, \~f~ 
•for_ ccirb~n per01its {~$50/tonn~;_S?P~lOO/tonne, ·;md _$101-1_50/tq~~), _i~d - ~~~ e~viro~~l#r' .. :.fJ{,jN~<:21~:' 
. ~xtemahty va_l~~s-fo~ S02 an~ .. NQ~ (none1.,lo~_, .and Ngh)., ~ ac.ldi~9_ni;-:'!- :•,sensitiv1Jy~,~~~:~ :- ·:-_·~~~~\~•~,(>i,f: 

_ , perfor~ed . -t_o,. ~xamme the impact ,.•on • _cost-eff_ec~i~_~ness ,1f . agdiJ1oflaL natur~l _ iga~:!!E.m~l. , ; ¥~i$'\'f :: 
• 4tf_ra_~~ctu~e_(~dp

0
~:~P and tr~_smissi~n,) ~ef~:not-~~~~ed _ to e~~uf~ :~~ ~~µXE:~~b~ty,~o,t~,g~.}r1~& >itf/1f~ 

- • plants; This · sensitivity ancrlys~~ {refer~e~ to .as t~e . no··-~ddit1~n~l~h·ai;ismiss1()n cost'.\ ;t~)..~ • • • 
. • c9nd1,1cte~ <:>nly for ;.thqse . powt?r )>larits . that _:~r~ __ c-~,r~~nUy.'co~~~t~~} ~:.the _natural);g~~}.f.f~f:: : 
. ,· network (i.e., dual-fuel) .. • AppendlJ(_ G-3 cortau;is a cqmp~ete descnption of the methodolog~~~ 

' '."1d key'.d,>•~ri•".'eters, .· • •••• • •• '. -" ,> , .•. ·. •. •. • ' / .·•• ••. • ·• , , • • , .i :r'\; 
~e. analyti,cal approach w~s.s~ati~ irt ;th~t ~~ 50s_t o( repo,:wering 1r~ t-,co$-P,~ted _ for·_e_a~i~ID~i • •• 

. ,power·pliilit but. the analysis did not ·oph.~mze ~urut/p~ant prQductio~·cq$t~ d_ispa~ch; .. or;sY,; ~ ~ 

. ~for~over; for ~he ~team repowe.ring _da~,}~.~ -l~rges~ _ _-s,te~ •W~~~~1~(tjot_,._e,ch .~~~.~ti:. p,."" 
- ,; • •. .turbme) at tlle -plant, was ·repowered .\toi:genefate.1 th~ ~equ1valent ,.of (1995 .pl~t.' outp,µtJ 

- • {:_'.-, ,1 '., -' :. -> ._· ~ . h~urs, .kWh)1 -~ince this is both more ·~c>!l~IJ:l~~-.,r.d fo'nsiste~~ :.with'.~~~ tr.r,, Pi",a,~tj~~ ~"f'ir?P. ·.,, ,,~~ 
• / •• : . ' ; • i, , • e,ach' h:11'Pihe. ' L~s.~Iy;· the ~a-~ ?!~v·~~-:W!asff.JJ.~hl;fe_ c~~t~~~~ok~~~;~_~Jt~~sio~) •.w¢~~ :;~·r 
• : .' . , • .':. ,.·. •• ·a~summg (1) no excess ~apacity. in,~~ 1~utrer:it/~~l_iyery:sy~tei:n; :an~ ~J-:t'tij~t,µ ·such _a fuel:-~.•<•t.' _ .. 

,· . .-: ./' ,:· :~ir~tegy were J IIlPi_l~~erite~,· th~--~~fy~~~·J~,¥~-P.f ~~~~ :~ ·1-~_stif:w9~1~~ µpd.·c.apaci!)1.~ !w:~t 
• _>, ;.' _ -i /. _; ·. :·mcreme~_tally} t~ ~~e~ -the_}otal;~s~~-~f~~~g,s'if~q~ire!?'en.~ of:rep<>~-~1'.ll!S _all ~and1~a!e;-pi~~/~ , 

all6satei ,appropn~te :dehvery ; co$t$·:to ,: ~a~:ti1t:'I'ep·ow.e.re_q ,plant :1 •• Assumptions ·reg~.r~ptg·'iga 
• • '\ • •• • • deliVerability are de·Sciibed beloW,¥in ·:Se·~tibn·~:2;2.2;:,•·/ . ·::•::-: • • , , ••

1 

_•\'
1).~t;( ·:, • • •. • ··._ • )·. :'· .x:,_\· -~) ·)?}/ 

. , • ' t': ·· :· .- .. : . ' ·· ·_ -_._..,,::_ .. /:------ ~- .: ·-:-·•,. ' . - ••• • <, · ,:, , ' , >>-X';/_}1{\:t 

• , 7.2.2 _· RepoY'erlng 1$sµes • •;_ . ::,..:,.;- •. ••. ,· --:: •. . · • , • - • • .. •• _ . • , • -•. :- ·;.t .. • ·.iN-

• in 1995'. . th~re -~-a; ~35 _G~ 'of-~d;~fir~4.' ~~p~2i,ty;:,a,t .. 4()4· p,o~~t-;!~ts,:'~:~~ Unit~cis~~~l':JJ:~ tll 
. · . ·.. . 
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7.2.2.2 Gas Oeliverablllty 

The spatial distribution of lhe initial 404 candidate piants is depicted in Figure 7.4. Some ·of the 
·candidate plants ~ere not ·considered for repowering s.ince _they were (l)_n_ot considered e~ono~k by 
EIA, or (2).detemuned to be unnecessary due to reductions in dem~q arising from end-use eff1c1ency 
improvements .. ~ Most of the plants are located in the Mid-Atlantic, South Atlantic, Midwest, and 
Plains regions. While these are also primary gas-consuming regions served by major trunk lines, 
many industry experts ~elieve there is limited unused or underutilized capacity in the ·current 1.2 ,'. 
million mile pipeline -system .(transmission - .264,900 miles; distribuUon - 935,000 miles; field •~ .· : . 
62,200 miles). Since thi~ capacity is necessary tp accomm0date peak winter demand· and non-utility • 
growth, it is of little value to powe~ plants considering conversion, since these power. plants require 
firm pipeline commitments. . • • 
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The requirement to add new pipeline capacity could affect the attractiveness· of repowering as a 
carbon mitigation·strategy. During 1994 and 1995, 1,200 to 1,500 _miles of new pipeline were added to 
the system. According to Federal Energy Regulatory Commission (FERC) filings of pipeline projects, 

• there are a considerable number of new pipelines and pipeline expansions that have been proposed, 
some of which are still pending approval. While mileage is ·not included with each filing, in the · 
regions of concern (Central, Midwest, Northeast,. and Southeast), more than 8,200 miles of pipe is . , -
projected to be added; this level'of expansion is greater than the 1994-95 rate of addition. However, i 
it is not known ho'w long it will take, to complete;these proposed pipelines. Consequently, an accurate : ,. ; 
assessment of .the ability to increase, the rate of pipeline expansion/construction could ·n~t ·be ::· .. 
estimated as a part of this study. ·. · • • '. ., . 

. . 
Table 7.1 Pliilllt Distance from Production ·zone 

Range Dual-Fuel . Multi-Fuel Coal Onlf .Total 

___ (_)\i_i_le_s_) ____ #_U_ru_·ts_..,...._._01._o..,...._·_#_U_n-:-i_,ts ...... __ .01._o __ ._it_l:J_· ru_·_ts_, __ .01._o ___ il_µ_ru_·_ts_· _ ._01c_,,_·,. _ . . . . • ;;.':,-/) 
60 • 440 . \' 48 37 · ,; 5 12 , 55 22••, • 108 ' •-2.6 ,: • I',,:,· , ' '• 'i.; /~.iii 
-440 - 620 33 25· . 8 19 _ 64 26 · ms i°s ·- .··• ... ~,'.:,,.i.:• .:-::,,'->,t\M 
620 - 890 30 23 · 15 . ,35. 59 • 24 °' 104 25 c. ·;);://:. ,.:·,','-; ··~>~.{'.~ ~ 
890-1,480 • 19 • 1s . • 1s · -3s 6i · 21 . 101 . ··. 2.4 - ... •~::;Zt~:\)f \it~tv,., 

-T-o-ta_l _________ 1_3_0 .... ---10_0 ______ : _4_3_' ---10_0 ___ 2_4-,5 ... ---1-00---,4-1_8 ___ 1'0_0_,-_; - ·.;b'.t~'~~:rt: ':'J;,:;:t1q 
---------------------------------------.. -.~ .-,._-. .--<--. ·./\·i;r::~•:i:::~~.\-.:·.!f~.;:~~i~·ij 

• , ' -· :1 ., .... , .• ·, .. : ... -· • ~ ~~ t 
' 7. 2. 3 , El1)15slons Reductions , ,. . . . . . . . . . , . . ii, 'ff.) ' \t' 

Ba_sed .~n. ow ~alY.Sis, repowering ?f -C~~-fired po~er pl~ts with NGCC is .a' c~st-:effectivej~~~~~/':.,. ,,·.· \; ,.,: ·.: 
reductio11: strat~gy.- Tables 7.2-7:4 ·summarize the .site repowering results for the ·two altern~tiv,e'. 

, . . . . • gas/coal pri~e differentials:: $t}.72 'arid_ $1.18 per .. milli~m' Btu (MBtu), three price raj\ges· for.:Jeat1i611 
· : pennits:_f~$50/tonne, $50,100/tonne;" an0: $101~150/tonne), ._arid '-three environin~ntal extet:i\~lity 
' vah.tes.Jo~.so~· illl<;i NOx (none,. lo\\'., and.·high)1 •. ,The, pr~ce' differe,nt~al of. $0.7UMB.tu ·represmts '. 

1 

,,, 

. 19,95, gas/ coarj,iice _d~fferential : h_~ld ·cpnstaht, 'wh1~e- -, _$:Ll8/.~Btu i_s .. EIA's # o~~~.~~(~a-$p 
' I ·differenti.il ,for ·'the year 2010.5'

6
,,:, In ·addition to,the "no :exteihilities" case, two '. altem~ti~e·' ,, ' . ·• . 

'. ,values; :-v~~e use~ f?~ S02 ~d NOx: l~~: e?'t.~ma,,li~es·.repre~nf $0 'per ton ·of $Oi .:~F :~7~•P'.' ~;r-i' l~~~- ::}? 
:: .. , ·, , . NOx~ higl1c;extert}~lihes .represent $100. pe~Jon.of SP2 ,.and-$1~00 pef ton of NOx:, :-·· '.f,,:':: i:-\'i,t, \f!~ . •·:,,1:f·;)f, 

: ··:?· , ~, ., . . • . . _: .; i._. )\: ;.? . ::-' .- .. . . . . ., ·: .; ,:-,?; :· :. : ... . • ,: • ,-• <. . . . . :. X· .. _ :· ·:· :'::~('(;(J/1r~;-.?;: \; ·)\~/ 
, ;:~). -~ ••• > ':'.~f~;riri1t!:so~J;~:~~23l!:~·; ~s:J:~:Ji~;':.~;r;~~:J ~~:s N~~~s:~~t;;!:~~~~iJJl~:: • t:::~~; 

f '.: >> ·.: :., -:':, up'ori,'. externality:~~s~mptions . . ,Wher,.'. t11e ~pric~. differenffal ~creases to $1. 18 /MB hi,·: 0 ?to' .ifa\Mkr 
.:., ',. ·' ,, . .. , ' coi.lld ,be~iem.:ove,Urom u'tility'emissio~:.J~onsequeritly,; we:see.'that a it}cre~ of-$0.~.i~~~ ~'th~ 
: .. . ,·, ':; -• I • ; • price. d'iff~_ren,tial . decre~ses carbon ·.reductic;,ris :from NGC~· ,tepowe~g by appr6,xima*ely_, AA}~~{. ~~{i.1~r, 

". • ,,1:,' • Although 'the disaggregated data ·are 'n,ot'.preseJ\ted; most'of th~ carbon reduction in·.the,'._<$50{,tG .. .f/:. ." ·j:\.. , 
... '. •. '-'.: . • . . r~ge actually occurs in the $25-50 / tq,range;.. ·' , • :" •· .. . . .. .. : , , • ; • •• · ':•:•, \"I•. ''.'.:(il,:0:.;"<, '.: . . ) ?-10:. i 

~-,K::'..i,,-:.·_._.:· :· ·-_:::,,( /I:~ :.:.-,_ - • •. · .' •.:/;: '. .{>~.:.ii.::\: _·:_ :_'.··::· .. -; _ • . • .. • • .. ""-"- ·.::-; -tl/t}:i'::ki1: .. ·-J\;rrl 
·-t?: ?'·,: ·: • • ,,, • '. N\ 'i1J\c_i,llaiy benefit 0~ s~itching ~o~ CO~: t~--g~ .. and improving ~o~ver_siori efficiency -is requ~~~ .ii{f~d~i)~!'.,l"<l~'.i~-, '_t 
,.t,·~:,' : : S02 • and~Ox,tw<? _cntena·, pollutantf ,. At •.the -i,:C:$?0/tC level,• approximately 50% of the S02~·an~_\ . ,t;4':_'4".:1·,,~/ 1 
~'.\t]J.;', . . z~s,· Nq)~?;W,~~-~d,:be ~eµ1oyed :.(depert:d~g ·-o~J ~tfe~~~i;i:l~ty v~lue); ,at.$,5~100/tC arid higher ·:¥ost1aI1 • • ~!:_1~ •• 
·~1:.'if,~i',;/': i ;;t:i'the., remaiiimg ·:coal;fired '502' ai\:d,:Nq>"'leirussions~\fould· ~e~eliminated . •. Ii· all the.•cai\didat~ ,,. liin& 
,,' i ''\e, .. • •. ""}f.',.\"· ·• .. ;. :7J',,,\)• < .,.,,_ .• ·.•, . • ·,, .,, .· .. ~y;:;~ ·,<.', : .,· .•~ 19JY,-"\' •., ... I,.,. ... • • ,. · , •. ' .. ' , •. , #9c 
r 4 i ~,:;(\ 1:;;,, ';•/wer~}iP.9We~~;'/~os!-all;t>f.J~e. :,uh d '~osi-r, , •.. ·e NOx: w.owd ,~ re~oved: ,:,. ,i~~:-/1~: ~~,,\j~.rt.j / 

"··':J¼~~"}¼~~f,f~f{ • \ifi !ft;t/~~;t '.~· :{(ii/ ~'.du~~;t '.-.f,:~~&ciS~li~~ itii; )):·~<il ;: 
·, ~ ::~~:St•I \~;;~;~ti~ht~d iri. 'imeth11:c ·~gy' • .foescdff°'c1 ,~ ,;x.fp'"~ abff••' 
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was valued froin $0-109/ton; NOx was ·valued at from.$70CH400/toh. These values were used as the 
basis 'for the enviro~ental extemality credits to offset the investment cost of repowering. 

Table 7.2 Summary Statistics: Coal to Gas Repowering with a Carbon Permit Price of <$SO/tonne 

Externality 
Cases• 

None 
Low 

High 

Externality 
Cases• , 

None 
Low . ·• . 

Hi"'h 

•. Extern~lity 
Ca'ses,. 

. None 
Low 

High 

i::~ter~ality _ 
., -· Cases• • 

None. 
Low 

Incremental 
Carbon 

Removed (MtC) • 

30.3 
66.0 

, 118.6 . 

Incremental . 
1 Carbon 
Remqved (MtC) 

0 
. 23.6 

-.• i83.4 . 

Constant _199S Gas/Coa_l Price Differential ($0.72/MBtu) 
Incremental Incremental 

SOi Removed NOx Removed 
(Mtl (Mt) 

0.5 
1.2 
4.0 

_ Incremental • · 
SOiRemoved .. -

- (Mtl ' 

·· O. ··. , 
0.3 
2.s. 

0.7 

1.4 
• 2 .. 6 

Affected GW • . 

26.8 
63.3 

122.6 

Gas Consumed 
{TCF}° 

1.0 
2.3 

4.2. -~. ~ ,, .. 
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Table 7.4 Summary Statistics: Coal to Gas Itepowering with a Carbon Permit 'Price of 
$101-150/tonne • • 

Constant 1995 Gas/Coal Price Differential ($0.72/MBtu) 
Incremental Incremental • Incremental · 

Externali ty Carbon SOi Removed NO,c Removed . Gas Consumed 
Cases• . Removed (MIC) (Mt) (Mt) Affected GW (TCF) .. 

None 69 .4 4.0 • 1.2 93.9 2.8 
l,.ow 31.0 ' 1.6 0.5 , 43.8 1.3 
High 13.1 0,6 0.2 20,9 ; · 0.5 

Gas/Co'al Price Differential in 2010 (Sl.18/MBtu) , . 
. . 

Incremental Incremental . Incremental ; 

Gas Consumed Externality. Carbon S(}iReinoved NOx Removed 
Cases• . . ~emoved (MtC) CMt) (Mtl .1· . Affect~ GW • .(TCF)~• < ·• 

I 

None 117.2 6.6 2.3 148.4 • .. 4'.5 :'\ , . ' I 

Low I 75 .1 4.0 ,1.2 98.6 ·- ·3.0: j ·, 

High , 
,. 

1.2' : 
'• • .. , t' 

29.8 . 1.5 0.4 41.4 ,.·. i 

• Two alternative market values were used for S02 and Nox: low externalities represent ~O per ton of -S02 and 1\0:,-/. - _;. , ,_:, \' • •• • .~ 

$700 per:ton ofNOx; high e~temalities represent $100 ~r ton ,of S02 . and $1400 per tqn of NOx· •• . • • • •, ,. ,: ( •,,. ', . ·) 

.. ••TCF =. trillion cubic feet 

··; ·.·, .. ·. -. 

• I t 
·} 

• _1 •. 2.4 • ~o~~-E.ffectlveriess •. . . . . . . .. · .· . . . . . .. ; ,·:· ::,Y:7t ·• ::::,;//\'.~f}: 
Figure 7.5 portrays the cost~effectiveness of site .repowering with NGCC and the -correspondirig0~i4-;'i .. 4\1 ,'/'fo:1·.y✓, .. ;: ,: 

• cumulativ~. q1r,bon removed for• the .two : alternativ~ gas/coal price differentials ..wl1t!n ~,no1 
,, \:i~f:".:'.,\·, ,'·:,( 

• environmentaL e)f:terniilities are c;onsidered. With .. a . pric
0
e differenti_al .. o( ;$0.72/~Bt~; .. ,.i,::, • .. :_ . ! 

. approxima
1

tely. 30 MtC <:an be removed for .<$SQ/ tC, ~ additional.135 MtC. can ~e reirl.?ved.Jor,;'~i~~i~~~' // ;,-•.·: .: . . { j 
. 100/tC, and an additional 77 MtC can b1? removed for >$100/tC. · When the,·pfice._ dif(~tentiaW\· _· , ·.'. ,\';·-•· 

increases to Si.lS/MBtu, O MtC of carbon are removed at <$50/tt,. 110 MtC ·a:re1:reritovecf ,: a:t·::ss1";,<';(,\:,c,., '/.,:,:,,.:i\'d\ 
100/tC, ·md an additional 132 MtC are re~oved at >$100/tC • • ' .~. '. <: :;..-:k.:' ·'./:·:·\: ·•.i.:'.;·\\f(1:, .·:' ·;,, :.\· • • 

.... ' ' .. , • ' . ·. ' ' ,. • - .·· .•.••. ' .:;: ::· \t'_·. ,:, .. "i),;_Ji; .. ~·:. ',,· ·,.·;: 
., , :Figures 7._6 an~ 7_7depict the,effec;t·of. envi!onmentji.l exte~ality;cre~its for S02 -~~rl'.'J'9~ o~/c#9on,'f.l}'t/·· :,:'·-::/\i\;;, 
. .,·. cost~{fectiyenE!s~.·· • As ·inentiqned above, -in ~dditioi:i to ._ the '.'n~·~xtkmalities" .ccl$e~~:tw.p ,:alt~ITl~~y;,;~::\·. ,-/'r_:•: '<'/i : 

• • , '. • -• m'ark~t values were used for S02 _and NOx: low·extemaliµes repre;~nt $0 per ton of,SO{ and:$1<>0/pe .... , .,;';'t.;~\ \ !:,\\/~{. 
'. • ton: of,.NO;:' 'hjgh .ext~malities repres~ri( $1.00;!peJ'.. ton. of :SOi -~ _d $1400 per to~ -~t:!-JOx·:-.::f!,h~J~~t(fttf-}1'':ff/'.i 

. rationale for ·. ti:t~se value~ is . expla4'e~ in_\Appen.d.ix'. 9::3;; ~th>fi~r~s . 7,6 ~d • ?,7:- (togethe~·I'\'i.~ ~~1:.(1{},1~r ·:' 
Tables, 7-2 ~: ·_7.4) , illustra'te . that the effE!~t·, O!,: the;- enrironm~nt~l extemaljfy c~edit ·is\1t~ :fs~ift-',t~e\~t1'.it;\~ii( '. '" ;: : 

·carbon.cost cw-v_e downward and to the nght.c.ausmg more capaqty (GW) and carbol) rem_oval:(¥~),i~~:<'/,. 1, i~:<>,;';:!,~~:ii 
to .oc::cur ·at lower carbon permit price levels.- .'·.:.' .·:t .; • ·, · • •. • .,, • ·: '>;:,·.\'.·:,.\~·~iti1\\ •• • ' ;-._:F ·. 

• I • ' ' ' ./ • , /'f •:,,:\~'.}, •, •:•!, ~t 
_Because . d~al~fu,e(plarit~ are, already receivhtg· natural ··gas : (although:. at 1ow'~r,:YOlµII1e~ s,th • (:: .. ,· .. _.':.·.\.:,'.~.: ... 
. repowered plant), a sensitivity analysis was :.conducted wherein ,no ·:hook-up or .trarismissfon .. c 

• . were inc·urred • to., deliver aI'.\ increased quantity ofnatural-·gas ,to: these . repowered:!plclI'.lti • • '· 
. '., • . :·uilo additioraltr~missiori cost case':ds ·iUu.strate~~- in :Figures.:7.8 'and17.9;'- .-whidii:'.d " • 

. . • • • : . :: • .·::~ltemative {Sa~/ c_o~l,pric;e -'.~liff ~rentia,l{ :anlJij~[~a-~;1x,te~~li,txl~!~¥ts:if or.:'si~e ;~ti; 
• ., ,,• •:-.:.: •, .re ow¢tin ' ;:$ ,inc~'J~:ans' ortationcosts'foqt'' •:• , •• II/, . foxim,ate1 ''~%\of..the.'.tota1fin~~ · 

• ' cafbon co:t-~urve~i~hlfi.downWard,icd~t··. ,., en;:ltlf~•': 'Jiil :~~~rem" ,j,,,:1, ,., ! 

.. • ·:,.: ~- . i'apprdx~atJly, 45 ,,GW,?ofcoal-fiied ~~af ,• ·'· •• :,-< ·~"- F ~¾~t~ so/~j~" 
·-' ·. ·. . · ·.- . rb. ·. : ·· ·1 ·21 Mt f so·. . :,·· d. :,0·9· • .. Mt" "1'f 'N, ... 0· .: • .... ·•:t,,-,?.<;4,,,1.,. •Jl(., ,· •• ,,.,.. . . CFl • ot:t, · . . ; ... o 2.,.an , ,. , .. ·.o. ; ..... x 

:,i '-'::,·; f: •• . •• :<plants is~l ;5 tl)ousand,'.6.\blci'f~t; :-appf o''·• 

<-r;:: , : ,_,,, . :i/;t~)(' ·rte •. ",';}fti'.( 
' <: ,,1, , , ' ' 7.8 -·:·iq,1····~·/i;"• ,,. 
' , ' .. ' ' • .- ,; .',i,JJ·:;~(; •. 
. . .. ,. ... l. ,. 
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. The cost~effectiveness numbers d_erived in this s~dy ar~ .9ptunistic. These numb~rs ~ho~lq be used •• 
with caution because ~ey do not (or do not adequately) _consider the following factors that will 
determine the ul_timate cost-effectiveness of the coal-t~gas repowering: 

• Potential increase in gas prices from NGCC repowermg, 

• Actual cost of repowering the candidate coal-fired p~wer plants, 

• Exceks· transmission capacity, and/or economies of scale in delivering the required ga~, 

• Capacity utilization of the cmwerted plants, ·· 

• • Costs associate~ with .b~eaklllg long-term cpal contracts, and . . .. ' ' . . .... . 
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Figure 7.6 Carbon Curve for Coal to G,as:Site ~epowering: Effect of _&{vi_ronmeqtal Extemality 
Credits on Cost of Carbon Removal with Constant 1995 Gas/Coal Price Differential ($0.72/MBtu) · 
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Figure-7.8 Carbon Curve' for _Pa~i~~ Repowering7: Constafit 199S Gas/Coal Price Differential:.:-~ i • 
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Chapter 7 

7.3 · RENEWABLE ELECTRICITY TECHNOLOGIES 

Over the long term, renewable energy technologies are likely to play a crucial role in }uniting 
carbon emissions and global warming. vyhile aggressive energy efficiency and fuel switching can 
reduce domestic carbon emissions to approxill'\ately 1990 l~vels by 2010, controlling or reducing carbon • 
emissions beyond that date will require greater energy contributions from low-carbon technologies . 
such as renew.ables. In other words, rene\-Vables will play an essential role in helping the United 
States to cut carbon emissions in the years beyond 2010. • • . .-,~ 
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Figure 7.10 Historical and Projected Costs of Ele~tridty from Four Renewable Power 'technologies • 
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The .pa~e· and . t~ming of thi~.- trapsition .. i~ ,4iffi~ul,t. ~o .P.roje~t, .: llowever~ be~at;ise •_if)s st:r~ngly . 
depend~nt ~n such variables.as the progress ma<!~ through.r!?seai:_ch·an<;t devel~p_ment,i. the ·:ev~~utio_n ,.:'il: ·.':, 
of energy· economy-policies: and ,the ma,gnitude artd impact o'f consum~r intere~t-in "green". ~~rgy/ For' . ,·:, : . 

' example, under the. $50/MtC sost-of-carb.on;~cen~io ~~UD,l~~-·--~ , t};\is, $~dy: ,the·:~?PP!i9~?9f/~d~ :-?,/\ • 
. • power in the UI)ited ·States is lil<ely tc_> 'incre~ rapidly ,orj aif ~con9inic' bas~: ln-~cld~p._Ollj j.nc,rf~illg_:;"~il' 

<. attehti~n, i~.,~em.~ ~ocus,ed _()n consF!?r: inte.r~.st ~ ;:sr.~e~ ~en~rgy.-~s;the ~ -e~tri~J1.~~}tst9t~1v~_; '{: 
·:., .. tpward ,Fomp~tihve _markets, . COil:5.umer~ proba~ly . will -~ave .. tht\ 9p~on:~f p~~chas_ipg~p~ .;,t,:1!;:. :: 

• ';. "":i<:"!':t:•?d~"".~'- \ .r .: •::: > • :: ; r :. :-: : ·•· . r· ~¼:¥ .. li'i;ti,-:·It~,; 
.\ The rate of-chartge will ·unpact the role ?f renewables in .20,0;at·l'e~t as mtich ;as the ·spedfi~1en'ergf ·:\'\ 

contribu,tio,n • of rel)ewables in . that.· yeaz:: Ther~fore, this section ·discusses th(tret\ds as ;well ilS th~. :'::. ~ . 
. ~ •. predicted contributions of renewabJ.es .. to the.energy,supply ~p to Ccll'.l?OI\ e~_ion redudiori.s. in ':2010.,""•_iii:;k,:;,' 

• ·· , .. •• · • : · -::' · . . ·.~ · - · .. · ·. · . -• · ,·, : ; :,:· .: · ·. \ · • , • :, : · _; : .•• · - · : ; : . ·:, . <'· _ ;/eli'1~-' ,· :· ;-··.:_\i\(· 
A thoroug~ analysis of the role ·o,f'rE!newabl,es 'in ~010, which_cap~res the cotriplexi~1:/~,f '. ~eir /'F,': 

• transi,tion,has··not,been conducted 'as•ia part· of this sfu~y.:Instead, :this section·~pre¥r~ '~alyse~' oJ.~ '.{~i~} 
• few ·r.en~":~b~e· t~chnologies whose ,role _. ~ ,likely-,to • b~ ··~ui~e J igtufican,t ,1,y :, ~010;½§~\;~ f l~~-~~ aY,:l?tt_; 
general -.•d1scuss1on of the othe.r .. re_newab!e· ~echI'.l:olog~~.s; A, ~ore . thorough 'i~alr,si,s . 9(}:he ' 'ff1. 

_. t:~lati9nship between rene~·ables 'and .reductions in carpo~ exn.is~ions over a l9nger tim¢ _fr~e-~ .. ~e •• ·, " •• • 

;:_:.:i_tli,K{.:;·,;1,;t,_}_?: su~tt;;·~?; ... , ·.;:~,,,~-1;f{\~;;,itif .. ~- t:'.~;~iii·;~~~ijt:t. '' '·:w 
• ' Tiu:.~~.-this}s~cti6n .· disc~s~s :-tfi~}'.r~i~ :~f :r~~e~ables '.m' i i :cl 'tiri\<P ft~~~~t {f)' pe 0 

•":~t~;"•' • ., i' •:•, •' 'tri'b. ti'• •••• b ··.•2010• d(2)Ll:.'• J" '\ t ' .. , ' ' ti ' I ~ • ., ,,,· ..... !~.•\;~•,,r--,.:•.,Ji•~t)•• a,/~'\•>',••, • 
. i;::,-" ., • .,;'(.;' •\.~. , ,·1 ,_y_ • con_ .... u , 09_$ y . ;, an : -~~~ : .. qp,g- ef:IX;t:?.u ,. C>P~ \: • • . .; _ ;{.'':;•:: ?\::,: ::;. "·'.:-- ;t>~t~1:/,<: ~ 
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