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Executive Summary

A multi-billion-dollar government crusade to proragenewable energy for electricity generation, mows
third decade, has resulted in major economic @uisunintended environmental consequences. Even
improved new generation renewable capacity is,venage fwice as expensive as new capacity from the
most economical fossil-fuel alternative anighle the cost of surplus electricity. Solar power fatko
generation is substantially more uneconomic tharatrerage; biomass, hydroelectric power, and gauotie
projects are less uneconomic. Wind power is theedbto the double-triple rule.

The uncompetitiveness of renewable generation expthe emphasis pro-renewable energy lobbyists on
both the state and federal levels put on quotaireaents, as well as continued or expanded sulssidiet
every major renewable energy source has drawwisrtifrom leading environmental groups: hydro for
river habitat destruction, wind for avian mortalisplar for desert overdevelopment, biomass for air
emissions, and geothermal for depletion and toischdrges.

Current state and federal efforts to restructueeedlectricity industry are being politicized tosba new
round of involuntary commitments on ratepayers taxgayers for politically favored renewables,
particularly wind and solar. Yet new governmentssdies for favored renewable technologies areyikel
create few environmental benefits; increase elg@ttrgeneration overcapacity in most regions ofthméted
States; raise electricity rates; and create newif@mmental pressures,” given the extra land antknads
(compared with those needed for traditional tecbgiels) it would take to significantly increase tapacity
of wind and solar generation.



| ntroduction

One of the centerpieces of the environmentalishdgédas long been the regulation of fossil-fuel
consumption. Although anti-pollution controls ane accepted short-term solution to many of the
environmental problems posed by fossil fuels, m@aegple believe that the long-term answer is theugak
replacement of fossil fuels with other, less enwvinentally threatening fuel sources. That philosogdny
perhaps best be described as eco-energy planhabetief that government intervention in the egerg
economy is necessary to maximize environmentakptioin and, in the end, the nation's economicitytal

Renewable energy--power generated from the nedarhite elements of nature such as sunshine, viired,
movement of water, the internal heat of the Eaatit, the combustion of replenishable crops--is widel
popular with the public and governmental officibecause it is thought to be an inexhaustible and
environmentally benign source of power, particgl@dmpared with the supposedly finite and
environmentally problematic alternative of reliarmeefossil fuels and nuclear power. Renewable gnisrg
the centerpiece of eco-energy planning. Yet akkvable energy sources are not created equal. S@me a
more economically and environmentally viable thérecs. The list of renewable fuels that were once
promising but are now being questioned on econ@ménvironmental grounds, or both, is growing.

Wind power is currently the environmentalists' fatesource of renewable energy and is thoughhbe t
most likely renewable energy source to replacelfogs in the generation of electricity in the 2entury.
Hydropower has lost favor with environmentalistsdiese of the damage it has done to river habitats a
freshwater fish populations. Solar power, at l@dstn relied on for central-station or grid elegtyic
generation, is not environmentally benign on al okl cycle basis and is highly uneconomic, land
intensive, and thus a fringe electric power sotiocehe foreseeable future. Geothermal has turngdoobe
"depletable,” with limited capacity, falling outp@and modest new investment. Biomass is also uecicn
and an air-pollution-intensive renewable.

Despite its revered status within the orthodox emmental community, wind power poses several major
dilemmas. First, wind remains uneconomic despitvisubsidies from ratepayers and taxpayers oeer th
last two decades. Second, from an environmentalpoet, wind farms are noisy, land intensive, uhtig
and hazardous to birds, including endangered spédigh the National Audubon Society calling for a
moratorium on new wind development in bird-sensitiveas, and an impending electricity industry
restructuring that could force all generation reéses to compete on a marginal cost basis, wind psase
problematic choice for future electricity generatiwithout a new round of government subsidies and
preferences.

Because of the precarious economics of acceptabvable energy, eco-energy planners have turned to
taxpayer and ratepayer subsidies for energy coasernvas an alternative way to constrain the udessil
fuels. Yet fundamental problems exist here as Walilti-billion-dollar taxpayer and ratepayer subegl

over two decades have resulted in severely dimagishturns for future subsidized (and even
nonsubsidized) conservation investments. The pateretiuction of electricity prices due to the aduction
of electricity industry restructuring threatendd@ngthen the payout period of energy conservation
investments and consequently worsen the problem.

A major but largely unrecognized development inghblic policy debate over taxpayer- or ratepayer-
subsidized renewable generation and energy corisemlas been the elevated role of natural gas in
electricity generation. Not only is natural gasigantly cleaner burning and less expensive thalecade
ago, it has increasingly become the "fuel of chibfoenew generation capacity. The eco-energy plann
agenda for electricity generation--developed widhl@nd fuel oil in mind--must now be reconsidet®dch
a reconsideration places in question some of th& mgportant public policy missions of government
energy agencies, from the California Energy Comimis@CEC) to the U.S. Department of Energy (DOE).



This study has six parts. The first defines ecaggnplanning and differentiates it from market-lthsaergy
environmentalism. The second details the econondoeavironmental problems of wind power, the most
favored renewable energy alternative. The thirggmés the problems of the other major renewables,
including "negawatts," the environmentalist euprsmfor subsidized energy conservation. The fowwth i
study of the major challenges to eco-energy plapposed by the ongoing restructuring of the eleityri
industry. The fifth is a description of new deveatognts with natural gas that have made it a bendhfoar
environmental comparison in the United States tfabwoad. Finally, the author considers the pydikicy
implications of the conclusions for the DOE, statblic utility commissions, and state-level energy
commissions.

Eco-Energy Planning

Eco-energy planning is a public policy paradigmoi@avg taxpayer and ratepayer subsidies and
governmental mandates for renewable generatioreaed)y conservation to promote "sustainable" energy
development. With the end of energy shortagesarl@v0s, the focus of federal energy policy shifteth
price and allocation regulation to reducing fossét consumption to address ozone formation, aaia, and
climate changé! The key assumption of eco-energy planning isstete and federal air-emission
standards alone are inadequate to address the jpaliky issues described.

The new (post-1980) mission of many state publidyycommissions, the CEC, and the DOE has been to
intervene in the market with incentives for renelgamergy generation and conservation, particularthe
electricity- generation sector. Those governmetgirirentions or special preferences have included th
following supply-side and demand-side alternatives:

Supply side:

. tax code preferences for renewable energy genaréfideral and statef?

« ratepayer cross-subsidies for renewable energyaawent (state);

- mandatory utility purchases of power generatedelmgwable energy sources at the utilities
cost" (federal/state);

- imputed environmental costs ("full environmentastiog”) to penalize fossil-fuel-generation
planning choices (state);

- fuel diversity premiums to penalize reliance orunatgas for power generation (state);

« government payments for renewable energy resedesielopment, and commercialization (federal
and state); and

« early entry into open-access programs for renewatdegy generation (state).

avoided

Demand side:

- taxpayer subsidies for energy-efficiency prografeddral and state);
« ratepayer subsidies for energy efficiency, callethdnd-side management (state); and
« minimum energy-efficiency building and appliancangtards (federal and state).

The cumulative taxpayer and ratepayer investmetttdralternatives listed is substantial. The DO& s$@ent
approximately $19 billion since its inception oedaticity conservation ($8 billion-$9 billion) ambnhydro
renewables ($10.7 billion), in 1996 dolldf$ State demand-side management programs add apitekjm
$16 billion more, as is explained in the subsectinorNegawatts. The $30 billion to $40 billion cumtive
20-year investment--not including the substantialgte costs associated with building and appliance
energy-efficiency standards--represents the lag@strnmental peacetime energy expenditure in U.S.
history, outranking the Strategic Petroleum Respregram to date as well as the cumulative exparalif
the 1974-88 synthetic fuels program.



Eco-energy planning is presently confronting thresgor obstacles:

« renewable energy options, prominently includingrogtectricity and now wind power, have
environmental drawbacks that have proven intraettbbate;

« renewable energy subsidies and mandatory energepgtion are proving to be incompatible with a
competitive restructuring of the electricity indysbecause of unfavorable economics and surplus
existing capacity; and

- economic and environmental advances in the fogsikfindustry, particularly in the use of natural
gas in electricity generation and reformulated fasan transportatiort have reduced the
environmental costs of fossil-fuel consumption segy to justify subsidized alternatives to fossil
fuels.

In contrast to eco-energy plannimggrket-based energy environmentalism relies on private propeast
redress, and market incentives to address envinotaingegradatior? Secondary, ad hoc programs to
reduce energy consumption or substitute alternainezgy technologies are rejected either as wholly
unnecessary or as inefficient. They are unnecegpeen the alternatives of amending the primary air
pollution standards and programs with market-basgdlations or tort redress, or both. They areficient,
given the demonstrated inability of government tegus to intelligently plan the energy economy.

In sum, eco-energy planning is predicated on tha ttlat energy markets are so riddled with imp&des
(largely because the environmental costs of consompre not entirely accounted for in the pricsygtem)
that major interventions are necessary to effitjemtanage society's energy choices. Market-basedygn
environmentalism rejects the idea that the enecgp@my is rife with "market failures" and questidhe
idea that government regula-tors--no matter hoelligent or well-intentioned--can improve upon the
private choices of millions of economic agentshe free market. Market-based energy environmeidalis
maintain that the best way to ensure the efficimsat of both economic and environmental resourcesrely
on undistorted price data and governmental pratecif private property rights.

Problems of Wind Power

Of immediate concern to eco-energy planning is vpader, beloved as a renewable resource with no air
pollutants and considered worthy of regulatory @refice and open-ended taxpayer and ratepayer msbsid
Despite decades of liberal subsidies, howeverctisé of generating electricity from wind remains
stubbornly uneconomical in an increasingly competielectricity market. Many leading wind-power
providers have encountered financial difficultydarapacity retirements appear as likely as neweptsjin
the United States without major new governmentisiyb

On the environmental side, wind power is noisydlantensive, materials-intensive (concrete andlste
particular), a visual blight, and a hazard to hiffise first four environmental problems could beaged, but
the indiscriminate killing of thousands of birda€eiuding endangered species protected by fedevalHas
created controversy and confusion within the mag&ash environmental community.

Unfavorable Economics

Relative prices tell us that wind power is morersedhan its primary fossil-fuel competitor for etiécity
generation--natural gas, used in modern, stateéeftt facilities (known in the industry as comlreycle
plants) " That is because wind power's high up-front capitats and erratic opportunity to convert wind to
electricity (referred to as a low capacity factothe trade) more than cancel out the fact thaetiseno
energy cost for naturally blowing win@*

Low capacity factors, and still lower dependable peak capacity factors, are a source of wind paveoarst
problem. In California, for instance, where somep@€cent of the world's capacity and more than&@gnt



of U.S. wind capacity is located, wind power opedaat only 23 percent realized average capacit@4.

Bl That compares with nuclear plants, with about p&fGent average capacity factor; coal plants, it

to 85 percent design capacity factor; and gas-ti@dbined-cycle plants, with a 95 percent averagggn
capacity factor’® All those plants produce power around the clocknd\oes not blow around the clock to
generate electricity, much less at peak speeds.

Peak demand for electricity and peak wind speedsotialways coincidd*!! A study by San Diego Gas &
Electric in August 1992 concluded that wind's defadidle on-peak capacity was only 7.5 megawatts er 5
MW of nameplate capacity (a 15 percent facté?) The CEC consequently has recalculated the st38%
wind capacity from 1,812 MW to 333 MW, an 18 petogependable capacity ratit?

The cost of wind power declined from around 25 sg@r kilowatt-hour in the early 1980s to around 5-
cents (constant dollars) in prime wind farm aredseade lateF* By the mid-1990s, wind advocates
reported that a new generation of wind turbinestradght the cost down below 5 cents per kWh amshev
toward 4 cents per kWh in constant doll&8.A DOE estimate was 4.5 cents per kwWh at ideas $ité
However, even at the low end of the cost estinthgetotal cost of wind power was really around éeits
per kWh when the production tax credit and otherarsubtle cost items were factored in, as disculsdged
The all-inclusive price in the mid-1990s was appreatelydouble the cost of new gas-fired electricity
generation--anttiple the cost of existing underused generation.

The total cost of wind power is higher than theatised estimates for several reasons.

1. Wind receives a 1.5 cent per kWh federal tax creditalating with inflation, which is approximately
one-third of its (as-delivered) selling price. Alrated depreciation is also given to wind-powered
facilities, further lowering their tax rate. Gasefil electricity generation does not have a taxitoed
an option of accelerated depreciation, and nagaslextraction has a total deduction (primarily a
scaled-back percentage depletion allowance) ofthess 2 percent of its wellhead price. State
severance taxes, which totaled $45 billion forapitl gas extraction between 1985 and 1994, swamp
the wellhead deductiof Thus wind power's entire tax credit should be ddutck in for an
apples-to-apples comparison with gas-fired altéveat Local tax incentives for wind, such as in
California, would increase the add-back.

2. Low-cost wind depends on select sites with stroagular wind currents (Class 4 and above wind
speeds), whereas other power generation facitaesbe built in larger increments in far more
places, or converted or repowered in existing iocat Remote wind sités? often result in
additional transmission line construction, estirdatecost as much as $300,000 to $1 million per
mile, 2% in comparison with locally sited gas-fired elecity. The economics of transmission are
poor because, although the line must be sizedadt @etput, wind power's low capacity factor
ensures significant underutilization. That addsd@it per kWh, sometimes more and sometimes
less, to the levelized cost of wirlé!

3. Because wind is an intermittent (unpredictable)egation sourcd?? it has less economic value than
fuel sources that can deliver a steady, predictatiece of electricity. Utilities obligated to prde
firm service must either "firm up” the intermittgmwer at a premium (estimated by power traders to
be around 0.5 cent per kWHY or penalize the provider of interruptible suputput uncertainty
also increases financing costs of outside lendargpared with more predictable, proven power
generation®? Therefore, a premium has to be added to the ugighle wind rate to compare it with
firm generation alternatives such as gas-fired doetbcycle plants.

4. Wind power becomes more expensive if any accouakesn of negative environmental externalities
as mainstream environmentalists do for fossil-plahts (full-cost pricing). Whereas coal and gas
plants have incurred higher costs for emissionetdus pursuant to Clean Air Act mandates (and in
some cases have been penalized in resource plaedgjons where state regulators add
"externality adders" to plant costs), no penalty been imposed for the environmental problems of
wind farms--noise, land disruption, visual bligatjan mortality, and air emissions associated with



the incremental materials required in wind turbioestruction’?® Neither has there been an
allowance for the substantial social cost of taxpayibsidied?®

All-inclusive wind prices, factoring in the hiddercremental costs mentioned, are quite differemfthe
advertised price of new wind capacif! Complained San Diego Gas and Electric about itaring"
wind-power bids of about 8 cents per kWh in a 1808tion,

SDG&E observes that the resulting price to winddlepers of 6-6.5 cents per kilowatt-hour when added
the 1.8 cent [federal and state] tax credit isss@bove the five cents/kilowatt- hour revenue wind
developers have reportedly claimed they requir® asdicate that the BRPU auction would result infiair
costs to consumers. Before the [California Publititiés] Commission commits to such high pricesnav
developers should be asked to explain why the pustomers must pay to them is so much higher than
what they claim they neel®

San Diego Gas & Electric's bid experience was apprately the same as the calculated cost of a [sexgbo
(but more recently canceled) 45 MW wind projecharthern California that would have sold powerte t
Sacramento Municipal Utility DistricB? A new 35-MW wind-power project in West Texas, whéte
winds are better, has a 25-year fixed-price cohtaat.7 cents per kWh. Adding in the federal tadit,
0.5 cent per kWh for incremental transmission espsrior the 400-mile trip to Austin, and 0.5 cemt f
nonfirm delivery, however, the cost is around 7tsgrer kWh from the get-go--not including the incili
costs due to the incidence of off-peak productiod laigher financing costs.

A December 1996 report from the Northwest Energst&w, a group of electricity stakeholders in the
Pacific Northwest, including environmental grougesonfirmed the severe economic plight of wind afi w
as other renewable energies.

Utility-scale solar, wind and geothermal technoésgstill are more expensive than gas-fired combnsti
turbines and current market prices. . . . Severawable resource projects designed to confirnouari
technologies under Northwest conditions . . . atecgated to produce electricity that is from arel one-
half [wind] to four times [geothermal] more costhan gas-fired combustion turbin&!

That estimate for wind does not account for implaists, which would add approximately 1 cent paihk
to its price, making it double the cost of gasdigeneration and triple the cost of widely avagadtonomy
energy in the Pacific Northwest.

Paul Gipe, in his treatise on wind power, estim#tas the best technology (as of 1995) could dekvied
power for $1,050 per kW, or for between 7.5 andc@ts per KWHLThis estimate, adding the
incremental costs discussed earlier, again confima€onclusion that as of the mid-1990s wind epargs
double the cost of new gas-fired generation amdetthe cost of surplus energy (called economygner
which refers to the price of electricity on the sparket).

New gas-fired combined-cycle capacity in the saergod, the early to mid-1990s, could generate etait
for between 3 and 5 cents per kWh, according td-#ueral Energy Regulatory Commission (FERE).
San Diego Gas & Electric and the Sacramento Mualdijility District estimated the cost of their gised
generation alternative at about 4 cents per K§#HThis is firm generation with the flexibility to Hecated
near customer demand; thus it avoids the subtls tioat wind faces.

A gas-fired project can even lock in long-term peses to remove price risk for consumers and enaur
price saving over renewable-energy projects wildtireely high capital costs. The advantage is
imperviousness to short-run gas prices, even adw#ling of prices such as occurred last wintecdiise
of a "backwardation” curve, long-term prices becanastantially below near-term prices, reflecting t



long-term supply optimism of the markEf! The result was that 10-year fixed gas prices haddsulting
price of electricity were little changeld®

It is erroneous to conclude that even if wind is cammpetitive now, it soon will be. Wind is compegi

against improving technologies and the increasingndance of natural resources. The cost of gad-fire
combined-cycle plants--the most economical eleitgrgeneration capacity for central-station power a
present--has fallen in the last decade becausembving technology and a 50 percent drop in dedigtegas
prices adjusted for inflatiof®® The energy-efficiency factors of gas turbines hiageeased from just above
40 percent in the early 1980s to nearly 60 pertefaty.2” Forecasts by the DOE and other sources expect
continued efficiency improvements in the years 2806ugh 2015 for gas-fired generatié¥. One forecast

is that new gas-fired generation of virtually ampacity will cost from $200 to $450 per kW, geniergt

power at 2 cents per kwh?

To illustrate the point, compare the most recemhinal levelized prices of advanced wind technolsgie
operating in prime wind areas with new-generatiag wirbines. Long-term fixed-price wind contracts a
available at about 3 cents per kWh (nominal) imgriareas, translating into an all-inclusive prité t 6
cents per kWh (a price that factors in the taxgmezices and other implicit costs, as discussed) pfice of
combined-cycle gas turbines in 1996-97 also hashexhnew lows, between $400 and $500 per kW,
bringing electricity below 3 cents per kWh and ebetow 2.5 cents per kWh in select regions sudhes
Pacific Northwest, where natural gas prices arddwest. That suggests that the historic delivgrade
discrepancy still holds and may continue to hatdleled, technological change can be congruent betwee
different energy technologies, and falling gasgsiand electricity prices from gas-fired generaion
lowering wind turbine costs as well. But even & tyap were cut in half, a 50 percent premium fov nend
capacity is substantial.

Head-to-head comparison of wind power and otheeggion alternatives for new generation capacity is
mostly a hypothetical debate. An even greater coithgeproblem for wind, and an environmental pexil
as well % has been and continues to be surplus sunk-coatitgmith very low incremental costs that
exists in many markets around the country. Caliggrim particular (where the U.S. and world windago
industry is centered has had substantial surplus gas-fired capacityitithe early to mid-1990s was
generating electricity for as little as 2 cents paf. “2 New wind capacity had to compete with 2-cent
existing power, not 3-cent new power, which made nend capacity between 100 percent and 300 percent
more expensive than the relevant competition. Trsatrmountable competitive disadvantage for wind,
ironically, had been created partly by Californiasilti-billion-dollar investment in demand-side
management programs, which idled gas-fired capacitiyhelped to remove the need for new generation
capacity in the stat&In northern California, where the state's wind istdyiis concentrated, new capacity
is not forecast by the CEC until 2004. In south@atifornia, where the solar industry is centereslyn
capacity is not forecast until 2005 Moreover, this gas-fired capacity, experiencing tates of 30 percent
and less because of low demafthas been retrofitted pursuant to California’'s geirt air quality rules to
become virtually environmentally benidff!

The surplus capacity problem for prospective windi@r exists outside California as well. Most other
regions have surplus gas-fired (if not coal-firgdherating capacity, particularly off-peak, and taplus
will increasingly become national as electricitghirstry restructuring makes the grid more intercotetk

The analysis just given pertains to central-statword power. Regarding residential wind systems, th
American Wind Energy Association states, "As a galinelle of thumb, a turbine owner should havesast
a 10 mph average wind speed and be paying atl18asnts per kWh for electricity*” Properties need to
be one acre or more to support an 80- to 120-fmeét, and noise levels "about half as much as.lawn
mower" can be expecte%?l



Assuming optimal wind speeds and the right-sizegherty, the 10-cent criterion at the residentiatle
leaves 11 states--Alaska, California, Connectidatyaii, Maine, Massachusetts, New Hampshire, New
Jersey, New York, Rhode Island, and Vermont--asr! sites’*? With the impending restructuring of the
electricity industry (to be discussed), 10-centtileity will become a thing of the past in the lew48

states. Opening the national electricity grid ljkelill equalize rates across state boundaries eddae the
nation's 8 cent per kWh average residential rasajihg still fewer economic applications.

Ratepayer and Taxpayer Subsidies

Ratepayer and taxpayer subsidies to wind power haga substantial for two decades. Ratepayersatjypic
pay three times more for wind power than they waualgl for electricity in today's spot markét! and the
premium could be higher. The obligation stems ftbmPublic Utility Regulatory Policies Act of 1978
(PURPA), which requires utilities to purchase pofwvem "qualifying facilities" at the utility's "avded
cost."BY PURPA, concluded one study, "almost single-handediated the renewable energy industfz"
California became the nation's renewable energifataphen its public utilities commission instrudte
utilities in the state to enter into PURPA contsa&t avoided costs that soon escalated far abokema
prices. Standard Offer no. 4 contracts, awardepusdifying facilities in California between 1982chh988,
in particular, were predicated on oil prices' apgting $100 per barré?® Thus, the State Utility
Commission's avoided-cost guidelines locked ingxrithat today are about 12 cents per k#hwith many
of the contracts reverting to market prices (alitat 3 cents per kWh) in the 1996-98 period, many
renewable projects face retirement without new guvent help™>

PURPA's encouragement of renewables was augmentacferential state and federal tax treatment of
renewables. Between 1978 and 1986--the period iohathx preferences were greatest--such preferences
funneled as much as $2.0 billion to renewable gnprgjects®® During that time, the combined California
and federal investment tax credit was as high gseB€ent, a two-year payoti That incited a flurry of
first-generation wind capacity that encounteredrag@nal problems and hurt the entire industry's

credibility. & "Wind farms," concluded one study, "were sometimgsrated as tax farm$> Complained
another pro-wind study about the "sledgehammertagmh, "Some of the early companies knew more about
tax minimiza-tion than they did about engineering™"

After several years of relatively neutral tax treaht, a tax credit of 1.5 cents per kWh was esthbtl in the
Energy Policy Act of 1998 for electricity generated with wind and closedgdqorganic) biomass. The
credit applied to such qualifying facilities pladedservice between 1993 and 1999. Phasing dowarbag
a reference price of 8 cents per kWh; the tax trgds to be phased out at a reference price oeffis per
kWh. Both the 1.5 cent and 8 cent rates would amenith inflation beginning with 1994 generati6l.
The production tax credit is currently set to egmn June 30, 1999.

For government and nonprofit entities that coultus® the tax credit, the secretary of energy was
authorized to make "incentive payments” of 1.5 sgerr kWh (adjusted for inflation from base yea®3)9
for all renewable electricity-generation technoésgiexcluding hydroelectricity and municipal solidste.
183 The tax credit was for 10 years and applied tdifyireg facilities placed in service between Octobe
1993 and September 206%3!

The DOE spent $900 million (constant 1996 dollarsyvind energy subsidies through fiscal year 1655.
Yearly DOE wind expenditures ranged from $10 millio FY90 to a high of $129 million in FY79. The
CEC's Wind Program (founded 1977) and Energy Tdolgies Advancement Program (founded 1984) have
provided tens of millions more dollars in wind siatiss.®® Foreign governments have spent hundreds of
millions of dollars (equivalent) more on researald aommercializatior®”

A conservative estimate of the total U.S. governinfies., taxpayer) subsidy to wind power totalsrove
$1,200 per installed kilowatt, even greater thandimect capital cost of wind under advanced teldgyof



around $860 per kilowaf®! and certainly more than the installed capacity obgas-fired combined-cycle
plants of approximately $580 per kilowat® On a dependable capacity or capacity factor bemssubsidy
cost and capital cost premium to market is seva@dhlireater.

Wind power has proven itself to be a perpetualimindustry,” with its competitive viability alway
somewhere on the horizon. Proponents have alwagyedifor continued subsidies on the rationale that
commercialization is in sight. In 1985 congressldrearings, for example, an executive of the Anaaric
Wind Energy Association testified that "the goal ttuis industry, the achievable goal, accordintheCEC,
is the lowest-cost source of electricity, alonghwiydro, available to a utility by 19937

The need for more subsidy continues. The 1995 tefdhe DOE-appointed Task Force on Strategic gner
Research and Development (Yergin task foré8)concluded that $350 million in future research and
development funding was still needed for "wind euéerization, aerodynamics, structures and fatigne,
advanced concepts and componerté.”

What the Yergin task force fails to consider i tih@ federal government's crash course in wingteel
research and development has been a bust to ddt&yréher commitment may be doomed as well. Gipe,
one of the nation's leading advocates of wind gndrgs pronounced the U.S. effort through the eE9B0s
"a chimera . . . nothing more than ‘welfare for ¢eicated." He explains,

The United States lavished nearly half a billiotiats on the aerospace industry from 1974 to 1982 |
wind-power R&D]. . . . [Yet] with the exception &f.S. Windpower's model 56-100, none of the U.S.-
designed machines in California can be called aesg . . . By the mid-1990s there were no majé: U.
manufacturers selling commercially proven wind inels to independent developers in the United Statds
there were practically no U.S. wind turbines ogarain Europe!™

One byproduct of DOE centralization and largesseltegen the professional corruption of the American
Wind Energy Association, which, Gipe states, fielbithe trap of measuring its success by the dize o
taxpayer subsidie§™>

The aggregate ratepayer and taxpayer commitmenrgsithk embedded cost of wind power, conservatively
estimated at 10 cents per kW one of the highest for any kind of electricity geation in the present era.
Wind power ranks with high-cost nuclear generatedsove 10 cents per kWh compared with average
generation costs of 4 cents per kWH),synthetic oil (around $57 per barrel versus spade of around $20
per barrel)”® Strategic Petroleum Reserve oil (around $60 peebeersus crude of $20 per barréf}

and synthetic natural gas ($3 to $7 per MMBtu vespot gas of around $2 per MMBtEY

The" Avian Mortality" Problem

The universal rationale for the massive public cotmmant to wind power is that it is environmentally
benign. But wind power has at least one major emwirental problem--the killing of bird populatioritat
has begun to cause serious concern among mainsérearonmentalists.

Wind blades have killed thousands of birds in timitédl States and abroad in the last decade, imgudi
endangered species, which is a federal offensestunj criminal prosecutiof Although bird kills are not
considered a problem by everyone, they are a profde environmental groups that lobbied to putltdves
on the books, made cost assessments for deadabiddsther wildlife after th&’aldez accident, and vilify
petroleum extraction activity on the North SlopeAtdiska as hazardous to wildlif€2 Such groups as the
Sierra Club and the National Audubon Society haiteeized wind power's effects on birds, but macp-e
energy planners have ignored the problem in theiotion to wind power, in light of the limited nuebof
acceptable alternatives.



There have been numerous mentions of the "aviatafitgt problem in the wind-power literature (the

Sierra Club labeled wind towers “the Cuisinartshef air").’3! An article in the March 29-April 4, 1995,
issue ofSF Weekly was particularly telling. The cover story in thenS-rancisco newspaper was no less than
an expose, written not by a free-market criticijan author sympathetic to the environmental agend

The article concerns the world's largest wind-pofaen, the 625 MW Altamont Pass project, owned by
independent developers with long-term purchaseractst with Pacific Gas and Electric. Some majon{soi
of the article follow#*!

« "It now appears that windmills are annually killittgpusands of birds worldwide [including] . . . red-
tailed hawks, American kestrels, turkey vulturessaated owls--and federally protected species like
Aquila chrysaetos, the golden eagle. And it turns out that the BagaA . . is the windmill bird-death
capital of America.”

« The National Audubon Society has called for a nayram on new wind farms until the bird kill
problem is solved, a position that the wind indusipposes.

« Some of the bird kills at Altamont Pass are a faldenime under the Migratory Bird Treaty Act;
killing bald eagles is also a crime under the Baddjle Protection Act. The U.S. Fish and Wildlife
Service is considering prosecution.

- Traditional environmental groups will not condemimely which they see as "throwing the baby out
with the bathwater."” They hope that the mortaktyiot too great and that current remediation effort
will succeed.

« "So intense has the windmill ‘avian mortality isduscome in wind and wildlife circles, some fear fo
their jobs if they speak out; others fear for thhesearch dollars, while the companies fear far the
futures."

- "How many dead birds equal a dead fish equals laspi?" asks the author. One wind energy expert
responds, "The trade-offs aren't easy--there ameg'tharts or formulas to guide you."

- Environmentalists blocked a proposed wind farmastern Washington state because of the avian
mortality problem.

- Federal money is going toward trying to find a siolu to the bird kill problem, such as a study by
the DOE's National Renewable Energy Laboratory.

Author Amy Linn pointedly concludes her article:

By accepting the compromises of the real world emithusiastically supporting the establishment ef th
wind industry, [environmentalists] entered the tlswargain that now prevents them from fighting th
power companies. . . . Here in the almost wildaltdmont Pass, the environmentalists and Kenetagk h
reached the point where solutions become problénespoint at which there is blood on the answer.

The avian mortality problem of wind power is di#et from bird mortality due to stationary objects.
Explained one study, "Wind farms have been docuetkettt act as both bait and executioner--rodentagak
shelter at the base of turbines multiply with thetpction from raptors, while in turn their greatemmbers
attract more raptors to the farnf®

"How many dead birds equal a dead fish equal aspdli?" Ten thousand cumulative bird dedff$rom

1,731 MW of installed U.S. capacity are the equamabf 4.4 million bird deaths across the entingacaty

of the U.S. electricity market (approximately 77/ A 20 percent share of U.S. capacity, a figiwed the
American Wind Energy Association forwarded someaye@@o in congressional hearings (see above), would
eguate to 880,000 cumulative bird deaths. Calcdlatean average operating capacity basis, the numbe
would rise severalfold. Not every potential windmewould be an Altamont Pass, which was sited todse
existing transmission systems with little thoughbird activity, but the mortality-per-megawattiocabf

existing capacity should give pause.



A 1992 study commissioned by the CEC "conservativestimated that 39 golden eagles were beingdkille
at Altamont Pass each year, a significant figuvemia total population of 500 breeding pdff8.0n a
percentage basis, the mortality rate per year tan#dnt Pass under the estimate is eight timesegrédsin

the bald eagle kill from the Valdez oil spill inifze William Sound in 1989, and it recurs everyry&d

American kestrels and red-tailed hawks also wensidered at risk from Altamont Pass, accordinghéo t
CEC study. Although those facts could be ignoredhieypro-wind-power community, the National Audubon
Society's call for a moratorium on wind-power potgein bird-sensitive areas (a position spearhebged
Audubon's San Francisco chapter) cannot. Jan Béyehibon's vice president for science policy, exydd
the national chapter's stand:

We do not want to see the wrong types of wind nabibuilt, nor do we want to see them built inwineng
places. That is why I, and some Audubon chapters lsalled for a moratorium on new wind developrment
in important bird areas. This has gotten some okowvironmental friends worried and some in indusery
angry. The National Audubon Society is not takingrsa strong position because of a concern foviddal
bird kills; rather, we are concerned about possiblgacts on populations in the decades ahead wihah w
turbines may be all over the countfy’

Beyea elsewhere expressed specific concern about

golden eagles in California and the situation i griffon vulture in Spain. We are also wondenvitat's
going to happen to cranes and ducks that migradeigh Nebraska, Kansas, and the Dakétés.

With opposition from local Audubon chapters in Mai©regon, and Washington, Beyea warned that "wind-
power could face the same fate as low-head hydnahwas dropped from the environmentalist agemda a
from significant government support, even thoughact, there may have been a middle ground thatico
have been located through dialogu&

The problem of avian mortality is not unique to theited StatesWindpower Monthly reported that the
largest wind farm in Europe was "wreaking havodwtite natural order of raptor life on two contirgeht
B3IThe feature story added:

The data collected so far include telling photogsapf decapitated vultures that collided with sahthe
site's 269 wind turbines [that were] . . . eithéekl on impact or by electrocution on power cabié of the
species are protected by Spanish and European UavioR*

The From the Editor section of the same issue attitmeconcerns of the National Audubon Society,
explaining as follows its decision to show on ibser a full-color photograph of a bloody vulturd auhalf
by a windmill blade:

The decision to print this month's cover was nkétalightly. It will have a significant impact, bobn the
world of wind power and elsewhere. . . . Thereiea problem with bird deaths at Tarifa. It canbetkept
quiet and it will not go away of its own accord.. . There are parallels between the problems dbrajin the
Altamont Pass . . . and the Tarifa controveﬁgéil.

Proponents of wind power have argued that thed®ath problem is being effectively addressed aondlgh
not slow the growth of the industry. Yet the prablevhich has been studied since the mid-1978s,
continues unabated two decades I1atérLike the claims that wind power will soon be ecomie, claims that
(in the words of a U.S. Windpower representativeg have almost met our objective of being an
environmentally benign power resouré® ring hollow. Even if a technological breakthrotagtdressing
bird kills is achieved (which is certainly possiplany incremental cost of using that technologyiddo
further worsen the competitive plight of wind power



Other Environmental Drawbacks

A distinct air-emission problem of wind capacitycigated when a new project is built where thesirplus
electricity-generating capacity. Because wind faretgiire hundreds of tons of energy-intensive nlter
virtually all of the air emissions associated vitie gas or electricity used to make the materglsi{ as
cement or steel) must be counted against the "$anedmissions once the farm comes on line anplates
fossil-fuel-generated output. For a recently anmedrwind farm of 45 effective MW, for example, the
emissions associated with 10 million pounds of meiemust be calculate?! If there were not surplus
capacity, on the other hand, only the incrementassions associated with constructing a wind fcili
instead of a fossil-fuel facility would be usedti#&dugh not calculated here, the air emissions &ssacwith
the construction of wind capacity that is not nektiemeet either peak or baseload demand would be
substantial enough to create an environmental madigr from the viewpoint of its proponents.

Wind power's land disturbance, noise, and unsightlyines also present environmental drawbacKeasat
from the perspective of some if not many mainstreawironmentalists. Yet at least one well-known
environmental group has a double standard wheridensg wind power versus other energy options. In
testimony before the California Public Utilities @mission (CPUC), Ralph Cavanagh of the Natural
Resources Defense Council argued against openengléitricity industry to competition and customer
choice because of the

development of significant new transmission andrithistion lines to link buyers and sellers of power
addition to the visual blight of additional powerds on the landscape, these corridors can displace
threatened or endangered speciéd.

Christopher Flavin of Worldwatch Institute appltee same rigorous standard to gas developmentahat

least for a time, mars the landscape with drilliigg, pipelines, and other equipmeft®®

Yet Altamont Pass's 7,000 turbines (located neaa@agh's San Francisco office) have a record ab&z
avian mortality, large land-use requirements, disthg noise, and "visual blight*?< The irony of visual
blight was not lost on environmental philosophed&ick Nash, who, referring to the Santa Barbara

[e_m]/ironmentalists, asked, "If offshore rigs offendn a much greater number of windmills be anyeb@tt
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wind (like solar) "mars" the landscape all the timet "at least for a time*¥ Environmentalists have
raised concerns over erosion from service roadstuslopes (an important problem for Californadyere
mud slides are a hazartf® "fugitive dust” from unpaved road$®® flashing lights and the red-and-white
paint required by the FAA on tall toweF? rushed construction for tax consideratidHé! fencing
requirements=® oil leakage!**% and abandoned turbinés The "not in my back yard" problem of wind
turbines may seem a trivial nuisance for urbanhtes for rural inhabitants, who "choose to livesirch
locations . . . primarily because the land is utadlé for other urban use$t*2 there is an environmental
cost.

The ancillary environmental problems are not mieeen to wind power's leading proponents. Gipeh@ut
of Wind Power for Home & Business andWind Energy Comes of Age, in an October 15, 1996, letter to the
chairman of the CEC, called for a moratorium on ménd subsidies until the problems of previous
construction were addressed. Stated Gipe,

| am a longtime advocate of wind energy in Califarand my record in support of the industry is well
known. | have chronicled the growth of California/d industry for more than twelve years. It tHere
pains me greatly to urge the Commission to . comanend to the legislature that no funds from the
[California Competition Transition Charge] be distited to existing or future wind projects in thats.
Funds that were destined for this purpose shousl@at be deposited in a wind energy cleanup fuhe to



administered by the Commission. Money from thisdfgould then be used to control erosion from plants
California, to remove abandoned and nonoperatimglwirbines littering our scenic hillsides, and to
mitigate other environmental impacts from the &aténd industry2!

As Gipe has reminded his audience elsewhere, "€bplp who build wind farms are not
environmentalists ! The Union of Concerned Scientists also has be&k ¢oi point out "environmental
concerns" with wind power, stemming from "not oalyan issues, but also . . . the effects of road

construction, tree felling, and visual impact&t®
Another problem of wind farms appears to be fird amoke. Summarized one article,

Wind farm operators are feeling the heat from tagesDepartment of Forestry and Fire Protectiornr ove
blazes in Altamont Pass. Causes range from elatsfiorts to exposed wires to flaming bird&!

Wind farms also fail the land-use test comparedth Wassil-fuel alternatives. A wind farm requiresmasch

as 85 times more space than a conventional gasgoeer plant't” Gipe estimates the range to be
between 10 and 80 acres per megawatt--from 30 te than 200 times more space than needed for gas
plants 28 wide spacing (a 50 MW farm can require anywhetevben 2 and 25 square miles) is necessary
to avoid wake effects between towéts? The world's 5,000 MW (nameplate) wind-power catyaici 1995

consisted of 25,000 turbin€é? little bang for the land usage and visual blightt

The argument that the actual space used by windrtois much smaller than the total acreage of fianus
("as little as 1 percent of the land is actuallguggied")22! is the “footprint" argument that eco-energ
planners refuse to consider for petroleum extradticthe Arctic National Wildlife Refuge in Alask&2?

Consistency aside, "the visual impact of wind tnesi on the countryside is one of their most cordest
issues.' 12!

Another environmental consideration with wind potgeis created when they are combined with gasnerb
backup to lower the weighted average cost of p@medrto achieve reliability as a firm source of &ietty.
Gas-wind hybrids (or gas-solar hybrids) blur thetidiction between renewable energy and fossil faets
beg two questions: why not have a gas-only progedd, is the project really needed at all giventengs
overcapacity?

High Costsasa Virtue: The Jobs Rationale

A jobs-creation rationale for wind power is margbaby supporters, almost as a last line of defefise.
American Wind Energy Association trumpets the fhat about $3.5 billion is invested in the U.S.HdA
power] industry, where watt-for-watt, dollar-fordth, that investment creates more jobs than ahgrot
utility-scale energy source. In 1994, wind turbar& component manufacturers contributed directipéo

economies of 44 states, creating thousands off@bsmerican communitiest?*

The high-cost propensity of wind power is a neggtivot a positive, aspect of the industry. Prieflect
relative scarcity, and the price of wind-power gyes substantially higher than the price of eliedly from
other sources. Resources devoted to wind powdhasewasted in an economy where wants are gréser t
the resources available to meet them, and betemnatives are forgone. Without subsidies, lessweaible
energy infrastructure would have been built andsoamers would have had lower cost electricity. Tdneed
resources (land, labor, and capital) would haveegora more competitive source of electricity ooren
likely, given electricity-generation overcapacity,a different endeavor entirely. Electricity consars, in
turn, would have incremental savings to spend disesvin the economy. The result of wind-power
investments in California is the existence of amagmomic renewable energy industry and an underused
natural gas infrastructure. Consequently, it hagrdmuted to artificially high rates and a subsiaint
ratepayer surcharge for stranded cost recovergdyafor generation facilities and third-party cewts



incapable of delivering power at competitive priges restructured market; utility companies arthsa the
public should compensate them for those now ungoanmvestments) in the restructuring period.

Subsidizing renewable energy for its own sake is Bk creating” jobs by digging holes and fillitlgem
back up. The fundamental law of economic efficieAgmploy[ing] the available means in such a wagt th
no want more urgently felt should remain unsattsbecause the means suitable for its attainmerd wer
employed for the attainment of a want less urgefielly *2%! is violated.

Proponents of renewable subsidies argue that gubeidies do not continue, U.S. firms will lose twu
foreign firms whose governments will continue tbsidize them™2® Tax incentives and government grants
are sparking new wind-power capacity in a varidtgauntries*2” The subsidies have resulted in "many
strong European and Japanese competitors in theetrdace . . . actively marketing products

internationally."*28 Concluded the Yergin task force,

Continued cost reductions fostered by [DOE's] sgi@tresearch, development, and deployment aetviti
can ensure the United States a place in an emengittgoillion-dollar clean energy market. The
establishment of footholds by U.S.-based firmsiterinational sales activity is clearly vitd?f®

Warnings that foreign companies will replace Ughewable energy companies just when
commercialization is in sight have been heard sihee1980$% another argument that is wearing thin. Not
surprisingly, however, U.S. companies are findimg lbest markets abroad where electricity is maaecsc
and the cost of new power is higher. Whereas al@@gtercent of the world's wind-power capacity was
based in the United States in 1990, less than E@peis in the United States tod&y¥ If U.S. subsidies
contract, the wind-power industry will likely bef@reign-subsidized experiment rather than a U.S.-
subsidized experiment as in the past.

Today's renewable export industry is a very smadtipn of total U.S. energy-related export actesti A

$500 million annual renewable export industry actedor under 1/10 of 1 percent of the total Uxast
market.232 Unwise and uneconomic subsidies abroad do nafyjustwise and uneconomic investments at
home. Should foreign subsidies result in majortetdgical breakthroughs to make wind power
economically and environmentally viable in nicherkeds, the United States can "free ride" by impaytihe
technology or equipment, or both. U.S. ratepayrdstaxpayers would be spared, and, in fact, U.S.
consumers would have been advantageously subsidyzfteign taxpayers or ratepayers.

A Dying--or Resurrected--U.S. Industry?

A 1976 study by the DOE estimated that wind poveed@ supply close to one-fifth of all U.S. eleciiydoy
1995, a fact trumpeted by the American Wind Enekggociation in congressional hearings in 1982
Going into 1996, instead of 20 percent, wind hddl® of 1 percent share of the U.S. electricity ke&ran
overestimate of 20,000 percent.

In 1995 and 1996, the U.S. wind-power industry wexy sick if not on its deathbed. National prodoti

was down in 1995. California’s wind-power capabiagl fallen from its 1991 pea®®* leading a
spokesperson of the CEC to conclude that "the wimetgy industry in California has reached a plateais
growth cycle."3% An even greater dropoff was feared when wind p&sWRURPA contracts--scheduled to
pay as much as 14 cents per kWh for some 650 MWirad capacity in California alone--were scheduled t
expire.23¢ With the going market rate for spot generatioingsted to be 2 cents per kWh, existing facilities
with old technology, low capacity factors, and highintenance faced retirement without new subsitfés
Plant modernization, such as proposed for AltanRass by Kenetech, also faced uncertainty given
competition from sunk-cost capacity, the possibsslof tax credits from tax reform, and problemthhe
company's new technology (KVS-33 bladé&s}!



Kenetech, the market leader in the United Stadaded bankruptcy in the spring of 1996 because of
equipment problems at existing sites and a dedmlew business**¥ WindMaster went to a skeleton crew.
Other firms such as Flowind and Cannon cut stafiificantly. 2% Existing projects, operating under long-
term operation and maintenance agreements withaime companies, faced new uncertainties--one reason
why the Sacramento Municipal Utility District catea Phase 1l of its Kenetech wind farm projectha t
spring of 1996!**Y Numerous complaints were heard at state and fefdeuans that the industry would not
survive without redoubled government support inre@nsely competitive, restructured industry.

In an earlier draft of this study, | wrote,

Only a sizable taxpayer or ratepayer bailout wily@nt the large majority of the state's heavitjeinted
wind-power capacity from going the way of syntheticand gas production. The "power surge" fromavin
to help fuel "the coming energy revolution,” (asieipated by the Worldwatch Institute) will requiaenear
miraculous technological turnaround and soon. BEwdeexists that this turnaround will have to occur
without the taxpayer or ratepayer largesse asamp#st. . . . It is ironic yet illustrative how tbeo-energy
planning supply-side portfolio has contracted duae. Nuclear power was endorsed in the 1960s &y th
environmental establishment and abandoned in th@slHydro was endorsed until the 1980s for new
capacity. Will wind power, the choice of the 1980s,abandoned in the 19905%!

Yet in 1997, with state and federal restructurmgatives promising billions of dollars of new sidlies for
qualifying renewables, prominently including wirahd a leading energy company entering the moribund
wind-power field 2#3! the industry seems to have escaped from the bFimkinordinate political clout of
the eco-energy planners once again showed thadg eventual market verdicts cannot be repealed, e
be delayed.



Appendix: Subsidies and Capacity

TableA.1

Department of Energy Civilian Subsidy Program (dollarsin thousands)
REAL DOLLAR
ANALYSIS FY 1978 | FY 1979 |FY 1980 |[FY 1981 |FY 1982 |FY 1983 |FY 1984 |FY 1985 |FY 1986 |FY 1987
|1996:$l.00 ‘ Stat | Stat | Stat-D ‘ Stat |Contro| ‘Control ‘Control |Contro| ‘Control | Control
Direct Energy
Subsidies Per
Source: (1-25-79) | (1-23-80) | (1-12-81) | (2-4-82) | (2-4-83) |(1-20-84) | (6-11-85) |(2-24-86) |(2-10-87) | (2-08-88)
INuclear 2,772,117 2,360,621 2,058,617 [1,810,322 |1,765,400 | 1,629,285 | 1,143,117 | 887,831 | 885,041| 840,208
IConservation  |1,294,168 |1,363,362 [1,484,001 |1,224,303| 236,407 | 676,006 649,785| 667,023 610,116 320,930
Coal 11,608,783 1,526,360 |1,437,421 |1,259,538 | 816,147 | 369,408 | 361,291 | 365535 492,733 483941
loil | 189,187 | 217,961| 117,509| 99,751| 63996| 37,413| 45605 46,216| 41677| 35800
Gas | 65939| 73071| 58537| 53,531 19,043| 21550 23256 14,789| 12,173| 11,009
\Wind | 88,316| 128,708| 115304| 133,771| 55931 49,449 39817| 41,347| 35483 22,936
|Solar | 773,522 | 802,053| 797,187 | 673,602 291,136 217,097 | 181,176 157,765| 121,293| 106,116
[Hydro | 25058| 84657 39,870 5520 4878 3,144 1133 52| 689 622
|Geothermal | 296,551| 316,352| 284444| 233577 117,234| 91,022| 48882| 43481| 38028 28731
(R)ter:leerwables 361,433 | 394,824 | 383,424 | 338,264 | 186,269 118,565 | 118,447 | 107,027 | 89,444 79,406
Total: 17,475,075 |7,267,969 6,776,406 5,832,178 |3,556,440 [3,212,940 2,612,509 2,331,665 (2,326,677 | 1,929,697

FY 1988 | FY 1989 | FY 1990 | FY 1991 | FY 1992 | FY 1993 | FY 1994 | FY 1995 | FY 1996
| ‘ Control | Control | Control ‘ Control |Control4 ‘ Cong2 ‘AppCont | Actuals ‘ Actuals |
Direct Energy
Subsidies Per
Source: (1-05-89) | (1-26-90) | (1-31-91) |(4-22-92) |(5-05-93) |(3-15-94) | (2-01-95) |(3-28-95) | (2-5-97) |TOTALS
[Nuclear | 790,944 | 771,706 | 409,126 | 380,984 | 413,108 | 376,561 | 383,976 | 231,644 | 143,071 20,053,679
|Conservation | 408,910 397,070 | 439,494 | 530,946 | 571,791 | 608,624 | 708,365| 551,827 | 552,893 (13,296,111
|Coal | 571,147 | 544,210 | 988,571 | 778,716 | 767,707 | 257,013 | 410,119 | 124,573| 119,625 13,282,838
|oil | 39,078 48,480 | 46,859| 68,190| 63,175| 66,900 78,634| 57,654 54,935| 1,419,021
|Gas | 13,971 14,404| 17,321| 18280| 13,892| 31,509 | 100,364 | 115,307 | 109,790| 787,735
\Wind | 11,226 11,084| 10,428| 12,799| 23,800| 25887| 30,862| 31,915| 31,420| 900,482
|Solar | 86,278| 80,5582| 74,215| 92,995| 110,028| 113,662 | 152,036 | 197,669 | 106,391 | 5,134,803
[Hydro | 0| 0| 0/ 1,044 1,150 1,133| 1,100| 18531| 3,483| 192,763
|Geothermal | 93871| 24542| 20,715| 34,578 30,058 25247| 19,596| 19,561 | 29,399 1,795,871
(R)ter:leerwables ‘ 69,036‘ 70,615‘ 61,701‘ 90,351‘ 105,249‘ 111,714‘ 134,632‘ 47,358‘ (35,768)‘ 2,831,992
Total: 2,084,460 (1,962,694 |2,068,431 |2,008,982 2,099,958 |1,618,250 2,019,685 |1,396,039 1,115,239 |59,695,295

Source: Department of Energy, Office of Chief Financial Officer; Consumer Price Index, Bureau of Labor Statistics




Table A.2
U.S. 1995 Renewable Energy Capacity (megawatts)

|Source |Uti|ity |IPPa |T0ta| |U.S. Percentage |U.S. Total
Hydro 75,274 3,399  [78,673 [10.2 769,530
\Geothermal 1,747 [1,295 [3,042 |04 |

IBiomass 567 110,347 [10,914 [1.4 |

\Wind 8 11,723 1,731 [0.2 |

Solar 4 354 1358 0.0 |
|Ph0tov0|taic |4 | |4 |0.0 |

Total 77,604 17,118 (94,722 [12.3 |
|Nonhydro total | | |16,049 |2.1 |

Source: Energy Information Association, Electric Power Annual, 1995, vol. 2, Table 1.
a. IPP = independent poser producer.

Table A.3
U.S. 1995 Renewable Energy Capacity (million kilowatt-hours)

|Source |Uti|ity |IPPa |Tota| |U.S. Percentage|U.S. Total
[Hydro 293,653 14,774 (308,427 |9.2 3,356,418
|Geothermal  |4,745 9,912 (14,657 (0.4 |
|Biomass 11,649 [56,975 (58,624 1.7 |
\Wind 111 13,185 (3,196 (0.1 |
|Solar - l824 [824  [0.0 |
|Photovoltaic |4 | |4 |0.0 |
Total 300,062 (85,670 [385,732 |11.5 |
|Nonhydro total| | |77,305 |2.3 |

Source: Energy Information Association, Electric Power Annual, 1995. vol. 2, Table 1.
a. IPP = independent power producer.
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economic and environmental basis. See later subsetGreening" Electricity Prices.

[2]. Preferential taxation is not a governmentinémtion in the marketplace or a net economic ddsile
nonneutral taxation can be criticized for misallowgresources away from other alternatives taaitea of
tax preference, less taxation per se allows thaaf&isector to retain earnings and increase activitis
reduction of government takings is differentiabienfi "corporate welfare." See, for example, the argpt

in Stephen Moore and Dean Stansel, "Ending CorpM&dlfare As We Know It," Cato Policy Analysis no.
225, May 12, 1995, p. 10.

[3]. Department of Energy, Office of Chief Finarldficer, Appropriations History Table, FY 1978-FY
1995, File: Approp. (jjg), updated printout of Feary 6, 1995. The nominal dollars in this DOE-sigipl



Excel spreadsheet were restated in 1996 dollang tise Consumer Price Index. Referred to hereaster
DOE Budget Study.

[4]. This paper will not critically examine federahd state subsidies to renewable transportatierggn
(ethanol), which accounts for only .4 percent & ttansportation market and .01 percent of the évtargy
market. Energy Information Administration, ReneveaBhergy Annual, 1995 (Washington: U.S.
Department of Energy, 1996),pp. 9, 11.

[5]. For a market-based evaluation of mainstreamirenmentalism, see Jonathan Adler, Environmentalis
at the Crossroads (Washington: Capital ResearcleCdr995).

[6]. This subsidy appears to be the case with @ali&'s $540 million renewable fund. See the later
subsection, Deregulate: Do Not Reregulate.

[7]. Combined-cycle technology, developed in théd®from jet engine research, captures waste heat
created from primary generation to produce addati@btectricity. It is the most efficient technolotpr
electricity generation today. See Walter Vergaral ¢fNatural Gas: Its Role and Potential in Ecormom
Development (Boulder, Colo.: Westview, 1990), pp-5 .

[8]. Wind does have operating costs after capibatsbecome sunk. In addition to costs of periodic
maintenance and repair, landowner royalties of betw2 percent and 5 percent of revenue and property
taxes are paid. Paul Gipe, Wind Energy Comes of (Agav York: John Wiley & Sons, 1995), p. 403.

[9]. California Energy Commission, Wind Project féemance: 1994 Summary (Sacramento: CEC, August
1995), p. 1. Cited hereafter as Wind Project Paréorce. Total operating capacity of 1,609 MW produce
3.2 GWh of power in 1994. Ibid., p. 25. An averageacity factor is a broader measure than depemdabl
peak capacity because off-peak performance is medsis well.

[10]. Energy Information Administration, Annual Egg Review, 1995 (Washington: Government Printing
Office, 1996), p. 261; Resource Data InternatioBakrgy Choices in a Competitive Era (Alexandria,:V
Center for Energy and Economic Development, 19959, (cited hereafter as CEED Study); Enron Corp.,
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1992), p. 11.

[11]. Wind, for example, often peaks in the earrgmng, whereas the demand peak occurs in midafarn
Se Christopher Flavin and Nicholas Lenssen, PowageS Guide to the Coming Energy Revolution (New
York: W.W. Norton, 1994), p. 125. See also Alfreav@llo et al., "Wind Energy: Technology and
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