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large amount of electricity-generating capacity will have

to be built over the coming years to replace retiring units

and meet new demand. Renewable energy technologies

(RETS) are already competitive for some of this capacity,
and further technical development and commercialization sup-
port (see chapter 5) could expand their share. However, the rate of
growth for RETs will also depend on factors such as economic
and regulatory changes within the electricity sector, availability
of financing, taxes, perceptions of risk, and the rate of change in
conventional technologies. This chapter discusses those factors
and approaches for further commercializing RETSs for electricity
generation.

ELECTRICITY SECTOR CHANGE

Structural and regulatory changes in the electric utility industry
have, in the past, encouraged the development of today’s renew-
able energy industry and are likely to play akey rolein how the

renewable energy industry develops in the future. Many of these
"hanges were set in motion by increasing strains on the utility in-

lustry in the 1970s.
Utilities generally enjoyed stable growth and declining costs
of electricity production until the early 1970s. Then these histori-

I'The Energy [nformation Administration estimates that utilities will build a total of

about 110 GW (and retire 60 GW) and nonutility generators (not including cogenerators)

will build 72 GWe by 2(1 10. See U.S. Department of Energy, Energy Information Admin-

istration, Supplement to the Annual Energy Outlook, /994, DOE/EIA-0554(94) (Wash- 1199
ington, DC: March 1994), p.183.
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ca trends were reversed due to reduced economies
of scale’for new large coal-fired plants,’the oil
shocks, inflation and high apparent costs of capi-
tal, sharp reductions in demand growth, increased
environmental regulation, and problems with ad-
vanced technology such as supercritical boilers
and nuclear plants.'These and other problems led
state regulatory agenciesto disallow (i.e., not in-
clude in the rate base) more than $10 billion worth
of utility investment during the 1980s.’ Regula-
tors and utilities became interested in alternative
approaches in order to avoid heavy capital invest-
ment in new generation facilities.

One such approach was to encourage indepen-
dent entrepreneurs and companies other than util-
ities to generate power. Another was to tap
alternative resources, renewable in particular.
Federal policy addressed these issues through the
Public Utility Regulatory Policies Act (PURPA)
of 1978. Title Il of PURPA established a class of

(QFs)—based on cogeneration and renewable,
and outside conventional profit regulation. It re-
quired utilities to purchase power generated by
QFs at a rate based on the utility’s incremental
cost*---more commonly termed avoided cost--of
power.’

For avariety of reasons, the response to PUR-
PA was mixed, especially for RETS, as described
in box 6-1. Price was a key factor. Where the
avoided cost level was high, the industry was del-
uged with offers; where low, no offers were made.
Another factor was the terms under which elec-
tricity was to be purchased. Some states simply set
tariffs for electricity purchase depending on the
current avoided cost level. Since these could
change frequently, private investors were unwill-
ing to risk their capital on long-term projects
whose return could vary dramatically. Other states
allowed long-term contracts, which provided the
more certain financial climate developers needed

electricity  suppliers—"qualifying  facilities’

2L aurits R. Christensen and William H. Greene, “Economies of Scale in U.S. Electric Power Generation, " Journal of Political Economy, vol.
84, No. 4, pt. 1, 1976, pp. 655-676; Thomas G. Cowing and V. Kerry Smith, “The Estimation of a Production Technology: A Survey of Econo-
metric Analyses of Steam-Electric Generation,” Land Economics, vol. 54, No. 2, May 1978, pp. 156- 186; Edward Kahn and Richard Gilbert,
Universitywide Energy Research Group, University of California, Berkeley, “Competition and Institutional Change in U.S. Electric Power
Regulation,” Report PWP-011, May 2, 1993; Richard F. Hirsh, Technology and Transformation in [he American Electric Utility Industry (Cam-
bridge, England: Cambridge University Press, 1989); and David E. Nye, Electrifying America: Social Meanings of a New Technology,
1880-1940 (Cambridge, MA: MIT Press, 1990), p. 32.

30ne study found that going from a 400 MW to an 800 MW unit reduced cost per kW installed by just 5 percent (or 10 percent on the addi-
tional kW). See “How Much Do U.S. Powerplants Cost?" Elecirical World, March 1985, reporting on a study of 491 recently completed and
commercialy operating fossil and nuclear plants by University of Tennessee's Construction Research Analysis group for Edison Electric Insti-
tute.

4PaulL. Joskow and Nancy L. Rose, “The Effects of Technological Change, Experience, and Environmental Regulation on the Construc-
tion Cost of Coal-Burning Generating Units, " Rand Journal of Economics, vol. 16, No. 1, spring 1985, pp. 1 -27; and Martin B. Zimmerman,
“Learning Effects and the Commercidization of New Energy Technologies: The Case of Nuclear Power,” Bell Journal of Economics, vol. 13,
No. 2, autumn 1982, pp. 297-310.

50ak Ridge Nationa] Laboratory, “Prudence Issues Affecting the U.S. Electric Utility Industry.” 1987, and “ Prudence Issues Affecting the

U.S. Electric Utility Industry: Update, 1987 and 1988 Activities,” 1989; and Ed Kahn, University of California, Berkeley, personal communica
tion, May 1994.

6See Section 210 of the Public Utility Regulatory POliCies Act of 1978.

TTheterm i___tcost of power has been interpreted in different ways by various utilities, leading to varying payments to QFs. See,

e.g., Daniel Packey, “Why Does the Energy Price Increase When Cheaper-Than-Avoided-Cost DSM |s Added,” Urilities Policy, vol. 3, 1993,
pp. 243-253.
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BOX 6-1: Lessons Learned in State Renewable Energy Development

States vary dramatically in their development of renewable energy technologies (RETs) in the
electricity sector California has more than 6 GW of installed RET capacity, Maine is second with about 850
MW, and Florida is third with about 820 MW The top 10 states account for nearly three-quarters of U S
RET development This development is often largely unrelated to state renewable resource endowments
For example, the Midwest has very large wind energy resources but litle wind energy development
Instead, most wind development has taken place in California where wind resources are relatively limited
although there are a few particularly good sites

Key factors determining RET development include the planning, contracting, and procurement policies
of the states These were well described in a recent report published by the National Association of Regu-
latory Utlity Commissioners Of particular value were the following

Standard contracts with (or guidelines for) the terms and conditions for capacity and energy sales to utilityies This
greatly reduces the expense and delay of negotiations, reducing transaction costs and the time required to obtain a
I financeable contract

Long-run contract price based on avoided new utility plants. Long-run contracts (extending for 15 to 30 years)
based on the cost of new resources are more likely to provide a sufficient revenue base for nonutility generat ion devel-
opment than contracts based on short-term energy and capacity.

Both capacity and energy values paid. It is difficult for new projects to recover costs unless they receive payment
for their capacity value

Fixed or predictable payment stream This is critical for any nonutility developer to obtain financing

Availability of /evel/zeal or front-loaded payments This allows developers of capital-intensive renewable energy
projects to pay debt service on the loan, which is generally 10 to 15 years, compared to 30 years for utilities

No dispatchability or minimum capacity factorscreens This meant that renewable resources having an irtermit-
tent/low capacity factor (hydro wind, solar) and nondispatchable resources (geothermal) were not excluded from
participating Regulatory mechanisms reflected the benefits that these resources provide to the consumer

Special rates set for renewab/es Two of the states created special rates through legislation (New York for all quali-
fying facilities and Connecticut for municipal solid waste)

SOURCE Jan Hamrin and Nancy Rader Investing in the Fufure A Regulators Guide to Renewables (Washington DC National
Association of Regulatory Utility Commissioners February 1993)

to raise capita and develop a project. Standard of-  substantial development of several RETS. includ-
fers, or contracts, contributed to this confidence  ing biomass, geothermal, solar thermal, and wind,
and also reduced the transaction costs of develop-  beginning in the early 1980s.

ers.’In California, the combination of PURPA, PURPA introduced a degree of competition
federal and state tax credits, and/or standard offers  into the electric ity sector. In the mid- 1980s, rcgu-
together with favorable renewable resources led to  lators and utilities investigated competitive bid-

8Standard offers define the terms and conditions+. g., energy and capacity payments, dispatch ability, and reliabil ity —under which utili-
tieswill buy power. They set the transaction price at the avoided cost determined by the state regulatory authority. Some of the standard contracts
entered into in the early 1980s resulted in prices for QF power that were above utilities” actual avoided costs when oil and gas prices crashed in
the mid- to late 1980s. On this basis some argue that it wasinappropriate to provide long-term—e.g.,10-y ear—standard contracts. That energy
prices might decline was. of course, a risk when these contracts were entered into. At that time, however, energy prices were expected to nse and
contracts reflected that expectation. Investment in natural gas-fueled powerplants today similarly faces risks should natural gas prices escalate
more rapidly than expected in a decade. These fuel cost risk issues suggest the need for resource diversity and f'or proper alocation of risk and
reward. This is discussed below.
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ding as a way to control costs of new plants.
Utilities in some 25 states have conducted com-
petitive bidding. Nonutility generators (NUGS)
responded to these opportunities by building
about 57 GW of generation capacity through
1992, including some 16 GW of RET capacity.’
The record of low cost, rapid construction, and
reliability of many of these projects has encour-
aged further opening up of the electricity sector to
competition.

The Energy Policy Act of 1992 (EPACT) con-
tinued this policy direction by creating a new class
of power producers known as Exempt Wholesale
Generators that are exempted from certain tradi-
tiona utility requirements. “EPACT aso ad-
dressed a variety of related transmission access
issues (see below). Finaly, California and severa
other states are considering an investigation of the
possibility of “retail wheeling” to determine the
feasibility of creating an even more competitive
market. “ Whatever form these varied actions ulti-
mately take, it is likely that there will be substan-
tial further structural changes in the electricity
sector, in particular, higher levels of competition
in electricity generation.

The impact of increased competition on RETS
is uncertain. Greater competitive pressures may
reduce investment in research, development, and
demonstration (RD&D) and could diminish inter-
est in capita-intensive, long-term generating
technologies such as RETs. The low cost and high
performance of combustion turbines fired with

natural gas have great appeal in a competitive
market. To the extent that market competition ig-
nores benefits such as lower environmental im-
pact or reduced exposure to fossil fuel cost
increases, RETs may be disadvantaged. Further-
more, separation of generation from transmission
and distribution (T&D) could increase the diffi-
culty of implementing applications that benefit
the system as a whole, such as the distributed util-
ity. On the other hand, increased market competi-
tion may help differentiate energy markets by
value, potentially opening up new higher value
market niches for which particular RETs can ef-
fectively compete.

Competitive bidding for electric power supply
typically proceeds in three steps. First, the utility
projects the need for new electricity supply, in-
cluding how much new capacity (MWS), what
kind (baseload, load following, peaking), and
when it will be needed. Second, a solicitation for
competitive bids is made. Third, the tendered bids
are screened and/or ranked on the basis of severa
factors, usually beginning with price and followed
by operational issues, cost structure, and environ-
mental impacts.

In practice, there has been less development of
renewable energy under the competitive bidding
approach than had occurred under earlier PURPA
avoided cost/standard offer methods. As of 1990
(before a significant number of competitively bid
projects came online), renewable fueled 6.6 GW
out of atotal of 9.1 GWNUG noncogeneration ca-

9u.S. Department of Energy, Energy Information Administration, Annual Energy Review,1993, DOE/EIA-OB:{ngmgton’ DC:
July 1994). p. 251. About 32 GW were under PURPA and 25 GW under competitive bidding and other means.

10 ¢ governed by the Public Utility Holding Company Act of 1935.

I' Retail wheeling IS proposed t- allow individuals the opportunity to purchase their electricity from any utility or indegragent power pro-

ducer—thus allowing them to shop around for the lowest price or for other features that they value. This has been characterized as similar to the
individual customer’s ability to shop around for a long distance telecommunications company. In fact, retail wheeling of electricity is not well -
defined and cannot be described by so simple an analogy. For a discussion of these issues, see, e.g.. The Electricity Journal, April 1994, entire
issue; Richard J. Rudden and Robert Homich, “Electric Utilities in the Future,” Fortnight/y, May 1, 1994, pp. 21 -25; and Public Utilities Com-
mission of the State of California, “Order Instituting Rulemaking and Order Instituting Investigation,” Apr. 20, 1994. In addition to California,
Nevada has a limited program in place, and Michigan and New Mexico have called for rulemaking on more limited programs to introduce
greater competition. See, e.g., Peter Fox-Penner, “Critical Trends in State Utility Regulation, '’ Natural Resources & Environment/, winter 1994,

pp. 17-19,5 1-52.



pacity (73 percent) .12 In contrast, just 12 percent
of successful competitive bids to date have been
based on renewable, totaling a little over 2 GW. *

Several factors may have contributed to this
difference. QFswere limited to RETs and cogen-
eration, unlike competitive facilities that can use
any fuel. In addition, fossil fuel prices have
dropped to near historic lows, reducing the incen-
tive for choosing RETs. Some have also sug-
gested, however, that the low rate of adoption of
renewable under competitive bidding practices
may in part be due to the screening/ranking factors
not adequately reflecting the substantial benefits
of renewable. *

These changes are exposing what some per-
ceive to be a fundamental conflict between two
different philosophies for utility regulation: 1) us-
ing regulatory interventions in the utility sector to
advance socia goals such as a cleaner environ-
ment through greater investment in and use of effi-
cient and/or renewable energy technologies, and
2) reducing and/or changing regulation in the util-
ity industry to alow greater competition in gen-
eration and consequently more efficient and lower
cost provision of electricity. *These are not nec-
essarily conflicting goals, and means of realizing
both are discussed below.

12Energy Information Administration, Op. cit., footnote 1.
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Other changes will also affect RETS. Increasing
concern over the environmental impacts of fossil
fuel use has led to consideration of RETs in policy
initiatives such as the Clean Air Act Amendments
of 1990,"EPACT, and the Climate Change Ac-
tion Plan. Half the states now incorporate environ-
mental externalities in their electricity sector
planning and operations either qualitatively or
quantitatively, and other states are considering
this. Such environmental concerns are likely to in-
crease over time, and will generally benefit most
RETS.

Some RETSs may also have asignificant influ-
ence on the structure of the electricity sector. In
particular, as photovoltaics (PVs—or other small-
scale technologies such as fuel cells) are devel-
oped, they may be distributed throughout a T& D
net work. That could lead to substantial] y different
T&D requirements and might affect the technical
and financial structure for the electric utility. *7
Accommodating this change will require much
better models and understanding of actual power
flows so that the corresponding costs can be un-
bundled and assigned appropriately to ensure effi-
cient use of the T&D system. *

13B)air G. Swezey, National Renewable Energy Laboratory, “The Impact of Competitive Bidding on the Market Prospects for Renewable

Electric Technologies,” draft, January 1993.
14bid.

I5Thisissue has recently been highlighted by the California order instituting an investigation and rulemaking on retail wheeling. For aflavor

of some of the debate, see The Electricity Journal, April 1994, entire issue.
16See, ¢.g., U.S. Environmental Protection Agency, Energy Efficiency and Renewable Energy: Opportunities from Tisle IV of the Clean Air

Act, EPA 430-R-94-001 (Washington, DC: February 1994).

17For example, who might own rooftop PV Systems: utilities, homeowners, or third parties?1f distributed power is a significant fraction Of

the system, the answer to this question could influence the structure of the electricity sector.

18A variety of different means are being explored to achieve better understanding of and workable models and contracts for unbundling
transmission services. Steven L. Walton, “Establishing Firm Transmission Rights Using a Rated System Path Model, " The Electricity Journal,
October 1993, pp. 20-33; W. Hogan, “Contract Networks for Electric Power Transmission,” Journal of Regulatory Economics. vol. 4, No. 3,

1992, pp. 21 | -242; and Kahn and Gilbert, op. cit., footnote 2.
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FIGURE 6-1: Capital Carrying Charg

Costs for Conventional and Capital-Intensive
Renewable Energy Projects

. Cost (current) $/kWh

lo- Gas, fuel costs

Wind, capital charges

Gas, capital charges
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NOTE: The capital carrying charges for the utility-owned wind power-
plant modeled here are initially about four times those of the modeled
natural gas combined-cycle powerplant, and drop to about three times
after the period of accelerated (five-year) depreciation for the wind
equipment. This illustrates the high front-ioaded costs for capital-inten-
sive RETs. In contrast, the natural gas system has high fuel costs and
operates more in a "pay-as-you-go" manner. Overall, the wind system
modeled here has a slightly lower lifetime levelized cost of electricity at
5.22¢/kWh than the natural gas system at 5.47¢/kWh.

The capital carrying charges include the return on debt, the return on
equity, federal and state income taxes, book depreciation, property
taxes, and insurance. The methodology used here followed that of the
Electric Power Research Institute. All costs are in current dollars in order
to appropriately value tax benefits. Parameters used are wind capital
costs of $900/kW, capacity factor of 28 percent, and natural gas com-
bined-cyclecapital costs of $650/kW, capacity factor of 70 percent, and
heat rate of 7,700 Btu/kWh. Other parameters are as indicated in tables
6-1106-3.

SOURCE: Office of Technology Assessment, 1995.

POWERPLANT FINANCE®

A typical fossil fuel project—such as a natural
gas-fired combined-cycle powerplant-will have
arelatively low capital cost per unit power output
compared with a typical nonfuel-based” renew-
able project, but faces continual (and potentially
increasing) fuel costs. A typical renewable energy
project will have high capital costs but little or no
fuel cost (see figure 6-1 ). Over the lifetime of the
project, the low operating (fuel) costs of the RET
can more than make up for its high capital costs—
depending on factors such as the cost of capital,
fuel, operations, and plant life. Nevertheless. the
RET can cost more than the fossil plant during the
first years of the project under common financial
accounting methods.

Effectively, the RET power is paid for in ad-
vance through the capital charges, in contrast to
the pay-as- you-go nature of fossil fuel. The higher
front-end cost of the renewable poses the risk of
overpaying for power should the project fail pre-
maturely (see figure 6-2). Conversely, costs of the
non-fuel-based RET could be lower in the future
than for a fossil fuel system, particularly if fuel
prices escalate as projected (figure |-A-4).

| Utility Finance®

Electric utilities are monopolies regulated primar-
ily by states. The retail price at which the utility
sells electricity is set through a regulatory review
process that alows the utility to recover all operat-
ing expenses, including taxes, and to earn a“fair
return for its prudent investments. The review
typically consists of two stages. 1) a review of
utility capital investments that can be a lengthy,
arduous process (especidly if questions are raised

1]

19 Analysis of the financial situation of the electricity sector more broadly, including market-to-book value ratios, price/earnings ratios, and
other measures of financial health are beyond the scope of this study; they can be found elsewhere. Seg, e.g., Edward Kahn, Electric Urility
Planning and Regulation (Washington, DC: America nCouncil for an Energy Efficient Economy, 1991); Leonard S. Hyman, America’s Electric
Utilities: Past, Present, and Future (Arlington, VA: Public Utilities Reports, Inc., 1983); and Harry G. Stoll, Least-Cost Electric Utility Planning

(New York, NY: John Wiley and Sons, 1989).

20Biomass-fueled renewable energy projects are likely to have capital and fuel costs similar to those of fossil fuel projects, unlike capital-in-

tensive nonfuel-based RETs such as geothermal, hydro, solar, and wind.

210nly investor-owned utilities will be discussed here, as public utilities are exempt from federal taxes and tax incentives.



FIGURE 6-2: Potential Rate-Payer Exposure with
Front-Loaded Cost Structures

A Utility avoided costs

Y

Aevelized utility

/ / avoided costs

g o

W =z

Exposure

Dollars

\ 4

Time

NOTE The front loaded cost structure resulting from typical carrying
charges shown in figure 6-1 can result in" rate-payer exposure" in that

they pay for the plant upfront but run the risk that the plant does not op-

erate for as long or al the performance level expected Proper structur-
ing of the contracts can reduce this risk

SOURCE Ed Kahn et al Lawrence Berkeley Laboratory, Evaluation
Methods in Competive Bidding for Electric Power, ' LBL-26924 June
1989

over the prudence of investments); 2) and much
less detailed reviews of automatic adjustment of
fuel costs.

The cost of owning and operating a utility-gen-
erating plant is affected by a variety of federal and
state/local tax provisions as discussed below. Cur-

rent federal tax policy variously provides inves-
tor-owned utilities (I0Us) 5-, 15-, and 20-year
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accelerated depreciation, and a 10-year 1.5¢/kWh
renewable electricity production credit (REPC)
according to the particular technology, as listed in
table 6-1. State and local governments may also
levy income, sales, property, and other taxes.

The impact of federal and state/local taxes at
the generating plant (not including, for example,
fuel mining and transport) can be calculated using
standard financial models .23 Representative taxes
carried by different powerplants are shown in fig-
ure 6-3, based on the parameters in tables 6-1,6-2,
and 6-3. (A more detailed analysis of taxes over
the entire fuel cycle for two specific regions in the
United Statesis given in the following section.)

Current law (which provides five-year acceler-
ated depreciation for many RETS) sets the federa
tax burden per kwWh of generated electricity for
RETs and most fossil technologies in the range of
roughly 0.1 ¢- 1.0¢/kWh, depending on the partic-
ular technology, its capital cost, and other factors.
This does not include the REPC*or upstream
taxes from, for example, fuel mining or transport
(see below). Within this range there is consider-
able variation between technologies in taxes paid
per kWh generated. Coal-generated electricity
(which receives 20-year tax depreciation) carries a
federal tax burden in this scenario of about
0.4¢kWh, as illustrated in figure 6-3a.

If capital-intensive RETS instead had the same
depreciation schedules as coal-fired plants, they
would generally pay significantly higher taxes per
kWh generated than fossil fuel plants (for the gen-
erating plant itself, not including fuel mining and
transport costs—see below). The reason is that
federal taxes are based on income, utility income
is based in part on capital investment—for exam-
ple, the rate base, and RETS require a higher capi-

221nvestor-owned utilities generate about three-quarters of U.S. electricity and will be the focus of this discussion. Other types of utility

ownership include public utilities, cooperatives, and federally owned facilities. These other types are not discussed here as they are generally

exempt from federal and state taxation.

23This analysis was done by OTA using a model similar to that of the TAGT™ method of the Electric Power Research Institute. This spread-
sheet model was also compared with and validated by several other standard methods such as those in: U.S. Congress, Office of Technology
Assessment, New Electric Power Technologies: Problems and Prospects for the 1990s, OTA-E-246 (Washington, DC: U.S. Government Print-
ing Office, 1985); and Harry G. Stoll., Least-Cost Electric Utility Planning (New York, NY: John Wiley & Sons, 1989).

24The REPC, part of EPACT, credits wind and closed-loop biomass facilities placed in service between 1994 and 1999 with 1.5¢/kWh.



TABLE 6-1: Current Tax Factors for Selected Electricity Sources

Investor-owned utilities Nonutility generators
Hc REPC® ITC REPC

Book life Tax life Method  percent ¢/kWh Book life Tax life Method percent ¢/kWh
Coal 30 20 150YODB — 30 20 150%0B . -
Gas turbine 30 15 150%DB — — 30 15 150%DB
Nuclear 30 15 150%DB — 30 15 150%DB -
Biomass-plantation 30 20 150%DB 1.6 30 20/5° 150/200%DB 15
Biomass-waste 30 20 150%DB — 30 20/5 150/200YoDB -
Geothermal 30 5 200%DB — — 30 5 200YODB 10C
Hydro 50 20 150YODB — — 50 20 150%DB -
Solar-PV 30 5 200%DB — 30 5 200%DB 10 -
Solar thermal 30 5 200%DB - 30 5 200%DB 10 -
Wmd 30 5 200%DB — 1.5 30 5 200%DB - 15

AThis credit was enacted by eact section 1914 The REPC of 15¢/kWh s limited to wind and closed-loop biomass facilities placed in service during the period 1994 to 1999:1t1s provided only during
the first 10 years of plant operation, itis phased out linearly as costs increase from 8¢/kWh to 1 1¢/kWhit1s adjusted for inflation and # is reduced by other grants and credits

bFNe-year 200%DB tax depredation 1S available only for qualifying facilities under the Public Utility Regulatory Policies Act

cThe 10 percent ITC fOr solar ana 9eothermal property was Made permanentby EPACT, section 1916 Itapplies only tononutility generators, however. as utilities were previously made ineligible fOr the

credit

NOTES DB=declining balance ITC-investment tax credits for 10 percent of cost of qualified solar and geothermal property and was permanently extended under the Energy Policy Act of 1992
(EPACT); REPC = renewable electricity production credit of 1 5¢/kWh for energy produced by wind and closed-loop biomass facilities

SOURCES E Bruce Mumford and Blake J Lacher. “The Equity Stake “ Independent Energy, March 1993, pp 8-10, 16 Stanton W Hadley et al Report on the Study of the Tax and Rate Treatment of
Renewable Energy Projects, Report ORNL-6772 (Oak Ridge, TN Oak Ridge National Laboratory December 1993), and Internal Revenue Service, IRS Code, Sec 168(e)(3) Rev Proc 88-22, 1988-1
CB 785, IRS Code Sec 168(b)(l)
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FIGURE 6-3A: Levelized Federal Tax Burdens on

Various Technologies Owned and Operated by an
Investor-Owned Electric Utility
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FIGURE 6-3B: Levelized State Tax Burdens on
Various Technologies Owned and Operated by an
Investor-Owned Electric Utility

FEDERAL
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Cents/kWh

Photo Solar Wind
voltaic thermal

Coal Bio- Geo- Hydro-
mass thermal power

NOTE: On a per kWh basis, the federal tax burden carried by vanous
technologies under utility ownership varies considerably between
technologies. Without accelerated depreciation for RETs, their tax bur-
den would generatily be significantly higher than that for conventional
coal- or gas-fired powerplants. The calculations used a reverue re-
quirement methodology following that of the Electric Power Research
Institute. and were based on the parameters histed in tables 6-1, 6-2,
and 6-3. The analysis includes the effect of accelerated depreciation;
itdoes not include the impact of energy production credits as provided
by the Energy Pol.cy Act of 1992

SOURCE: Office of Technology Assessment, 1995

tal investment per power output than fossil
plants. “Accelerated depreciation for capital-in-
tensive RETs only partially compensates for bas-
ing taxes on capital investment rather than kwh
generated.

Although further reducing federal taxes—
which total less than 1 ¢/kWh (not considering the
REPC)—might correspondingly provide a small
competitive boost for technologies such as bio-

NOTE On a per kWh bass state and local taxes carried by various
technologies also vary significantly of these, property taxes can be
particularly significant determinants of overall tax burders. The calcula
tions used the same methodology and parameters as figure 6-3A The
bass for calculating property taxes can vary significantly befween
states and localities depending on how the cap [al 1s assumed to de-
preciate in value over time how inrflation in capital values is treated and
other factors The scenario modeled here assumed that the property
bass would Increase with inflation the share of that property on which
the tax s levied 1s assumed to deprecate at a straight- me book life rate

SOURCE Off Ice of Technology Assessment 1995

mass, geothermal, hydro, and wind that are now
competitive or nearly so, it would have little com-
petitive benefit for solar thermal or photovoltaics
(chapter 5).

This analysis shows a gap in policy instruments
between RD&D and tax policy to support largc-
scale commercialization. RD&D is often the first
factor that reduces the cost of a technology. As
commercial manufacturing increases with ncar-

251n practice, utility rate regulation s far more complex than this. and utii it ies have incentives for choosinglow total cost, rather than high

capital cost options.
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TABLE 6-2: Assumed Financial Parameters

for Investor-Owned Utility Powerplant
Financial Analysis

Global parameters Rate
Inflation 3%
Insurance 1
Property tax 3
State sales tax on fuel 5
State sales tax on equipment 5
State income tax 62
Federal income tax 35
Rate Share
Debt 5% real 45%
Preferred stock 5 10
Common stock 8 45

Agtate tax is deductible from the federal return
SOURCE: Office of Technology Assessment, 1995

competitiveness, economies of scale become the
primary factors in driving costs down further, and
tax credits can expedite this process. Before a
technology can get to this stage, however, it must
establish a manufacturing base while it is yet un-
competitive except for niche markets. Mecha
nisms to support manufacturing scaleup may be
an important intermediary step in some cases if
costs are to be reduced to more widely competitive
levels. The TEAM UP proposal discussed in
chapter 5 is such a step. It isimportant to assure
that any such policies actually stimulate invest-
ment in large-scale manufacturing, or manufac-

turers could simply use this assistance to prop up
prices for products from existing capacity.

State and local property taxes can impose a
heavy tax burden on capital-intensive RETS be-
cause they are levied as a percentage of capital®
and because they are levied annually. Sixteen
states exempt some renewable energy equipment
from property taxes (see table 6-4) and some pro-
vide tax credits; this can reduce the state tax bur-
den. The basis for such property tax exemptionsin
part depends on how taxes are viewed—as atax on
“wealth” or to pay for “benefits,” serving effec-
tively as a user’s fee. Viewed as a benefits tax, for
example, property taxes provide on average
roughly three-quarters of local tax revenues and
serve to cover the costs of roads, schools, and oth-
er public services for the employees of the facility
being taxed. The level of such public servicesre-
quired, however, varies significantly with the type
of powerplant. Conventional powerplants may re-
quire substantial infrastructures for fuel transport
and water supply, as well as schools and hospitals
for many employees. In contrast, some RETS may
require little or no transport of fuel and may
operate with relatively fewer personnel at the
powerplant per unit of capital investment than
conventional powerplants.” Detailing these dif-
ferences would be a useful next step for making
decisions about taxing RET property at the state
and local level.

| Nonutility Generator Finance

NUGs typicaly finance generation expansion
through project finance in which the lender is re-
payed and the loan secured through the cash flows

26 H,, capital isdetermined varies from state to state, depending on how the capital is assumed to depreciate in value over time, how infla-

tion in capital values are treated, and numerous other factors. The scenario modeled assumed that the property basis would increase with infla-
tion; the share of that property on which the tax islevied is assumed to depreciate at a straight-line book life rate.

27This does not necessarily imply that the renewable energy system might generate less employment. In fact, several studies suggest that
some RETs may generate more employment. The difference, however, is where this employment is distributed across the fuel cycle. Capita-in-
tensive RETs may have more employment associated with manufacturing and less associated with fuel production or power-plant operations

and maintenance than do fossil fuel systems.



Coal

Gas turbine
Biomass-plantation
Biomass-waste
Geothermal

Hydro

Solar-PV

Solar thermal
Wind

TABLE 6-3: Baseline Cost and Performance Parameters for Utility Powerplant Financial Analysis

10
13
10
10

70
15
70
70
80
40
25
25
28

1,500

400
1,500
1,500
2,400
2,000
6,000
3,000
1,000

1.6
2.5
2,5
2.0

1,0
3.0
0.0
0,5

10
10
1.0
1.0
2.0
0.5
0.5
2,0
1.0

05
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

NOTE All values have been rounded off reflecting uncertainties due to substantial technological advances taking place and uncertain future fuel prices Values represent 1994 technology status and
current fuel cost projections, and do not incorporate the projected performance improvements indicated in chapter 5.

aBoth fixed and variable operating costs are combined here as capacity factors are assumed to be fixed.
SOURCE: Office of Technology Assessment, 1995.

3 2¥8

602 | sebuajiey) axsew :Ayouzoa !



Sales tax Property tax Industry
Tax credit exemption exemption recruiting Loan Grant Other
Arizona — v — p @ d — —
California 10% — — — D < -
Hawaii 35%5 — 7€ - — — —
"daho — — — — T — Income tax9
ndiana — — P — — — —
owa — p— il — L — —
Massachusetts 15%' V Vv — — » Corporate tax
™Minnesota — %4 [ — — — Accelerated
depreciation
Mississippi — — —_ — K — —
viontana — pun Zd — — — —
Nevada _ ‘ Lol s Ii
‘ New Hampshire — I, — o - — N “. —
| New Jersey — | P — — - v [ Permit _ fee
exemption
New York — — % — — —_ —
(North Carolina 25%0 \ — — P — — —
North Dakota 5% [ — I — — — \ _
Ohio — \ — ” — _ — _
Oregon 35% \ — \ »a — P — \ —
| ’ennsylvania — | — [ - — — S ‘
| Rhode Island — ¢; v 5\' — — — | —
South Dakota — I — i v — P — 1 —
| Tennessee ‘ — [ — — I — I —
Texas - — v — — U Accelerated
depreciation
Jah 25%" — - — — — —
virginia — — W X — — —
Nisconsin — — I — — Y _
Wyoming - - e

‘Offers a 10-percent tax credit for construction costs of “qualifted enwronmental technology facilities, ” including renewable energy plants
boffers 5-percent loans to small businesses.
“ardris 10 10Cdl governmerns, scnoois, ang nospitais.
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dMaximum credtt of $1750 for Single family homes and $350 for multifamily units

eFor systems installed between 1976 and 1981

'Offers loans of Up to $50000 for six years at 5 percent Interest

9The entire cost of residential solar system can be deducted up to a maximum of $20000

hExempt for five years

‘Maximum credit of $1,000

IPhotovoltaic (PV) systems are exempt

kMaximumloanis $200,000 and term I1s seven years

IDeferred up to five years

‘Offered at the discretion of individual towns

‘Grants of up to $10,000 for up to 100 percent of innovative projects

°Residential and commercial active or passtve solar systems with a maximum credit of $1 000

POffers 20-percent tax credit to any PV manufacturing facility

AFor passive and active solar water and space heating

‘Maximum loan 1s $20 million over 10 to 15 years at 7 to 10 Percent Interest

‘Up to $100000 for residential, commercial, and institutional solar projects

tL pans at 3 percent interest for RETs with a payback of less than 10 Years

UMatching grants

vMaximum credit of $1,500

‘Offered at the discretion of individual towns

‘Credit of 75¢/W for PV modules manufactured in Virginia and sold between 1995 and 1999

YGrants of 10 to 20 percent of the cost of solar projects with a payback of less than 10 years, up to $75,000
‘Up to $2,500 for PV projects

NOTE Many of these state incentives apply to residential and/or commercial use of passive architecture, solar thermal space or water heating, and other such building applications
SOURCE Larry E Shirley and Jodie D Sholar, “State and Utility Financial Incentives for Solar APPlications, » solar Today, July/August 1993, pp 11-14
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212 1 Renewing Our Energy Future

and the assets of the individual project.*Thisis
the form of financing used in many wind (see box
6-2) and solar thermal projects (see box 6-3), for
example. In contrast, utilities typically finance
generation expansion through corporate finance
in which the loans are secured by all the corpora-
tion’s assets.”NUGs also typically carry higher
debt,”in part because of overall lower perception
of risks * These differences in financial structure
and taxes affect NUG investment in RETs in sev-
eral ways.

First, NUG project finance istypically limited
by lenders to 15 years or less-compared with
project lifetimes of perhaps 30 years—and may
have reopener clauses that require renegotiation of
terms if utility avoided costs or other factors
change sufficiently. This may make it more diffi-
cult for NUGs to invest in long-term, capital-in-
tensive RETS.

Second, lenders must be assured the economic
viability of the NUG project, including that the
cash flow will always cover debt service pay-
ments. Project finance loans then often require fi-
nancial reserves to ensure that debt service can be
covered and may have a variety of other restric-
tions on cash flow.* These requirements may be

particularly stringent for capital-intensive RETS,
and may result in NUGS being required to post
additional financial security or have greater de-
mands placed on other components of the project
bid.”

Third, asfor utilities, NUG finance may be in-
fluenced by a variety of tax considerations (see
table 6-1 ). The impact of accelerated depreciation
and state/local taxes is similar to the case of utili-
ties, as discussed above. In addition, recent analy-
ses for the U.S. Department of Energy suggest that
the 10-year 1.5¢/kWh REPC for closed-1oop bio-
mass and wind has the potential to improve NUG
rate-of-returns, and may thus encourage invest-
ment in these technologies. The Alternative Mini-
mum Tax (AMT)*may, however, limit a NUG
from taking full advantage of these tax incentives.
While the Office of Technology Assessment
(OTA) has not analyzed this issue, at least one
study found that “if a NUG is subject to the AMT,
... [it] becomes a barrier to the adoption of renew-
able technologies. " Such factors may be par-
ticularly important for renewable; as a fledgling
industry, it is viewed as having higher risk and can

28 Edward p. Kahn et al., Lawrence Berkeley Laboratory, Energy and Environment Division, “Analysis of Debt Leveraging in Private Power
Projects,” Report LBL-32487. August 1992.

29y isting debt covenants, however, limit management’s ability to obligate ex isting assets further. Coverage ratios, fOr example, help pro-
tect existing bondholders.

30A project may have as much as 80 percent debt, 16 percent subordinated debt, and just 4 percent equity in the project. See, ¢.g., Daniel A
Potash, “For What I1t's Worth . . .,” Independent Energy, September 1991, pp. 37-40.

3 The financial cOMmunity recognizes that NUGs have strong incentive to SUcceed because otherwise they do not get paid. In addition,
NUG projects usually begin with long-term power purchase agreements with utilities, so they do not face demand risks. In such a case, the utility
bears the demand risk and may have to buy its way out of an expensive contract if demand is lower than expected. Therefore, even though the
NUG pledges only the assets of the specific project, it can carry higher levels of debt than a utility.

32E PKahn etal. op cit foognote 28; Roger F.Nailland William C. Dudley, “IPP Leveraged Financing: Unfair Advantage?” Public f-Jllli-
ties Fortnightly, Jan. 15, 1992; and Roger F. Naill and Barry J. Sharp, “Risky Business? The Case for Independents,” Electricity Journal, April
1991, pp. 54-63.

B3Blair G. Swezey, National Renewable Energy Laboratory, “The Impact of Competitive Bidding on the Market Prospects for Renewable
Electric Technologies,” Report No. NREL/TP-462-5479, September 1993.

34F, 3 discussion ©f how th.AMT works, see Stanton w. Hadley etal.. Report on the Study of Tar and Rate Treatment of Renewable Energy
Projects, ORNL-6772 (Oak Ridge, TN: Oak Ridge National Laboratory, December 1993), p. 1-12.

351bid.
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BOX 6-2: Wind Energy Development in California

Until recently, the development of the U.S. wind Industry had taken place primarily in California due to
particularly favorable tax and rate treatment there in the early to mid-1980s In addition to the federal
10-percent Investment tax credit, a 15-percent business energy investment tax credit,’and five-year accel-
erated depredation for wind systems,’this included a state energy Investment tax credit of 25 percent,’
and favorable power purchase agreements with California utilities under the Public Utility Regulatory Poli-
cies Act. In particular, California Standard Offer 4 locked in escalating energy prices for a period of 10
years,‘based on the expectation that conventional energy prices were also going to escalate The advan-
tage of this form of contract was that 10-year debt financing could then be obtained from various instltu-
tional investors who were assured of the necessary income stream to retire the debt This price lock-in
reduced Investor uncertainty and led to a “stampede of potential power producers signing contracts with
utilities

These tax benefits were generous. By one estimate, “most Investors could recover about two-thirds of
their Investment through the reduction of their taxes in less than three years, even with no sales of electric-
ity
velopers of varying capabiliies and motivations, By one estimate, more than 40 wind energy developers
installed turbines between 1982 and 19847 In 1980, the California Energy Commission set a goal of having

16

Consequently, these returns attracted a wide range of manufacturers, financiers, and wind farm de-

500 MW of wind capacity online by 1987, 1,436 MW were actually online in that year.

There was, however, relatively little base of supporting wind technology research, development, and
demonstration (RD&D), much of the previous federal technology RD&D had been focused on very large (1
MW or larger) systems and little on the relatively lower risk and lower cost Intermediate scale (50 to 250
kW) systems that were put in by private developers Consequently, many early wind systems failed to per-
form as expected. For example, wind systems produced just 45 percent of industry electricity generation
projections in 1985 This poor performance of many U. S.-made turbines opened the door for the entry of
large numbers of Imported turbines, totaling some 40 percent of the cumulative Installed capacity as of
1990 These foreign turbines—Ilargely Danish in origin—were noted for their heavier and high-quallty
construction and their high reliability.

' The business investment tax credit for certain energy properties was enacted under the Energy Tax Act of 1978 (Pubiic Law
95-61 8)

*This was estabiished under the Economic Recovery Tax Act of 1981

3 As state taxes are deductible the effect of this tax credit 1S reduced

4 This was followed b,a drop to perhaps 90 percent of avoided cost over theremaining(20) years of the contract Atthe *“*he
10 years avoided cost payments covered operations and maintenance and other costs and returns

°Alan J Cox et al Wind Power in California A Case Study of Targeted Tax Subsidies, ” Regulatory Choices A Perspective on
Developments 1 Energy Policy, Richard J Gilbert (ed ) (Berkeley, CA University of California Press 1991), p 355

6 Ibid p 349

"Susan Wilhams and Kevin Porter, Power Plays Profiles of America 's Independent Renewable Electricity Developers (Washing-
ton DC investor Responsibility Research Center 1989) Estimates of the number of manufacturers and developers active at some
level vary widely and are sometimes much higher For example some estimate that more than 50 manufacturing companies and 200
development companies were invoived n wind development in the early 1980s See Jan Hamrin and Nancy Rader, Investing in the
Future A Regulator's Guide to Renewables (Washington, DC National Association of Regulatory Utility Commissioners, February
1993) p B-27

(continued)
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BOX 6-2 (cont'd.): Wind Energy Development in California

Federal and state tax credits were significantly reduced beginning in 1986, This led to a winnowing of
wind system manufacturers and developers and sharply slowed the rate of installation. Just eight develop-
ers Installed wind turbines in 1988, for example, and about two dozen are now active at some level. Six of
these—Cannon Energy, Flowind, Kenetech-U.S. Windpower, New World Power, SeaWest, and Zond—ac-
count for about three-quarters of total installed wind capacity in the United States.’Manufacturers went
through a similar winnowing process, with just one large U.S. manufacturer—Kenetech-U.S. Windpower—
and several smaller manufacturers/project developers—including Zond, Flowind, Cannon Energy, and Ad-
vanced Wind Turbines—now producing or developing utility-scale turbines.Work continued throughout
this period, however, with continuing gains in cost and performance, Federal RD&D support, in partnership
with private firms, have enabled U.S. wind companies to take the global lead in wind turbine technology,
cost, and performance, but these firms continue to struggle in international markets, where most sales are
now occurring.

Overall, the history of the development of the wind power industry has both negative and positive as-
pects. On the negative side, at least one detailed analysis Indicates that more was spent to develop wind
technology during this period than was necessary or efficient.”” Using tax and rate incentwes, in effect, to
support RD&D, and Installing many poor performing machines was not an efficient means of developing
and commercializing wind energy technology. Tax-based financing also sometimes resulted in year-end
Investment decisions, making planning and manufacturing difficult, On the positive side, a cost-effective
and environmentally friendly technology has been developed and a viable industry is beginning to take
shape, in part due to favorable tax and rate treatment that allowed the industry to get started,

8Randall Swisher, American Wind Energy Association, personal communication, Aug 25, 1994

°Others include Atlantic Orient, Wind Eagle, and Wind Harvest
10 Cox €t al Op cit footnote 5

have more difficulty attracting capital than well-
established competitors.

secondary industries were not separately consid-
ered. This analysis included modeling of the fi-
nancial structure of each of these entities and

UTILITY FULL FUEL-CYCLE
TAX FACTORS

An analysis done for OTA examined taxes—in-
cluding both federal and state income taxes, sales
taxes, fuel taxes, property taxes, and taxes on la-
bor—across the entire fuel cycle of fuel extraction
and supply, fuel transport, and utility genera
tion.” It included the embedded taxes on capital,
labor, and land directly involved within each of
these activities. Capital, labor, and land taxes in

consideration of construction costs and how they
areincluded in the ratebase.

Two utilities were modeled using data provided
by specific east and west coast investor-owned
utilities. Table 6-5 summarizes the results of this
analysis for each of the fuel cycles. This table
highlights several issues. First, taxes on upstream
coa and the development and transport of the nat-
ural gas supply are arelatively small portion of the
total fuel-cycle taxes, most of the taxes occur at

36Thjs Section primarily draws on the work of Dallas Burtraw and Pallavi R. Shah, Resources for the Future, *'Fiscal Effects of Electricity

Generation Technology Choice: A Full Fuel Cycle Analysis,” report prepared for the Office of Technology Assessment, March 1994.
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BOX 6-3: The Rise and Fall of Luz International, Ltd.

Between 1984 and 1991, Luz International. Ltdl installed 354 MW of parabolic trough solar thermati elec-
tric-generating capacity in Californias deserts. The technology demonstrated increasing ret.ability and per-
formance and decreasing cosls with each generation. For example. the ievelized cost of electricity
araholc

dronned bv rauahly a factor of three betweoen the firat anc last
aropped by rougnly a factor ot three petween the firgt S

trough systems are not cost-competit-ve given the drop in energy prices beginning in the mid-1980s. par-
ticularty compared to using natural gas i advanced gas turbines,

Financing of solar therma! plants was possible due to a combination of federal and state tax ircentivess
and tavorable utility power purchase rates (just as for wind power; see box 6-2). Tax benefits for solar
thermal investment consisted of a 10-percent {ederal investment tax credit. a 15-percent federal business
energy investment tax credit, and five-year accelerated depreciation: and a 25-percent California energy
investment tax credit! and exempiion from property taxes. Power purchase rates were initially under
Califorma Standard Offer 4 (SO4) contracts and included 10-year fixed rates at hugh levels based on the
expectations for conventional fueis

Luz developed, manufactured. and operated (through subsidiaries) the paraboi:c trough systems. with
support from large institutional and corporate investors through project tinancing. As a conseguence. Luz
financing was nighily leveraged—it cwned little of tne powerplants: most of the funding came from outside
This made it vulnerable to small changes in the investment chimate. For example, when the attractive SO4
contracts were suspended by the California Public Utlites Commussion, investors in the Luz plants de-
manded an increase in their projected aftertax internal rate of return fronm anout 14 1o 17 percent

Energy prices dropped in the mid-1980s. at the same time, the federal investment tax credit of 10 per-
1510 10 per

ent tax credit was r od from

cent was phased out, the fec ent, and the

managed to keep up with these tax changes. which were imposed independently of the neads of technolo-
gy development or to counterbalance swings in the price of energy. Annual extension of the tax credits
severely constrained planning and construction schedules for the plants. recuring Luz to wait untif the tax
credits were extended and then rush 1o construct the powerplant within the year This also sigruficantly
raised the cost of obtaining finance and building the plants. Extension of the Califcrnia property tax exemp-

Ay Ao Aals

tor Ly, int 1001 Aorimes e e
uli Wwas Geiay [Rao ¢ il

d ;
extension of tax credits subsequently prevented other potential investors from entering and ultimately con-
tributed to the bankruptey of Luz in 1891, The plants Luz built continue to be operated under separate
operating companies

Thus, federal and state policy created the conditions necessary to launch cemmercialization cf solar
thermal electric generation but were then withdrawn independently of the needs of deve:oping a commer-

cially viable technotogy

U As state taxes are deductib e the net effact of this credit was reduced 1o rough v 13.5 percert

ans Learned from the Lz Experience,

SOURCES Michae! Lotker Barrers tn Cormmerciahzaion of Large-Sceaie Solar Electricity Les
Report SANDI1-70 14 (AlbLaueraue, NM SanchaNat onal Laboratory. Movember 19971 ard Newton D Beower, ' The Demise of Luz

A
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TABLE 6-5: Full Fuel-Cycle Taxes

Location
west | 540 | 0.16 108 1.24
east | 643 | 006 127 133
Gas west 438 | " 016 054 070
east 352 | 007 044 o051
Renewable energy technologies o o * -
Biomass west 6.01 039 108 147
east 469 052 100 151
Hydro west?d 13.43 000 384 384
east 907 | . 000 208 208
Solar thermal westb 14.33 0.00 168 168
east 16.06 ~ 0.00 305 305
wind west® 616 | 000 128 128
T east 855 000 111 111
| Renewable énergy technologies a - [ o o '
with the renewable electricity pro-
duction credit (REPC)“
| Biomass/REPC west 475 ] 039 033 072
' . east 344 052 025 077
Wind/REPC C west® 491 000 049 049
I " east 404 000- 023 023
L-.

aThe hydro west plant had an except:onally high cap.tal cost i data provided by the utihty, wh:ch led to the high levelized cost of energy and higher
taxes listed here

BThe solar thermal west plant does rot irciude naturai gas cobnng; the solar thermal east plant is for a natural gas hybrid

€The or:iginai ublity-provided data for the wind west case was significantly outdated. Consequently, the vaiues presented here are updated with cur-
rent cost data

dThe difference in taxes between the no-REPC ard with-REPC cases is not the same as the difference in the levelized cost of electricity. The cause of
this is that the reguiated utihty receives a fixed rate of return, providing a tax credit reduces the overall revenue requirement and the cost of electncdy
even more

NOTES. This aralysis stould be considered prenminary. Values listed are based on utility-provided data and may vary significartly from other proj-
ects. For details of the assumed parameters. see table source. Values have been rounded oft to two decimal places. Fuel costs include state fuel
taxes. and embedded mining and transpart taxes directly on the corporation as well as on capital and labor income. Plant taxes include federal and
state income taxes, state sales taxes. and property taxes directly on the corporation and on capital and labor income

SOURCE Dallas Burtraw and Paliavi R Shah. ‘Fiscal Effects of Electricity Generation Technology Choice: AFull Fuel Cycle Analysis,” report prepared
for the Office of Techrno'ogy Assessment, June 1994

the powerplant either directly or as embedded  for closed-loop biomass and wind are reduced to
taxes on, for example, labor. Second, RETSs gener- levelsin the range of those now enjoyed by natural
aly face somewhat higher taxes per kWh of elec-  gas (see table 6-5). The REPC, however, is sched-
tricity generated than either coal or gas,. if the uled to end in 1999, after which facilities will
benefits of the REPC”for wind and closed-loop ~ again face higher taxes. Renewable such as hydro
biomass arc not included. With the REPC. taxes  and solar thermal also face much higher taxes per

37There are no AMT limitations in these cases.




kWh than coal or natura gas in some cases. (Pho-
tovoltaics would face much higher taxes than con-
ventional systems as well. but were not modeled
here. ) Third, there is considerable variation be-
tween the eastern and western cases in individual
tax components and the overall tax rate, and be-
tween particular technologies.

DIRECT AND INDIRECT SUBSIDIES

Two recent studies of direct and indirect federal
and state subsidies of the energy industry are sum-

marized in table 6-6.” The studies agree on most

subsidie§.3£Many of the disagreements result

from differences in defining a “subsidy,” as noted
in table 6-6. “Subsidies may influence the choice
of generation technology in the short term and
over the long term.”

The direct and indirect federal supports across
all energy systems. including electricity, may total
somewhere between $10 billion to $20 billion per
year. On a unit energy basis these levels of support
may make a difference in the choice of technology
only within a narrow range of costs. For example.
the Alliance To Save Energy estimates that about
60 percent of their total listed in table 6-6 goes to
the electricity sector or—assuming a median val-
ue of $20 billion—roughly $12 billion. Dividing
by the 2.8 trillion kWh generated in 1992%gives a
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total of about 0.4¢/kWh. “or about 10 pcrcent or
less of the cost of electricity generated by new gas
and coal units (see table 6-5 ). This subs id} may af-
fect the choice of generation technology within
this narrow band of costs, but will probably not
have much direct impact on the choice of t echnol -
ogies that are outside this range.

The single-year snapshot of supports shounin
table 6-6 does not reflect the historical importance
of such supports in creating an industry over time.
It also ignores the high leverage that RD& D-spc-
cific supports can have on technological develop-
ment. Such supports have a cumulative impact.
encouraging a host of private as well as other pub-
lic investment and contributing to a cycle of in-
creasing performance and decreasing unit costs.
This strengthens a technology’ s compctitive ad-
vantage. Cumulative direct supports for conven-
tional energy technologies are in the hundreds of
billions of dollars,” Over time this has had and
could continue to have a substantial influcncc on
the course of the energy industry.

RISK AND UNCERTAINTY

There are many risks and uncertainties in powcr-
plant finance, construction, and operation. Some
of these are explicitly considered as part of the
powerplant financing process and arc incorpo-

38U S Department of Energy. Energy [n formation Administration, Federal Energy Subsidies: Direct and Indirect Interyeniions i Energy
Markers. Report SR EMEU92-02 (Washington, DC: November 1992); and Douglas N. Koplow, Federal Energy Subsidies: Energy. Environ-
mental.and Fiscal Impacts (Washington, DC: Al | iance To Save Energy, April 1993). Earlier reports include Battelle Pac i fic Northwest Labora-
tory, An Analysisof Federal Incentives 1'seal To Stimulate Energy Production. Report PN’L-2410 REV.I1 (Richland, W' A February 1982).

3VNote how ever [hat d] fferent base years arc used.

“TFhere i much debate a5 [, hether accelerated depreciation i s a subsidy. Regardlessof how 1t1s defined. 11 does represent 4 large tax

expenditure. Section 3015 of EPACT directed the National Academy of Sciences to analy ze energy subsidies, but action has been delay edand
altern ativ ¢ efforts arc being cons idered. Thiswork w il hopefully resols e some of these lingering differences.

41whether , particular factor1s defined to be a subsidy is not of concern here.

42U S Department of Energy Energy Information Administration, Annual Energy RevI€. 1997 Report DOE E1A-0384(921 (Washington,

DC: June 1993).

43This may be substantially more significant if. in fact, most of the subsidy goes to anarrow setof fuelcyclesor If the particular fuetey cle

supported has captured little of the market—such as the embryonic photovol taics industry. In fact, how ever. most of this support goes to con-
ventionalfossi | and nuclear fuel cyc les which generate most of the power. Consequently, thisis arcasonableaveragesaluetorthediscussion
here, without resorting to differentiating the specific fuel cycles to which funding is applied.

#4For example, one detailed analy sis found directsupports alone for coal. oil, natural gas. nuclear, and electricity to be S440 billion (19925)
between 1918 and 1978. See Battelle Pacific Northwest Laboratory, op. cit., footnote 38.



TABLE 6-6: Direct and Indirect Federal Supports of the Energy Sector

EIA, 1992 ASE, 1989

1ype o1 support $billions $billions Principal disagreements?

Accelerated depreciation NA 2.8-9.6 Not considered to be a subsidy by EIA as the Accelerated Cost Recovery System
is available to ail business

Price-Anderson Act 3.0 0.8-2.8 ElA estimated the value listed from the literature but included it separately as a
regulatory cost rather than a subsidy. Several other regulatory costs such as
unleaded gasoline and oil storage tank safety are not included in this table, nor
are their health or other benefits.

JUE energy H&U 2y 20-2.1

Strategic petroleum reserve NA 1.7-21 EIA considered it a security measure rather than an energy subsidy

Investment tax credits NA 3.8-2.0 Not included in EIA estimates as most were eliminated in 1986. They were contin-
ued for business investment in solar and geothermal property, however, and this
was made permanent by the Energy Policy Act of 1992.

_Ow-Income nome energy assistance 14 15

and DOE conservation assistance

Tax-exempt bonds for public power -7 11-14

Rural electrification administration 18- 2 11-12 EIA values are based on the differences between government and market Interest
rates

Jranium enrichment enterprise 03- A° 0.3-1.0 =IA used current outlays and quantified, but did not include in their summary

:ables, amartization of historic investment. Federal outlays in 1992 were
$200,000, but amortizing historic investment raises the level of subsidy to
$0.3 billion to $1.5 billion, as listed here

JUIITy normatizauon or excess NA 00-1.0 Not Included by EIA
Jeferred taxes

Social Security and Department of 03 1 1-13 =IA includes only current outlays in excess of trust fund receipts from taxes on

Labor Black Lung Trust Fund coal production. Roughly $600 million of black lung disability payments is
sollected as a production tax on coal: between $300 million to $400 million comes
rom general Treasury revenues and is included here.

Jmce ot Surtace Mining Heclamation 0.1 09
ind Enforcement

BLM and Minerals Management 03 NA
Serwce
Army Corps of Engineers CMI 05 06

program
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Bureau of Reclamation power projects 01 NA

DOE waste management NA 06

Power Marketing Administrations/TVA 08-42 04-06 EIA estimate of $800 million sfor current outlays over receipts the value $42
billion corresponds to recapturing historic investment at market rates of interest

Tax exclusion for electric coops NA 04-06

Tax-exempt bonds for pollution control NA 05-06

equipment

Percentage depletion benefits 07-10 04-05

Alternative fuel credit (methane from 07 NA

coal seams)

Alcohol fuels excise tax exemption 05 03-05

Alcohol fuels tax credits 01 NA

Passive loss restriction exemptions for 01 01-03

011 and natural gas

Tax-exempt pubilcly owned utlities 01-02 03

Total for those listed here 129-197 177-321 The total listed here for EIA does not subtract excise taxes in excess of
current liabilities as done by EIA in their summary total They are Included here
because these can be thought of as prepayments of future liabilities. Also, several
categories, such as the Price-Anderson Act and Uranium Enrichment Services
Investment costs are included here but are not Included in the EIA total EIA
summary estimates of subsidies are $5 billion to $10 billion, which is
approximately the same as that listed here when the Price-Anderson Act, Uranium
Enrichment amortization, and other subsidies are subtracted and when excise
taxes m excess of current liabilities are subtracted

Adjusted total 5-10 212-360 The EIA estimate of $5 billion to $10 bilion does not Include amortizing historic

uranium enrichment or other investment, the Pnce-Anderson Act, and others as
noted above, and subtracts excise taxes going to general revenue

aPrincipal disagreements are primarily the result of defining what 1s andwhatis not a subsidy
bValues that were quantified, butnotincludedin | he overall estimate of subsidies by EIA

KEY ASE Alliance To Save Energy, BLM - Bureau ofLand Man] gement DOE U S Department of Fnergy FIA Energy Informaton Administration NA “notavailable or not considered a sub sidy
withinthe report R&D research and development TVA Tennessee Valley Authority

NOTE Export-import Bank supports for the exportofenergytechnologies were Included by ASE bul F 1A considered them tobea trade measure Althoughthese help support U S energy technology
manufacturers they were not included hereFor other differencesseethe source materials Also note that no estimate of the energy subs idy component of M iddle East military dPlomatic or aid
support 1Sincluded No COStS for the regulatory controls associated with public health and safety are Included Fstimates of these valuesrange widely

SOURCES U S Department of Energy Energy Information Admiristration Federal Energy Subsidies Direct and Indirect Interventions in Energy Markets SR EMEU/92-02 November 1992 and
Douglas N Koplow Alliance To Save fnergy' Federal Energy Subsidies Energy Environmental and Fiscal Impacts April 1993
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rated in the cost of capital and various financial ar-
rangements. These include the risks of not
completing construct ion on time or on budget, and
poor technologica performance. These arc con-
sidered in the financial packages negotiated by
NUGs and affect their access to and cost capi-
tal .“ For utilities, cost overruns may not he recov-
ered if the investment is not deemed prudent and
can affect their cost of capital.

Certain other risks and uncertainties, however,
may not be fully considered in utility planning or
electricity costs. These inciudc the risk of fuel cost
incrcascs, which arc largely passed through to
ratepayers by fuel adjustment clauscs;”long-
term liabilities for waste disposal or large-scale
accidents;” and the risk of capacity not matching
demands. The utility planning process and elec-
tricity markets can be distorted in favor of generat -
ing options that entail risks passed directly to
ratepayers and taxpayers rather than being incor-
porated in powerplant planning or the cost of gen-
erated electricity. Conversely, to the extent that
other technologies—such as certain RETs—are
not credited for their ability to avoid these risks,
the planning process and electricity markcts can
be distorted against them.

RETs aso face various risks. depending on the
technology. These include premature technical
failures due to the relative immaturity of the
technology, day-to-day variability in wind find so-
lar resources, and rare but significant shortfallsin

resources dueto natural disasters. Technological
risks and the day-to-day variability of the renew-
able resource arc generaly fully considered in the
design, construction. and financing of renewable
energy plants. These risks, however, are generally
born by the technology developer (if a NUG) rath-
er than being passed through to the ratepaycr or
taxpayer.

Rare events may not be adequately accounted
for, however. For example, the volcanic eruption
of Mt. Pinatubo injected large quantities of sulfur
dioxide into the atmosphere, reducing beam radi-
tition to the Earth. Coupled with other weather ef-
fects, overall power production from the solar
trough thermal power-plants at Kramer Junction in
southern California was reduced by 30 percent in
the winter and spring of 1992. Total insolation (di-
rect plus diffuse) such as would be used by non-
concentrating flat plate photovoltaics, however,

was affected much less---declining roughly 5 per-
cent.“El Nifios or other weather events may simi -

larly change wind patterns apd reduce the output
of wind powerplants. qﬂeamd%vdesct floods (EII'-

ing the summer of 1993 might likewise have re-
duced the harvesting of biomass energy crops.
And, of course, droughts may affect hydropower
plants or biomass growth.

Such events are rare and the maximum impact
in these cases occurred over no more than a year or
so0. In the most sensitive cases. they r-educed pow-

4SFor a detailed discussion, see Kahn and Gilbert, op. cit., footnote 2: Edward P. Kahn, “Risks in Independent Power Contracts: An Empiri-
cal Survey,” The Electricity Journal, November 1991, pp. 30-35: Mason Willrich and Walter L. Campbell, "Risk Allocation in Independent
5 N e e e VG0 S @2 AT Qe p L L s
FOWET SUpply COMIACIS,  7a¢ CIeCiricidy Jorndt, Mdicn 1YYL, pp. o9-030 and INdli and >narp, op. Cit., 100note sz,

460n the other hand, that fuel cost risks are passed through may lower the cost of capital to utilities somewhat, in part compensating for this
risk.

4TRisks of nuclear accidents are explicitly covered under the Price- Anderson Act. See table 6-6.

481 3. Michalsky et al.,“Concentration System Performance Degradation in the Aftermath of Mount Pinatubo.” presented at the 1993 Annu-
al Conference of the American Solar Energy Society, Washington, DCLApr. 25-281993: J.J. Michalsky etal., "Mount Pinatubo and Solar Pow-
er Plants,” Solar Today, July/ August 1993, pp. 21-22: and Roland Hulstrom, National Renewable Encergy Laboratory, personal communication,
April 1993,

#See, e.g.. Cutter Information Corp., “Pinatubo, Weird Weather Challenges California’s Wind and Solar Thermal Electric Industries,” En-
ergy, Economics. and Climare Change. July 1992, pp. 2-5. Very few prospective windpower sites have sufficient detailed data 1 evaluate such
variations. For a discussion, see R.W. Baker et al.. "Annual and Scasonal Variations in Mcan Wind Speed and Wind Turbine Energy Produc-

o LR - PoAS N S L0y e QS QY
uon, dolar rLnergy, vol, 4, NO. O, TYYY PP. £A80-L8Y,



er output by just 30 percent over a few months. If

long-term climate change due to the use of fossil
fuels occurs, however, these shifts in weather pat-
terns could persist and interfere with the operation
of RETs located according to current weather pat-
terns. In contrast, fossil fuel prices have varied
much more-—by roughly three to eight times®? in
real terms over the past three decades—than re-
newable resource availability, and price increases
can remain for years.

Techniques developed for analyzing the value
of risks in financial markets are now being applicd
to evaluate risks in the clectricity sector. Develop-
ing such analytical tools would help determine
how RETSs should be valued compared with con-
ventional technologies.

| Fuel Cost Risks

Fuel costs will continue to be variable.” Gas
prices may bc strongly influenced in coming years
if there is an economy wiclc-electric utilities, in-
dustry, buildings. transport---move toward gas as
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a clean fuel. Fossil fuel costs might also be af-
fected should certain environmental taxes—such
as on carbon emissions—be established.

The Capital Asset Pricing Model (CAPM)??
his been the principal analytical tool considered
for determining the value of the risk of fuel cost
variability.? It guides the sclection of a diversi-
tied portfolio which reduces risks. While the ap-
plication of CAPM to fuel cost risks is intriguing,
it may require a stronger analytical foundation it it
is 1o provide detailed quantitative guidance.™
Other techniques being examined include options
valuation® and arbitrage pricing theory. ¢ Fuel
cost risks may become important in the future. but
additional work 1s needed on the analytical tools
to value these various risks.

| Liability Risks

Although explicit labihty-related policies (such
as the Price-Anderson Act) provide important
benetits to their respective industries. there are
many other liabilitics that may be implicitly as-

SMCoal has varied from 60¢/MMBuu ¢million Btu) in 196% to ST.7HMMBtu in 1975, oif has varied from SELSO'MMBw in 1972 to
S6.94MMBtuin 1981, and natural gas has varied trom 30¢/MMBtuin 1951 10 $2.65'MMBtu in 1982, Thisignores the impact of various regu-

latory and price controls. See Energy Information Administration. op. cit., footnote 42
SThinle oil is now used in the electricity sector. so fluctuations inits price are of less direct intereat,

SEmst R, Berndt, The Practice of Econometries: Classic and Contemporary (Reading. MA© Addison-Wesley Publishing Co., 19913 and

Richard A. Brealey and Stewart C. Myers. Principles of Corporate Finance, $th Ed. (New York, NY: MeGraw-Hhill Ine., 1991).

S3Shimon Awerbuch, “Risk- Adjusted IRP: IUs Easy,” presented at the NARUC-DOE Fitth National Conference on Integrated Resource
Planning. Kalispetl, MO, April 1994: Shimon Awerbuch, "New Utility Thinking Creates Opportunities for Solar Energy.” Solar Industry Jour -
nal, 3rd quarter, 1992, pp. 21-26; Shimon Awerbuch, “Tesumony Betore the Public Udlities Commitssion, State of Colorado.” Docket No.
9IR-642FG. Feb. 14, 1992; Shimon Awerbuch, “Mcasuring the Costs of Photovoltaies i an Electric Utihty Planning Framework.” Progressin
Photovoliaies, vol. 1. No. 30 April 1993 pp. 153-164.

MEor reviews of some of the analytical difficultics of the CAPM model, especially swhen discount rates are negative., see. e.g.: William L.
Beedles. "Evaluating Negative Benefits,” Journal of Financial and Quannitatve Analvsis, vol. 13, 1975 pp. 1741760 RUHL Berry and R.G.
Dyson. ~On the Negative Risk Premium for Risk Adjusted Discount Rates.” Journal of Businesy Finanee and Accounting. vol. 7. 1930, pp.
427-436. Moshe Ben-Horim and Narayanaswamy Sivakumar, “Evaluating Capttal Investment Projects,” Managerial and Decision Feonom-
ey, voll 901988 pp. 263-268: Timothy J. Gallagher and J. Kenton Zumwalt, "Risk-Adjusted Discount Raves” The Financial Review, vol. 26,
1991 pp. 105- 114 and Bermard Schwab, “Conceptual Problems in the Use of Risk- Adjusted Discount Rates with Disaggregated Cash Flows,™

Journal of Business Financing and Accounting, vol. 5. 1978 pp. 281-293,

S3Robert S. Pindyck. “Irreversibility, Uncertainty, and Investment,” fournal of Fcononiic Literamre, vol. 29, September 199t pp.

PTTO- 1148 and Avinash K. Dixit and Robert S. Pindyck, Investment Under Uncertainiy (Princeton. NI Princeton University Press, 1994).

3] Fred Weston and Thomas E. Copeland, Managerial Finance, 9th Ed. (Fort Worth, TX: Dryden Press, 1992)
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sumed by taxpayers but are largely unrecognized.
These include the potential liabilities from site
contamination and the associated cleanup Costs.”

Since these concerns affect conventional fossil
and nuclear fuel cycles to a much greater extent
than most RETSs. taking them into account could
benefit RETs when energy technology choices are
made.

|Demand Risks

Demand risk is that associatedi. with constructing a
powerplant that turns out to be unnecessary for a
long time after completion due to slower than pro-
jected demand growth. This risk is particularly
significant when constructing large, long lead-
time powerplants. Unless the investment is
deemed imprudent, the costs to the utility (even if
the plant is built by a NUG) are largely passed
through to ratepayers.

A variety of analytical methods are being de-
veloped to determine the value of demand risks.
Of these, options valuation appears to be one of
the best suited at this time. ™ Some leading utility
executives expect it to be an important planning
tool.” Options valuation is an analytical tech-
nique used to value the costs and benefit of wait-

ing to make a large irreversible investment.
During the delay, additional information on the
need for capacity expansion, fuel costs, technolo-
gy performance, and other important variables
may change the economics of a particular choice.

Including these costs may significantly alter
the choice of generation technology. RETs benefit
from such considerations as they tend to be small,
modular, and quickly installed. They can therefore
be added as needed to meet demand growth.

Conventional technologies and strategies are
also being adapted to such demand risks. For ex-
ample, gas turbines tend to be relatively small
(100 MW), modular, and quickly installed. Fur-
ther, construction can be phased, in which asim-
ple-cycle gas turbine is first installed, followed by
construction of a combined-cycle system as de-
mand grows. Ultimately, an integrated gasifica-
tion system may be added so that low-cost coal or
biomass can be used.

ENVIRONMENTAL COSTS AND BENEFITS

Crediting the environmental benefits of RETS
compared to fossil fuels in energy planning and
pricing could better reflect some advantages of
RETs compared to fossil fuels. Recent efforts to

$7For example 3 reportby the Subcommittee on Oversight and investigations, House Committee on Natural Resource\ found that tens of
thousands of” sites—including mine sites, oil and gas wells, and waste disposal sites (many not energy -related)—do not now comply with env i-
ronmental standards and may be contaminating surface and/or groundwater. The federal government may carry the risk of cleanup if the opera-
tor defaults or declares bankruptcy. U.S. Congress, House of Representatives, Committee on Natural Resources, Subcommittee on Oversight
and Investigations, “Deep Pockets: Taxpayer Liability for Environmental Contamination,” Majority Staff Report, July 1993.

S8For demand-Side applications. see Eric Hirst, -p,, Utility DSM Programs Increase Risk’?  Electricity Journal,May 1993, pp. 24-3 |; and
Eric Hirst, “' Flexibility Benefits of Demand-Side Programs in Electric Utility Planning,” The Energy Journal,vol. 11, No. 1, January 1990. For
supply-side appli cations, see Enrique O. Crousillat, World Bank, “Incorporating Risk and Uncertainty in Power System Planning,” Industry and
Energy Department Working Paper, Energy Series Paper No. 17, June 1989; Enrique Crousillat and Spires Martzoukos, World Bank, “Decision
Making Under Uncertainty: An Option Valuation Approach to Power Planning.” Industry and Energy Department Working Paper, Energy Se-
ries Paper No. 39, August 1991.

$9-New England Electric CEO Calls for Competitive Measures, Environmental EA8¢.™ r, ... porer Alers, Jan. 5, 1994, p. 26.
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TABLE 6-7: Estimates of the Value of Environmental Externalities for the Electricity Sector (1989 $/1b)

SO, NO, CO, CH4 Particulates
Energy Power
Research Institute $0.20-$1.30 $0.02-$0.23 — - —
California Energy
Commission 5.80 5.80 $0.01 — $3.90
Chernick 0.90 1.60 0.042 $0.37 2.60
Hohmeyer 0.20-0.90 0.30-1.50 0.010 0.35 020-1.20
Ottinger 2.00 0.80 0.007 — 1.20
Schilberg 0.50-9.20 1.40-12.30 0.03 020 —

NOTE: Allvaiues have beer rounded off Theranges tisted depend in part on the regior considered withinthe particular study. typicaly urban vers,s
rural

SOURCE: Jonathon Koomey, Lawrerce Berkeley Laboratory, "Comparative Analys's of Monetary Estimates of External Environments Coeits
Associated with Combustior of Fossil Fue's, " LBL-28313, July 1990 (orginal sources are cited - this report) ard Rcrard L Qttinger etal £ rvw-
mental Costs of Electricity INew York, NY: Oceana Publications, 1990}

qguantify some of these environmental costs (see
table 6-7) have been examined by OTA in a sepa
rate report.”

Some 25 states now consider environmental
costs in their electricity sector planning and opera-
tions either qualitatively or quantitatively, and
other states are considering doing So.” At the fed-
eral level. section 808 of the Clean Air Act
Amendments of 1990 requires the Federal Energy
Regulatory Commission and the Environmental
Protection Agency to quantify and report to Con-
gress the net environment] benefits of RETS
compared to nonrenewable energy and to model
regulations for incorporating such benefitsin the
regulatory treatment of RETs.”

Federal policy has established minimum stan-
dards to protect species and ecosystems. Recently,
interest has developed in the use of market mecha-
nisms to most efficiently allocate resources to
meet these standards, even creating mtirkcts—
such as SO, tradeable emissions permits under tht
Clean Air Act Amendments of 1990---wherc nec-
essary. Such approaches may also be applicablc to
other environrnental costs associated with energy
use.

Global warming. however, presents additional
difficulties. Although there is growing scientific
consensus that global warming will occur. it is not
known with precision when the impacts will oc-
cur, what form they will take, or how they will be

0These i ssues are explored separately in a background report done with in thisassessmentof RET\ U.S. Congress, Office ot Technolosy
Assessment, Studies of the En\ironmental Costs of Electricity, OTA- ETI - 134 (Washington, DC: U.S. Government Printing Office. September
1994). See also: Oak Ridge National Laboratory and Resources for the Future, “U.S.-ECFuelCycleStudy Background Documentto the Ap-
proach and Issues.” ORNL M-2500. November 1992; D.E.Jones, Environmenial Externalities: An Overview of Theory and Practice EPRI
CU EN-7294 ( Palo Alto. CA: Electric Power Research Institute, May 199 | ); Richard L. Ottinger et d.. Environmenial Costs of Electricin (New
York, NY. OceanaPublications, Inc.. 1990); Olav Hohmeyer, Social Costs of Energy Consumption (New York, NY: Springer-Verlag. 198X} . J,
Koomey, Lawrence BerkeleyLaboratory, .’ Comparative Analysis of Monetary Estimates of External Environmental Costs Associated with
Combustion of Fossil Fuel\,” LBL.-283 13, July 1990; and Andrew Stirling, “Regulating the Elcctricity Supply Industry by Valuing Env iron
mental Effects How Muchls the Emperor Retiring’)” Futures, December 1992, pp. 1024-1047.

61Office of Technology Assessment, ibid.

62See, e.g.. Federal Energy Regulatory Commission, Report (m Section 808: Renew able Energy and Energy Conservation Incentiv s of the
Clean Air Act Amendmenis of 1990 ( Washington, DC: December 1992); and Mar-k Chupka and Dayid Howarth, Renew able Eleciric Genera
tion: An A\ ses sment of Air Pollution Prevention Potential (Washington. DC, U.S. Environmental Protection Agency,March 1992).
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distributed at the local and regional level. Global
warming thus represents the kind of environmen-
tal externality that policy makers are least able to
deal with: it is very long term---occurring over
many decades to hundreds of years; the impact is
very uncertain even though potentially severe; ™
and it involvcs things that are difficult to value,
such as the survival of particular species.

For the most part, RETs are benign environ-
mentally. In particular, their operation does not
emit regulated pollutants or greenhouse gases.”
Development of RETs might be viewed as a low-
cost policy against serious environmental uncer-
tainties, especially since many RET applications
will aso be economically beneficial.

APPROACHES TO
COMMERCIALIZING RETS

A variety of supports has been provided over the
past two decades to accelerate commercial adop-
tion of RETSs. These have contributed to the rela-
tively rapid increase in the use of certain
technologies such as biomass, geothermal, and
wind (see box 6-2). Federal commercialization
supports for RETs currently include accelerated
depreciation, investment tax credits. and the
REPC. These are summarized in table 6-1. These
supports can help relatively mature technologies,
but have much less impact on the commercializa-
tion of technologies that are higher cost. Even
with these supports, RETSs are not expected to
make a major contribution to U.S. electricity sup-
plied in the next two decades if present trends con-
tinue. For example, the Energy Information
Administration projects RET electricity genera-
tion will increase from 11 percent of the total in
1990 to 13 percent in 2010 (see chapter 1 ).”If
commercialization of RETsisagoal, the follow-

ing steps could help deal with some of the chal-
lenges discussed above.

Competitive bidding and

green competitive set-asides

As generation markets continue to open, competi-
tive bidding is likely to play a more important role
in these markets. As currently practiced, however,
bid selection criteria may not fully credit some of
the benefits of renewable. All-source bidding
selection criteria could be modified to value more
carefully such factors as the risk of fuel cost in-
creases and environmental impact.

In evaluating some of these factors, however, it
may not be possible to assign precise values that
are widely accepted, or to design asingle set of all-
source bidding selection criteria that fairly cons id-
ers all technologies. It may therefore be preferable
for utilities to solicit bids specifically for certain
technologies.

Such technology-specific set-asides could be
designed to provide an increasing market demand
for each set of technologies over a period of years,
providing developers a more certain market and
allowing them to scale up manufacturing and re-
duce prices. The growth in such set-aside capacity
could be chosen to bring a particular RET down its
cost curve to a fully competitive market position.
It would be necessary to ensure that such technol-
ogy and manufacturing improvements and price
reductions actually occurred, however, and that
the set-aside did not simply provide higher mar-
gins to manufacturers.” It is @so necessary to en
sure that utilities are not encumbered with a large
number of high-cost contracts, especialy if retail
wheeling isintroduced. Thus, technol ogy-specif-
ic set-asides can support commercialization of
even less mature RETSs without excessively bur-

6‘Scc.c,g,.u,s, Congress, Office of Technology Assessment, Preparing for anUncertain Climate, OTA-O-567, OTA-O-568 (Washington,

DC:U.S. Government Printing Office, October 1993).

%4The combustion of biomass does release carbon dioxide, but that is balanced by the uptake of growing plants. Thus, the full biomass cycle

can be operated on asustainable basis.

05This does represent, however, anincrease in nonhydro generation from roughly 50 billion kWhin1990 to 170 billion kWhin 2010.

66 Donald w, Aitken. “Sustained Orderly Development,” Solar Today, May/June 1992, pp. 20-22.



dening ratepayers and utilities. Both will benefit
in the long term as RETS become fully competi-
tive.

Technology-specific set-asides could also pro-
vide experience to regulators and utilities in pre-
paring/evaluating future proposals and bids for
renewables and would help balance their long ex-
perience and comfortable familiarity with con-
ventional systems. It would also offer developers
and utilities alike the opportunity to train person-
nel and to establish effective regimens of commu-
nication and interconnection supports.

There are several initial efforts with competi-
tive sct-asides. California, tor example, has man-
dated rencwable energy capacity purchascs by
utilitics. Technologies. however, are not specified
and this initiative is not likely to provide support
for less mature technologies. The bidding and bid
sclection processes have also been controversial
and the future of the program is in doubt.%” The
New England Electric System made a “green re-
quest for proposals™ in 1993, but all seven of the
selected bids were rejected by the Rhode Island
Public Utilitics Commission (PUC) in April 1994
as too expensive.%® Nevertheless, various options
to move this program forward are being consid-
ered. Other competitive set-asides for RETs
include those by the Bonneville Power Adminis-
tration and the New York State Energy Plan.®?

Congress could consider directing the Depart-
ment of Energy to work with the states to establish
appropriate levels of technology-specific set-
asides for RETs. This could be done first as pilot
projects and then on a larger scale—coordinated
on a national basis—in order to best capture fuel
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photovoltaic plant 1s installed at the site of the now closed
Raricho Seco nuclear powerplant

diversity and environmental benefits while sup-
porting the manutacturing scaleup of their respec-
tive industries and thus reduce costs as rapidly and
etficiently as possible.

Green pricing

Green pricing’? proposals to support RETS typi-
cally place a surcharge of perhaps 10 percent on
the monthly utility bill of voluntarily participating
customers. The surcharge funds are then used to

STThis approach is a component of a larger strategy that has become known as Sustained Orderly Development. “Wind Receives Large

Share of BRPU Preliminary Bid Auction.” Wind Energy Weekly, vol. 12, No. 577, Dec. 20. 1993, pp. 1. The set-aside has been called into gues-

tion by the California Public Unlities Commission (PUC) and the Federal Energy Regulatory Commission (FERC). Underits call 1o investigate

retail wheeling, PUC asked the legislature to explicitly reconsider the requirement placed on them to establish set-asides for renewables. In a

February 1995 draft decision, FERC ruled that California cannot set avoided costs for QFs above the cost of uny source of power, including

low-cost purchases. This decision could preclude any preferential treatment of RETs.

58Danie] Kaplan, ~State Regulator, Renewables Proponents Clash,” The Encrgy Daily, Apr. 13,1994, p. 3.

OYFor details on these and other programs, see Jan Hamrin and Nancy Rader, National Association of Regulatory Utility Commissioners,

“Investing in the Future: A Regulator’s Guide to Renewables,” February 1993,

Mavid Moskovitz, © *Green Pricing': Customer Choice Moves Beyond IRV The Electricin Journal. October 1993, pp. 42-50.
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pay the difference in cost between the renewables
and conventional utility power. This provides
greater choice to consumers and fits in well with
the structural changes now taking place in the
electricity sector. Several efforts of this sort have
been launched, including the PV Pioneer” pro-
gram by the Sacramento Municipal Utility Dis-
trict with a 15-percent price premium for PVs,”!
Public Service of Colorado,” Traverse City Light
& Power,’3 and a program by Southern California
Edison (SCE).

The SCE program is with Kenetech-U.S.
Windpower, Inc. They recently announced a pre-
liminary agreement for 500 MW of wind power,
the first 250 MW of which would be contingent on
sufficient utility customers enrolling in a green
pricing plan.”* This wind capacity would fill
about 60 percent of SCE’s renewable energy pur-
chases mandated under the California renewable
energy set-aside, if that program moves forward.

Green pricing is attractive because it is volun-
tary, but it is unlikely to achieve the level of sup-
port for RETS that sct-asides could. In addition,
ratepayers who volunteer will be paying for the
environmental and risk benefits gained on behalf
of everyone in the region.

Incentives to purchase RETs

Most utilities have little or no incentive to pur-
chase RETs or to purchase RET-generated elec-
tricity from NUGs rather than conventional fossil
power: whatever source of power is used, the util-
ity earns the same return. Regulatory changes to
allow aslightly higher rate of return for the use or
pur-chase of reasonably cost-effective rcnewables
would provide incentive and help utilitics gain ex-
perience with RETs while reducing fuel cost risks

to ratepayers and environmental impact.”As an
example, the Wisconsin Public Service Commis-
sion recently granted regulated utili ties the right to
provide their shareholders an additional return of
0.75¢/kWh for power generated by wind, photo-
voltaics. or solar thermal plants over 20 years for
projects brought online between 1993 and 1998."
Although this is primarily a state regulatory issue,
federal policy might play a supporting role.

Although they appear to have significant po-
tential to support RETS, these strategies—green
competitive set-asides. green pricing, or stock-
holder incentives---arc too new for any significant
conclusions to be drawn as to their effectivenessin
practice.

Federal taxes

Current federal tax incentives for RETS, such as
accelerated depreciation, investment tax credits,
and pduction credits, reduce federal tax burdens
on RETSs depending on the particular incentives
and RET. As discussed above, however, the tax
burden per kwWh on many RETSs remains higher
than that for coal- or gas-powered electricity gen-
eration. For wind and biomass, which are compet-
itive or near-competitive with fossil systems, tax
incentives may have a significant influence on
their market viability. However, the REPC of
1.5¢/kWh is limited to facilities in operation by
1999, which does not allow time for most biomass
systems. with their 3- to 7-year growth cycles (for
woody crops) to get established.

Tax policy has had a significant influence on
the development of RETSs such as wind (see box
6-2). Government incentives intended to help re-
newables, however, have also on occasion had the
perverse effect of hurting them. For example, un-

T1Sacramento Muni Aims To Have 50 MW of Photovoltaics on System by 2000, Elecrric Utility Week, June 27, 1994, pp. 16-17.

71pSCO “Green Pricing” To Fund Renewable Energy Projects,” Wind Energy Weekly, Dec. 6. 1993, pp. S.

" Michigan Muni Turns to “Green Pricing”™ To Finance Wind Turbine,” Wind Energy Weekly, May 30, 1994,

T4Daniel Kaplan, “SCE. Kenetech Announce Wind Power Deal, Green Pricing Plan,” The Energy Daily, vol. 22, Mar. 17, 1994, p. 1.

3See. e.g.. David Moskovitz, Renewable Energy: Barriers and Opportunities; Walls and Bridges (Washington, DC: World Resources Insti-

tute, July 1992).

70-Minnesota Utility Eligible To Receive Wisconsin Incentive,” Wind Energy Weekly. Nov. 8, 1993, pp. 4-5.



certainty over incentives raises risks for private
developers and makes financing more difficult, as
in the bankruptey of the fargest solar thermal com-
pany (sce box 6-3). Ways to reduce the impact of
this uncertainty are to make proposed incentives
retroactive and to increase their duration.

Front-loaded capital costs of RETs

High investment costs for RETs can result in a
NUG paying as much or more for debt and other
costs than it receives from the sale of its power
during the first critical years of a project. Ways to
mitigate this problem might include: 1) innova-
tive financial mechanisms to redistribute Toan re-
paymients over the project lifetime so as to better
meet the cash tlow constraints of the developer: 2)
changes in the schedule for energy and capacity
payments (i.e.. to front-load payments); 3) interest
ratc buydowns (in which public entities provide a
one-shot upfront payment of interest to reduce this
front-loading):”” and 4) longer contract periods to
put NUG financing on a more level basis with the
financing utilitics implicitly receive from rate-
payers.

For example, the senior debt of some recent
NUG projects has been divided into two separate
components. one with a shorter term and a vari-
able interest rate. the other with a longer term and
a fixed interest rate. Such financing structures
have arisen because banks have increasingly been
unwilling to lend for periods longer than 15 years,
while insurance companies and other institutions
are sometines willing to lend for terms of 20 years
or more. In addition. banks and other institutions
increasingly prefer to diversity their portfolio and
prefer to not underwrite an entire project alone.”®
Such mechanisms may allow some restructuring
of the front-loaded cost structure of RET projects
but also require caretul negotiation to properly al-
locate risk among the participants, particularly for
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the longer term debtholder. A detailed analysis is
needed of mechanisms to assist development of
long-term loans for RETS through private capital
markets. There may be a federal role in match-
making and/or leveraging such arrangements.,

Changing contract payment schedules to better
match the cash flow requirements of RET devel-
opers raises the risk of paying in advance for a
powerplant that later fails. It however, payments
are structured so that they are always sufticient to
cover operating and other costs and also provide a
be profitable for someonce to keep the plant operat-
ing. This can reduce the risk of premature fatlure
and abandonment.

reasonable margin for the operator. it will always

Transaction costs

High transaction costs can be a significant barrier
for small renewable energy developers. Among
the lessons drawn from past expericnces (see box
6-1) is the value of standard contracts. Providing
standard contracts is usually a state regulatory
Issue.

Direct and indirect subsidies

To improve the competitiveness of RETS, a more
detailed and ongoing accounting of subsidies and
related supports such as tax expenditures in the
electricity sector might be made for cach fuel
cycle. Explicitly identifying subsidies and related
supports for cach fuel eyele on an ongoing basis
could provide policymakers with a better sense of
federal tax and budget expenditures so they could
determine if taxpayers are getting their money’s
worth, and it any change is warranted.

Risk and environmental costs

Potential fuel price changes and environmental
liabilitics may not be adequately accounted for in
the planning of new electricity-generation capac-

Cnterestrate buydowns may often be preferable to such public finance instruments as loan guarantees. as buydowns leave the commercial

lender at risk and thus maintain marketincentives to pertorm, while minimizing federal exposure. On the other hand, interest rate buydowns do

require specitic federal outlays.

TJohn H. Kenney. “Financing with a Dual-Tranche.” Independent Energy, September 1992, pp. 16-22.
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ity or in the cost of electricity, Therefore, the po-
tential of RETsto offset these risk pass-throughs
may not be adeguately valued by planners, reduc-
ing the likelihood that these RETs will be chosen
when new capacity is planned. More analysis
could help understand these risks, determine
means of valuing them, and understand how risk
pass -throughs influence financial markets and the
choice of generation technologies.

The federal government could work with states
to examine fuel adjustment clauses in particular
and the impact these have on the choice of genera-
tion technol ogies. Mechanisms to adequately ac-
count for the risk of future fuel price increasesin
generation capacity planning could be developed
and implemented. Initial work on this is under
way in Colorado”and elsewhere. Environmental
cleanup bonds, trust funds, or other funding mech-
anisms could be examined to determine their abil-
ity to recover long-term environmental cleanup
costs from energy industries and companies.”
Tax benefits that could affect the choice of afuel
cycle could be based on minimizing environmen-
tal impact.

State governments could incorporate environ-
mental externality costs in their utility planning
efforts or direct] y in electricity y costs, and state reg-
ulators could encourage utilities to consider envi-
ronmental impacts when deciding which
generating units to operate.” Although these are
primarily state issues, the federal government
could support such efforts through information
programs, the development of appropriate analyt-
ical tools, and further analysis of the social costs
of energy use. Proposals to base state and/or feder-
al electric sector taxes on emissions. potentially

including greenhouse gas emissions, rather than
profits or sales could be examined for potential ef-
fectiveness, costs and benefits. equity impacts, or
other consequences. Some studies have indicated
that shifting from corporate income taxes may
have positive benefits in the longer term.”

Structural change

The potentially negative impact of changes in the
electric power sector on RETS, discussed at the be-
ginning of this chapter, might be addressed by the
use of sectorwide policy tools, rather than utility-
specific regulatory interventions. For example,
the valuation of fuel cost risks and environmental
costs, and corresponding use of technology-spe-
cific set-asides for both utilities and NUGs, may
ease some of the conflict inherent in limiting such
costs or controls to regulated utilities alone. Such
electricity sectorwide policy tools could be con-
sidered at both the state and federal levels.

CONCLUSION

This chapter has outlined a variety of chal-
lenges—structural, financial, tax, risk, and com-
petitive-—that face commercialization of RETsin
the electric sector. These challenges will likely
preclude many cost-effective applications of
RETs under current policies. A significant RET
industry is beginning to develop with a portfolio
of maturing as well as immature but promising
technologies. The considerable experience that
has been gained builds confidence for the indus-
try’s future. Policy experience is also developing.
More effective commercidization, if done wisely,
can lead to increased growth and widespread
benefits.

- Awerbuch, "Direct Testi N . .
79Shimon " Testimony. Investigation Into the Development Of Rules Concerning Integrated Resource Planning, Colora-

do Public Utility Commission Docket 91R-642EG. February 1992.

80See, e.g.. House Committee on Natural Resources, op. cit., footnote 57.

81Steve Bernow et 1. ~Full-Cost Dispatch: Incorporating Environmental Externalities in Electric System Operation,” The Electricity Jour-

nal, March 1991, pp. 20-33.
82Moskos itz, op. cit.,

footnote 75; Robert Repetto et al., Green Fees: How a Tax Shift Can Work for the Environment and the Economy

(Washington, DC: World Resources Institute. November 1992); and Dale W. Jorgenson and Kun-Young Hun, “The Excess Burden of Taxation
in the United States.” Journal of Accounting, Auditing, and Finance, vol. 6. No. 6, fall 1991.



Gover nment

Supports
and

| nter national
Competition

S.-owned and U.S-based manufacturers have led the

world in the rescarch, development, and commercializa-

tion of many renewable energy technologies. Today. these

manufacturers arc facing strong competitive challenges
both at home and abroad. Compared with U.S. firms. forcign
competitors are often more strongly supported by public research.
development, and demonstration (RD&D) and commercializa-
tion programs, protected by tariff or nontaritt trade barriers, and
assisted in their drive to enter foreign markets. At stake is a poten-
tially large international market and the U.S. jobs and other ¢co-
nomic benefits that might come from serving it.

| What Has Changed?
International interest in renewable energy technologies (RETS)
has increased over the past decade. Environmental conccrns-
due to acid-rain damage to forests in Europe. the Chernobyl nu-
clear accident in the former Soviet Union. and possible global
warming, as well as ongoing concerns about future fossil fuel
prices and supply reliability—have generated a strong push in
Europe to find alternatives to nuclear- and fossil-based elcctricity
generation. Recently, the “Declaration of Madrid” called for
RETs to provide 15 percent of primary energy demand in the Eu-
ropean Union by 2010.!

At the same time, many power markets in Europe are going
through substantial structural change. Some utilities in Europe
(e.g., in the United Kingdom) have undergone large-scale priva-

'European Commission, Directorates-General X1, X111, XV1I and European Parlia-
ment, STOA Programme et al.. "Declaration of Madrid,” Conference on an Action Plan
for Renewable Energy Sources in Europe, Madrid. Spain, Mar. 16-18. 1994,

1229
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FIGURE 7-1: World Electricity Consumption, 1987

@
L

Annual per capita consumption (1,000 kWh)

V) U.S.and Canada

n Western Europe and Japan

Eastern Europe and the Former Soviet Union
Upper middle-income developing countries
| Lower middle-mcome developrrg countnes

- Lower income developing countries

The distribution of electricity use among different population groups around the world is shown. Lower income
developing countries have very fow fevels of electricity consumption and are likely to be an important and rapidly
growing market for renewable energy technologies over the next several decades

SOURCE Adopted from United Natiors. Energy Statistics Yearbook 1990 (New York, NY 1992)

tization: others arc searching for ways to cooper-
ate across many aspects of their operations. What-
ever form European utilities take’there are likely
to be additional opportunities for using RETs
within them.

In developing countries, current levels of elec-
tricity use are very low (figure 7-1 ) and the de-
mand for electricity is growing rapidly.’
Estimates of the market for power generation
equipment in developing countries are typical] y in
the $1 -trillion range over the next 10 years, or an
average of $100 billion per year;"the market
could grow much larger in the longer term. Invest-

ment and operational expansion at this level poses
great difficulties for many inefficient or heavily
subsidized state-owned electric utilities. In re-
sponse, many developing countries are opening
up their electricity sectors and beginning to
encourage private investment. Use of RETSs in
distributed utility applications may offer opportu-
nities to improve power sector performance.
Despite large investments. many people in
many rural areas of developing countries are un-
likely to be served by conventional electric utility
grids for many years; the cost of transmission and
distribution grid extension is too great. Similarly,

?Andrew Holmes, “E\ olution and De-Evolution of a European Power Grid,” Electricity Journal, October 1992, PP. 34-47. See also Edward
Kahnand Richard Gilbert, “International Comparisons of Electricity Regulation.” 17th International Con ference of the International Associa-

(iOﬂ 0! Energy Economists, Stavanger, Norway, May1994.

3For a detailed review of energy use in developing countries, see U.S. Congress, Office of Technology Assessment, Fueling Development:

Energy Technologies for Developing Countries, OTA-E-516 (Washington, DC: U.S. Government Printing Office, April 1992).

*The market is likely to be smaller in the near term and grow larger with time. See, e.g.. Edwin A. Moore and George Smith, “Capital Expen-

ditures for Electric Power in the Developing Countries in the 1990s,” World Bank, Industry and Energy Department Working Paper No. 21 for

the Energy Series, February 1990.
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transport of fuel for dicsel electric systems is ex-
pensive and often unreliable. In many cases. the
choice is either to purchase remote RET systems
or continue to do without electricity. RETS have
the potential to cost-cffectively provide electricity
to people in areas outside the utility grid. The
benetits of electricity, such as lights. water pumps.
and modern communications, can help transform
these traditional societies. This can contribute to
political stability as well as provide trade benetits
and jobs for the United States.

Both within Europe and in developing coun-
trics. RETs are thus increasingly seen as key pow-
ertechnologies in the future, with potentially huge
markets. These tactors have resulted in much

more aclivist government policies in support of

RETS in recent years and pose a significant com-
petitive challenge to U.S. firms.

| Potential Roles

Foreign markets otfer a promising opportunity for
using RETs. Many of these applications are higher
value uses, for example, remote applications
where RETs such as photovoltaic (PV). small so-
lar thermal, and small wind have strong competi-
tive advantages. These markets thus offer the
potential to scaie up manufacturing and drive
down prices through economies of scale and
learning.

The United States is now doing well in some
RET export markets. For example. about 70 per-
cent of ULS. photovoltaic production was shipped
abroad in 1993: about 37 percent of world produc-
tion of PVs was in the United States.” Nearly two-
thirds of U.S.-based PV production. however, 1s
by firms recently purchased by foreign interests,
Tolose forcign market share could then greatly re-
duce U.S. firms’ cconomics ot scale and learning:
ultimately. this could lead to a loss of competitive-
ness even in our own markets.

As discussed elsewhere in this chapter, sever:

countrics appear 10 have carmarked the PV indus-
try for special support. Such support could threat-
en US. firms in both domestic and export
markets. especially since the PV industry is one
where cconomies of scale and rapidly improving
technology. along with steep technical and finan-
cial barriers to entry, give the first in the field a
strong advantage.

I Principal Themes

Rather than a broad overview of U.S. and foreign
RD&D. commercialization, and trade programs
—-such reviews and related policy discussions are
well covered clsewhere®—this chapter makes a de-
tailed comparison of international activities in two
specific arcas—photovoltaies and wind. Other re-
newables. such as biomass energy technologies.”

3=US. PV Shipments Climb Sharply as Thermal Collector Numbers Drop.” Sofar Leiter, June 10, 1994, p. 134

“Interagency Environmental Exports Working Group, Enviranmental lechnologios Exporis. Sirategic Framework for 1.8, Leadcrship
(Washington, DC: US Department of Commerce, US. Department of Energy, and Environmental Protection Agency. November 1993) U8,
Department of Energy, National Energy Strategy. Technical Annex 32 Analysis of Options To Increase Exports of U.S Enerey Technology  US-
DOE/S-0096P (Washington, DC: National Technical Information Service, 1992 Trade Promotion Coordinating Committee. “Toward a Na
tional Export Strategy.” Report to Congress, September 1993 Ottice of Technology Assessment. op. cit., footnote 3. U.S. Congress, Ottice ot
Technology Assessment, Indusiry, Technology, and the Environment: Competitive Chailenges and Business Opportunities, OTA TTE-380
(Washington, DC: U.S. Government Printing Ottfice. January 1994) U.S. Congress. Ottice of Technology Assessment. Development Assi
ance. Export Promotion, and Environmental Technology -Background Peper. OTA-BP-ITE-107 (Washington, DC:ULS, Government Printing
Otfice, August 1993); and Andrew Bamett. “The Financing ot Electric Power Projects in Developing Countries,” Energy Policv vol. 200 April
1992, pp. 326-334.

TFor a review of biomass energy technology development. financial support, and its relationship to agriculture in Europe. see Furopean
Parliament. Scientific and Technological Options Assessment. Directorate General for Research, Energy and Biomass: Porential tor Cultiva-
tion and Prospects for Utilization from the European Community's Perspective, Project Paper No. T (Luxembourg: Aprib 19930 Lnergyv and
Bromasys: Country Profiles: Agriculture and Forestry Biomass Production—Operations Achieved. Project Paper No. 2 (L.uxembourg: August

1993); and Enerey and Biomass: Liquid Biofuels, Project Paper No. 3 (Luxembourg: August 1993),



232 | Renewing Our Energy Future

have recently been® or are currently being re-
viewed elsewhere.?

This comparison of PV and wind programs
shows a wide range of supports among various
nations of the Organization for Economic Coop-
eration and Development (OECD), including
government-supported RD&D: direct funding of,
or tax credits for, investments in RET equipment:
supports for the purchase of generated renewable
energy; and a variety of legislative—including en-
vironmental—supports for renewables.

The bulk of this chapter is focused on national
PV and wind programs in Japan, Europe, and the
United States. Following this discussion is a brief
crosscutting summary and discussion of possible
policy options to respond to this competitive chal-
lenge. How U.S. firms do in this international
competition will depend on the groundwork that
1s laid today.

Finally, it should be noted that PV and wind
technologies are advancing rapidly and govern-
ment programs arc changing quickly in response
to new opportunities and shifting public concemns.

INTERNATIONAL ACTIVITIES IN

PV AND WIND TECHNOLOGIES'?
Competition in RETS is increasing rapidly as in-
dustrial countries recognize the growth potential
of these environmentally friendly and currently or
potentially cost-effective cnergy technologies.
The PV and wind energy technology activities of
nine OECD countries are reviewed and compared
here.

All of the renewable energy programs reviewed
have three complementary strategies: 1) RD&Dto
increase the cost-effectiveness of the technology
and thus broaden its scope of economically attrac-

tive market applications: 2) market development
to accelerate acceptance of RETs in currently cost-
cffective or newly emerging applications; and 3)
market priming to support the usc of RETs where
they are not yet cost-effective but could become so
with further development and large-scale manu-
facturing.

The link between increased cost-etfectiveness
and market development is critical. The potential
market relies heavily on price (without consider-
ing risk or environmental costs, see chapter 6),
particularly compared with the mature encrgy
technologies that RETs compete against. Prices
for RETs are determined by technical perfor-
mance as determined by RD&D, economies of
scale and learning realized by mass production,
and the requirement to recoup certain fixed
RD&D. manufacturing, and marketing costs
through sales. Thus, costs can be reduced if sales
volumes are increased, but sales volumes may not
increase unttl prices are reduced. This “chicken-
and-egg” problem is a central challenge for RETs.

B RD&D for Increased Cost-Effectiveness

Photovoltaics

The general routes to improved PV cost-effective-
ness are increased energy conversion efficiencies,
improved balance of systems, and reduced
manufacturing and installation costs. Incrcasing
conversion cfficiencies will make cach square
centimeter of PV surface more productive, in-
creasing the utilization of available solar energy

whila maalbimagtha ~all lace aoenotlas v o emantaniale g
WHHU THARTHZ LT CUTTICSS LUSLLY Ul a HHdCT1d S Ud-

sis per unit output. A reduction in manufacturing
costs per unit of cell area makes each square centi-
meter of cell less costly. The combination of re-
duced cost and increased efficiency is expected to

SFor a broad review, see James & James Science Publishers, European Direciory of Renewable Energy Suppliers and Services, 1992 (Lon-

don, England: 1992).

YA detailed competitive assessment of international renewable energy technology, policy, und activities is currently under way at Sandia
A detailed tit tof international bl technol 1 d activit tl 1 v at Sand

National Laboratory for the Department of Energy. It covers biomass, geothermal, ocean, photovoltaic. solar thermal. wind. and advanced bat-

teries.

"This section is drawn primarily from Ted Kennedy and Christine Egan, Meridian Corp.. “International Activitics Supporting Wind and

Photovoltaic Energy.” report prepared for the Office of Technology Assessment, Nov. §, 1993,
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TABLE 7-1: Publicly Funded Photovoltaic R&D, by Country (current U.S. dollars in millions)

European United

Year United States Japan Germany Italy  France Union Switzerland Kingdom

1979 118.8 13

1980 1486 35 6 9

1981 1516 32 10 9

1982 616 40 33 9

1983 579 U 30 9 6.3

1984 50.2 41 30 9 52

1935 545 46 31 20 6.1 6

1986 378 48 31 20 4.6 6

1987 400 38 32 20 38 6

1988 346 37 35 20 3.1 ©

1989 351 42 50 20 28 4

1990 347 54 65 27 4.4 4 5.2

1991 46.3 54 65 L 4.5 4 60 0.5

1992 60.4 62 65 41 4.5 4 8.6 1.0
SOURCE Morton Prnce: O ceof Salir Panrgy Coovers or LS Departroent of Encayy Pro Maycock, Photovolta o Energy Systerns 0o and Fred
J Sooine. Congress ora fecearch Sery ne "Renewabio Erergy A New Natioras Conmmatmeet, " 1ROZ063 “oby 1), 1004

result in dramatic declines in system capital costs
aswellasenergy costs per kilowatt-hour produced
(see chapter 5). Most countries with PV programs
include a variety of activities to improve pertor-
mance and reduce manufacturing costs.

Incorporation of PVs into building structures is
aconcept that is being pursued by most ot the ma-
jor programs. including those of the United States
(PV-Bonus Program). Japan (superhigh-cfticien-
cy cellapplications), Germany (1,000 Roof™ pro-
gram), and Great Britain  (Study of PV
Applications in Buildings).

Improvements in balance of system (BOS)
components and system reliability and lifetime
arc two additional arcas addressed by most pro-
grams. BOS components include batteries, power
conditioning equipment. system  interconnec-
tions, and support structures. The Japanese, [tal-
ian. and Swiss programs specifically target BOS
components cither as budget line items or as dis-
Crete program arcas.

System reliability and litetime research is di-
rected at several critical areas. including subsys-
tem components such as the PV modules,
batteries. and inverters: system configurations

and interconnections: and operations and mainte-
nance requirements. These concerns are ad-
dressed either as specific program arcas or as
components of broader program initiatives by
virtually all countries examined.

Table 7-1 provides data on national annual PV
RD&D budgets. and table 7-2 lists production lev-
cls by country from 1976 to 1993.

Wind

Improvements in the cost-effectiveness of wind
energy technologies (see chapter 5) have been
pursued through advanced engineering and manu-
facturing improvements. For example. improve-
ments in blade design through public-private U.S.,
ctforts are now resulting in rotors that increase en-
crgy capture by 10 to 30 pereent, while reducing
inctticicncies caused by fouling duc to insects and
airborne particles (sce chapter 5). Virtually all of
the country programs addressed in this report are
investigating such improven
provements in power system components—in-
cluding variable-speed operation with advanced
power clectronics and expert control systems to

S T TUR TR ) TR TS
ICHI,\, dN WOITT dN HITT-
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TABLE 7-2: Photovoltaic Production, by Region

World United States
Year Mw MW )
1976 0.42 0.32 76
1977 0.45 0.42 a3
1978 096 0.84 88
1979 1.46 1.24 85
1980 330 250 76
1981 540 3.50 65
1982 840 520 62
1983 2170 1310 60
1984 2500 11.50 46
1985 22 80 770 34
1986 26.00 710 27.3
1987 2920 870 29.8
1988 33.80 11.30 351
1989 40.20 1410 351
1990 46.50 14.80 318
1991 55.30 17.10 309
1992 57.90 18 10 313
1993 60.69 22.44 369

Japan Europe Rest-of-World
MW A0 MW 0 MW %0
050 15 030 9
110 20 080 15
1.70 20 1.40 17 010 1
5.00 23 330 15 030 1
8.90 36 360 14 080 3

10.60 45 340 15 140 6
12.60 485 400 154 230 9
13.20 45..2 450 154 280 10
12.80 353 670 197 300 9
14 20 353 790 197 400 10
16.80 361 1020 219 470 10
19.90 360 13.40 242 500 9
18.80 325 1640 283 460 8
17.30 285 1655 273 440 72

MW megawatts

NOTE World total for 1976-79 does not add up, because data from those years was not broken out by region

SOURCE Morton Prince O*:ce of So ar Enerqy Corversion, U'S. Department of Energy, and Paul Maycock, Photovoltaic Energy Systems, Inc

increase power output, improve power uality,
and reduce mechanical loads.

The development of large-scale turbines to re-
duce unit costs per kilowatt and address siting
constraints i1s being pursued by the European
Union (EU), Danish. Italian, and German pro-
grams with specific budget iine items or discrete
program arcas. The development of offshore tur-
bines—Iland-use restrictions such as the location
of population centers may prevent wind cnergy
development in some prime areas—is being in-
vestigated in many of the country programs, par-
ticularly Denmark and the Netherlands, as a
mid-term option.

Increases in system reliability and lifetime are
addressed in most national programs. In the

United States, for example, design improvements
and better operations and maintenance regimes
have resulted in availabilities of up to 97 percent,
compared with 20 percent in 1981 (see chapter 5).
Turbines have been simplified and the numnber of
moving parts has been reduced. This has cut down
on maintenance requirements and has enhanced
lifetimes while reducing manufacturing costs.

overal, Europe appears to be gearing up for
largc-scale deployment of wind turbines in the
war term. Plans for installing some 4,000 MW of
wind capacity by the year 2000 have been an-
nounced. *The large-scale deployment of tur-
bines will permit further economics of scale in
manufacturing and operations.

N1.C. Chapman. Enropean Wind Technology, EPRITR-101391 (Palo Alto. CA: Electric Power Research Institute. March 1993).
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I Market Development Initiatives

Various OECD nations have undertaken activities
to support the commercialization of RETS. By en-
couraging commercialization of RETS, larger
scale production can be initiated. allowing econo-
mices of scale to be realized. In turn, these econo-
mies lower the costs of RETs and allow still larger
market opportunities to be tapped. This cyele will
ultimately allow the creation of a large and cost-
effective RET industry. Commercialization strat-
cgies now in use for wind and PV technologies
include removing regulatory and institutional bar-
riers: information programs to better inform key
decisionmakers regarding renewables: demon-
strating technically appropriate and cost-cttective
applications of the technology; and stimulating
market demand through market conditioning
demonstrations, government  pur-
chases, subsidies, low-interest loans, tax incen-
tives, and other supports.

large-scale

Photovoltaics

i
the U.S. photovol )
element. Activities include education: technical
assistance and training: market, cconomic, and fi-
nancial analyses: technology characterizations;
regulatory and valuc analyses: and codes and stan-
dards assessment and development. Eftorts to im-
prove the policy and regulatory framework
include evaluation of transmission issues  af-
fecting PVs, development of integrated resource
planning methodologies. and integration of envi-
ronmental considerations into utility planning.
There are similar market conditioning activitics in
other countrics, including efforts by the Photovol-
taic Power Generation Technology Rescarch
Association in Japan and the Future Encergics Fo-
rum in Germany.

Demonstrations are intended to encourage
market participation through example, proving a
new technology application in the critical areas of
appropriateness, reliability, cost-etfectiveness.
casc of maintenance, intcgration with existing
systems, and so forth. The major PV evaluation
program in the United States is the PV-USA proj-
cct. Major demonstration projects in other coun-
trics include the ~1.000 Roof™ PV program in
Germany, promoted with the use of subsidies:
“model” facilities in Japan, which are supported
through subsidies: and the PLUG modular
100-kW grid-connected PV systems in Ttaly.

Market subsidies!? are intended to foster mar-
ket development and growth to the point at which
the market can operate without them.? In the
United States, supports are limited to tax incen-
tives, including five-year accelerated depreciation
and a 10-percent investment tax credit for nonutil-
ity generators. At the current state of cost and per-
tormance in PVs, thesc provide only modest
incentive for additional investment.

[talian subsidies support up to 80 pereent of
installation costs or provide buyback rates for
peak periods of up to 28¢/kWh. In Japan they
range up to two-thirds of the cost of residential
systems, and buybacks rates for PV-produced
electricity are reported to be as high as 24¢/kWh.
Japan also offers a 7-percent tax credit for PV sys-
tems and low-interest loans with rates as low as
4.1 percent. Germany offers subsidics for system
capital costs of up to 70 percent.

Wind

For wind energy development, the U.S. experi-
cncc in the 1980s was with targeted investment tax
credits. In effect, these favored installation of tur-
bines over the production of power. They were
phased out in the mid-1980s. The Energy Policy

'2An important note with regard to subsidics is that they can translate into significant additional government support of PV technology

beyond RD&D budgets. Determining the level of this support ranges from difficult to nearly impossible. Since most of the budgets described

here include only on-budget line items, subsidy expenditures for hardware installation and power production (whether they take the torm of

cash support or tax reliet) may provide a signiticantly higher level of support than could be fully described in this report.

PROf course. programs may take on a life of their own and live on after their intended purpose has been met.
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Act of 1992 provides a 1.5¢/kWh production tax
credit for wind-generated electricity, Subsidies
have been used by Denmark and Germany in the
form of stable power purhase prices, paying 85
and 90 percent of the retail price of electricity, re-
spectively. In England. power purchase rates have
been set at very attractive levels for certain peri-
ods, which has accelerated installations dramati-
caly.

| Country Programs and Market Share

Photovoltaics
The market tor PV modules has been rapidly in-
creasing and is expected to continue to do so for
the foresecable future (see table 7-2). Global mar-
ket share trends indicate that U.S.-based produc-
tion, after expericncing a decline through the
mid-1980s, remained at 30 to 32 percent during
1990-92 and then jumped to nearly 37 percent in
1993.14 Japan, which had 15 percent of the market
in 1980, rose to 49 percent in 1986, and declined to
28.5 percent in 1993. The gains during 1980-86
were largely related to expanded sales of amor-
phous silicon technologies introduced through a
number of consumer products. After 1986, the PV
market began to shift from consumer product op-
portunitics to power scctor applications. Euro-
pean producers gained more of the market
between 1986 and 1992, largely at the expense of
Japanesc tirms. The combined market share of
producers in the rest of the world has remained rel-
atively constant since 1986.

Some of these PV firms have an international
presence, with RD&D. manutacturing, sales, and

1994,

other activities taking place in many countries. A
number of foreign firms have also recently pur-
chased U.S. PV producers. In March 1990, for ex-
ample, Siemens A.G. of Munich purchased
Atlantic Richfield Company’s ARCO Solar.
This gave Siemens nearly 50 percent of U.S. pho-
tovoltaic shipments in 1992. In March 1994, Eba-
ra Corporation of Japan purchased majority
control of Blue Ridge Industrial Development
Group, a spinoff from Westinghouse Electric that
was commercializing dendritic web silicon PV. *
In July 1994, Mobil Solar Energy Corporation, a
Massachusetts-based producer of ribbon silicon
PV cells, was sold to Angewandte Solarenergie
GmbH of Germany, a joint venture whose parent
companies include Daimler-Benz A.G. and the
largest electric utility in Germany, “In November
1994, Solec International] was purchased by Sumi -
tomo and Sanyo of Japan. °*Together, these com-
panies accounted for about 63 percent of the PVs
manufactured in the United States in 1993 (see
table 7-3).

The issue of “who is us’ has appeared repeated-
ly in discussions of international competitiveness.
Closely related is the question of the extent to
which benefits-jobs, earnings, training, intel -
lectual property-of federal assistance go abroad.
whether transferred by a U.S. firm operating or
sourcing offshore or by a foreign firm operating in
and receiving benefits from the United States. *
Maintaining U.S.-based production of PVs will
likely require significant RD&D and investments
in advancd automated production facilities, par-
ticularly as PV-production increasingly becomes
a commodity production process.

14Paul D. Maycock. Photovoltaic Energy Systems. Inc., “International Photovoltaic Markets, Developments, Trends: Forecast to 2010,”

| SThe ae reement w as announced In mid 1989, See Richard MeCormack. ~giemens Snare\ Arco Solar,” New Technology Week. Aug. 7.

1989.

10 Japanese Firm, Westinghouse, Investors To Commercialize Dendritic Web PV, Solar Letter, vol. 4, No. 7, Apr. 1. 1994, pp. 76-77.

17Mobil Announces Sale to ASE Americas. Venture of Deutsche Aerospace Nukem,” Solar Letter, vol. 4, No. 17, Aug. 5. 1994, p. 186.

18Sumitomo. Sanyo Acquire Solec: Financing and Marketing Aid Set,” Solar Letter, vol. 4, No. 25, Nov. 11, 1994, p. 284.

19For a detailed discussion of these issues. see U.S. Congress, Office of Technology Assessment, Multinationals and the National Interest:
Playing by Different Rules, OTA-ITE-569 (Washington, DC: U.S. Government Printing Office, September 1993).
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TABLE 7-3: Photovoltaic Cell and Module Shipments, by Company (megawatts)

Company 1987 1988 1989 1990 1991 1992 1993
United States
Siemens Solar 42 55 65 70 90 90 125
Solarex 29 32 50 54 56 57 65
Solec International 03 06 09 09 12 13 13
Advanced PV Systems 02 08 05
Astropower 01 02 04 045 06 0.9
Ussc 03 04 05 06 02 03 05
Mobil Solar/ASE GmbH 005 01 005 005 02 03 02
Entech 03 003 003 005 001
Other (Chronar) 09 12 065 042 02 01
Total 865 11.3 141 148 171 182 22-1
Japan
Sanyo 48 48 48 49 60 65 62
Kaneka 165 22 24 25 31 30 22
Kyocera 13 17 25 45 58 51 48
Talyo Yuden 12 13 15 16 16 16 16
Sharp 15 08 10 10 10 10 10
Hoxan 15 08 10 08 08 06 04
Fuiji 05 05 01 01 01
Matsushita 06 08 10 10
Other 07 07 09 08 06 oil 00
Total 132 128 142 168 198 188 173
Europe
Deutsche Aerospace 08 13 12 17 21 26 26
BP Solar Systems 13 13 14 14 22 35 45
Naps France 10 07 06 10 06 0.5
Cnronar Wales 09 07 06 02 00 01
Photowatt (France) 10 08 08 15 18 20 17
Eurosolaire (Italy) 04 04 08 10 15 26 32
Helios (ltaly) 03 03 08 12 15 20 10
Isophoton (Spain) 02 02 03 05 05 06 05
Siemens (Germany) 02 02 04 06 08 06 05
RES (Netherlands) 04 05 05 0.8 05
Other 03 04 04 06 13 11 12
Total 45 67 79 102 134 164 166
Rest-of-World
CEL (Indua) 12 13 13 14 1.4 15 18
Sinonar (Taiwan) 06 0.4 04 NA
Heliodinamica (Brazil) 05 05 06 06 10 05 05
Reil (India) 05 05 05 05 NA
Bharat (India) 04 04 04 04 04 08 10
UDTS/HCR Algiers - 03 0.3 03 03 NA
Venergia (Venezuela) 03 03 03 NA
Other 07 08 08 08 10 10 NA
Total 28 30 40 47 50 46 4.4

NA not avaiable

SOURCE Pa.l Maycock, Protovoltaic Energy Systems, Inc.. Photovoltaic News, vol. 12 No. 2. February 1993, and
Pau. Maycock. Photoveltaic Energy Systems, Inc , “International Photovoltac Markets, Developments and Trends
Forecast to 2010," 1994
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Six 10-kW wind turbines from Bergey Windpower, an 11.2-kW
piotovoltaic array from Siemens Solar. and a diesel power
backup provide power for 150 homes in the village of Xcalac
in Quintana Roo province, Mexico.

In general, the major PV RD& D programs have
similar goals. all of which are aimed at producing
PV modules and equipment that are cost-effective
in the broadest array of' applications. In addition,
activitits that facilitac PV tcchnology and market
development have been adopted. many of which
arc not included in a country RD&D budget.
These include demonstrations. government pur-
chases, market subsidies. low-interest loans, and
tax incentives. Such facilitating support activities
differ widely among countries and are examined
below. Japan, Germany, Italy, and others offer
more aggtrddivr supports than does the United
States in many respects.

Wind

In 1992, European utilities and developers
installed some 225 MW of wind capacity, while
only 5 MW was instulled in the United States.”

Europeans, either privately or through electric
utilities, are investing $300 million to $500 mil-
lion per year in wind cquipment and associated
services, not including research and development
(R&D).*More recently. several U.S. utilities
have shown increased interest in wind energy.

In general, the goals of the wind RD&D pro-
grams are sSmilarly focused on cost-efective
wind turbine development and deployment, but
emphases vary. Japan, Sweden, Canada, Italy, and
Belgium have financially supported exploitation
of the wind resource primarily as an R&D activity.
In contrast, the United Kingdom, Dcnrnark, the
Netherlands. and Germany have attcmpted to
stimulate the market by subsidizing turbine instal-
lations and paying a premium price for power pro-
duced. The U.S. program is balanced between
both approaches. Wind energy RD&D budgets arc
listed in tuble 7-4.

It is now useful to examine country-specific
programs in more dctail. u.S. programs arc dis-
cussed in chapter 5.

JAPAN*

Japanese R&D of new and atermative sources of
energy has taken place under the framework of the
Sunshine Project initiated in response to the first
oil crisis. In 1993, the Sunshine Project was com-
bined with, among others, the Moonlight Project.
which focused on energy conservation technolo-
gies, and the Research and Development Project
on Environmcntal Technology, which focused on
reduction of carbon dioxide (CO,) and other emis -
sions, to form the New Sunshine Project.

The New Sunshine Project includes three ini-
tifatives®:

W American Wind Enerey Association, 1993 Wind Technology Status Report: Wind EnergyonVerge of Expansion in U.S. (Washington. DC:

1994).

2P European Wind Generation To Top Billion KWp Mark in 1993, Wind Energy Weekly, Sept. 28, 1992, p. 5.

2IThis section is primarily drawn from Kennedy and Egan, op. cit., footnote 10.

¥ Environment Agency, Government of Japan, Establishing a Basic Law on the Environment (Tokyo, Japan: Oct. 20, 1992): and Jacob M.

Schlesinger. “In Jupan, Environment Means an Opportunity for New Technologies,” Wall Street Journal, June 3. 1992, p. Al
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TABLE 7-4: International Government-Funded Wind Energy RD&D?2

Year United States Japan  Germany Italy CECP  Denmark Netherlands  United Kingdom
1983 31.4 15 18.0 15 62 1,0 3.3 53
1984 265 15 160 19 8.5 45 76 7.1
1985 316 1.5 129 23 96 8.0 12,0 90
1986 25.8 20 12,9 53 97 8.0 177 95
1987 167 32 12,9 96 13,0 80 236 95
1988 85 20 135 155 13.0 80 236 10.0
1989 8.8 20 250 245 155 8.0 236 100
1990 91 29 29.5 304 200 80 258 195
1991 11 31 295 30.4 20,0 76 27.3 255
1992 21.4 65 168 330¢ 19,6 6.0 289 15.8
1993 240 7.7 222 330 19.6 6.0 326 15,8

alncluding test stations for Germany the Netherlands the United States, Italy, and Denmark

BCEC . Commission of the European Communities Includes budgets for both the Directorate General for Science, Research and Development and
the Directorate Generalfor Energy

CAccord:ing to Dan Ancona o! the U S Department of Energy, these figures may include some double counting of funds due to projects falling behind
schedule Thus, the actual budget may be overstated for 1992 and 1993

SOURCE Ted Kennedy and Christne Egan International Activities Supporting Wind and Photovoltaic Energy, " report prepared for the Office of
Technology Assessment Nov 8 1993

1. the Action Plan for the Prevention of Global
Warming-focused on CO,reduction and an
increase in the pace of development and ap-
plication of alternative energy technologies;?*

2. research under the New Earth 21 Program—fo-
cused on technological development and in-
ternational cooperation on energy and
environmental issues;2> and

3. the Applications in Neighboring Developing
Countries Program—focused on collaborative
research and application, including support for

feasibility studies, design, installation, opera-
tion, and evaluation of renewable energy and
environmental technologies in less developed
countries.2®
The total budget for the New Sunshine Project
through 2020 is $11.5 billion.2’

Photovoltaics have been a major focus of Japa-
nese efforts. Although, the budget for PV S under
the New Sunshine Project declined from $53.5
million in 1991 to $51.8 million28 in 1992, the

24New Sunshine Program Headquarters, Agency of Industrial Science and Technology, “Comprehensive Approach to the New Sunshine
Program Which Supports the 21 st Century—Sustainable Growth Through a Simultaneous Solution of Energy and Env ironmental Constraints,”
Sunshine Journal, No. 4, 1993; and Hisao Kobiyashi, “PV Status and Trends in Japan,” paper presented at Soltech 1992, Albuquerque, NM,

Feb. 10-12, 1992.
I5New Sunshine Program Headquarters, op. cit., footnote 24.

26Nobuaki Mori, “Collaborative R&D Program on Appropriate Technologies—Contribution To Reducing Constraints on Energy and En-
vironmental Technologies in Developing Countries,” Sunshine Journal. No. 4, 1993,

“Yoshihiro Hamakawa, “New Sunshine Project and Recent Progress in Photovoltaic Technology in Japan, " UNESCO Solar Energy Sum-
mit, Paris, France, July 1993; and Ichiro Tansawa, “Broad Area Energy Utilization Network System Project—Eco Energy City Concept,” Sun-

shine Journal, No. 4, 1993.

28(0)ne reviewer reports a separate estimate of $48.1 million, based on a budget of 6.1 hillion yen for “‘solar power” quoted in Joint publica-

tions Research Service, Foreign Broadcast Information Service, JPRS-EST-92-037-L, May 7, 1992, p. 46. and a conversion rate of $0.007888
per yenin 1992. LindaBranstetter, Sandia National Laboratory, personal communication, April 1994.
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overal PV budget will increase as a result of new
spending by the Agency of Natural Resources and
Energy of $9.7 million on initiatives to facilitate
“public use.” In recognition of the importance of
reducing balance of system costs, roughly 16 per-
cent of the 1992 budget is aimed at systems-level
development, including BOS components such as
inverters, batteries, and mounting systems. The
world’s most comprehensive dedicated testing fa-
cility for grid interconnection of distributed sys-
tems-consisting of at least 100 small (2-kW)
arrays-is at a site on Rokko Island.”

The New Energy and Industrial Technology
Development Organization (NEDO), funded by
the New Sunshine Project, established a Photo-
voltaic Power Generation Technology Research
Association (PVTEC) in November 1991. This
semigovernmental agency has 26 members repre-
senting a broad range of Japanese industries.
PVTEC encourages collaborative R&D among
member companies as well as with other private
sector, government, and academic institutions.
PVTEC's programs focus on production technol-
ogy of advanced PV cells; production technology
of amorphous PV cells; superhigh-efficiency PV
cells; research and analysis on commercialization;
and investigation of the trends of industry and
technology in photovoltaic power generation,

supporting research, and other activities. PVTEC
also seeks to be a major base of effective R&D
overseas, working in close cooperation with for-
eign organizations.’1

Japan has implemented major financial subsi-
dies for photovoltaics. A 7-percent tax credit has
been established for enterprises installing PV sys-
tems . MITI had a fund of $3.7 million in ry
1993 for individuals installing home PV systems
to obtain loans at a rate of 4.55 percent for 5- or
10-year terms.” An installer of a “model plant”
(interpreted to mean power installations, not
manufacturing facilities) may receive a subsidy of
up to 50 percent of the installation cost. In 1992,
the government set up an institution to finance PV
installations at public facilities such as schools at
two-thirds of the total project cost. A budget of
approximately $6.5 million was reported for FY
1992*and $3 million for FY 1993.* Japan has
also announced a plan to install four model plants
in developing countries.”

MITI is aso planning to support up to two-
thirds of the cost of residential systems. The pro-
gram goal is 1,000 homes the first year and up to
70,000 by the year 2000.” Some $39 million of
the MITI FY 1994 budget was requested for this
program. The 3-kW systems will be grid con-

*Dan Shugar, Pacific Gas and Electric Co., personal communication, 1993.
30NEDO Was initiated in 1980 i,response to the second Oil Crisis. It is responsible for intensive and effective promotion of, and is subsidized

by, the Sunshine Project. In 1991, NEDO’S responsibilities were expanded from a strict energy security focus to include environmental security.
See Takashi Goto, *Photovoltaic R&D Program in Japan (Sunshine Project),” paper presented at the Sixth International Photovoltaic Science
and Engineering Conference Proceedings, New Delhi, India, Feb. 10-14, 1992, p. 521.

31Photovoltaic power Generation Technology Research Association, “Aiming at a Major Base of Research and Development of Solar
Cells,” Summary Sheet, n.d.; Seiji Wakamatsu, Photovoltaic Power Generation Technology Research Association, slide presentation, n.d.

32. \NEDO Supports Field Test program,” NEDO Newsletter, August 1992.

33Kiyoko Matsuyama, New Energy and Industrial Technology Development organization, personal Communication to Ted Kennedy and

Christine Egan, Meridian Corp., June 1993.
34NEDO Supports Ficld Test Program, Op. cit., footnote 32-

35 Matsuyama, op. Cit., footnote 33.

36paul Maycock, “Japanese Plan for Global Warming Stimulates Major PV Initiatives,” PV News, vol. 11, No. 5, May 1992.
3Foreign Broadcast Information Service. MIT] To Subsidize Household Solar Power Generation Systems,” Pacific Rim Economic Re-
view,vol. 2, No. 18, Sept. 8, 1993, p. 7. citing Nihon Keizai Shimbun, Aug. 22, 1993.
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nected, with excess energy sold back to the utili-
ties.*If the 70,000-home goal is achieved, it
would represent four times current worldwide
annual production. Firms with access to this mar-
ket would benefit hugely from economies of scale
and learning.

Beginning in April 1992, utility companies
were directed by the Japanese government to al-
low grid interconnection®of
systems such as photovoltaics, wind turbines, and
fuel cells and to purchase their excess power. Pri-
vately generated renewable energy is purchased
by the utility at the highest marginal price paid by
the user for power. This ranges from approximate-
ly 16¢ to 24¢/kWh.” Utility companies have set a
goa of 2.4 MW and 150 sites, including rooftops,
offices, and technical centers, by 1995.

Japanese development of wind systems has not
been as aggressive as that for PV. About 23 wind
turbines, totaling 3.2 MW, were designed and
installed from 1982 through 1991 in Japan. Total
capacity additions for the country are expected to
be about 3 MW by 1995, and another 7 MW be-
tween 1996 and the year 2000, for a total of 10
MW. Practical R&D is conducted by NEDO and
more theoretical research is performed by the Me-
chanical Engineering Laboratory. Resource as-
sessment work has identified more than 20 prime
wind resource sites within the country. Mitsubishi
has, however, exported about 700 of its 250-kW

machines to the United States, most of which were
installed in Cdifornia.

EUROPEAN UNION®

The European Commission (EC) programs for
RD&D in renewable energy are conducted by the
Directorate General for Science, Research, and
Development (DG XII) and the Directorate Gen-
eral for Energy (DG XVII). The mgor programs
arc JOULE Il (focused on R& D and emphasizing
photovoltaics, wind, and biomass with atotal al-
location of $70.8 million“for 1991 -94) and
THERMIE (focused on demonstration and with a
budget allocation of $424 million from 1990 to
1992 and a proposed budget of $181.8 million
from 1993 to 1994). The Commission provides
direct financial support on a cost-shared basis of
up to 50 percent of project costs for R&D and up to
40 percent for demonstration.”ALTENER is a
recently proposed program under the direction of
DG XVII intended to focus on barriers to the de-
velopment of renewable energy .44

U.S. industry competition within the European
Union has in the past been constrained by EU
directives that allow public purchasers in four
sectors (water, energy, transport, and telecommu-
nicate ions) to reject bids that have less than half EU
content by value. Furthermore. if purchasers con-
sider non-EU bids. they are required to give a

3¥Paul Maycock, “Japan Mount\ 27 Year Consersationand Energy Plan.” PV News,vol. 11, No. 10, October 1992.

¥Kobiyashi, op. cit., footnote 24.

4 Matsuyama, 0p. €It o500 33

4 IFormerly the European Economic Community. the name w as changed in Nov ember 1993. This sectionis primarily drawn from Kennedy

and Egan, op. cit., footnote 10.

42Commission of the European Communities, Directorate General XII for Science, Research and Development, “Non-Nuclear Energy
(JOULE 11) 1991- 1994, Information Package, pp.10-11; and Wolfgang Palz. “The European Community R& D program on Photov oltaics.”
paper presented at the 10th European Photovoltaic Selar Energy Conference. Lisbon, Portugal. Apr. 8-12, 1991, p. 1369.

43-The European Community and Wind Energy.” Wind Directions.vol. 11, No. 3. winter 1991-92.

44-Renewables Could Benefit from EC TaxonCO, Output, ” Wind Energy Weekly.Aug..24 1992;"European Carbon Dioxide Target Needs
To Triple Renewables Use.” Solar Letter, vol. 2. No. 18, Sept. 4, 1992: and “Europe Gets Clean Away,” Wind Pow er Monthly,vol.8, No. 9,

September 1992.



SAM BALDWIN, OTA STAFF

242 | Renewing Our Energy Future

A photovoltaic pumping system near Ziniare, Burkina Faso.
This system provides clean drinking water, reduces the labor
of lifting and hauling water, and can help break waterborne
disease cycles.

g R T
Agreement on Tariffs and Trade (GATT) address-
es some of these issues and commits signatories to
follow a set of rules specifying open, nondiscrimi-
natory procurement practices. It should be noted
that EU directives do allow for equal treatment to
be negotiated bilaterally or multilaterally.”

DG VIII (Development Fund) implements an
international development program with activi-
ties in developing countries. The projects have
included photovoltaic water pumping and electri-
fication with $1.7 million in funding from the
EC."Donor country contributions, primarily
from Germany and France, have increased the val-
ue of this program to U.S. $10 million to $20 mil-

lion. In 1989, a project was initiated within the
THERMIE framework to install PV pumping sys-
tems and other small-scale applications for use in
the Sahel region of Africa More than 1,300
pumps powered by 600-W to 3.5-kW PV arrays
with atotal PV capacity of nearly 2 MW were to be
installed beginning in 1992. The EC contributed
$39 million for this program.”

The EC RD&D objectives with regard to wind
energy are to identify the Union’s resources and to
develop design and testing methods with a focus
on large machines. Current expenditures are about
$4.85 million per year.

The EU is considering a Europe-wide carbon
tax on fossil fuels in order to reduce CO,emis-
sions. Thus far, only Denmark has passed legisla-
tion enacting this type of tax, although several
other countries such as Germany, the Netherlands,
and Italy have considered similar measures. The
renewable energy industry in Europe could bene-
fit from a tax on CO,emissions. It should be
noted, however, that European prices for electric-
ity are often substantially higher than those in the
United States without any carbon tax. For exam-
ple, the price for electricity in the industrial sector
in 1991 was 8.8¢/kWh in Germany compared
with 4.9¢/kWh in the United States.” This allows
RETSs to be fully competitive at a somewhat earlier
point in their development path.

To preserve competition within the European
Union, implementation of a carbon tax is contin-
gent on the introduction of similar tax measures
by other OECD member countries.50 Oil export-

45U.S. International Trade Commission, The Effects of Greater Economic Integration Within the European Community on the United Sates,

usITC Publication 2204 (Washington DC: July 1989).

4U.S. International Trade Commission, The Effects of Greater Economic Integration Within the United States: Second Follow-up Report,

usITC Publication2318 (Washington DC: September 1990); U.S. Interational Trade Commission, The Effects of Greater Economic Integra-
tion Within rhe European Community on the United States: Fifth Follow-Up Report, USITC Publication 2628 (Washington DC: April 1993).

47palz, op.Cit., fOOtNOteE 42.

48\ S. Imamura et al., Photovoltaic System Technology: A European Handbook (Brussels, Belgium: Commission of the European Com-

munities, 1992).

49U.8. Congress, Office of Technology Assessment, Industrial Energy Efficiency, OTA-E-560 (Washington, DC: U.S. Govemnment Printing

Office, August 1993).

5@ Renewables Could Benefit from EC Tax on CO; Output,” op. cit., footnote 44.
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ers to the EU have threatened retaliatory trade ac-
tion if the community pushes ahead with this
proposal.”

DENMARK®

In 1973, Denmark was 99-percent dependent on
imported energy supplies, mainly oil. As aresult
of new energy policies, Denmark’s annual gross
energy consumption is lower now than in 1972,
and its dependence on imported ail is less than 50
percent of the energy supply.”The Energy 2000:
Plan of Action for Sustainable Development now
serves as the foundation of Denmark’s energy
policy.”Its goal is to reduce energy use and at-
mospheric emissions by 2005 by reducing energy
consumption by 15 percent, CO,emissions by at
least 20 percent, sulfur dioxide (SO, emissions
by 60 percent, and nitrogen oxide (NO,) emis-
sions by 50 percent. Use of renewable energy is
expected to double. As part of this goal, the gov-
ernment has committed to further promotion of
wind power. The plan estimates an installed ca-
pacity of 1,500 MW in 2005, corresponding to 10
percent of the expected electricity consumption .55

Installed wind power capacity in Denmark is
currently between 670 and 730 MW; wind power

supplies approximately 2.3 to 2.6 percent of its to-
tal electricity.” Wind energy development *"

Denmark has followed two paths: the develop-
ment of small wind turbines through private ini-
tiatives on an individual or collective basis, and
the development of large wind turbines and wind-
farms by Danish utilities.” PV is not amagjor fo-
cus of the Danish renewable energy program.

The Danish wind energy program was initiated
in 1977. Government support for R& D has been
limited. The RD&D program is funded by both
the Ministry of Energy at $1.6 million/year and
the Ministry of Industry at $2.4 million/year. Most
of the support has gone to the Riso Test Station,
with asmall portion allocated to universities and
miscellaneous RD& D projects. The overal Dan-
ish wind program during the 1980s cost about $95
million.* The Danish government has opted to
pursue direct market stimulation in the form of
subsidies rather than implement an extensive
R&D program.

The private sector has contributed significantly
to the development of wind technology, and rough
estimates suggest that total private contributions
toward wind development are of the same order of
magnitude as government programs .59 Additional
support is provided by the utilities.” In December
1985, Danish utilities entered an agreement with
the government to develop 100 MW of wind pow-
er capacity by the end of 1990; the 100-MW goal

s!European Official Raps U.S. Stance on Carbon Dioxide,” Wirid Energy Weekly, vol. 11, No. 493, Apr. 13, 1992, p. 4.
52This Section is primarily drawn from Kennedy and Egan, op. cit., footnote 10.

53Finn Godtfredsen, “Wind Energy Planning in Denmark, ” paper presented at the European Wind Energy Association (EWEA) Special
Topic Conference on [he Potential of Wind Farms in Denmark, Denmark, Sept. 8-11, 1992.
54Danish Ministry of Energy, “Energy 2000--A Plan of Action for Sustainable Development,” April 1990: and ibid.

55Jens Kr. Vesterdal, . EXpe” €NCEe with Windfarms in Denmark,” paper presented at the EWEA Special Topic Conference ON the Potential of

Wind Farms in Denmark, Denmark, Sept. 8-11, 1992.

56Birger T, Madsen, “The Danish Wind power Industry, ” paper presented at the Wind Power 199 | Conference, 1991, p. 82; Godtfredsen,

op. cit., footnote 53; and ibid.

57Vithem Morup-Pedersen and Soren Pedersen, “Wwindfarm Projects Joint Ventures Between a Danish Utility and Private Cooperatives,”
paper presented at the EWEA Special Topic Conference on the Potential of Wind Farms in Denmark, Denmark, 1992.

58Renewable Energyis KeyPart of Global policy, Danes Say,” Wind Energy Weekly, vol. 1 1, No. 480, Jan. 13, 1992, pp. 3-4.

59Danish Ministry of Energy Wind Energy in Denmark: Research and Technological Development (Copenhagen, Denmark: 1990).

60[bid.; Danish Ministry of Energy, “Development of Wind Energy in Denmark,” paper presented at the World Renewable Energy Congress

11, Reading, England, Sept. 13-18, 1992.
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was achieved by the end of 1992.In March
1990, the Danish Parliament asked the utilities to
develop an additional 100 MW of installed capac-
ity by the end of 1993.

Until the end of 1990, Danish utilities bore 30
percent of the cost of grid connection for private
wind turbines with a ceiling of $54.50/kW
installed.” A new approach requires that the
sometimes substantial costs of reinforcing the
grid due to connection of new windmills be paid
by the electric utility companies, while the cost of
connecting to the grid be covered by the wind
powerp| ant Owner_6 This has been controversial.
For atime it appeared that the utilities would be
successful in shifting more of the cost of grid con-
nection back onto wind turbine owners, and re-
quiring them to pay 65 percent of the costs of
strengthening the grid, if necessary. It appears that
the owners' association has prevailed in this battle
since reports indicate that the cost of grid connec-
tion has been made the responsibility of the utili-
ties.”

Danish wind energy incentives were intro-
duced approximately 10 years ago. Initialy each
wind turbine erected by private companies re-
ceived a government payment of 30 percent of
capital costs. This subsidy was reduced gradually
as the costs of wind energy declined, and it was
discontinued in 1989. Under this payment pro-
gram, approximately 2,500 wind turbines with a
total capacity of 205 MW were installed.”In late
1992, a new subsidy program to stimulate invest-

ment inwind power was initiated. The program
guarantees private turbine owners a buyback rate
equivalent to 85 percent of the pre-tax price at
which local electricity companies sell power to
customers, and it obligates utilities to purchase the
power. 66 Th.wind power purchase price ‘ill av-
erage 6¢/kWh.”

Denmark has an energy tax levied at 4.9¢/kWh.
Until May 1992, this tax was refunded to renew-
able energy power producersin the private sector
at alevel of 4¢/kWh. The tax relief was structured
0 as to reflect avoided costs.” The value of the
electricity tax was added to the payment that own-
ers of wind turbines received for supplying wind-
generated electricity to the grid.” Electricity
produced by wind turbines owned by electric utili-
ties was not exempted from taxation.

A private individual or group of individuals
pays taxes only on income from the sale of those
wind power kilowatt-hours generated in excess of
domestic consumption of electricity with a
10-percent margin_70 Private turbines receive a
grant amounting to 4.3¢/kWh as part of a CO,tax
package, replacing the refund of a standard elec-
tricity tax described above. According to a press
release of the EC, the combined guaranteed buy-
back rate and the grant “will give windmill opera-
tors an average subsidy of around 55 percent of
building and operating turbines.” Altogether,
$19.7 million was channeled to turbine operators
by the program in 1992."

61]nternational Energy Agency, Wind Energy Annual Report (Paris, France: 1992).

62 Andrew Garrad, European Wind Energy Association, “Time for Action: Wind Energy in Europe,” October 1991.

63 European Commission, “Commission Approves Price Support fOr Wind Power,” press release, Sept. 30, 1992.
64 Minister Rules AgainstSingle Turbinesand for Grid connection Charges,” Wind Poswer Monthly, vol. 8, No. 3, March 1992.

65 American Wind Energy Association, « European Wind Energy Incentives,” Feb. 19, 1992.

66 European Commission, op. cit., footnote 63.

67, Developers Wait Anxiously for Brussels Approval Of New Regulations,« Wwind Power Monthly, vol. 8, No. 8, August 1992.

68Garrad, op. cit, foOtnote 6*.

69 Danish Ministry of Energy, Op. Cit., footnote 54.
To] bid.; and Garrad, op. cit., footnote 62.

7| European Commission, 0p. cit., footnote 63.
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Shareholders in wind plants also reclaimed the
value-added tax (VAT) paid on their power of 22 to
25 percent in 1992. Private owners of turbines
supplying power directly to their properties could
not reclaim the VAT.”

In 1990, the Danish government, in coopera-
tion with Danish wind turbine manufacturers and
two Danish financing companies, created a pri-
vate company called Danish Wind Turbine Guar-
antee to offer long-term financing of large projects
using Danish wind turbines. Financing periods
depend on project value and run from 85 to 12
years. The Danish program will guarantee repay-
ment of loans on Danish wind turbine projects for
a 2.5-percent premium added to the interest on the
debt, for up to 20 percent of the financed amount.
The price of the guarantee is built into the cost of
the wind project. The guarantees are underwritten
partially by the government and partialy by the
limited-risk shareholder company set up to ad-
minister them. The company’s share of the capita
is $6.38 million, and is supported by a guarantee
of U.S. $110 million from the Danish government
and income from sale of the guarantees and in-
terest earned on investment of the shareholder
capital .73

This loan guarantee program significantly re-
duces the risk in selecting Danish units for a wind
plant. If the units should become uneconomical to
operate in the future, a company could shed the
added debt service burden. It is an attractive tool
to boost export sales and has been used by the
American company Zond on a recently completed
project in California.” This financing is not avail -
able within the EU, however, due to the EU deci-
sion that it was a form of unfair competition .75

In the early 1980s. wind turbine sales were
based primarily on a subsidized home market.
During this time, the Danish wind industry was
characterized by more than 20 small companies
producing 55-kW wind turbines. As of 1989, there
were six significant manufacturers of wind tur-
bines (see table 7-5). In the mid-1980s, exports
became important. Danish wind turbines have
been installed in 30 countries around the world.
The market distribution of Danish wind turbine
exports in 1990 was California, 64 percent; Ger-
many, 19 percent; Spain, 5 percent; India, 4 per-
cent; Netherlands, 3 percent; Sweden, 2 percent;
and others, 3 percent.76 By the end of 1991> ‘ore
than 8,300 Danish wind turbines with a total ca-
pacity of approximately 840 MW had been
installed abroad.” Development assistance for
wind energy projects, usualy tied to Danish
equipment, has been offered by DAN IDA (Danish
International Development Agency) to various
developing countries including India, Egypt, Chi-
na, and Somalia.

FRANCE™

RD&D in renewable energy is the responsibility
of the Agency for Energy and Environment Man-
agement (ADEME), which funds and coordinates
R&D with programs undertaken by industrial
partners and other public organizations. For ex-
ample, in collaboration with the state-owned util-
ity, Electricity de France (EdF), ADEME is
sponsoring a program for 20 isolated homes to
generate electricity from photovoltaic panels and/
or wind turbines. The FY 1993 renewable energy

72" Danes Use Carbon Tax To Pay for Wind,” Wind Power Monthly,vol. 8, No. 6, June1992.

73Madsen. op. cit., footnote 36-

M1bid.

75Gee | bl

d, and “If You Can’t Beat ThemJoin Them,” Wind Power Monthly,vol.8.No.1, January 1992.

76 Madsen, op. €it-- footnote 56: Danish Ministry of Energy, Op cit.. footnote 59-

"Godtfredsen, op. cit., footnote 53.

78This SECtiON jg primarily drawn from Kenned,and Egan. op. cit., footnote 10.
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TABLE 7-5: Principal Manufacturers of Grid-Connected Wind Turbines

Turbines produced

Manufacturer Country through end of 1989
US Windpower United States 3,500
Mitsubishi Japan 500
Vestas/DWT Denmark 2,800

Micon Denmark 1,600

Bonus Denmark 1,250
Nordtank Denmark 1,100

Danwin Denmark 300
Windworld Denmark 102
HMZ/Windmaster Belgium/NL 269
Nedwind-Bouma Netherlands 58
Nedwind-Newinco Netherlands 68
Lagerwey Netherlands 125

Holec Netherlands 19

MAN Germany 321

Enercon Germany 35

MBB Germany 29
Elektromat Germany 15

HSW Germany 9

WEG United Kingdom 27

WEST Italy 35 (end of 1991)
Riva Calzoni Italy 50 (end of 1991)
Ecotecnia Spare NA

Voest Austria NA

NA = not available

SOURCE A J M van Wik et al , W/rid Energy Status, Constraits and Opportunities (LOndon,England World Energy

Council, Study Group on Wind Energy, July 1992), sitxth draft

budget was $18.7 million, a 15-percent increase
over the 1992 level of funding.

In France, PV is considered among the more
promising of the renewable energy alternatives for
rura electrification and remote offgrid applica
tions. The year 1991 was a turning point for the
French photovoltaic R& D program with the start
of “PV20,” anew R&D program that has the fol-
lowing goals for the year 2000: a 20-percent con-
version efficiency for crystalline silicon solar
cells; $3.50/W (20 francs) as the installed price of
a 100-kWw grid-connected plant that is assembled
and installed by the utility; a system lifetime of 20

years given basic maintenance; and 20 MW per
year manufactured in France. Under the frame-
work of PV20, an R&D program was initiated for
the 1992-96 period.

France has some excellent wind resources, but
its program is small. France expected to reach 5
MW of wind generation capacity by the end of
1993 and 12 MW by the end of 1994, and has set a
target of 500 MW by the year 2005.” France has
approved construction of the country’s first com-
mercial wind powerplant. Electricity de France
has agreed to buy wind-generated electricity from

79paul Gipe, “The Race fOr Wind. “ |dependent Energy, July/August 1093, pp. 60-66
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independently owned turbines. EdF will now pay
an average of 6¢/kWh. EdF will also assist
ADEME in mapping the country’ swind resource
aswell asidentifying sites for future plants.

GERMANY™

Germany spends more on renewable energy than
any other country in Europe. In 1992, its federa
budget for renewable energy was approximately
$216 million; this does not i include spending by
the states, which is substantial for some technolo-
gies such as wind energy, The national renewable
program is focused on solar, wind, and biomass
energy technologies, with a strong bias toward
PV. In 1992, the government spent $65.4 million
on RD&D in PVs™compared with $17.6 million
on wind. The government program is supplement-
ed by substantial state (up to 30 percent of a proj-
ect’s total cost in Bavaria®) and utility support, as
well as other financial support. This financia sup-
port includes credits/loans through the Energy
Savings Program and the Credit Program To Pro-
mote Community Investment: and the "Law on
Supplying Electricity to the Public from Renew-
able Energy Sources,” which requires public pur-
chase and compensation for electricity generated

by small wind or solar systems at a rate of at least
90 percent of the consumer price.”

The Law on Supplying Electricity has had the
effect of raising the nationa tariff for wind and PV
paid by the utilities, from 7¢~ to 11 ¢kWh.* Com-
pensation at these rates is not required if it can be
proven to cause ”.. . undue hardship or prevent the
electric companies from meeting their federally
mandated obligations. Undue hardship exists if
the electric company must raise its prices signifi-
cantly above the market rate.”®

In November 1990, the federal government es-
tablished a goa of decreasing CO,emissions by
25 to 30 percent from the 1987 level by the year
2000, which could stimulate the use of renew-
ables.™ A proposal has been introduced to initiate
a CO,tax on conventional energy sources, this has
been postponed pending development of related
initiatives by the EU.”

The German PV program is strongly R& D-ori-
ented but has begun to focus more on demonstra-
tion projects, which increased from 5 percent of
the PV budget in 1989 to 16 percent in 1991. The
“ 1,000 Roof" program, initiated in 1990, is a dem-
onstration project that is expected to result in
2,250 systems of 1 to 5 kW capacity on roofs of

80This sectionis draw n primarily from kennedy and Egan, op. cit., footnote | 0.

81 A Rauber and K. Wollin, *Photov oltaic R&D in the Federal Republic of Germany,” paper presented at the 6th International Photov oltaic
Science and Enginecring Conference. New Delhi, India, Feb. 10- 12, 1992, p. 529.

82+ Bavaria Takes Up the Challenge..

* Wirid Power Monthly,vol. 8, No. 7, July 1992.

83Compensation for hydropow er. municipal solid waste. and agricultural and forestry residues must be at least 75 percent of the average rate

per kilowatt-hour paid by consumers.

84German Federalm inistry of Researchand  Technology, [ 4w on Supplying Electricity to the Public from Renewable Energy Sources
(Electricity Supply Law),” translation in summary of German Go\ ernment Document No. 66090, Oct. 5, 1990: American Wind Energy
Association, op. cit., footnote 65; and P. Mann et al.. “The 250 MW Wind Energy Program in Germany,” paper presented at the Wind Energy
Technology and Implementation European Wind Energy Conference, Amsterdam, The Netherlands, 1991.

85German Federal Ministry of Research and Technology, op. cit.. footnote 84.

86The citizens group Germanw atch (established to monitor German\ s action on env ironment and dev elopmentissues ) released @ study on

April 7,1992. that stated that the country would fall short of stated goals for reduction of CO;emissions and predicting that Germany will
achieve COjz emission cuts of only 10 percent bythey ear 2005. See “Germany Won't Achieve Goal Environmental Group Says,” Wind Energy

Weekly, vol. 1 1. No.494, Apr. 20,1992, pp. 5-6.

X7 ArminRauber, Fraunhofer Institute of Solar Energy, personal communication to Ted Kennedy and Christine Egan, Aug.18.1992.
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private homes. Participants receive a direct feder-
al subsidy of 50 percent in the western states and
60 percent in the new eastern states. Approximate-
ly 20 percent of the cost of the system is subsi-
dized by state govemments.® A limit has been set
to atotal subsidy of 70 percent of the system cost.
This grid-connected application also alows own-
ers to sell unused power to the utility at 12¢/kWh.
The program is accompanied by a comprehensive
measurement and evaluation program. The budg-
et for the “1,000 Roof’ program from 1990 to
1995 is approximately $55 million. This figure is
incorporated in the Federal Ministry of Research
and Technology (BMFT) annua budget figures.
As of January 31, 1992, this program was opened
to non-German manufacturers within the EU with
the appropriate business permits.” Interest in the
program was very high, but reportedly moderated
in 1993.

The development of wind power has been sup-
ported by BMFT since 1975 through cost-shared
wind-related RD&D. Germany has a national goal
of 1,000 MW of installed wind power capacity by
2000. The installed wind power capacity at the
end of 1991 was 110 MW, which had increased to
333 MW by January 1994."BMFT provides

approximately 50 percent of the total cost of all
wind-related RD&D projects, with additional
funding provided by the states and the EU.”
These figures exclude the 250-MW demonstra-
tion program, which was reportedly allocated a to-
tal budget of$215 million.*Wind also receives a
10¢/kWh incentive for grid-connected machines
and additional subsidies from several states. Other
initiatives are expected.”

Under the “250-MW” demonstration program,
wind install ations are subsidized either through a
price incentive of 3.7@ to 5¢/kWh*or a one-time
capital investment grant of up to 60 percent of the
facility cost.”By May 1991, more than 2,300 ap-
plications for 4,200 systems with a total capacity
of 520 MW had been submitted.” By the end of
July 1992, 545 turbines representing an installed
capacity of 89 MW were operating under the gov-
ernment program. Some 690 turbines had been
installed as of December 1992 under the program,
with a capacity of approximately 110 MW.” As of
March 1993, expenditures for the 250-MW pro-
gram totaled $24.6 million.”

Special low-rate bank loans from two central
pools contribute significantly to wind power’s fi-

88German Federal Ministry for Research and Technology, “Extension of Deadline for Applicants from the New German States for the
1000-Roof s Photovoltaics Program,” pressrelease, Jan. 31, 1991; and Rauber and Wollin, op. cit., footnote 81.

891bid.

90 Randy Swisher, American Wind Energy Association, personal communication, May 1994.

91International Energy Agency, Wind Energy Annual Report (Paris, France: 1991).

92International Energy Agency, op. cit., footnote 61; “Guidelines for the Promotion of Wind Turbines Under the 250 MW Program and
Within the Framework of the Third Program for Energy Research and Technology,” translation in summary of the German Government docu-

ment, Feb. 22, 1991.

93-New Program in the Pipeline,« \\ing power Monthly, vol. 8. No. 7, July 1992.
944 operator of a stand-alone machine receives 5¢/kWh for power consumed by the Operator, and operators of grid-connected turbines

receive 3.7¢/kWh, as well as the compensation paid by the utility equal to 10¢/kWh. Payment of this incentive ceases when the sum of the
avoided electricity costs, electricity sales, and public subsidies (including those of the EC) reaches double what it cost to build the wind energy

facility.
95Mann et al., op. it footnote 84.

%1bid.

97German Federal Ministry of Research and Technology, “Promotion of Wind Energy by the Federal Ministry of Research and Technolo-

gy,” trandation in summary of the German Government document, March 1993.

9%8ibid.
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nancial support. Kredistanstalt fur Wiederaufbau
and Deutsche Ausgleichsbank operate behind the
scenes to offer credit schemes for wind power de-
velopment, resulting in interest rates as low as 8
percent® compared with standard rates of around
15 percent (as of July 1992; assumed to be the
nominal rate) or arate subsidy of nearly half. Bor-
rowing procedures are simple, and loans often
come through faster than planning permission.
The bank assumes the risk in exchange for the 1
percent interest rate it levies. 'm

International development is supported under
the five-year Eldorado Program initiated in Octo-
ber 1991, which provides for wind and PV energy
projects in developing countries through invest-
ment subsidies with a maximum of 70 percent of
the equipment price. German-based manufactur-
ers and suppliers of plants and systems are eligi-
ble. * The subsidies are granted directly to the
manufacturer of the equipment rather than the
project operator, with the hope that the manufac-
turer will be more likely to protect its reputation,
and the reputation of the technology, by making
sure the project succeeds. ** Transportation from
Germany to the site is subsidized 70 percent, and a
scientific measuring and evaluation program is
supported. ““As of February 1993, six Eldorado
Wind projects with a total capacity of 4.5 MW had
been contracted with Chinese, Brazilian, Russian,
and Egyptian counterparts and one Eldorado Sun
project was supported in the Peoples Republic of
China, including four PV pump systems of 4.8
kW, four battery chargers without inverters (1.1

1249

In the state of Ceara in northeast Brazil, the village of
Cardeiros has been the site of early PV deployments. The
photo shows the village school with individual PV power
systems for lighting and TV, refrigeration, street lighting, and
water pumping.

kW), and 16 battery chargers with inverters (43.8
kW)

ITALY™

In 1988, al the existing nuclear powerplants in
Italy were shut down and all plans for the
construction of new nuclear facilities were
halted. " Renewable energy is viewed as the
most plausible option for decreasing dependence
on imported fossil fuels and protecting the envi-
ronment. The Italian National Energy Strategy
(PEN) sets national goals for the installed capacity
of renewable energy. For PVs, goas of 25-MW
installed capacity by 1995 and 50- to 75-MW

99Rates are ypically 7 to 7.5 percent, with a 1 -percent loan origination fee.

190-Financial Packaging.” Wind Power Monthly, vol. 8, No. 7, July 1992.

101German Federal Ministry of Research and Technology, “Guideline for the Promotion of Piloting Wind Power Plants Under Various Cli-
mactic Conditions, " translation in summary of the German Government document, Oct. 23, 1991.
102+Seeking N&W Horizons,  Windpower Monihly, vol. 8, No. i, January !992.

193German Federa] Ministryof Research and Technology. “The Eldorado Test and Demonstration of Wind and Photo\ oltaic Systems Un-
der Different Climactic Condition\,” n.d.: “Staying Power Needed To Reach El Dorado,” Wind Power Monthiv,v 01.8. No. 9, September 1992;
and “German Wind Power in Brazil,” Solar Energy Intelligence Report, vol. 19, No. 3. February 1993.

104This section is drawn primarily from Kennedy and Egan, op. cit., footnote 1 0.

!05The moratorium ended in December 1992, but it is unclear whether the industry will be revived. Branstetter, op. ¢it.. footnote 28.
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installed capacity by 2000 have been outlined.
When the goals were established in 1991, the
installed capacity was 3 MW. For wind power,
PEN has established atarget of 300 to 600 MW by
the year 2000, with an interim goal of 60 MW
of installed capacity by 1995. *In December
1992, Italy’s wind generating capacity was
approximately 6 MW, another 14 MW were under
construction, and nearly 20 MW were expected to
be in operation by the end of 1993. *

The Italian renewable energy program is a joint
effort of the Agency for Research and Develop-
ment on Nuclear and Alternative Energies
(ENEA) and the National Electricity Board
(ENEL). In 1989, ENEL launched a demonstra-
tion program including two major initiatives; test-
ing of Italian turbines and foreign turbines side by
side in a marine environment at the Alta Nurra test
site and in mountainous terrain at the Acqua
Spruzza test site; and development of two full-
scale windfarms (each equipped with 40 machines
supplied by Italian manufacturers), onein Monte
Arci in Sardinia and another at Acqua Spruzza.
ENEA carries out the bulk of the PV R&D activi-
ties, with a focus on research into innovative ma-
terials and devices. ENEL works with ENEA on
systems development and demonstration pro-
grams.

RD&D initiatives are supplemented by Law
No. 10 passed on January 9, 1991, which deter-
mined the use of renewable energy to be in the
“public interest” and provides for grants to public
authorities, private companies, and state organiza-
tions. For wind turbines or windfarms with a ca-
pacity of 3 MW, investment subsidies of up to 30
percent of the capital expenditure are available.
For PVs, subsidies of up to 80 percent of the capi-
tal expenditure are available for isolated houses.

106 American Wind Energy Association, op. cit., footnote 65.

Demonstration plants in both technologies are eli-
gible for a 50-percent subsidy. A similar subsi-
dy, limited to rural residences inhabited by those
engaged in agriculture, was contained in a pre-
vious law instituted in 1982. Significant results
came of this support, including the electrification
of 4,100 rural dwellings and a total installed ca-
pacity of 1,850 kW of PV systems.

In June 1992, the Interministerial Committee
on Prices passed a new law on the price paid by
ENEL for electricity produced by renewable ener-
gy. New PV equipment can now receive 20@ to
28¢/kWh, and new wind equipment can receive
14@ to 17¢/kWh. Payment is determined by
whether the power is dedicated to the grid or
whether only excess capacity is provided, and is
adjusted further for peak or offpeak production
and capacity factors.

NETHERLANDS™

The wind energy program in the Netherlands in-
cludes RD& D supported by the Ministry of Eco-
nomic Affairs through the Netherlands Agency
for Energy and the Environment. It also includes
direct funding of research institutions such asthe
Netherlands Energy Research Foundation.

The Integral Wind Energy Plan (IPW), which
was in existence from 1986 to 1990, was the first
government program to engage in direct market
stimulation in the form of capital cost incentives
based on installed kilowatts. In 1989, the invest-
ment subsidy was between 37 and 45 percent of
the project cost, with a maximum of $600 to
$740/kW installed. In 1990, the subsidy was re-
duced to 35 to 40 percent, with a maximum of
$545 to $600/kW. In both cases, the percentage
depended on the nonprofit or for-profit status of

107Italian Federal Wind Program Begins To Gather Momentum,” Wind Energy Weekly, vol.ll, No. 525, Dec. 7, 1992, pp. 2-4.

1081bid.

109G, Ambrosini et &., “Programs for Wind Energy Exploitation in Italy: A Progress Report,” paper presented at the Windpower 1991 Con-
ference, Palm Springs, CA, Sept. 24-27, 1991, “Renewable Energy Incentive Gets Approval,” Wind Directions, winter 1991.
110This section is drawn primarily from Kennedy and Egan, op. cit., footnote | 0.
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the company. An environmental/low-noise-pollu-
tion subsidy was offered in the amount of $55/kW
installed in 1989 and $27/kW installed in 1990. In
1990,$25 million was available through the IPW
program. " atotal of 127 MW of wind power Ca-
pacity was installed under this program: 58 per-
cent by utilities, 24 percent in commercial
applications (including farming), 14 percent by
private investors, and 4 percent by family coop-
eratives. ™ Total wind capacity in 1992 was ex-
pected to be 130 MW.

In January 1991, the Application of Wind Ener-
gy in the Netherlands (TWIN) program was initi-
ated. TWIN is based on the official government
position developed in the Energy Conservation
Policy Paper and the National Environmental
Policy Plan, which together set ambitious goals
for energy conservation and supply diversifica-
tion. These include the development of 1,000 MW
of wind power by the year 2000, with $300 mil-
lion allocated to the first 400 MW, to be followed
by additional support for the remaining 600 MW.
A goal of 2,000 MW of installed wind power ca-
pacity by 2010 is outlined. Most of the funds for
wind power development are provided by the
Ministry of Economic Affairs ($22.29 million in
1992), and the Ministry of Housing, Physical
Planning and the Environment ($820,000 in
1992).

Technological development is conducted under
TWIN to ensure continuing product development,
with a goal of a 30-percent improvement in the
price performance ratio and an electricity cost of
14¢/kWh. Wind turbine owners in the TWIN pro-
gram receive a capital cost subsidy of up to 40 per-
cent as determined by the rotor swept area. A
bonus payment from the Environment Ministry is
offered for low-noise wind turbines ™ and for tur-

bines sited in specially approved, less environ-
mentally sensitive areas. Additionally, 50 percent
of the cost of feasibility y studies can be covered, up
to $31,250. Information dissemination, outreach/
education, assessment of the existing program
against international and market developments,
and promotion of international cooperation are
also conducted under TWIN.

The utility sector has developed an Environ-
mental Action Plan to install 250 MW of wind
power in the Netherlands in 1991-95. The eight
power distribution companies combined to form
an organization called the Windplan Foundation
with plans to construct most of the 1,000-MW
goa of the TWIN program. The objectives of
Windplan are the coordination of a combined in-
vestment program of 250 MW of windfarms with-
in the next five years, coordination of a purchasing
program for wind turbines, and support of the de-
velopment of wind turbine technology.]'4 In addi-
tion, the utilities pay tariffs to turbine owners
ranging approximately from 6.8@ to 10.6¢/kWh
depending on the province. **

The power distribution company for the Neth-
erlands provinces of Gelderland and Flevoland,
PGEM, has more than doubled the tariff it pays for
wind power to private owners of turbinesup to 3
MW. Beginning in 1993 for a period of 10 years
the utility will pay new installations 8.8¢/kwh.
The new policy of PGEM apparently offers sup-
port to the Association of Private Wind Turbine
Owners (PAWEX). PAWEX isin the midst of a
drawn-out conflict with the Association of Dis-
tribution Companies (VEEN) over the tariffs paid
for wind power in the Netherlands. VEEN claims
that 3.5@ to 3.7¢/kWh, the equivalent of the cost of
fuel saved by the use of wind power, is afair rate.

111joe Beurskens, “Wind Energy in the Netherlands,” compiled for the 1990 Annual Report of the International Energy Agency, Large-

Scale Wind Energy Conversion Systems Executive Committee, 1990.
112ZAmerican Wind Energy Association, op. cit., footnote 65.

113Private Developers Granted Larger Share of Subsidy Cake.” Wind Power Monthly, vol. 8, No. 2, February 1992.

I 1 30TA has received w ord that the Windplan program had been substantially cut back, but details are not available.

115One Thousand Extra TurbinesinFour Years,” \wind D irections, winter 1991.
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Kenetech Windpower, Inc., 33M-VS wind turbines on Cowley
Ridge in Alberta, Canada.

PAWEX wants the utilities to also pay for the
avoided cost of environmental damage and claims
that a tariff of 10.6¢/kWh would be more reason-
able. The conflict is now in arbitration. Until De-
cember 1991, PGEM followed the VEEN
guidelines, but it has changed its policy to “ex-
press its appreciation for the environmental ad-
vantages of wind power. ” Members of VEEN in
Friesland and PEN in Noors pay 6¢ and 8¢/kWh,
respect ivel y.

An estimated 25 MW will also beinstalled by
private investors in 1991-95.117 Opportunities for
wind turbine installation by private individuals
were significantly improved in 1992, following
changes in the regulations governing wind power
subsidies.

Of the 250 MW of wind capacity Windplan in-
tendsto install, it invited non-Dutch manufactur-
ers to bid for only 80 MW, providing Dutch
companies a significant advantage. It is not clear
how this action—with more than 2,600 turbines
installed in the Netherlands, none imported as of
1991—fits within the framework of EU regula-
tions.'*

Kenetech-U.S. Wind Power, a privately held
American company, has signed a contract to build
and operate 25 MW of wind energy turbines for a
utility in the Netherlands. U.S. Wind Power will
finance, install, and operate the turbines and, un-
der a power purchase agreement, will sell its out-
put of 60 million kWh of electricity ayear to NV
Energiebedrijf, which serves the provinces of
Gronigen and Drenthe. The machines are sched-
uled to be online by the end of 1994. Actual
construction may be performed by a Dutch com-
pany rather than Kenetech’s construction subsid-
iary, but no transfer of technology is presently
planned. ™

SWITZERLAND ™

In September 1990, Switzerland's citizens voted
for athree-pronged energy policy: a moratorium
was declared on the construction of new nuclear
plants for 10 years; existing nuclear plants were to
continue to operate; and the Federal Ministry of
Energy and the states (cantons) were given a man-
date to pursue a more intensive energy policy pro-
moting conservation and renewable. As a result,
an action plan, “Energy 2000,” was initiated. As
of early 1993, funds had not been allocated specif-
ically to the Energy 2000 program, and it is not yet
clear what initiatives will be developed for PV or

116+Utility Doubles Rate of Pay.” Wirid Power Monthly,vol. 8. No, 1, February 1992.
117E Luke,and R de Bruijne, Netherlands Agency for Energy and the EN\ ironment, «1ne Netherlands Wind Energy Stimulation Program:

The Success of a Continuous Effort,” paper presented at the Wind Energy Technology and Implementation European Wind Energy Conference,

Amsterdam, 1991.

118-One Thousand Extra Turbines in Four Years,” op. cit., footnote115.

n9-ysw T. Supply Windpower to Netherlands Utility,” Solar Energy Intelligence Report, vol.18,No.14, July 13,1992,

120Thjs section is drawn primarily from Kennedy and Egan, op. cit.. footnote 10.
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wind power. The budget will be allocated annually
by Parliament, and the necessary funding is esti-
mated to be approximately $777 million. Thisis
expected to be covered by the federal government
in the form of incentives, as well as by the private
owner. Subsidies of 30 to 50 percent of the capital
cost of systems would appear to be necessary.

Switzerland stated goal is for renewable ener-
gy to provide 3 percent of the thermal energy and
0.5 percent of the electric energy the country
needs by the year 2000. A complementary goal of
50 MW of installed PV capacity by the year 2000
has also been set. Photovoltaic R& D expenditures
have risen from $5.2 million in 1990 to $8.64 mil-
lion in 1992, but were expected to decrease to
$5.05 million in 1993.

As aresult of the energy utilization resolution
passed by the Swiss Parliament in December
1990, public power companies are obliged to pur-
chase the electrical energy produced by inde-
pendent power producers using PV, wind,
cogeneration. and micro-hydroelectric power sta-
tions and to reimburse them at an “appropriate
rate. ” For renewable energy power generation, the
purchase price is based on the margina cost of
new domestic installations. Remuneration of be-
tween 21@ and 29¢/kWh “is possible. ’* 121 Scat-
tered canton support in the form of attractive
buyback rates and installation incentives has been
reported, although there does not appear to be a
uniform policy,

The government parties have reached a verbal
agreement to impose a resource or energy tax to

encourage the use of renewable. However, the
rapid introduction of a CO,-energy tax is restricted
by the need to find a consensus with the EU. Con-
sequently, it is unlikely to be introduced soon.

A fund exists for PV installations in govern-
ment-owned buildings, such as military camps,
railway stations, and post oftices. Since Septem-
ber 1992, the Swiss government has supported PV
grid-connected installations for schoolswith a

payment of $4,000/kW. *

UNITED KINGDOM™

The British Department of Trade and Industry has
a series of regional planning studies under way to
assist local authorities in identifying the renew-
able energy potential. Although the United King-
dom is considered to have the best wind resource
in Europe, relatively few wind turbines had been
installed until recently. High taxation on indepen-
dent power production and low buyback rates
throughout the 1980s hindered large-scale wind
power development. - The completion of Eng-
land’s first commercial wind powerplant, a 2-MW
installation at Delabole in the southeastern county
of Cornwall, brought total wind capacity in the
United Kingdom to 12 MW.* Proposals for 16
large-scale windfarms amounting to 130 MW
were granted power purchase contracts and plan-
ning permission in mid-1992.126 By the end of
1992, 30 MW of wind power capacity were ex-
pected to be in operation,” and an additional 100
MW were under development, to be operational in

I2IT. Nordman, “ Photo\ voltaics Applications in Switzerland, " paper presented at the 11 th European Photovoltaic Solar Energy Conference,

Montreux, Switzerland, Oct. 16, 1992.
1221bid.

123Thjs sectionis primarily drawn from Kennedy and Egan, op. cit., footnote !0

124Peter Musgrove and David Lindley, “Wind Farm Developments in [he U.K..” paper presented at the European Wind Energy Conference.
Y

Amsterdam, The Netherlands\, 1991,

125 British Renewables Budget Frozen,” Wind Power Monthly, vol. 8, No. 3, March 1992.
126~Great Oaks from NFFO Acorns,” Wind Power Monthly,vol. 8, No. 5, May1992.

127 Andrew Garrard of Garrad Hassan, persona] communication with Ted Kennedy and Christine Egan, Meridian Corp..1993.
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1993, making the British market the largest in
the world in 1992."

Photovoltaic efforts have not fared as well. A
budget of about $4 million is dedicated to solar en-
ergy overal, but there is no official budget for PV.
In 1989-90, an assessment of the prospects for PV
power generation in the United Kingdom was un-
dertaken by the Energy Technology Support Unit
(ETSU). In response to this action, a number of
leading authorities on PV's have setup the British
Photovoltaic Association.

In 1990, the British power industry was privat-
ized, and the government developed the Non-Fos-
sil Fuel Obligation (NFFO), which required the
purchase of specified amounts of power from non-
fossil sources. This was done in part to ensure that
the industry continued to buy output from the nu-
clear stations (despite their higher costs compared
with fossil fuels), but it has also provided an impe-
tus to the development of some renewable energy
technologies such as wind.” At present costs,
PV projects are not considered supportable under
the obligation. The additional costs incurred by
the regional distribution companies to satisfy the
nonfossil fuel obligation are met by atax on the
electricity supplier (which is passed on to the con-
sumer) of 10 to 11 percent on all revenue from
coal-, oil-, and gas-generated power sales. ™

Since NFFO was introduced, three calls for
proposals have been made. The first phase of proj-
ect solicitations took place in 1990 and resulted in

75 contracts totaling 152 MW of installed renew-
able energy Capamty 132The 1991 call resulted in
122 contracts for 472 MW. By far the largest por-
tion of the proposals were based on waste burning
to generate power. Wind projects totaling more
than 400 MW were submitted, and nine projects (a
total of 28.4 MW) were selected. ** Of these, four
were existing prototype projects, and the remain-
ing five were windfarm proposals each of greater
than 1 -MW rated capacity. ™ The most recent call
reguires the purchase of an additional 300 to 400
MW of renewable power in contracts that run 15
to 20 years. ™

Originally, power was to be purchased at
11 ¢/kWh, but by 1991 the price for wind was
21¢/kKWh.™ After 1998, payment will fluctuate
and be based on a “pool price” of approximately
4.6¢kWh. This expiration date has been reflected
in the availability of financing for this truncated
period. Because of the planning, permitting, and
construction time of 1 %2 to 2 years, the preferred
rate will be available for only 6 to 7 years, and
lenders have insisted on recovering their invest-
ment during the fixed price period. * British
wind powerplants cost $2,300/kW installed ca-
pacity to build, with power costing about
18¢/kWh, as of 1992.

Throughout the 1990s, NFFO orders are ex-
pected to total about 1,000 MW, expanded from an
original obligation of 600 MW. Wind is expected

Iz~""u,td Kingdom To Pass U.S. in the New Wind Installations.” Wind Energy Weekly, vol. 11, No. 500, June 1, 1992, pp. 4-5.

129-Great Oaks from NFFO Acorns,” op. cit., footnote 126.

130Musgrove and Lindley, op. cit., footnote 124.

13t+United Kingdom Mo, To. §jowly onRenewables Government panel Says,” Solar Letter, vol. 3, No. 2, Jan. 22,1993; D.I. Page and

H.G. Parkinson, Energy Technology Support Unit, Harwell Laboratory, Didcot, U. K., “The Development of Wind Farms in England and

Wales,” n.d.
132page and Parkinson, op. cit., footnote ! 31.
133Musgrove and Lindley, op. cit., footnote 124.
134page and Parkinson, op. cit., footnote 131.
(35Branstetter, op. cit., footnote 28.
136page and Parkinson, Op. Cit., footnote 131.

137-UK Expected T- Expand Renewable Energy Program,” Wind Energy Weekly,vol. 1 No. 499, May 18, 1992, p. 1.
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FIGURE 7-2A: Total Federal RD&D in
Photovoltaic Technologies, 1992
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close third m investment beh{nd Germany and Japan

SOURCE Otice of Technology Assessment, 1995 based on table 7-1

to comprise about half of this amount. 138 By Sep.
(ember 1992, f“Inal permission had been acquired
for 49 percent of the NFF0.1* Monitoring of
these projects will be carried out by ETSU. A few
projects will be singled out for more detailed mon -
itoring by independent consultants, including two
windfarrns under a three-year, $4.4-million, co-
funded R&D program between National Wind
Power and the Department of Trade and Indus-
try. *“

According to the American Wind Energy
Association, several U,S. companies have placed
bids through the NFFO program, including the
Wind Harvest Company and a 4-MW project of
Carter Wind Turbines. SeaWest Power Systems is

the most active U.S. firm in the United Kingdom
and is developing 40 MW of capacity there.

COMPARISONS

The preceding descriptions of national programs,
and those of the United States as discussed in
chapter 5, offer a snapshot of the wide array of
supports that PV and wind technologies are re-
ceiving. It is useful here to briefly compare these
supports.

Federal RD&D support for PVS is shown in to-
tal current dollars and in dollars per capita in fig-
ure 7-2. As noted in chapter 1, U.S. support for
PV'S has risen considerably since 1992, but that

FIGURE 7-2B: Per Capita Federal RD&D in
Photovoltaic Technologies, 1992
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i ~x.'P,l , Replrt Re~orlInlcnd~ Long-Term Market Incentl Ve$,” Wind Po\~er Monthl), vol. 8, No. 3, March 1992.

11)p,, ~n~ parkins{>n, op. cit., footnote! ~'~
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FIGURE 7-3A: Total Federal RD&D in Wind Energy Technologies, 1992

Total investment (million 1992$)

Italy Netherlands Us.

Germany

United Denmark

Kingdom

Japan

Total RD&D investment in wind energy technologies is shown for various OECD countries. By this measure, the
United States ranked third in investment, well behind Italy and the Netherlands.

SOURCE: Office of Technology Assessment, 1995, based on table 7-4

year was chosen for comparison because more re-
cent data for several countries were not available
on a consistent basis. The United States has a pro-
gram roughly comparable in terms of total invest-
ment to those of Japan and Germany, and
somewhat larger than that of Italy. In terms of per
capita investment, however, the United States
ranks far behind the leading countries.

Total and per capita federal RD&D support for
wind technology is shown in figure 7-3. In terms
of total investment, the United States ranks well
behind Italy and Holland, and is roughly compara-
ble to Germany. In terms of per capita investment,
the United States ranks near the bottom of the list,
for example, spending less than one-twentieth per
capita of the amount spent by the Netherlands.

To encourage PV commercialization, the
United States supports several major initiatives
including the PV Manufacturing Technology
Project and the PV for Utility Scale Applications,
which are discussed in chapter 6. In addition, the
United States provides five-year accelerated de-
preciation for PV systems as well as 10-percent in-
vestment tax credits for PV investments by

nonutility generators. PV power must be pur-
chased at the utility’s avoided costs, but these are
typically in the neighborhood of 3@ to 7¢/kWh,
well below current PV costs.

In comparison, Japan variously provides 7-per-
cent investment tax credits, loans at interest rates
of 4.55 percent, and subsidies of up to 50 percent
on model plants, and it plans to subsidize up to
two-thirds of the cost of residential systems. Fur-
ther, the purchase price for privately generated
power in Japan is 16@ to 24¢/kWh.

Germany provides 50 to 60 percent federal sub-
sidies and roughly 20-percent state subsidies, with
alimit of 70 percent, for PVs installed under its
“1,000 Roof” program. Utilities purchase PV
power at 12¢/kWh.

In Italy, remote houses can receive a PV subsi-
dy of up to 80 percent of capital costs; grid-inte-
grated PV systems receive 20@ to 28¢/kWh for
power sold to the grid.

RD&D and commercialization strategies
might rely on "deep-pocket” firms that can carry
PV programs over the long term. ARCO and
Mobil are large oil companies that were expected
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FIGURE 7-3B: Per Capita Federal RD&D in Wind Energy Technologies, 1992
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SOURCE Office of Technology Assessment 1995

to fill such arole in U.S. photovoltaic develop-
ment. but both sold their PV division to German
companies.

U.S. PV producers themselves, though techni-
cally strong, tend to be small firms. Other than
U.S.-based production by Siemens (Germany)
and Solec International (Japan), the United States
has only one firm that produced 1 MW or more of
PV power in 1992, compared with six Japanese
firms,* five European firms,**and one firm in
India

The difficulties faced by small U.S. firms in
accessing long-term financial resources are | ead-
ing to arrangements with foreign producers in
some cases. A recent example is the Energy Con-
version Devices agreement with Canon (Japan) to
build a production facility in Virginia (box 6-2).

This leads naturally to the question of the extent to
which PV manufacturing might move offshore as
it becomes more like a commodity production
process. As discussed above. maintaining U. S.-
based production of PVs will require maintaining
alead in RD&D as well as developing and invest-
ing in advanced automated production facilities.

POLICY OPTIONS

Given the rapid change in technol ogies and gov-
ernment programs, more current data and anal ysis
are needed for effective decisionrnaking. Thus,
Congress could direct both the Departments of
Energy and of Commerce to expand recent work
examining competitiveness, 143 Such work migh
include a more detailed examination of the sup-

141Notincluding U. § - based productionbySolec International, now owned by Sumitomo and Sanyo.

142Notincluding U.S.-based production by Siemens-Solar.

143Work is currently D€ING done at Sandia National Laboratory at the request of the Office of Intelligence, Office of Foreign Intetligence.

U.S. Department of Energy.
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Above the arctic circle on Spitsbergen Island, Norway, this

port provided by foreign governments to their in-
dustries, including RD&D, tax. financial, and
export assistance. This analysis could compare
the effective level of subsidy provided to different
technologies and firms within each country’s ac-
counting framework. It could also examine the
firm-or industry-specific impact of these supports
in terms of profitability, access to capital, ability
to expand and capture market share, and other
measures of vitality. Such analysis would seem
particularly important in terms of small entrepre-
neurial U.S. firms, which may have difficulty
adequately accessing capital even to match cost-
shared R& D programs. Finally, the effectiveness

of these supports could be compared on the basis
of their long-term impacts on competitiveness;
particularly important may be support for early
scaleup of manufacturing that captures significant
economies of scale and learning.

Correspondingly, specific strengths and weak-
nesses of the U.S. system could be examined to
determine where it might be improved with re-
spect to the international challenge. This analysis
might include an examination of:

» RD&D and commercialization to develop ado-
mestic industry (see chapters 5 and 6);

= the effectiveness and means of improving in-
dustry consortia and public-private partner-
ships for RD& D and market development;

» how RD&D can support U.S. exports,

m the access of small entrepreneuria firms to cap-
ital markets; *and

= gaps in support for developing export mar-
kets—particularly the lack of technology-spe-
cific knowledge or support, and weak market
development support (especialy public-pri-
vate export project finance)-on the part of
trade agencies.”

CONCLUSION

Renewable energy technologies could become a
major growth industry in the 21st century. Com-
petition in global renewable energy markets is
likely to become increasingly intense, and the
winners stand to dominate a lucrative internation-
al market. Several countries are vying for the lead
in the world PV and wind markets with very
aggressive programs. The U.S. is dtill a major
player in the international marketplace and, given
the opportunity, U.S. firms can continue to be
competitive in international markets for renew-
able energy technologies. This may provide sub-
stantial long-term economic and environmental
benefits at home and abroad.

'44Michael g, Porter, “Capital Disadvantage: America's Failing Capital Investment System,” Harvard Business Review. September-

October 1992, pp. 65-82.

145For an analysis and discussion of U.S. export programs, see the references in footnote 6.



CONVERSION FACTORS

Area

1 square kilometer (knt) =
0.386 square mile
247 acres
100 hectares

1 square mile=
2.59 square kilometers (km?)
640 acres
259 hectares

| hectare = 2.47 acres

Length
| meter= 39.37 inches
| kilometer= 0.6214 miles

Weight

1 kilogram (kg)= 2.2046 pounds
(Ib)

1 pound (16)= 0.454 kilogram
(kg)

1 metric tonne (ml) (or “long
ton”) =
1,000 kilograms or 2,204 Ibs

1 short ton = 2,000 pounds or
907 kg

Appendix A:

Scales, and
Conversion

Energy
1 Exajoule = 0.9478 quads

1 Giggjoule (GJ) = 0.9478
million Btu

1 Megaloule (MJ) = 0.9478
thousand Btu

1 quad (quadrillion Btu) =
1.05x 10”Joules (J)

1.05 exgjoules (EJ)

4.20x 107 metric tonnes, coal
1.72x 10°barrels, oil
2,34x10" metric tonnes, oil
2.56x10" cubic meters, gas
5.8x10" metric tonnes dry wood
2.92x 10" kilowatthours

1 kilowatthour =
3410 British thermal units (Btu)
3.6x10° Joules (J)

1 Joule=
9.48x10-*British thermal unit
(Btu)
2.78x10_"kilowatthours (kWh)
1 British thermal unit (Btu) =

2.93x10-"kilowatthours (kWh)
1.05x 103 Joules (J)

Units,

Factors A

Volume
1 1 liter (1)=
0.264 gallons (liquid, U. S))
6.29x 1 0-°barrels (petroleum,
Us.)
1x 10-*cubic meters (m’)
3.53x1 0-cubic feet (ft’)
1 gallon (liquid, U.S)=
3.78 liters (1)
2.38x 10-*barrels (petroleum,
Us.)
3.78x 10-*cubic meter (m’)
1.33x10_' cubic feet (ft)

1 barrel (bbl) (petroleum, U. S) =
1.59x 102 liters (1)
42 gallons (liquid, U. S))
1 cord wood=
128 cubic feet (ft°) stacked
wood

3.62 cubic meters (m’) stacked
wood

Temperature

From Celsius to Fahrenheit:
((9/5) x (“ C))+ 32 =°F

1259
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From Fahrenheit to Celsius: 9/5 x (change in *C)= change
(5/9) x(F-32)= “C In'F
| To convert a Fahrenheit
Temperature changes: change to a Celsius change:
.To convert a Celsius change to |5r/1 9 x (change in ‘F) = change
°C

a Fahrenheit change:

Example: a3.0'C risein
temperature = a5.4 ‘Frise
in temperature



