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3-percent price advantage to goods and services of
EU origin.45 The latest round of the General
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.46

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.47 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 a total PV capacity of nearly 2 MW were to be
installed beginning in 1992. The EC contributed
$39 million for this program.48

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 C02 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 C02 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.49 This allows
RETs 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. Intema(ional Trade Commission, The Effects ofGreater  Economic Integration Within the European Community on the Uniled States,

USITC Publication 2204 (Washington DC: July 1989).

%u.s. International Trade  Commission, The Eflects  of Greater Economic Integration Within the United States: Second Fo[/ow’-up  Report,

USITC Publication2318 (Washington DC: September 1990); U.S. lntemational  Trade Commission, The Eflects of Greater Economic lnregra-

tion Within the European Community on the United States: Fifth Follow-Up Repor/,  USITC Publication 2628 (Washington DC: April 1993).
QTPa]Z,  Op. cit., footnote 42.

48M.s. Imamura  et a]., Photo}ro//aic System Technology:  A European Handbook (Brussels, Belgium: Commission of the European  Com-

munities,  1992).

49u.s. Congress, Offlce of Technology Assessment, Industrial Energy Eficiency,  OTA-E-560 (Washington, DC: U.S. GoVemmem prlntiw
Offlce, August 1993).

5@’ Renewables  Cou[d Benefit from EC Tax on C02 Output,” op. cit., f~tnote  44.
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ers to the EU have threatened retaliatory trade ac-
tion if the community pushes ahead with this
proposal. 51

DENMARK 52

In 1973, Denmark was 99-percent dependent on
imported energy supplies, mainly oil. As a result
of new energy policies, Denmark’s annual gross
energy consumption is lower now than in 1972,
and its dependence on imported oil is less than 50
percent of the energy supply.53 The Energy 2000:
Plan of Action for Sustainable Development now
serves as the foundation of Denmark’s energy
policy.

54 Its goal is to reduce energy use and at-
mospheric emissions by 2005 by reducing energy
consumption by 15 percent, C02 emissions by at
least 20 percent, sulfur dioxide (S02) emissions
by 60 percent, and nitrogen oxide (NOX) 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.

56 Wind energy development ‘n

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.57 PV is not a major 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 a small portion allocated to universities and
miscellaneous RD&D projects. The overall Dan-
ish wind program during the 1980s cost about $95
million. 58 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.60 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 I“EuroWan  ofilcla] Raps U.S. Stance on Carbon Dioxide,” W/rid Energy  Weekly, vol. 11, No. 493, Apr. 13, 1992, p. 4.

sz~l$  section is primarily drawn from Kennedy and E.gan, op. cit., footnote 10.

s~Finn Godtfredsen,  “wind Energy planning in Denmark, ” paper presented at the European Wind Energy Association (EWEA) s~cial

Topic Conference on [he Potential of Wind Farms in Denmark, Denmark, Sept. 8-11, 1992.

sdDanlsh M1nis~  of Energy, “Energy 2000--A PlaI-I of Action for Sustainable Development,” April 1990;  and ibid.

55JenS Kr, vesterdal, “Experience With Windfa~s in Denmark,” paper presented at the EWEA Special Topic COnfeRnCe  on the potential Of
Wind Farms in Denmark, Denmark, Sept. 8-11, 1992.

S~Birger T, Madsen, “The Danlsh  Wind power Industry, ” paper presented at the Wind Power 199 I Conference, 1991, p. 82; Godtfredsen,

op. cit., footnote 53; and ibid.

sTVilhem  Momp-pedersen  and Soren pedersen, “Windfarrn 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.

sx’’Renewab]e  Energy  is Key Part  of Global policy, DaneS say,” Wind Energy  Week/j, vol. I 1, No. 480, Jan. 13, 1992, pp. 3-4.
sYDanlSh  MlnlS~ of Energy  wind Ener~}, in Denmark:  Research and Technological De\elopmen~  (copenha~m,  Denmark: 19W).

b~lbld.;  DmlSh  Mini\tV of Energy, “~ve]opment  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 1992.61 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. 62 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
powerplant owner.

63 This has been controversial.

For a time 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. b4

Danish wind energy incentives were intro-
duced approximately 10 years ago. Initially 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.b5 In late
1992, a new subsidy program to stimulate invest-

ment in wind 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 The wind power purchase price ‘ill av-

erage 6¢/kWh.b7

Denmark has an energy tax levied at 4.9¢/kWh.
Until May 1992, this tax was refunded to renew-
able energy power producers in the private sector
at a level of 4¢/kWh. The tax relief was structured
so as to reflect avoided costs.b8 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.b9 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 C02 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 1992.71

~1 Intematlonal Energy Agency, Wind Energy  Annual Report (Paris, France: 1992).
bzAndrew carrad, EUrOpean  Wind Energy Assochtion, “Time for Action: Wind Energy in Europe,” October 1991.

63 EuroPan  Commission, “Commission Approves Price Support for Wind Power,” press release, Sept. 30, 1992.

64,.  Minis[er  Ru]es  Against  Sing]e  Turbines  and for Grid connection Charges,” Wind Po\ier Monthly, vol. 8, No. 3, March 1992.
bsAmericm Wind Energy Association, “European Wind Energy Incentives,” Feb. 19, 1992.

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

67*, Deve\oFrs  wait  Anxiously  for Brussels Approval Of New Regulations,“ Wind Po~\er  Mon~hly, vol. 8, No. 8, August 1992.

6~Ganad, op. cit., footnote 6*.

69 Dm1sh  Minis~y  of Energy, Op. Cit., footnote 54.

To] bid.; and Gamad,  op. cit., footnote 62.

7 I European COmrnission,  op. 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.72

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 8.5 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 partially by the
limited-risk shareholder company set up to ad-
minister them. The company’s share of the capital
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.

74 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;

76 By the end of 1991> ‘oreand others, 3 percent.
than 8,300 Danish wind turbines with a total ca-
pacity of approximately 840 MW had been
installed abroad.77 Development assistance for
wind energy projects, usually 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 78

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 Po\t)er A40nrhly,  Y’O].  8, No.  6, June 1992.

TsMadsen,  op. cit., footnote 56”

741bid.
75see ibid; and ,,If YOU cm’[ ~eat Thenl Join  T’hem,” wind po}~er  M{)n//l/l,  \IO],  ~, No,  } , January 1992.
76 Mad~en, Op, ~i[,, foo[note 56: Danish Ministry  of Energy, Op. Cit.,  footnote 59.

TTGodtfredsen,  op. cit., fOotnOte 53.

78Th1s  section is Prlmarl]y drawn from Kennedy and Egan,  op. cit., footnote I ().
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Turbines produced
Manufacturer Country through end of 1989

US Windpower
Mitsubishi

Vestas/DWT
Micon

Bonus

Nordtank

Danwin

Windworld

HMZ/Windmaster
Nedwind-Bouma

Nedwind-Newinco
Lagerwey
Holec
MAN

Enercon
MBB

Elektromat

HSW
WEG
WEST
Riva Calzoni
Ecotecnia
Voest

United States
Japan

Denmark
Denmark

Denmark

Denmark

Denmark

Denmark

Belgium/NL
Netherlands

Netherlands
Netherlands
Netherlands

Germany

Germany

Germany

Germany

Germany

United Kingdom
Italy

Italy

Spare
Austria

3,500
500

2,800
1,600
1,250
1,100

300
102
269
58
68

125
19

321
35
29
15
9

27
35 (end of 1991)
50 (end of 1991)

NA
NA

NA = not available
SOURCE A J M van Wik et al , W/rid Energy Status, Constraits and Opportunities (L0ndon,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
rural 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,” a new 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-kW 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 2005.79 France has
approved construction of the country’s first com-
mercial wind powerplant. Electricity de France
has agreed to buy wind-generated electricity from

Wp~U1  Glw, “me Race for wind “ Independent Energj, July/August  1993, 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’s wind resource
as well as identifying sites for future plants.

GERMANY 80

Germany spends more on renewable energy than
any other country in Europe.
budget for renewable energy
$216 million; this does not i
the states, which is substantial

In 1992, its federal
was approximately
include spending by
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

8 1 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 Bavaria82) and utility support, as
well as other financial support. This financial 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.83

The Law on Supplying Electricity has had the
effect of raising the national tariff for wind and PV
paid by the utilities, from 7¢~ to 11 ¢kWh.84 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.”85

In November 1990, the federal government es-
tablished a goal of decreasing C02 emissions by
25 to 30 percent from the 1987 level by the year
2000, which couId stimulate the use of renew-
ables.86 A proposal has been introduced to initiate
a C02 tax on conventional energy sources; this has
been postponed pending development of related
initiatives by the EU.87

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

x(~ls \ectlon i~ ~ruw n prin)aril~ f rom Kennedy  and Egarl, op. ~It., footnote  1 ~.

~ IA, Rauber  and K, Wo]]ln.  “PhO[o\  o][al~ R&D in the Federal Republic of Germany,” paper presented at the 6th International photo~ oltaic

Science and Englneermg  Conference. New Delhi, India, Feb. IO- 12, 1992, p. 529.
\~.. Ba~laria  Takes  Up the C’halicnge. “ W/rid Potter  ,Vfomhl},  vol. 8,  No. 7, July 1992.

%~compn~atlon  for hYC]ropoW”  ~r, Illunlclpa]  solid  wai[e, and agricu][ura]  and forestry residues must be at least 75 percent  of [he  average rate.
per kilowatt-hour paid by con~umcri.

x~Germm Fcdera] M ini~tr}  of Rewarch  and Technology, “’Ltiw  on Supplying Electricity to the Public from Renewable Energy Sources
(Electricity Supply Law),” translation in summary  of German Go\ emment  Document No. 66090, Oct. 5, 1990; American Wind Energy
A\\oc iation, op. cit., footnote 65; and P. Mann et al.. ‘hThe 250 Mw Wind Energy Program in Germany,” paper presented at the Wind Energy

Technology and Implementation European Wind Encrg} Conference, Amsterdam, me Netherlands, 1991.

x~Germm Fcdcra] Mlni\tr} of Rcwarch  and Technology, op. cit.,  footnote 84.

~~~e  Cl[lzeni  group Germanw  a[ch  (e\[abl]\hcd to monitor German\ ‘~ action on env ironment  and de~ clopment  iwe~ ) rckmd  a study on

April 7, 1992. that ~tatcd that the countrj would fall \hort of \tated goals for reduction of COj emissions  and predicting that Germany will
achie~e  COj emlision cuti of onl~  10 percent by the j ear 2W5.  See “Germany Won’t Achieve Goal Environmental Group Says,” R’lnd L’nerg}’
~~ekf),  vol. 1 I. )S0, 494,  Apr. X), 1992.  pp. 5-6.

X7 Arrnjn  Rau~.r,  Fraunhofer  ]n~titu[e of Solar  Energy, persona]  communication to Ted Kennedy ~d Christine E~an. AII~. I ~, 199*.
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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.88 A limit has been set
to a total subsidy of 70 percent of the system cost.
This grid-connected application also allows 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) annual budget figures.
As of January 31, 1992, this program was opened
to non-German manufacturers within the EU with
the appropriate business permits.89 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 1994.90 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.91

These figures exclude the 250-MW demonstra-
tion program, which was reportedly allocated a to-
tal budget of$215 million.92 Wind also receives a
10¢/kWh incentive for grid-connected machines
and additional subsidies from several states. Other
initiatives are expected.93

Under the “250-MW” demonstration program,
wind installations are subsidized either through a
price incentive of 3.7@ to 5¢/kWh94 or a one-time
capital investment grant of up to 60 percent of the
facility cost.95 By May 1991, more than 2,300 ap-
plications for 4,200 systems with a total capacity
of 520 MW had been submitted.9G 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.97 As of
March 1993, expenditures for the 250-MW pro-
gram totaled $24.6 million.98

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

~8Germm Federal Ministry for Research and Technology, “Extension of Deadline for Applicants from the New German States for the

1000-Roofs Photovoltaics  Program,” press release, Jan. 31, 1991; and Rauber  and Wollin,  op. cit., footnote 81.

891bid.

90 Randy Swisher, Americ~  Wind Energy Association, personal COITMIIUnlCatiOIL  May 1994.

911n[emationa1  Energy  Agency,  Wind Energy Annual Reporr  (Paris, France: 1991).
gzln[emationa]  Energy Agency,  op. cit., footnote 61; “Guidelines for the Promotion of Wind Turbines Under the 250 MW Program ~d

Within the Framework of the Third Program for Energy Research and Technology,” translation in summary of the German Government docu-
ment, Feb. 22, 1991.

9~..New  ~ogram  in the pipeline! “ Wind Po\t’er  Monthly, vol. 8. No. 7, July 1992.

!MAn o~rator  of a stand-alone machine receives 5@/kWh for power consumed by the operator, and opemtors  Of @d-COnneC[ed 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.

95Mmn et a]., op. cit., footnote 84.

961bid.

97Ger-m~  Federal Ministry of Rese~ch and Technology, “Promotion of Wind Energy by the Federal Ministry of Research and Technolo-

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

981bid.
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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
percent99 compared with standard rates of around
15 percent (as of July 1992; assumed to be the
nominal rate) or a rate 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. 101 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. 102 Transportation from
Germany to the site is subsidized 70 percent, and a
scientific measuring and evaluation program is
supported. 103 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

———
9gRates  are (~pica]]y 7 (0 7.5 percent, with a 1 -percent loan origination fee..
lfn+.Finmclal P~Ckaging,” W\nd Power Monthly, vol. 8, No. 7, July 1992.

I o I Geman  Federal Ministry of Research and Technology, “Guideline for the Promotion of Piloting Wind Power Plwm Under \’arious Cli-

mactic Conditions, ” tran4ation in summary of the German Government document, Oct. 23, 1991.

10Z..Seeking  New Horizons, “ wln<~pob,cr  ,}~onl}l~},  vol. 8, No. i, Jwuary 19~2

I ~J~Ge~an  Federa] M)ni\[ry  of Research and Technology. “The Eldorado Te~t and Demonstration of Wind iind Photo\ oltaic Systems  Un-
der Different Climactic Condition\,” n.d.; “Staying Power Needed To Reach El Dorado,” Wind Po}ter Monfhl], \ 01.8. No. 9, September 1992;
and “German Wind Power in Brazil,” Solur Energ> ln~elligence Report, vol. 19, No. 3, February 1993.

l~d~ls  section is drawn primarily from Kennedy and Egan,  op. cit., footno[e  1 ~.

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

ITALY 104

In 1988, all the existing nuclear powerplants in
Italy were shut down and all plans for the
construction of new nuclear facilities were
halted. 105 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, goals of 25-MW
installed capacity by 1995 and 50- to 75-MW

l~s~e moratorlunl  ended in December 1992,  but it is unclear whether the indus[ry  will be revived. Branstetter,  op. cl(., f~)~mot~ 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 a target of 300 to 600 MW by
the year 2000,106 with an interim goal of 60 MW
of installed capacity by 1995. 107 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. 108

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), one in 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.

l~American  Wind Energy Association, op. cit., fOOtnOte  65.

Demonstration plants in both technologies are eli-
gible for a 50-percent subsidy. 109 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.

NETHERLANDS11O

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 as the
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

1~7*’lta]ian Federal Wind ~ogram  Begins TO Gather Momentum,” Wind Energy Weekly, vol. II, No. 525, ~c. 7, 1992, pp. 2-4.

Ioslbid.

l@G. Ambrosjni et a]., “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.

I IOThis Swtion is drawn primarily from Kennedy ~d Egan, op. cit., f~~ote 1 ~.
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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.

111 
A total 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. 112 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 113 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
goal 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. 1 15

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 turbines up 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 is in 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 a fair rate.

I ] ‘Joe Bcur\kens,  “Wind Energy in the Netherlands,” compiled for the 1990 Annual Report of the International Energy Agency, Large-

Scale Wind Energ} Conversion Systems Executive Committee, 1990.

11 ~Am~ri~an  Wind EnergJ A~\ociation, op. cit., footnote 65.

I I ~.prl~ ate DeYe]OPr\  Granted Larger Share of Subsidy cake,” Wind Pouer Monthly, vol. 8, No. 2, February 1992.

I 1 -lOTA has rccelYed ~ Ord that the windp]~  program  had been  subs[ant]a]]y  ~111 back,  but &?ta]]s  are not available.

I 1 ~..~ne ~ouJmd F~x[ra Turblne~  ,n F-our Years,” Wind .!) Irections, winter 1991.
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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. 116

An estimated 25 MW will also be installed 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-
tends to 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. l 18

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 a year 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. 119

SWlTZERLAND 120

In September 1990, Switzerland’s citizens voted
for a three-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

I l~utlllty  Bubles  Rate of Pa>,” W/rid Po\~er Monthl.v, vol. 8, No, 1, Februar) 1992.

I ITE Luken and R. de B~ijne,  Netherlands  Agenc)  frn Ener~~ iin~ the En\ lrOI_HllCnl, “The 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.

1 I X’One ~ousmd Extra Turbines in Four Years,” op. cit., footnote 115.

I ]~..usw  T. supply WindWwer  [0 Netherlands utility,” Solar Ener~} /ntel/i~ence  Re/n-t,  VOI. 18, No. 14, JUIY 13, 1992.

lzo~ls section is dra\vn  Primar]]y  from Kennedy and Egan,  op. cit.,  footnote 1 ~.
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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. This is
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 a result 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 marginal 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 C02-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 schools with a
payment of $4,000/kW. 122

UNITED KINGDOM123

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.

124 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.125 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,127 and an additional 100
MW were under development, to be operational in

1 J IT. N“ordman,  “Photo\ oltaics  Applications in Switzerland, ” paper presented at the 11 th European Photovo]taic Solar Energy Conference,
,Montrcu\, Switzerland, Oct. 16, 1992.

I ~~[bld,

I ~~~lj ~ectlon is Prlmarl]y drawn  from Kennedy and Egan, op. cit., footnote I ~).

1 ~~peter Mu\grove  and David Lindley,  “1Vind Farm Developments in [he U.K ,.” paper prc~cnted at [he  European Wind Energy  Conference.

Amwmiam,  The Netherlands\, 1991,

I ~s’’Brl[l\h  Renewab]e\  Budget Frozen,” Wind Power  Monthly, vol. 8, No. 3, March 1992.

I l~Grea[  Oaky from NFFO Acorns,” Wind Power Monrhly,  VO]. 8, No. 5, May 1992.

I ~TAndrew Gamard  of Ga~ad Hasjan,  persona] communication with Ted Kennedy and Chri\tme Egan, Meridian COW.,  i 993.
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1993, 128 making the British market the largest in
the world in 1992.129

Photovoltaic efforts have not fared as well. A
budget of about $4 million is dedicated to solar en-
ergy overall, 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 PVs 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.130 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 a tax 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. 131

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 capacity.

132 The 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. 133 Of these, four
were existing prototype projects, and the remain-
ing five were windfarm proposals each of greater
than 1 -MW rated capacity. 134 The most recent call
requires the purchase of an additional 300 to 400
MW of renewable power in contracts that run 15
to 20 years. 135

Originally, power was to be purchased at
11 ¢/kWh, but by 1991 the price for wind was
21¢/kWh. 13b 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 ½ 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. 137 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

lz~’’u nlted Kingdom To pass U.S. in the New Wind ]nsta]]atlOnS,” Wind Energ} Weekly, vol. 11, No. 500, June 1, 1992, pp. 4-5.

lz9’’Grea[  Oaks from NFFO Acorns,” op. cit., fOOtnOte  126.

l~~Musgrove  and Lindley, op. cit., footnote 124.

13 l.-unl~ed  Kingdom Movlng To. sl~~ly  on Renewables  Government panel Says,” &~/ar Le/[er, VOI.  3, No. 2, Jan. 22, ] 993; D.I. page ~d

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

ljzpa~e ~d Parkinson,  op. cit., fOOtnOte  ] 31.

]j3Musgrove  and Lindley, op. cit., footnote 124.

ljdpage  ~d parkinson,  op. cit., footnote 131.

I ~SBranstet[er,  op. cit., footnote 28.

136page  ~d pmkinson,  Op. Cit., fOO~Ote  131.

1 37,*UK ExFcted  T. EXpand Renewab]e Energy  program,” wind  Energy Weekl~’,  VO]. 1, No. 499, May 18, 1992, p. 1.
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to comprise about half of this amount. 138 By Sep.

(ember 1992, f“lnal permission had been acquired
for 49 percent of the NFF0.13g 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
PVS has risen considerably since 1992, but that

‘“4 T--- ‘1

h. .
I

I
,

Switzer- Germany Italy Japan Us. France
land

Per capita RD&D investment In PV technologies IS gwen for
various OECD counfrles By this measure, the Un/fed Slates
ranks a dManf fifth behind Swli’edand, Germany /fa/y, and
Japan

SOURCE Off Ice o! Tectmology Assessment 1995

—
i ~x. ’Poll tlca] Replrt Re~orllnlcnd~ Long-Term Market Incentl Ve$,” Wind Po\~er Monthl), vol. 8, No. 3, March 1992.

1 lc)pdoc ~n~ parklns{>n, op. cit., footnote I ~ 1 ~r
] ‘JIbld,
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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
a limit 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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such a role in U.S. photovoltaic develop-
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,14’ five European firms,142 and one firm in
India.

The difficulties faced by small U.S. firms in
accessing long-term financial resources are lead-
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
a lead in RD&D as well as developing and invest-
ing in advanced automated production facilities.

POLICY OPTIONS
Given the rapid change in technologies 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-

I ~1 No[ inc]lldlng  U. S,. baJed  pr~duc[t~n  by SOIW  International, now owned by Sumitomo  tind SanJO..
I qZNot includlng u.s.-ba~ed production bjf Siemen+solar.

] q~work  is ~umently  being done at Sandia N’atlona]  Laboratory at the reques[ of the Office of lnte]ligen~e, Office of Foreign In[el]igcn~e,

U.S. Department of Energy.
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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:
■

■

■

m

■

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;
the access of small entrepreneurial firms to cap-
ital markets; 144 and
gaps in support for developing export mar-
kets—particularly the lack of technology-spe-
cific knowledge or support, and weak market
development support (especially public-pri-
vate export project finance)-on the part of
trade agencies.145

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 still 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.

l~~M1chael E pofier, “capital DiSa~Van(a~e: America’s Failing capita] Investment sySWTl,” Har\’ard Business Ret’iet(, September-

October 1992,  pp. 65-82.

ldsF~r ~ ~a]ysls  and discussion of U.S. export programs, see the references in fOOKIOte 6.

-. — —-.



Area
1 square kilometer (km2) =
0.386 square mile
247 acres
100 hectares

1 square mile=
2.59 square kilometers (km2)
640 acres
259 hectares

| hectare = 2.47 acres

Length
| meter= 39.37 inches

| kilometer= 0.6214 miles

Weight
1 kilogram (kg)= 2.2046 pounds

(lb)

1 pound (16)= 0.454 kilogram
(kg)

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

1 short ton = 2,000 pounds or
907 kg

Appendix A:
Units,

Scales, and
Conversion

Factors A

Energy
1 Exajoule = 0.9478 quads

1 Gigajoule (GJ) = 0.9478
million Btu

1 MegaJoule (MJ) = 0.9478
thousand Btu

1 quad (quadrillion Btu) =
1.05x 1018 Joules (J)
1.05 exajoules (EJ)
4.20x 107 metric tonnes, coal
1.72x 108 barrels, oil
2,34x10 7 metric tonnes, oil
2.56x10 ]0 cubic meters, gas
5.8x107 metric tonnes dry wood
2.92x 1011 kilowatthours

1 kilowatthour =
3410 British thermal units (Btu)
3.6x10 6 Joules (J)

1 Joule=
9.48x10-4 British thermal unit

(Btu)
2.78x10_7 kilowatthours (kWh)

1 British thermal unit (Btu) =
2.93x10- 4 kilowatthours (kWh)
1.05x 103 Joules (J)

Volume
1 l liter (1)=
0.264 gallons (liquid, U. S.)
6.29x 1 0-3 barrels (petroleum,

U s . )

1x 10-3 cubic meters (m3)
3.53x1 0-2 cubic feet (ft3)

1 gallon (liquid, U.S.)=
3.78 liters (1)
2.38x 10-2 barrels (petroleum,

U s . )

3.78x 10-3 cubic meter (m3)
1.33x10_ ] cubic feet (ft3)

1 barrel (bbl) (petroleum, U. S.) =
1 .59x 102 liters (1)
42 gallons (liquid, U. S.)

1 cord wood=
128 cubic feet (ft3) stacked

wood
3.62 cubic meters (m3) 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 Example: a 3.0‘C rise in
(5/9) X (oF - 32)= “C i noF temperature = a 5.4 ‘F rise

| To convert a Fahrenheit in temperature

Temperature changes: change to a Celsius change:

■ To convert a Celsius change to 5/9 x (change in ‘F) = change
a Fahrenheit change: in oC
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A
Accelerated depreciation, 15,205,207,213,215
Acid hydrolysis, 117-118
Action Plan for the Prevention of Global Warming,

239
Active space heating and cooling, 71,73,81-82
Advanced Wind Turbine Program, 179
Agency for Research and Development on Nuclear

and Alternative Energies, 250
Agricultural energy crops

advances in development of, 33-35
bioenergy supplies, 36-40
commercialization, 54-60
crosscutting issues, 64-65
ecology principles, 55
economic impacts, 45-49
federal incentives for, 36
growing regions, 34
key issues and findings, 3
national policies that influence the use of, 35
policy options, 60-64
potential environmental impacts, 40-45
potential roles for, 36
research, development, and demonstration, 49-54

Agricultural Resources Interregional Modeling
System, 41

Air quality
impact of energy crops, 52
motor vehicles and, 104-105
pollution reduction from methanol use, 114

Alkaline cell, 133
All-electric drivetrains, 104
Alliance To Save Energy, 217
Alternative fuels, 126-128
Alternative Minimum Tax, 15,212
Alternative Motor Fuels Act, 35
American Public Power Association, 80, 193
American Society of Heating, Refrigeration, and Air

Conditioning Engineers, 100
American Solar Energy Society, 88
AMONIX, Inc., 163
Amorphous silicon, 167

Applied Research Program, 179-180
Arco Solar, 7
Arizona State University, 89
Association of Distribution Companies,251 -252
Association of Private Wind Turbine Owners,

251-252
Avoided cost of power, 200

B
Backup systems, 181, 184
Bagasse-fueled demonstration unit, 112
Baseload plants, 150
Battery-powered electric vehicles

drivetrain efficiencies, 128-130
energy efficiency, 111
projected emissions of greenhouse gases, 107
technical objectives of the U.S. Advanced Bat-

tery Consortium, 131-132
Bid selection criteria, 224
Binary systems, 153
Bioelectric industry, 147, 150
Bioelectricity, 47-48
Bioenergy

advances in development, 33-35
key issues and findings, 3,6
national policies that influence the use of, 35

Biofuels, 38,48
Biological diversity, 43
Biological enzymes, 118
Biomass

bioelectric capacity, 147
energy resources and technologies, 148-149
federal incentives for, 36
gasifiers, 112
methanol production, 112
potential roles for, 36
RD&D needs, 150-151
site specificity, 6-8
uses, 3

Bonneville Power Administration, 225
Builder Guide, 88, 89
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Buildings
active space heating and cooling, 81-82
assistance and information exchange, 88-89
building energy rating systems, 91
changes in energy use, 67-68
commercialization, 86-87
construction, 90-94
cost-effective renewable energy technologies, 71
crosscutting issues, 101
daylighting. 77-79
design competitions and awards, 89-90
direct solar use, 4
education and training, 89
energy costs, 96-97
federal procurement, 97-98
integrated design, 83
landscaping, 82-83
lessons learned, 98
national policy influencing use, 69
ownership, 96
passive architecture, 73-77
policy options, 98-101
potential roles for renewable energy

technologies, 68-69
research, development, and demonstration, 83-86
sale, 94-96
solar water heaters, 79-81
tools and guidelines, 87-88
tree planting, 82-83

Business energy investment tax credit, 213

c
CAFE. See Corporate Average Fuel Economy
California Air Resources Board, 125, 141
California Energy Commission, 14,94, 190,213
California Investor Owned Utilities, 190
California Public Utilities Commission, 215
California Solar Energy Tax Credit, 215
California Standard Offer 4, 178, 213,215

energy investment tax credit, 215
pilot test program, 141
wind energy development, 213-214

Capacity value, 9-10, 183, 184, 191, 192, 195
Capital Asset Pricing Mode], 221
Carbon dioxide

BPEV emissions, 107
carbon tax, 242
FCEV emissions, 107
motor vehicle emissions, 105, 106
from natural gas powerplants, 122

Cellulose, 117, 118
Cellulosic biomass, 42
Central receivers, 171, 172
Centrally fueled-fleet program, 140

Chrysler electric minivan, 129
Class B Residential Passive Solar Performance

Monitoring Program, 85, 88
Clean Air Act, 4, 125
Clean Air Act Amendments of 1990,29,35,45,

140-141, 203,223
Clean Coal program, 86, 155
Clerestories, 69
Climate Change Action Plan, 35, 203
Closed-loop basis for growing bioenergy crops, 41
Coal gasification plants, 120
Codes and standards, 92-94
Cofiring fuels, 59,61
Collaborative Wind Technology Program, 179
Collectors, 165
Commercialization

agricultural energy crops, 54-60
building design, 86-87
competitive bidding, 224-225
direct and indirect subsidies, 227
federal taxes, 226-227
front-loaded costs, 227
green pricing, 225,226
incentives to purchase renewable energy

technologies, 226
policy options, 17-18,22-23
programs, 196-197
risk and environmental costs, 227-228
strategies, 191-194
structural change, 228
transaction costs, 227

Commodity support programs, 63
Community Development Block Grants, 69
Competitive bidding, 224-225
Competitive set-asides, 225
Comprehensive Housing Assistance Plans, 69
Compressed natural gas, 123-124
Computer-aided design tools, 88, 89
Concentrating collectors, 165
Conservation compliance programs, 57
Conservation Reserve Program, 41,49,56-57,63
Conversion efficiencies, 10,232
Corn-based ethanol, 103, 115
Corn stover, 116
Corporate Average Fuel Economy, 140
Credit Program To Promote Community Investment,

247
Crop insurance, 49
Crops. See Agricultural energy crops

D
Dams, 160
Daylighting, 4,77-79
Declaration of Madrid, 229
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Deficiency payments, 56
Demand risks, 222
Demand-side management programs, 80,81,91
Demonstration projects

agricultural energy crops, 50-51
buildings, 90

Denmark, energy technology programs, 243-245
Department of Energy

Clean Coal program, 155
energy-efficient mortgages, 93
ethanol reforming program, 134
funding of vehicle technology R&D, 143
Passive Solar Commercial Buildings Program,

84-85,88
passive solar design strategies. 88-90
PV-BONUS program, 193
PV Manufacturing Technology Project, 191
RD&D funding, 15, 21
solar buildings program funding, 4, 98
Solar Program, 89
U.S. Advanced Battery Consortium, 131-132
Utility Photovoltaic Group, 193
Utility Solar Water Program, 80
wind energy R&D program, 179

Department of Housing and Urban Development
energy-efficient mortgages, 93
passive solar design competitions, 89-90

Developing countries, 1, 22, 181, 230, 231,239,
240, 24], 245,249

Development Fund, 242
Diesel engines, 146
Diffuse radiation, 164
Diffuse sunlight, 77-78
Direct microbial conversion, 118
Direct radiation, 164
Direct steam systems, 153
Direct sunlight, 77
Dish stirling systems, 171
Distributed utility systems, 186-188
DOE-2, 88
Double-flash systems, 153
Double-glazed windows, 76
Drive trains

all-electric, 104
efficiencies, 130

DSM. See Demand-side management programs

E
Earth Summit, 35
Ecology principles, 55
Econinic impacts, 29-31,45-49
Edison Electric Institute, 80, 193
EEMs. See Energy-efficient mortgages
Efficiency Upgrade Program, 161

Electric Power Research Institute, 51, 163, 189, 193
Electricity

approaches to commercialization. 224-228
biomass, 147-151
changes in industry, 199-203
commercialization, 191-194
design, planning. and information programs, 196
direct and indirect subsidies, 217-219
distributed utility systems, 186-188
economic impact of energy crops, 47-48
environmental costs and benefits, 222-224
finance and commercialization programs.

196-197
fossil-fueled, 146
geothermal energy, 151-158
hydroelectricity, 158-162
key issues and findings, 6
manufacturing scaleup, 190-191
overcoming barriers in use of renewable energy

technology, 188-189
photovoltaics, 162-170
policy options, 194-197
RD&D needs, 189-190
RD&D programs, 195-196
remote systems, 180-183
resource assessment, 191, 194-195
risks in powerplant financing, 217, 220-222
share of U.S. energy consumption, 145
solar thermal technologies, 170-174
standards programs, 196
structural change in sector, 14
total fuel-cycle emissions for generation of, 32
use in transportation systems, 121-122
utility finance, 204-208
utility full-fuel-cycle tax factors, 214-217
utility systems, 183-186
wind energy, 174-180
world consumption, 230

Electricity buyback rates, 7
Electricity intensity, 28-29
Electrolysis, 121
Electrolytic hydrogen systems, 120
Emissions reduction, 44
Emissions standards, 126
Energy 2000,243,252
Energy Conservation Po] icy Paper, 251
Energy consumption, 27-29
Energy Conversion Devices, 167
Energy crops. See Agricultural energy crops
Energy efficiency, 28
Energy-efficient mortgages, 93
Energy Information Administration, 12, 30, 194,

224
Energy investment tax credit, 215
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Energy markets, 12-15
Energy Policy Act of 1992,4, 14,35,63,69,93,

141-142,202,203,235-236
Energy production credits, 63
Energy rating systems, 91
Energy Savings Program, 247
Energy Star Computer, 71
Energy taxes, 97
Energy use, buildings, 71
Environmental Action Plan, 251
Environmental issues

biomass impact, 149
commercialization and, 227-228
costs and benefits, 222-224
effect on national energy use, 29
geothermal energy impact, 154
hydropower impact, 160
photovoltaics impact, 169
potential impact of agricultural energy cropping,

40-45
renewable energy technologies impact, 31-32
research, development, and demonstration, 50,

52-53
solar thermal technologies impact, 173
wind energy impact, 177

Environmental Protection Agency, 125,223
Environmental taxes, 97
EPACT. See Energy Policy Act of 1992
EPRI. See Electric Power Research Institute
Equipment rating and certification, 91
Ethanol

comparative analysis, 126-128
projected production levels, 48
reforming, 133-134
use in transportation systems, 115-118

European Union, energy technology programs,
241-243

Evaporative cooling, 75
Exempt Wholesale Generators, 14,202
Externality taxes, 63

F
Farm support programs, 56
Federal agricultural expenditures, 48-49
Federal Energy Regulatory Commission, 161,223
Federal investment tax credit, 215
Federal procurements, 63-64
Federal subsidies, 218-219
Federal taxes, 226-227
Feebates, 95-96
Feedstocks

energy crop development, 60
methanol production, 112-114

Field monitoring, 20

Finance programs, 196-197
Financing. See Commercialization
Fixed collectors, 165
Flexible-fuel vehicles, 111
Florida Power and Light, 80,81
Flywheels, 134
Ford Flexible Fuel vehicle, 5
Foreign markets. See International programs
Forest residues, 112-113
Formaldehyde, 114
Framework Convention on Climate Change, 29,35
France, energy technology programs, 245-247
Front-loaded costs, 13,227
Fuel Adjustment Clauses, 22
Fuel cell electric vehicles

efficiency, 110-111, 132
projected emissions of greenhouse gases, 107
proton-exchange membrane, 132-136
R&D challenges, 136-137
reforming fuels, 133-134
types of, 132-133

Fuel cells
advances in, 104
thermal benefits, 101

Fuel cost risks, 221
Fuel-cycle taxes, 214-217
Fuel economy ratings, 125

G
Gas turbines, 146, 149
Gasification, 120, 149
Gasifiers, 112
Gasoline

comparison with methanol, 114
comparison with ethanol, 115
oxygenation, 141

General Agreement on Tariffs and Trade, 39,242
General Motors, 125
Geopressured brines, 152
Geothermal energy

electricity-generation capacity, 151, 155
key issues and findings, 6
RD&D needs, 155-158
resources and technologies, 152-154
site specificity, 6

Geothermal heat pumps, 73
Germany

energy technology programs, 247-249
photovoltaic RD&D, 7

The Geysers, California, 151-155
Global radiation, 164
Global warming, 43,223-224
Grassy crops, 33-34
Green pricing, 225,226
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Greenhouse-gas-neutral energy, 43
Greenhouse gases

impact of energy crops, 53
projected emissions of ICEVs, 106-107

Grid support, 188, 192

H
Heat pumps, 73
Heating and cooling systems. See Active space heat-

ing and cooling; Passive solar buildings
Heliostats, 172
Hemicellulose, 117
Herbaceous biomass. See Lignocellulose
Herbaceous energy crops, 37
High-productivity crop varieties, 50
Home Energy Rating Systems, 91,93
Horizontal axis wind turbine, 176
Hot dry rock resources, 152
Housing and Community Development Act, 69,93
Hybrid electric vehicles, 137-139
Hybrid systems, 110
Hydroelectricity

generating capacity, 158
RD&D needs, 161-162
resources and technologies, 159-161
site specificity, 6

Hydrogen
comparative analysis, 126-128
use in transportation systems, 119-121

Hydrogen ICE hybrid vehicle, 138
Hydrolysis, 117
Hydropower. See Hydroelectricity
Hydrothermal fluids, 152
Hydrothermal resources, 6

I
ICE-based hybrid, 110
Incremental cost of power, 200
Information programs, 90-91
Infrastructure development, 15
Insurance programs, 63
Integral Wind Energy Plan, 250
Integrated building design, 83
Intermediate plants, 150
Intermittence

impact on conventional generating capacity,
183-185

resource characteristics, 8-10
Internal combustion engine vehicles

advanced designs, 124-126
alternative fuels in, 126-128
hybrid vehicles, 137-138
hydrogen fuel, 119
projected emissions of greenhouse gases, 106

International programs
changes in, 229-231
comparisons, 255-257
cost-effectiveness, 232-234
market development, 235-236
market share, 236-238
for photovoltaics, 232-238
policy options for competitiveness, 257-258
potential roles, 231
for wind energy, 233-238

International trade, 30-31
Interstate Solar Coordination Council, 91
Investment tax credit, 213
Investor-owned utility powerplants, 208
Italy

energy technology programs, 249-250
photovoltaic subsidies, 7

J
Japan

energy technology programs, 238-241
photovoltaic RD&D, 7

K
Kenetech-U.S. Windpower, Inc., 177,226,252

L
Law on Supplying Electricity to the Public from

Renewable Energy Sources, 247
Lawrence Berkeley Laboratory, 76,88,91
Lawrence Livermore National Laboratory, 137-138
Lead-acid batteries, 129
Liability-related policies, 221-222
Life-cycle processes, 51-52
Light-duty motor vehicles, 126
Lignin, 117
Lignocelluose, 116-117
Liquefied natural gas, 123-124
Liquid fuels

economic impact of energy crops, 48
potential roles for, 36

Load following plants, 150
Low Alamos National Laboratory, 88
Low Emission Vehicle Program, 141
Low-emissivity windows, 76
Luz International, Ltd., 170, 171,215

M
Magma, 152
Manufacturing scaleup, 13-14, 190-191
Marginal lands, 49
Market aggregation, 196
Market conditioning, 235
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Methanol
comparative analysis, 126-128
projected production levels, 48
reforming, 133-134
use in transportation systems, 111-115

Mobil Solar, 7
Modularity, 186
Monoculture crops, 42-43
Mortgages, energy-efficient, 93,94
Multiple cropping, 53
Municipal solid waste, 112-113

N
National Affordable Housing Act, 93
National Association of Regulatory Utility

Commissioners, 201
National Audubon Society, 51
National Biofuels Roundtable,51
National Energy Strategy, 15,93, 195
National Environmental Policy Plan, 251
National Fenestration Rating Council, 91,95
National Renewable Energy Laboratory, 85,88,89,

116-117, 176
National Rural Electric Cooperative Association,

193
National security, 32
Native species, 55
Natural gas

comparative analysis, 126-128
hydrogen from, 121
use in transportation systems, 123-124

Natural habitat, 43,51,52,55
Netherlands, energy technology programs, 250-252
Neuffer Construction, 92,99
Nevada Solar Enterprise Zone, 7
New England Electric System, 225
New York State Energy Plant, 225
Nickel-iron battery packs, 129
Nickel-metal hydride battery, 129
Night cooling, 75
Nitrogen oxides, 122
Nonutility generators

bioelectric, 147
financing for, 208-214
increasing role of, 14

North American Free Trade Agreement, 39
NREL. See National Renewable Energy Laboratory
NUGs. See Nonutility generators
Nutrient cycling, 52

0
Oak Ridge National Laboratory, 33
OECD. See Organization for Economic Cooperation

and Development

Oil embargo, 2
Oil imports, 30
Oil market, 104-105
One-axis tracking collectors, 165
1,000 Roof PV program, 235,247-248
Onsite generation, 182
Organization for Economic Cooperation and Devel-

opment, 232
Organization of Petroleum Exporting Countries, 1,2
Overhangs for summer cooling, 75
Ovonic Battery, 129

P
Pacific Gas and Electric, 187
Parabolic dish systems, 171, 173
Parabolic trough systems, 172,215
Partnerships, 63
Passive solar buildings

alternative renewable energy technologies, 73
construction, 90-94
cost-effective renewable energy technologies, 71
design, 87-90
direct solar use, 4
energy costs, 96-97
federal procurement, 97-98
national policy influencing use, 69
ownership, 96
passive architecture, 73-77
potential roles for renewable energy

technologies, 68-69
principal design elements of, 69-71,72
sale of, 94-96

Passive Solar Commercial Buildings Program,
84-85

Passive Solar Design Strategies: Guidelines for
Home Building, 88,89

Passive Solar Industries Council, 88,89
Passive Solar Journal, 88-89
Peak power device, 134
Peaking plants, 150
Perennial crops, 42
Phosphoric acid cell, 133
Photovoltaic hydrogen systems, 121
Photovoltaics

building-integrated systems, 162
in buildings, 101
cell and module shipments, by company, 237
comparison of international programs, 255-257
cost reductions, 9
European Union program, 242
exports, 231
French program, 246
German program, 247-248
government supports for, 7
international competition, 7, 232-238
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Italian program, 249-250
Japanese program, 239-241
key issues and findings, 6
perspectives influencing direction of industry,

163
production, by region, 234
publicly funded R&D, by country, 233
RD&D needs, 166, 169-170
solar collectors, 165-166
solar resources, 164
Swiss program, 253
technologies, 167-169

Platinum catalyst, 104
Policy options

agricultural energy crops, 60-64
building design, 98-101
commercialization, 17-18, 22-23
development, 15-22
transportation systems, 139-144

Polycultures, 53-54
Pool heaters, 79
Poplar crops, 34
Power Marketing Administrations, 196-197
Power Marketing Authorities, 63-64
Power quality, 185
Powerplant finance, 204-214
Price-Anderson Act, 221
Price lock-in, 213
Primary energy, 71
Property taxes, 208
Proton-exchange membrane cell, 104, 132-136
Public Service of Colorado, 226
Public Utilities Commission, 91,225
Public Utilities Regulatory Policies Act, 158, 178,

200,213
Pumped storage, 160
PURPA. See Public Utilities Regulatory Policies Act
PV. See Photovoltaics
PV20, 246
PV-BONUS program, 193
PV for Utility Scale Applications project, 187, 193
PV Manufacturing Technology Project, 191
PV Pioneer program, 226
PVUSA. See PV for Utility Scale Applications

project

Q
Qualifying facilities, 200-201

R
Ratepayer Impact Test, 91
Ratings and standards, 17,20,22
Reactive power, 185

Reformulated gasoline
comparative analysis, 126-128
uses, 123

Regenerative braking, 104
Regional Biomass Program, 63
Regional landscape planning, 54
Remote markets, 191-192
Remote systems, 180-183
Renewable Electricity Production Credit, 15,205
Renewable electrolytic hydrogen, 120
Renewable energy technology mortgages, 94
Renewables-intensive utility, 122
Research, development, and demonstration

agricultural energy crops, 49-54
biomass, 150-151
building design, 83-86
DOE funding, 15,21
electricity technologies, 189-190, 195-196
funding for, 24
geothermal energy, 155-158
hydroelectricity, 161-162
photovoltaics, 166, 169-170
policy options, 16,20
solar thermal technologies, 171
wind energy, 179-180

Research and Development Project on Environmen-
tal Technology, 238

Resource assessment, 16,20, 191, 194-195
Resource intensity, 10-12
Resources Conservation Act, 38-39
Retail fuel prices, 113
Retail wheeling, 202
Riparian zones, 52
Run-of-river systems, 160
Rural economies, 45-46

s
Sacramento Municipal Utility District, 226
Scaleup, 13-14
Sedimentation, 52
Separate hydrolysis and fermentation, 118
SERI. See Solar Energy Research Institute
Shift reactors, 112
Short rotation woody crops, 37
Sierra Pacific Power Company, 92
Simultaneous saccharification and fermentation, 118
Single-flash systems, 153
Single-reactor direct microbial conversion, 118
Site specificity, 6-8, 185-186
Soil erosion, 42
Soil quality, 52,53
Solar Assistance Financing Entity, 69
Solar cells. See Photovoltaics
Solar domestic hot water, 79-81
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Solar energy. See also Photovoltaics; Solar thermal
technologies

intermittence, 8
key issues and findings, 4
site specificity, 6

Solar Energy Industries Association, 91
Solar Energy Research Institute, 85
Solar Load Ratio Method of Los Alamos, 88
Solar One Central Receiver, 170
Solar pond systems, 172
Solar Program, 89
Solar Rating and Certification Corporation, 91
Solar thermal technologies

key issues and findings, 6
Luz International, Ltd., 215
state incentives for, 210-211
technology development, 170-174

Solar water heaters, 79-81
Solarex, 7
Solec, 7
Solid oxide cell, 133
Southern California Edison, 226
Space heating and cooling systems. See Active ‘

space heating and cooling; Passive solar buildings
Stand-alone PV recharging stations, 122
Standards. See Ratings and standards
Standards programs, 196
State taxes

incentives for solar technologies, 210-211
property taxes, 208
for wind energy development, 213-214

Steam reforming, 120
Steam turbines, 146, 148
Storage batteries, 134
Subsidies, 217-219,227
Sulfur oxides

from natural gas powerplants, 122
reduction from bioenergy use, 44

Sun-tempering, 74
Sunlight, 77-78
Sustained Orderly Development, 196
Switchgrass crops, 34
Switzerland, energy technology programs, 252-253
Synthesis gas, 112

T
Tax credits

effect on wind industry, 178
for electric utilities, 206
incentives for renewable energy technology use,

226-227
policy options, 19,23
renewable energy technology homes, 94-95
for wind energy development, 213-214

Taxes, fuel-cycle, 214-217
T&D. See Transmission and distribution systems
TEAM-UP. See Technology Experience To Acceler-

ate Markets in Utility Photovoltaics
Technology adoption, 54,56-58
Technology Experience To Accelerate Markets in

Utility Photovoltaics, 193
Tennessee Valley Authority, 158
TEVan, 129
Thermal mass, 70,74,75
Thermochemical processes, 112
Title 24 Building Standards, 94
Tracking collectors, 165
Trade balance, 49
Transaction costs, 227
Transmission and distribution systems, 8, 181,

185-186
Transportation systems

advanced ICEV designs, 124-126
advances in transport fuels, 103-104
alternative fuels in ICEVs, 126-128
battery-powered electric vehicles, 128-132
electricity use, 121- )22
ethanol use, 115-118
fuel cell vehicles, 132-137
hybrid vehicles, 137-139
hydrogen use, 119-121
key issues and findings, 5
methanol use, 111-115
nonrenewable competitors
policy issues, 139-144

123-124

potential roles of renewable energy technology,
104-108

retail fuel prices, 113
technology pathways, 108-111

Traverse City Light & Power, 226
Tree planting, 82-83
Trinity University, 89
Turbines, 6, 146, 148,234

u
Ultra-low emission vehicles, 125, 141
Ultracapacitor, 134
Ultralite, 125
United Kingdom, energy technology programs,

253-255
United Nations Framework Convention on Climate

Change, 35
University of Wisconsin, 88
Unocal, 155
Urban air pollution, 105, 114
Urban buses, 140
U.S. Advanced Battery Consortium, 131-132
U.S. Energy Research and Development Agency, 88
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USH2O. See Utility Solar Water Program
Utility demand-side management programs, 80, 81,

91
Utility finance, 204-208
Utility Integration Program, 179
Utility operations, 150
Utility Photovoltaic Group, 188, 193, 196
Utility powerplants, 209
Utility-Scale Joint-Venture program, 171
Utility Solar Water Program, 80
Utility systems, 183-186

v
Value-added tax, 245
Value Engineered Turbine Program, 179
VAT. See Value-added tax
Vehicle efficiencies, 138
Vehicles. See Transportation systems
Ventilation, 74, 75
Vertical axis wind turbine, 176
Veteran Home Loan Program Amendments, 93

w
Water heaters, 79-81
Water quality, 52
Wildlife, 51-52

Wind energy
British programs, 253-255
cost reductions for, 9
Danish program, 243-245
development in California, 213-214
French program, 246-247
German program, 248-249
intermittency, 8
international competition, 233-239
Italian program, 250
key issues and findings, 6
manufacturers of grid-connected turbines, 246
Netherlands program, 250-252
RD&D needs, 179-180
resources and technologies, 175-177
site specificity, 6-7
wind capacity, 174
wind farms, 174, 175

Window technologies, 74,76
Wisconsin Public Service Commission, 226
Wood heat, 73
Woody biomass. See Lignocellulose
Woody crops, 33-34

z
0/85 program, 56
Zero emission vehicles, 105, 141
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