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ABSTRACT 

The report presents an evaluation of worldwide research efforts in three specific renewable energy 
technologies, with a view towards future United States (US) energy security, environmental factors, and 
industrial competitiveness. The overall energy technology priorities of foreign governments and industry 
leaders, as well as the motivating factors for these priorities, are identified and evaluated from both 
technological and policy perspectives. The specific technologies of interest are wind, solar thermal, and 
solar photovoltaics (PV). These program areas, as well as the overall energy policies of Denmark, France, 
Germany, Italy, the United Kingdom (UK), Japan, Russia, and the European Community as a whole are 
described. The present and likely future picture for worldwide technological leadership in these 
technologies-is portrayed. The report is meant to help in forecasting challenges to US preeminence in the 
various technology areas, pa&ularly over the next ten years, and to help guide US policy-makers as they 
try to identify specific actions which would help to retain andor expand the US leadership position. 
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EXECUTIVE SUMMARY 

ignificant worldwide trends influencing the S future outlook for renewable energy research, 
development, and demonstration (RD&D) 
include: decentralization and privatization of 
electricity generation capacity; environmentally- 
driven movements away from nuclear and fossil 
fuel generation options; and, the emergence of 
significant energy markets in lesser developed 
countries (LDCs). European dependence on oil, 
coupled with expected growth in the 
transportation sector, and the need to restructure 
the Common Agricultural Policy of the 
European Community (EC), will invigorate 
efforts to strengthen political and economic ties 
to potential fossil fuel suppliers such as Russia, 
as well as to develop biofuels (an area not 
covered in this report). In the short term, 
Russian energy concerns will remain centered 
on its fossil fuel and nuclear energy sectors, 
however, the current crisis situation in that 
complex (resulting in a deteriorating 
infrastructure) and defense industry conversion 
will continue to drive a level of interest in 
renewables. Future leadership in basic research 
and development (R&D) will be required for 
dominance of emerging worldwide markets in 
some renewable technologies, particularly solar 
photovoltaics (PV). Japan is unlikely to achieve 
this dominance, given their relatively poor track 
record in basic R&D and a domestic 
environment of reduced R&D expenditures in a 
struggling economy. 

The United States (US), although a 
technological leader in most renewable 
technologies, stands to lose out on many 
emerging worldwide market opportunities 
because of a concerted focus by US renewable 
energy policy-makers on domestic market 
development. Tied aid programs employed by 
many European manufacturers have also 
effectively shut the US out of many developing 
renewable energy markets around the world. 

The consolidation of European energy policy is 
tied to EC goals of economic and technology 
integration. Environmental concerns and energy 

supply security will remain significant drivers in 
EC policy for the foreseeable future, as EC 
member states work to develop a Single Energy 
Market (SEM). 

Denmark's energy policies can be described as 
environmentally progressive, investment- 
oriented, and geared toward a goal of 
independent power production. Of the 
renewable energy technologies considered in 
this study, Denmark is most strongly positioned 
in wind. 

The French energy picture is most strongly 
influenced by the dominance (and overcapacity) 
of its nuclear power industry, and the 
monopolistic position of its main national power 
producer and distributor. France's low level of 
support for renewable energy technologies 
reflects these factors, but remains alive primarily 
because of France's interest in biofuels 
(agricultural subsidies hold a vital position in 
French energy policy), and because of France's 
recognition of the commercial potential of 
renewable energy technologies in developing 
countries. Again, biofuels are not covered in 
this report. 

The primary challenges facing German energy 
policy over the near term are the integration of 
the new federal states @&der) of the former 
East Germany and the reconciliation of the roles 
that domestic coal and nuclear power will play 
in the country as a whole in the future. Tied to 
these challenges is the question of what new 
technologies and resources can be utilized to 
address these supply concerns in light of 
Germany's powerful environmental movement. 
Although budget constraints due to reunification 
will most likely lead to spending reductions in 
the near term, environmental damage in the 
former East Germany, coupled with Germany's 
import dependence, powerful domestic 
environmental opinion, and the potential for the 
development of a new, job-creating export 
industry will ensure its continued commitment 
to renewable energies. 
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Italy is faced with restricted options with which 
to devise its energy policy. Constraints include: 
its limited domestic sources of energy; a 
referendum on nuclear power generation which, 
although officially over, has made a revival of 
Italy's nuclear industry uncertain; and, public 
opposition to the siting of new &-fired 
thermal power plants. Such constraints have led 
Italy to spend more for energy R&D in the past 
than most European countries, but the 
immediate future of renewable energy in Italy is 
being jeopardized by an ongoing governmental 
preoccupation with scandals, political upheaval, 
and fiscal austerity. Privatization of the 
electricity supply industry has also caused a 
short term disruption in support for renewables. 

Energy policy objectives in the United Kingdom 
(UK) have focused in the near term primarily on 
the privatization of its national energy industries 
(most notably, its coal industry), diversification 
of supply, and most recently, the reduction in 
the environmental impact of its energy sector. 
UK renewable energy technology investments 
have been more along the lines of the pragmatic 
Danes than the export-minded Germans. In 
order to meet environmental commitments, 
Britain will be forced to impose further stringent 
energy efficiency measures, increase taxation on 
domestic fossil fuel and power, or greatly 
increase the use of renewables. 

Japanese energy import dependence has caused 
security of supply and conservation to be the 
primary bases of Japanese energy policy. 
Growing international concern over the 
environmental damage caused by fossil fuels, 
however, has begun to play an increasingly 
pivotal role. This is especially pertinent to 
Japan, which would have much of its coastline 
innundated by the rising sea levels thought to 
accompany global warming. The Japanese 
government has taken a turn toward integrating 
strategy planning in the energy and 
environmental fields with that of economic 
growth, placing much more emphasis on 
international cooperation and technology 
transfer to developing countries than ever 
before. The US would likely benefit by 
partnering with Japan in one or more large scale 
renewable energy developments in Southeast 
Asia, where Japan sees a tremendous 

X 

opportunity to lead the region with green 
technologies. 

Pertinent developments in Russia related to the 
breakup of the Soviet Union include: the 
expected near term emphasis on a revitalization 
of Russia's fossil fuel energy complex; political 
instability; a lack of capital, both domestic and 
foreign; defense industry conversion; expected 
progress toward energy efficiency; and, newly 
created geographic and political separation 
between various scientific research and 
development centers. 

Wind, solar thermal, and solar PV technologies 
will play a very large role in the renewable 
energy contribution to large-scale electricity 
generation for the foreseeable future. Other 
renewable technologies such as geothermal, 
ocean, or biomass will also contribute to 
electricity generation, and can produce 
significant spinoff benefits to other industries. 
These other techologies are either more site- 
specific in nature (geothermal and ocean), 
however, than the three technologies studied in 
this report, or they are so diverse (biomass) that 
an adequate treatment would require more 
resources than were available to perform this 
study. 

The worldwide trend toward decentralization of 
electrical power generating capacity favors 
modular applications of renewable energy 
technologies. For this reason, as well as others 
including the difficulty of achieving 
manufacturing economies of scale, financing 
difficulties, regulatory impediments, and a 
limited window of economic opportunity, lead 
the authors to conclude that proponents of large 
scale solar thermal central receiver technology 
are likely overly optimistic in their projections 
of commercial implementation by the year 2000. 
More favored in the short term is parabolic 
trough power generation, and in the short to 
medium term, parabolic dish applications, such 
as dishes coupled to efficient Stirling engines. 
In the long term, the success of solar PV 
technologies will depend on the expected 
attainment of manufacturing economies of scale 
in PV products. Emerging thin film technology 
will likely pave the way for such economies in 
solar PV power generation. 



In the short term, no one PV program is likely to 
achieve the degree of dominance enjoyed by 
Japan for most of the 1980s. Nor is Japan likely 
to regain its leadership position, as future 
dominance depends on high quality basic 
research leading to commercial applications, the 
largest and fastest growing PV sector. Japan's 
traditional leadership in the PV area was built 
upon a foundation of niche-oriented consumer 
products using low-grade low-efficiency cells 
impractical for primary electricity generation. 
In recent years, intensive PV programs have 
provided the Europeans with the momentum to 
draw even with the US and Japan in PV 
technology quality and market share, and the 
potential to overtake them in market leadership 
as soon as 1994. 

The center of gravity of world research and 
market development in wind energy is shifting 
to Europe, which is expected to possess nearly 
two thirds of worldwide installed wind energy 
generating capacity by the year 2000, a near 
reversal of the current situation. This shift is 
symptomatic of likely European strength in 
international wind energy markets through the 
year 2010. 

Operating efficiency, in a battle for the lowest 
possible electricity generation rates, is the single 
most vital factor which will determine future 
leadership in wind energy markets. The current 
US lead in efficiency is the result of a 
substantial market dislocation caused by "feast 
or famine'' RD&D support for the industry by 

US policy-makers, in which only the strongest 
competitors have survived. In contrast, 
consistent European support for wind energy 
technology has given Europe the advantage of 
numbers when it comes to manufacturing 
capability, albeit with generally less efficient 
technology. This is especially true of Germany 
and Italy, whose wind energy industries have 
been heavily subsidized with little exposure to a 
truly competitive marketplace. 

An early US RD&D emphasis on very large 
turbine development (of the multi-megawatt 
size) was out of sync with market demand, and 
has produced little domestic benefit while 
providing European developers valuable 
information as they pursue (without US 
competition) designs for turbines of the single 
megawatt range, which will be advantageous for 
use in offshore applications and in areas of high 
population density, both keys to success in the 
European marketplace. 

The current worldwide leaders in the three 
technology areas considered in detail in this 
report are judged to be: 1) wind (US, Denmark, 
Germany, Italy); 2) solar thermal (US, 
Germany, Israel, Japan); and, 3) solar PV (US, 
Germany, Japan, UK). Technological leadership 
will not necessarily translate into future 
leadership in developing world markets. The 
current US advantage is threatened in many 
technology areas, and many international 
competitors are more adept than the US at 
establishing market footholds. 

xi 
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CHAPTER 1: 
INTRODUCTION 

he overall goals of this report are to evaluate T worldwide energy technology policies and 
trends, as wed as the research efforts of several 
leading countries in three specific renewable 
energy technologies. These technologies (wind, 
solar thermal, and solar PV) are of potential 
importance in future large-scale electricity 
generation. Issues of concern include: future 
United States (US) energy security; 
environmental factors; and, industrial 
competitiveness. Of interest is the i&nWication 
of the energy technology priorities of foreign 
governments and industry leaders, as well as the 
motivating factors for these priorities. Also of 
importance is an identification of worldwide 
technological leadership, not only at present but 
the likely future picture. The report is meant to 
help in forecasting challenges to US 
preeminence in the various technology areas, 
particularly over the next ten years, and to help 
guide US policy-makers as they try to identify 
specific actions which would help to retain 
and/or expand the US leadership position. 

Chapter 2 of this report is devoted to a 
discussion of international trends and the future 
outlook for the three renewable energy 
technologies of interest'. Underlying factors 
which provide the foundation for the authors' 
projections are highlighted. 

Chapter 3 is in many ways the heart and soul of 
the report. This chapter covers two very 
important topical areas for each of the seven 
study countries (Denmark, France, Germany, 
Italy, the United Kingdom (UK), Japan, and 
Russia2): 1) energy policy; and, 2) technology 

In order to privide a balanced perspective and a 
better understanding of available policy options, 
background research was also conducted for 
geothermal, ocean, and biomass energy technologies. 
References to tbese technologies, however, are 
confined to the policy-related sections of this report. 

2The seven study countries were chosen by the DOE 
agency which funded this study. In addition, the 
emphasis on foreign, as opposed to US, programs in 

1 

program descriptions for wind, solar thermal, 
and solar PV. Chapter 4 provides a similar 
treatment for European Community (EC) 
renewable energy policies and programs. Both 
of these areas must be well understood in order 
to objectively evaluate future worldwide trends. 
The policy perspective is vital. to an 
understanding of the driving forces behind 
current and expected energy technology 
research, development and demonstration 
(RD&D) decisions by the various nations (or the 
EC). An understanding of technology program 
content and level of sophistication is 
indispensable in predicting future market 
leadership, and opportunities for collaborative 
research. The authors recognize that not all 
readers will be equally interested in the policy 
and technology areas. Therefore, Chapters 3 
and 4 are subdivided into policy and technology 
sections to allow selective reading. 

Chapter 5 presents some thoughts about 
renewable energy technology areas in which 
international collaboration could be either 
beneficial to, or a detriment to, US interests, and 
why. These thoughts rely on the entirety of 
information contained within the remainder of 
the report, along with considerable judgement 
on the part of the authors. Many of the 
suggestions are drawn from the opinions of the 
numerous technical experts in the various fields 
who were interviewed in the course of the 
research. 

Appendix A may be a useful place to begin 
reading for those basically unfamiliar with the 
various technology areas. An introduction to 
the language and terminology would be very 
helpful in reading the remainder of the report. 

Appendix B provides funding information for 
six renewable energy technologies (converted to 
millions of US dollars) by each of the countries 
(except Russia) for the years 1990-1993. In 
addition to actual budgets, funding levels are 

the report is the direct result of DOE customer 
requirements. 
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given as percentages of total "New Energy" 
spending, and also as percentages of Gross 
Domestic Product (GDP). Information sources 
are noted. When multiple sources were 
available, each source has been listed, and the 
source chosen for use by the authors is 
highlighted. In some instances, funding levels 
are estimated. Btimation rationales are 
described. This appendix should be very useful 
in the identification of trends and funding 
priorities. 

Appendix B also contains a table of currency 
conversion factors for the years 1990-1993. 
These factors were used throughout the report 
when expenditures were converted to U.S. dollar 
equivalents. 

Hybrid wind energy systems are for the most 
part not covered in this report. (Hybrid systems 
include wind turbines used in tandem with other 
power generation alternatives, such as diesel 
fuel, for example). Both horizontal axis and 
vertical axis wind turbines are included in the 
scope. 

Of the wide array of different solar thermal 
concepts and applications, the report focuses 
attention most heavily on solar thermal 
technologies for electric power generation 
(parabolic troughs, parabolic dishes, and central 
receivers). These are thought to most directly 
determine the worldwide leadership picture in 
the short to medium term. Activities in other 
areas of solar thermal technology (such as, for 
example, low temperature applications, solar 
detoxification, water desalination, and materials 
processing) are not covered as thoroughly, and 
are factored into the overall assessments not so 
much in light of their relative level of current 
technical sophistication by the various countries, 
but more in light of the overall scope and 
breadth of the countries' programs. 

Solar photovoltaic (PV) information included in 
this report, as well as overall assessments about 
PV technology trends, are based on terrestrial 
technology only. PV technologies for use in 
space are not considered. 

None of the opinions presented in this report are 
meant to be a consensus of all those who 
provided input. The report is an entirely 
independent evaluation which is almost 

n 

guaranteed to generate some level of 
disagreement and debate (this is unavoidable 
given the complexity of the subject area), and is 
not always complimentary of past program 
strategies or current directions. 



CHAPTER 2: 
INTERNATIONAL TECHNOLOGY OUTLOOK 

ntemational trends, market potential, and overall outlooks are provided for each of the three renewable I energy tec@ologies of interest in this study. Emphasis is placed on explanations of underlying factors 
which the authors feel will determine the future picture. 

2.1 WIND 

Consistent governmental support, substantial 
incentive and subsidy programs, and effective 
marketing tactics should enable the Europeans 
to maintain a strong (if not a dominant) position 
in the emerging international market for wind 
energy through the year 2010. The Europeans 
have benefited from an early US emphasis on 
RD&D for very large machines that was out of 
sync with evolving markets. Now that the 
European market is beginning to develop in the 
large machine area, US industry is showing little 
interest. 

The worldwide center of gravity for wind energy 
RD&D has shifted from the US to Europe. The 
strength of the future European position depends 
upon an improved level of collaboration in 
research and development (R&D) and market 
development activities among EC nations, and 
could be weakened by an acceleration of recent 
legislative and policy trends in the US, such as 
the enactment of a production tax credit for 
wind generated electricity in the US Energy 
Policy Act of 1992 (EPAct) [l], and in the 
expanded use of innovative US government- 
industry partnerships. 

Japan is currently not technologically 
competitive in the wind energy field, but could 
become a major market player in lesser 
developed countries (L,DCs) if wind energy 
technology were to be identified as a high 
priority by government or business. A 
significant Russian market in stand-alone wind 
turbines could be penetrated during the next 
decade by Western developers able to find 
innovative solutions to Russia's foreign currency 
problems. 

A viable worldwide market now exists for wind 
generated electricity, driven by the following 

factors: 1) competitive cost per kilowatt hour 
(kwh) at many sites [2]; 2) substantial 
incentives and an improving regulatory 
environment; 3) modularity; and, 5) 
environmental advantages. Worldwide sales of 
wind turbines and wind generated electricity 
will exceed $1 billion in 1993 [3], and the 
market stands to grow significantly. However, 
compared with some other renewable energy 
options, a fairly short window of economic 
opportunity (roughly three to five decades) 
exists for wind technology. If potential wind 
markets are not developed during this time, 
other renewable energy sources @articularly 
solar PV) may become sufficiently inexpensive 
to displace wind as the most attractive 
renewable energy option at many sites. 

The potential for wind generated electricity is 
unquestionable. According to one recent study, 
up to 20 percent of US electricity needs could be 
met by capturing the wind resources available in 
its most windy regions [4]. In Denmark, the 
government plans to increase the contribution of 
wind generated electricity to 10 percent of the 
country's needs by the end of the century [5]. 
The European Wind Energy Association has 
suggested as a goal that 10 percent of the ECs 
electricity needs be met by wind power by the 
year 2030 (based on 1990 demand) [6] .  The 
United Kingdom's (UKs) Department of Energy 
has estimated that at least two thirds of its 1989 
total electricity consumption could, in principle, 
be generated from the wind, and that three 
quarters of this could come from shallow, 
offshore locations [5].  (The UK estimate is 
unsuitable for actual market penetration at the 
current level of wind technology, since the 
sustained power needed in an electricity grid 
cannot be guaranteed if wind turbines supply 
more than about 15 percent of the total [7]. The 
potential for wind generated electricity in the 
UK is nevertheless impressive). 
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The government of India estimates a potential 
for 20,000 megawatts 0 of wind energy 
capacity in that country [8]. It has been 
suggested that 100 percent of the world's 
electricity needs could be met by exploiting 10 
percent of total world wind resources (the 
maximum feasible 'utilization taking into 
account technical and human constraints). This 
means that if only one percent of available wind 
resources were harnessed worldwide, then 10 
percent of the world's electricity needs (1991 
levels) could be met [6]. Russian researchers 
are even more optimistic. They claim that if 
only one percent of the land area suitable for 
wind energy development (Le., having an 
average annual wind speed in excess of ten 
meters per second) within the territory of the 
former Soviet Union were utilized, then the total 
installed wind capacity would be commensurate 
with the total installed capacity of all power 
plants in the world today [9]. 

Developing worldwide markets exist for both 
standalone and grid-connected wind turbines. 
By far the largest markets (in terms of dollar 
return) will be in the grid-connected arena. 
Europe has been identified as the largest 
developing wind power market in the near term 
[4], with grid-connected systems being the most 
viable in that region because of the high 
population density and lack of potential remote 
application sites. According to a European 
Commission study, the European market for 
wind generated electricity could exceed 4000 
MW by the year 2000 [ 101. Although many US 
wind-power firms are establishing European 
offices [ l l ] ,  US firms have a difficult challenge 
in capturing an appreciable portion of that 
market. During 1991 and 1992, more than 90 
percent of grid-connected turbines installed in 
Europe were made by European manufacturers 
[12]. A significant component of the future 
European wind energy market will likely be its 
potential for offshore applications. 

Other significant grid-connected markets show 
promise. Following a several-year lull, the US 
market appears poised for a major influx of new 
grid-connected systems in the mid- to late- 
1990s. A combination of factors, including 
demand growth and the retirement of existing 
utility plants will contribute to the influx [ll]. 
Large-scale electric utility involvement in the 

actual ownership and operation of these new 
systems is expected due to the technological 
maturation of the industry, as well as 
environmental considerations. The expected 
involvement of electric utilities is a 
brealcthrough for the wind industry, because 
utilities' ability to obtain lower financing rates 
than smaller independent developers contributes 
greatly to an overall 30-40 percent reduction in 
the real cost of producing wind power [4]. 

In the long term, LDCs such as India represent 
the largest potential market for wind energy 
technologies, although lack of capital in the 
LDCs is a significant obstacle. Market 
opportunities for small standalone wind turbines 
are vast and largely untapped, and represent an 
area where the US holds both a technological 
and market share lead. Most of these 
opportunities are in LDCs. Eastern Siberia is 
also recognized for its enormous standalone 
potential [13]. 

~. 

Consistent government support, substantial 
incentive and subsidy programs, and effective 
marketing tactics have allowed the Europeans to 
challenge the initial leadership position held by 
the US in wind energy technology. European 
subsidies exceed current US levels for wind 
technology by a factor of up to ten in absolute 
terms. Because of existing US advantages in 
certain technology areas and efficiency of 
design, European dominance of emerging wind 
markets would be seriously challenged by a 
"level playing field for US companies in terms 
of subsidies, incentives, and marketing tactics. 

European utilities have been given generous tax 
credits and other financial incentives for the 
development of wind energy technology for 
many years [4]. However, government 
assistance in some European countries has been 
so generous that their commercial turbine 
manufacturers have not had their products 
exposed to the demands of a truly competitive 
marketplace. This is true particularly for the 
newer or emerging European players such as 
Germany and Italy. As a result, commercial 
turbines manufactured in those countries are 
generally much more expensive per kilowatt 
(kw) of electricity produced (Le., they are less 
optimized) than the best US wind turbines [14]. 
On the other hand, manufacturers in Denmark 
(and to a lesser extent in the UK and the 
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Netherlands) have had exposure to a competitive 
marketplace and so have better efficiencies. 
Superiority in operating efficiency will be of 
crucial importance in the determination of future 
worldwide leadership in the wind energy 
industry. 

The initial US domestic wind energy market 
was given an enormous boost by federal and (in 
the case of California) state incentives such as 
investment tax credits, as well as by the 1978 
Public Utility Regulatory Policies Act 
(PURF'A), which required public utilities to 
purchase the power of independent power 
producers. However, under the rules, there was 
no economic penalty if a wind power facility, 
once built, failed to produce any electricity. 
This led to a large number of poorly conceived 
turbine designs being manufactured and 
installed quickly and in very large numbers. 
When the turbines proved economic failures, the 
reputation of wind as a viable source of 
alternative energy was tarnished. The 
investment tax credits also produced a limited 
partnership environment, which, because of the 
large number of stockholders, made the 
resulting companies inefficient and 
unmanageable in terms of day-to-day 
operations. This contributed to many of the 
ultimate failures. 

In the mid-l980s, just as the industry was 
beginning to develop more advanced technology 
which would prove more economically 
competitive, US RD&D funding for wind was 
drastically cut. This resulted in a substantial 
dislocation of the US wind industry; only a few 
companies remained. The remaining US 
companies had the most efficient, highly 
developed technology best suited to the 
marketplace. However, the Europeans were 
given an opportunity to learn from US mistakes 
and began to equal or surpass US industry in 
many areas. 

Recent legislative and policy trends in the US 
are encouraging, but must be fully funded and 
expanded if they are to be competitive with 
current European incentives for wind energy 
development. EPAct [l], which became law in 
October 1992, allows a $O.O15/kWh production 
tax credit (quite small by European standards) 
for privately-produced wind generated 
electricity (with some restrictions). EPAct is the 

first new national program for wind energy to go 
into effect in fourteen years in the US [15]. 
Because of the intensive up-livnt capital costs of 
wind projects, the impact of the EPAct tax credit 
could be severely limited unless independent 
power producers are also granted relief from 
current Alternative Minimum Tax (AMT) rules 
[16]. The cment administration has opposed 
this idea. 

Tied bilateral aid represents the single biggest 
advantage that foreign competitors have over 
US industry in the pursuit of foreign wind 
energy markets. The Danes have essentially 
claimed the emerging market in India by 
providing $50 million in attractively packaged 
additional funding (tied to the purchase of 
Danish turbines) to an 85 M W  wind energy 
project partially funded by the United Nations' 
(UN) and World Bank's Global Environment 
Facility (GEF) [17,18]. During 1991 and 1992, 
all grid-connected turbines installed in India and 
Egypt (another large developing market) were 
produced by European manufacturers [ 121. Tied 
bilateral aid is a direct contributor to this fact. 

The US has recently begun to address the 
bilateral aid problem. Existing US legislation 
was amended by EPAct to expand 
commercialization opportunities for domestic 
wind energy producers. The US Department of 
Energy (DOE) will oversee joint venture 
projects which focus on demonstration and 
commercialization of renewable energy, 
including wind. In addition, the DOE may now 
enter into agreements with private lenders to pay 
a portion of the interest on loans for renewable 
projects. Thus far, funds for these programs 
have been authorized but not appropriated. In 
principle, these provisions of EPAct could begin 
to alleviate the tied bilateral aid problem. 

An important part of the worldwide technology 
picture is concerned with optimum turbine size. 
To begin, it must be noted that there has never 
been a large standalone wind turbine (i.e., one 
having a rated power of approximately 1 MW or 
more) built that approaches economic viability 
[ 151. Nor is there any guarantee that this will 
ever occur, although recent technological 
advances provide hope that viability might be 
achieved within a decade for machines in the 
single megawatt range [19]. Despite negative 
historical experience with large turbine 
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performance and cost, many national wind 
energy RD&D programs have devoted (and still 
devote) significant resources to the development 
and demonstration of large standalone turbines 
P O I .  
Early US multi-MW turbines were developed 
when the practicality of large-turbine 
technology, as well as its economics, was highly 
suspect. Now that US industry does not seem 
interested in developing commercial turbines 
even as large as the 1 MW range, further 
successful European development of large 
turbines would give them an advantage over the 
US in the offshore market, where increased 
costs for firmly anchoring turbine structures 
tend to make fewer, larger machines more 
economically attractive [21], and in the 
European market where limited space is a 
concern. Knowledge gained from the early US 
multi-MW experience is now available to the 
Europeans, who can refine the technology fur 
application to potential markets worldwide. The 
current European strategy for large turbine 
development involves risk-reduction through the 
partial underwriting of development costs (in the 
UK and Italy), or market stimulation (in 
Germany, Denmark, and the UK) [7]. 

Early US emphasis on multi-MW technology 
arose partly from a perception that electric 
utility companies, accustomed to building power 
plants in the 100-10o0 MW range, would never 
be interested in smaller turbines. It was felt that 
electric utilities had to take the lead if wind 
energy was to ever achieve a substantial position 
in the commercial marketplace. In addition, 
early DOE-sponsored studies indicated an 
optimum turbine size in excess of one 
megawatt. Multi-MW technology development 
was therefore encouraged, despite the fact that 
many of the early studies were performed by 
potential contractors with a bias favoring large 
machine development, and the existence of 
countering evidence that large machines were 
neither practical nor economical. In the end, 
utilities were unwilling to commit resources to 
such an unpromising new technology. As a 
result, the early worldwide market for wind 
energy demanded small-to-medium-sized 
turbines (in roughly the 50 kW to 400 kW 
range) which could be afforded by independent 
entrepreneurs. These developers received only 
indirect US government support in the form of 

tax incentives that were in place until the mid- 
1980s. Benefits of the early US multi-MW 
approach can be argued, but the majority of 
experts support the view that the time and 
investment could have been much more 
profitably spent. 

Pursuit of multi-MW turbine development by 
the EC is declining, while more promising large 
turbines on the order of a 1 MW capacity remain 
a priority. This turbine size is approaching 
capacities already commercially available in the 
private sector [15], as the marketplace is 
beginning to define an optimal turbine as one in 
the range of 500 kW to 1 Mw. It may be that 
the Europeans have, in several of their recent 
programs, repeated a mistake made by the US 
when its own RD&D budget for wind 
technology was large: the development of very 
large (multi-MW) turbines is an appealing and 
glamorous way to spend available dollars, but is 
not necessarily the most effective path toward 
market success. Sweden, for example, had until 
very recently focused its wind program almost 
exclusively on the development of multi-MW 
turbines [15]. This focus has been loudly 
criticized and blamed for Sweden's lack of 
commercial success, as well as its lack of a well- 
developed domestic market. Sweden has now 
begun to stimulate a domestic market for 
smaller commercial turbines [22]. 

One country not explicitly included in this 
study, yet worth mentioning in regards to the 
wind energy picture, is Israel. Israel is highly 
motivated to develop renewable energy sources 
by its desire for energy security and its abundant 
resources in solar and wind (if the Golan 
Heights area is included, Israel's total wind 
energy potential is roughly 600 M W  [23]). 
Israel is also concerned about its diminishing air 
quality. Israeli researchers have demonstrated 
the technical expertise and innovative thinking 
required for a leadership role in the technology. 
In addition, the Israeli government has actively 
supported and encouraged the use of 
renewables. 

The Technion, Israel Institute of Technology, 
seems particularly innovative. Although not 
their original concept, the Technion is pursuing 
the idea of a giant downdraft wind generator 
known as SNAP (sneh aero-electric power) [24]. 
Other Israeli players include: Terem Advanced 
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Wind Technologies, a company formed recently 
with money from Italian investors, which has 
received an advance order from a German 
company for 40 highly efficient wind turbines 
worth $1 million apiece [W]; Israeli Electric 
Corp. (IEC), which is planning a large wind 
farm on the Golan Heights, a smaller wind farm 
in the  galilee^ region, and up to ten additional 
stations in northern Israel [26]; and, Ormat 
Turbines, which has sold several million dollars 
worth of turbines to Mexico and Iceland [27]. 

2.2 SOLAR THERMAL 

Solar thermal technologies with the strongest 
economic staying power over the very long term 
will be in the areas of building heat, solar hot 
water, materials processing, and certain other 
low temperature applications. A worldwide 
trend toward decentralization of electrical power 
generating capacity favors modular applications 
such as remote dish receivers and small 
parabolic trough facilities over central receiver 
plants. Commercialization of large-scale solar 
thermal electricity generation plants is also 
hampered by regulatory and tax barriers which 
favor fossil fuel generation options, 
Commercial central receiver plants, although 
technically viable by the year 2oO0, will likely 
not enjoy the commercial success touted by their 
supporters. In the short to medium term, it is 
unlikely that established suppliers and 
manufacturing economies of scale can be 
achieved for the essential components of such 
large plants. In the long term, even if such 
economies occur, trends toward decentralization 
and improved economies for solar PV power 
generation could push central receivers largely 
out of the worldwide marketplace. 

Parabolic trough power plants are positioned to 
fill a worldwide niche market (particularly in 
developing nations such as India) for increased 
power generation in the short to medium term. 
The US, Israel, and to a lesser extent Germany 
are best positioned to take advantage of these 
opportunities. The US has the advantage of 
ongoing operating experience with trough plants 
originally built by the then-US corporation LUZ 
International, Ltd. (LUZ) in southern California 
Israel and Germany have the advantage of active 
collaborative research in improved trough 

technology, and seem more adept than the US at 
establishing fmtholds in foreign markets. 
Therefore, the US cannot claim a distinct 
advantage in this area Harsh environmental 
conditions in India (and some other emerging 
market areas) may be a further advantage for 
troughs over more sophisticated central receiver 
and dish applications in these areas. 

The US and Germany share leadership in 
parabolic dish technology, with Japan 
positioned for strong contributions in Stirling 
engine applications. The prognosis for dish 
applications is seen to be midway between 
troughs and central receivers. Dishes have the 
distinct advantage of modularity, which is 
consistent with trends toward decentralization, 
and fills a need for power generation in remote 
areas. Hybridization (Le. the optional ability to 
generate electricity using fossil fuel, or a 
combination of fossil fuel and solar energy 
during non-optimal solar conditions) of dish 
applications reduces the advantage of thermal 
storage touted by proponents of central 
receivers. Even dish technology may be 
displaced by PV at many sites in the long term. 

Overall, the US is positioned to be the world 
leader in solar thermal technology for the 
foreseeable future, but only slightly ahead of 
Germany. This prognosis is the result of a 
healthy level of competitiveness between US 
industry participants in important subareas of 
solar thermal R&D, as well as established 
cooperative working relationships between US 
industry and government research laboratories in 
this country. In lieu of a shift in focus by US 
policy-makers to a more global perspective, 
overall US leadership in the solar thermal arena 
is crucially dependent on successful domestic 
commercialization of large-scale solar thermal 
power generation technology. Given the 
inherent obstacles to such commercialization, 
the US might be wise to pursue a more secure 
track toward continued leadership by accounting 
more seriously for overseas market 
opportunities, and by developing more 
aggressive strategies to take advantage of them. 

EC programs and policies have done less to 
move member nations to the forefront of solar 
thermal technology than in, for example, wind 
energy technology. However, dividends have 
been realized. Germany and Israel are the major 
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competitors to the US in solar thermal 
technology. Germany is the European leader, 
not only in the number and variety of ongoing 
programs, but in the quality of its research and 
development activities. Germany is particularly 
interested in the solar production of hydrogen 
(one of their visions is that of a hydrogen-based 
economy). Since the German domestic solar 
resource is too poor to allow the economic 
operation of a domestic central receiver power 
plant, German interest in the technology is 
strictly fkom an energy export standpoint. 
Therefore, as opposed to the US, the Germans 
are by definition concerned with tailoring 
technology to overseas market needs. Germany 
is a world leader in volumetric air central 
receiver technology, and is a direct competitor 
to the US in nearly all aspects of dish 
technology. Israel is well positioned in both the 
central receiver and parabolic trough areas, with 
many cooperative research programs in place 
with other leading nations. Israeli researchers 
seem to have a superior understanding of the 
optical characteristics of heliostats, and are quite 
strong in other aspects of their basic research 
and development. Japan is among the world 
leaders in Stirling engine development (though 
not in solarization of their engines). Japan 
clearly trails the US and Germany in both 
trough technology and central receivers. The 
Japanese could catch up in trough technology 
fairly easily because of the large amount of 
information available in the open literature. 
Little evidence is seen, however, of Japanese 
interest in this area. Their trailing position in 
central receiver technology is likely to remain, 
even if central receivers become a national 
priority. 

Negative pressure from the French government 
and utility industry, as well as a largely 
unfavorable public perception of solar thermal 
technology, has caused France to fail to 
capitalize on its quick start in the area beginning 
in the early 1970s. Today there are dim 
prospects for the successful advancement of 
either significant research or commercialization 
of solar thermal technology in France. Because 
of their pragmatic strategies and poor domestic 
solar resources, Denmark and the United 
Kingdom (UK) are also not expected to become 
major players in solar thermal technology 
(particularly for power generation). The same is 
true of Russia, where many major scientific 
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solar t h m a l  research centers have become 
geographically separated from the new Russian 
republic by the dissolution of the former Soviet 
Union, and where the major economic emphasis 
in the short to medium term is expected to be in 
the further development of the domestic fossil 
fuel energy complex. Italian activities in solar 
thermal technology are largely small scale, and 
Italy is not expected to assume a leadership 
position in the foreseeable future. 

Emerging markets in developing nations will 
play a large role in determining future 
worldwide leadership in solar thermal R&D. 
Several countries, including Israel, are 
positioning themselves advantageously to 
pursue these opportunities. 

- .  
Israel's involvement with solar thermal 
technology is most strongly identified by its 
relationship to LUZ. LUZ was founded in 1979 
by two men who later emigrated to Israel, 
starting with US-developed technology readily 
accessible in the open literature. It became a US 
corporation based in Los Angeles, but with a 
subsidiary (LUZ Industries Israel, or LII) in 
Israel. Much of the private financing obtained 
by LUZ came from Jewish investors in the US 
who were anxious to support an Israeli 
enterprise. This important religious factor 
meant that private sector financing came more 
easily to LUZ than it would have come to most 
companies. The government of Israel also 
provided some financing. LUZ declared 
bankruptcy in November 1991, and the rights to 
the LUZ technology were purchased by the 
Belgian company Belgo Instruments, which 
established Sole1 Solar Systems Ltd. in Israel as 
the successor to LUZ. Several of the original 
SEGS plants (the nine parabolic trough power 
plants built by LUZ in southern California from 
1985 to 1991) are now being operated by KJC 
Operating Company of the US (a wholly owned 
subsidiary of Kramer Junction Company). 
Many current Israeli activities in solar thermal 
technology (including both advanced research 
and commercialization) are described later in 
this report. 

Israel is contemplating building large process 
heat plants (on the order of 100 MW) in the 
Dead Sea area before the year 2000. These 
plants represent a potential market for US 
manufacturers needing to "ramp-up" in the 



production of certain high-volume components 
for large central receiver power plants. Such a 
ramp-up is necessary in order for sustained 
large-scale production (i.e., manufacturing 
economies of scale) to become a reality. 

The US Office of Solar Energy Conversion has 
established the following goals for total solar 
thermal electric generating capacity by the year 
2000: 750 M W  in the US: and, 500 MW 
overseas [28]. At present, the 355 MW total 
capacity of the LUZ SEGS plants in California 
represent roughly 95 percent of the world's solar 
generated electricity [29]. Parabolic trough 
systems are currently the only viable large-scale 
solar thermal technology option for electricity 
generation. As such, most additional capacity 
by the year 2000 will result from the application 
of trough technology. Central receiver and 
dish/Stirling systems should begin to be 
technologically viable by about the year 2ooo to 
2005. The proportion of solar thermal electric 
generating capacity provided by these 
technologies (particularly dishlstirling) will 
increase after that time. 

From a technological standpoint, commercial 
central receiver plants in the 100 to 200 M W  
range will be viable by the year 2000. 
According to some current studies, central 
receiver technology has progressed to the point 
where commercial plants sized in this range 
could supply electricity at a cost competitive 
with other sources, if environmental 
externalities are considered [30]. Optimistic 
proponents of the technology believe that the 
first commercial central receiver plants will be 
built within a decade in the US desert 
Southwest. These projections are based on 
recent indications of increased utility interest in 
central receiver technology in localized areas, 
and on increased awareness of and sensitivity to 
the environmental drawbacks of fossil fuel 
generation options. Increasing pressure to shut 
down existing nuclear plants is also a factor. 
For various reasons, the authors do not share 
this viewpoint. 

For one thing, some Southwest utilities have 
excess capacity today, and will need no capacity 
additions before the year 2000. In addition, 
perceived economic risk is a large barrier 
affecting prospects for the successful 
commercialization of central receiver 

technology. This perception will certainly be 
reduced with the completion and operation of 
Solar Two, a retrofit of the 10 MW Solar One 
waterhteam central receiver in Barstow, 
California with second-generation molten salt 
technology incorporated into both the receiver 
and thermal storage systems. However, other 
important considerations related to 
commercialization involve current inequities in 
the tax treatment afforded solar energy facilities 
as compared to conventional fossil fuel 
facilities. The establishment of manufacturing 
economies of scale for certain critical 
components of such plants (such as cost 
effective reflective surface materials) is also 
considered unlikely, as the required sustainable 
markets would be substantial. Despite estimates 
that by the year 2000, US electric utilities will 
need to add 20,000 M W  of new capacity 
nationwide [28], significant utility scale 
commercialization of solar energy electricity 
generation will likely not occur in the US before 
major tax law changes are enacted. 

Current barriers to US domestic 
commercialization of large-scale solar electricity 
generation include [29]: 1) low fossil energy 
prices: 2) lack of methods for evaluating the cost 
of environmental externalities for various power 
generation options; 3) energy pricing policies 
which force the developers of solar thermal 
generating plants to bear the full risk of future 
energy price fluctuations; 4) plant size 
limitations resulting from PURPA, which 
prevent manufacturing economies of scale from 
being achieved: 5 )  property tax inequities, 
which arise from the fact that by forcing solar 
thermal plant operators to pay property tax on 
that part of their facility which collects the suns 
energy, they are in reality having to pay 
property tax on their "fuel," a burden not shared 
by the operators of fossil fuel plants; 6) 
inequities in other taxes, which arise mainly 
from the capital-intensive nature of solar 
thermal plants: 7) changes to PURPA which 
force solar thermal developers to enter into all- 
source bidding, and which alter the concept of 
avoided cost; 8) lack of renewable energy 
incentives to utilities: 9) a regulatory structure 
which inhibits solar investment; and 10) 
difficulties in obtaining insurance. 

It has been estimated that between 2 and 4 
QUADS (a quadrillion BTUs) of industrial 
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process heat energy may be displaced by solar 
thermal technology by the year 2030 in the US. 
Although this sounds like a large number, it is 
actually fairly small when compared to the 
roughly 80 QUADS consumed by all energy 
sectors in the US today. 

Germany's Federal Ministry of Research and 
Technology (BMFT) commissioned a study 
which concluded that 16 Mediterranean 
countries could substitute with solar plant 
capacity (viably and economically) four to 15 
percent of the additional oil- and gas-powered 
plants which should be needed in that area by 
the year 2005 (with the actual percentage 
dependent on energy policy decisions). This 
result meshes nicely with Germany's interest in 
pursuing solar thermal power generation in the 
region. The increased utilization of solar 
thermal energy for domestic consumption in 
Germany is, however, a long-term proposition 
brought about by reunification (and its 
associated drag on the growth of primary energy 
demand) and the lack of a viable domestic solar 
resource. 

By far the largest opportunities for fuaue 
expansion of solar thermal markets lie in 
developing nations. India represents the largest 
potential market in the world for solar thermal 
technology, driven by environmental stresses 
(including population growth) and India's 
abundant solar resource. The Indian market is 
attractive for both power generation (India plans 
to double its 70,000 MW of installed capacity 
by the year 2000) and low temperature solar 
thermal devices. The developing Indian market 
does possess some interesting features, which 
include: 1) the desire on the part of the Indian 
government to build future solar thermal 
facilities using Indian resources as much as 
possible (the driver here is the need to expand 
domestic employment); 2) harsh regional 
atmospheric conditions which could dictate 
suitable technologies; and, 3) the need for 
relatively inexpensive and easily repaired 
installations. 

There is an enormous market for remote 
applications of low temperature solar thermal 
energy technology in other undeveloped areas 
around the world. It has been said that the three 
most important applications of solar energy in 
the Third World will be for the drying of 
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produce, distillation of salt water and brackish 
water, and cooking [31]. Water distillation will 
increase in importance as the world population 
continues to grow and supplies of potable water 
are depleted. Another low temperature 
application is in the provision of low cost, 
reliable refrigeration, essential for vaccine 
storage and food preservation. Tens of 
thousands of remote Mexican villages, plus 
innumerable others in the roughly forty similar 
sunbelt countries around the world, would 
benefit from solar reitigeration systems such as 
are now being marketed. 

2.3 SOLARPV 

Solar PV technologies have two major 
advantages which position them well in the 
long-term renewable energy picture: 1) 
modularity; and, 2) diversity of applications 
which suit some form of PV to nearly every 
geographic market. Geography, climate, 
infrastructure, and local energy requirements 
dictate the role that PV will play within national 
energy strategies. In the long run, given 
continued technological progress and cost 
reduction, certain parts of the world will 
eventually be host to wide-scale production of 
"utility-scale" PV electricity, while other parts 
will most likely utilize PV more as a method of 
energy conservation. Either way, PV will play 
an integral role in national energy strategies. 

In 1992, PV modules with a generation capacity 
of 57.9 MW and worth an estimated $347 
million dollars (based on 1990 prices) were 
shipped worldwide [32, 331. This represents an 
increase of over 100 percent since 1986, and 
over 1650 percent since 1980. Module 
shipment trends since 1980 are illustrated in 
terms of Megawatts (Mw) in Table 2.1. Japan 
has been the leading shipper since 1985. 
However, since 1987, the momentum in growth 
of shipments has been driven by Europe, which 
had a five-year growth rate of over 250 percent 
and an average annual growth rate of 29 percent. 
This is followed by the US, whose shipments 
grew over 100 percent between 1987 and 1992, 
and whose average annual growth rate during 
this period was 16 percent. This compares with 
Japan's five-year growth rate of 42 percent and 
average annual growth rate of seven percent. If 



current growth rates continue, Europe could 
draw practically even with the US and Japan by 
as early as this year, and surpass them both 
slightly by 1994 (Table 2.2). This would leave 
the world PV market divided into relatively 
even thirds and could intensify efforts to further 
decrease costs and develop market opportunities 
in industrialized and developing countries alike. 

Commercial applications (stand-alone, remote 
power systems for limited (0.2-25 kw) 
residential, commercial and agricultural 
applications; grid-connected supplemental 
power sources; PV-integrated building products 
such as PV glass, roofing tiles, and building 
facades); and, 3) Government procurement for 
demonstration projects. 

The statistics of Tables 2.1 and 2.2 do not take 
into account that Siemens Solar, an American- 
based company, is owned by a German 
company and can be effectively considered a 
European asset in terms of technological 
advantage. If Siemens Solar were considered a 
European company, the US would presently be 
in third place, behind both Japan and Europe. 

The end-use applications for PV modules and 
systems are divided into three primary sectors: 
1) Niche-oriented consumer products (watches, 
calculators, patio lights, small electronic 
appliances, ventilation fans, etc.); 2) 

Consumer Sector, Though the sale of consumer 
products will continue to play an important role 
in sustaining the PV industry and expanding 
public awareness and appreciation of the merits 
of PV, this market sector will not serve as a 
significant technology driver in the pursuit of 
competitive PV electric power production. Nor 
will consumer products provide the level of 
demand required to develop the mass-scale 
production of PV modules and support systems 
that is the requisite for the development of 
competitively priced PV-generated electricity. 

Table 2.1 PV Module Shipments Since 1980 (MW). 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

* Rest of World 
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Table 2.2 Projected PV Module Shipments (MW). 

a- continuing at 16% average 5-year growth rate 
b- continuing at 7% average 5-year growth rate 
c-  continuing at 29% average 5-year growth rate 
d- continuing at 11.2% average 5-year growth rate 

Consumer products use low-gradehow- 
efficiency cells that are impractical in the 
production of electricity for primary use. They 
often use single cells or very small modules of 
cells, thus do not provide the opportunity for the 
development of expertise and experience in the 
manufacture of the larger modules and arrays 
needed for primary power production. 
Consumer products do not require a support 
system or "Balance Of System" @OS) upon 
which primary PV power generation depends, 
thus there is no opportunity to further develop 
these components and reduce their costs. 

Commercial Secto rr The commercial market is 
the largest and fastest growing PV sector. It is 
this sector that is the driving force behind the 
development of PV as a potential wide-scale 
source of power generation. Current 
commercial applications, coupled with trends 
toward decentralization in utility planning 
world-wide, focus on PV as a modular, primary 
power source off-grid, and a modular, 
supplemental power source within a 
decentralized grid. 

It is specifically the off-grid application that is 
so promising at present and which has the 
potential to produce the short-term scale of 
demand that the PV industry has been 
anticipating for so long. Remote installation of 
PV has been - and will remain - the primary 
power generation application of PV in the short 
to medium term, and is currently the only PV 

12 

application which can be shown commercially 
viable, albeit only in certain markets. 

~. 

In the medium term, other commercial 
applications that will become wide-spread 
include: 1) grid-connected PV arrays, producing 
power for direct use on-site during peak demand 
periods and releasing excess power to the grid 
during off-peak periods; and 2) "dual-use" PV- 
based building products (roof tiles, glass, 
building facades) that will produce power on- 
site with no need for a structural BOS (thus 
reducing space and cost restrictions), and that 
will "shave" grid electricity demand by 
consumers. 

In the medium to long term, small-scale, grid- 
mnnected PV power plants will be used by 
utilities as part of a decentralized electric power 
grid, bringing electricity production to demand 
centers rather than distributing power from a 
few, large central power plants. This is a 
strategy that is now being considered by utilities 
in several different countries and is the one in 
which PV will first be utilized by utilities as a 
grid-connected source of commercial power 
generation [34]. 

Government Secto r, Government- funded 
demonstration programs in Europe, Japan, and 
the US have been re-invigorated during the last 
few years after languishing during the oil glut of 
the 1980s. These programs support domestic 
PV industries by providing for large-scale 
projects that require manufactured PV 
technologies and their direct application in the 



field. Accordingly, they provide the PV 
industry with publicity, financial support and 
experience in power production, as well as an 
incentive for utilities to become involved in the 
use and assessment of PV. 

As of 1992, silicon is still the principal material 
used in PV cell technology, representing almost 
%percent of the total market. Within the 
silicon technology category, crystalline silicon 
modules account for almost three-quarters of all 
modules shipped. Less expensive and more 
easily engineered (but less efficient) amoqhous 
silicon, though making up about 25 percent of 
total module shipments, represents only about 
ten percent of modules shipped for power 
production - the remainder are for the consumer 
sector. This is expected to change soon as thin- 
film technology allows the production of 
amorphous silicon PV modules in large sheets, 
rather than as individual cells as crystalline 
silicon cells are now produced. Future advances 
in amorphous silicon efficiency, combined with 
improved thin-film technology, may make 
amorphous thin-firm technology economically 
viable for the commercial power market [35 1. 

New materials are not expected to pose any 
threat to the supremacy of silicon in PV 
manufacturing for at least the next five years 
[35]. As of 1992, of the new PV materials 
currently being developed, only cadmium 
telluride had entered the consumer market (in 
calculators). New materials technologies and 
manufacturing techniques have not yet matured 
to the point that they are commercially viable; 
and silicon, being the oldest and best understood 
PV material, continues to be engineered into 
different cell forms (thin film, spheres), and to 
achieve improving efficiencies. However, based 
upon the minimalization of materials required, 
the ease with which modules will purportedly be 
manufactured and the deflationary effect this 
will have on PV costs, thin-film technology is 
the vehicle upon which PV is ultimately 
expected to be brought into mainstream energy 
markets. 

Success in the developing country PV market 
will depend on three important elements: 1) 
financing; 2) planning; and, 3) access. 
Financing options include bilateral aid from 
individual donor countries, multilateral aid from 
the World Bank, aid from non-governmental 

organizations (NGOs) or the United Nations, or 
a combination of these. International 
environmental concerns have also led to the 
establishment of the World Bank's Global 
Environment Facility (GEF) and Japan's "Green 
Aid program, each of which are potential 
funding sources for solar PV projects. 

Solar PV generally suffers from a bad reputation 
based upon past projects that were poorly 
designed, inappropriate for local power 
requirements and conditions, or lacking a 
strategy for the establishment of local 
sustainability (establishment of service/supply 
centers and training programs for locals on how 
to maintain PV systems). Proper feasibility 
studies, joint research projects, personnel 
exchange and training, and local participation in 
project planning will be crucial in gaining PV 
sales contracts from governments and aid 
agencies. 

The third element of success in the developing 
world PV market is access. Access is based on 
a mixture of different factors, including: 1) 
existing market presence in other products or 
technologies; 2) the existence of an on-going or 
long-standing politica1,economic andor aid 
relationship; 3) geographic proximity to the 
market; and, 4) provision of the first two 
elements: financing and planning. The initial 
stages of PV dissemination to developing 
countries will most likely be cmied out 
"vertically." Essentially, specific countries will 
provide financing and planning for 
demonstration projects that are carried-out by 
their own PV manufacturers. This will 
introduce the companies into the local PV 
market, where they will then establish local 
relationships and "presence" in PV technology. 
This will most likely occur in parallel with 
multilateral aid projects requiring international 
bids for renewable contracts. Once specific 
companies have established market presence, it 
is highly likely that they will be favored in the 
bidding process. 

Geography and population density pose serious 
limitations to economically practical, large- 
scale, grid-connected PV installations in most 
European countries in the short, medium, and 
even the long-term future. The primary role of 
PV in these countries will most likely be in the 
realm of conservation, rather than base load 
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power production. Other countries, especially 
those in the southern Mediterranean, are much 
more likely to have grid-connected PV as a 
contributor to the base load. 

PV technology programs exist in several 
countries in Europe. However, there are only a 
few national efforts that have significance in the 
international arena. These programs are found 
in Germany, Italy, and the Netherlands - and to 
a lesser extent in France. European companies 
are poised for international expansion into the 
markets of industrial as well as developing 
countries. Combined with the aggressive 
domestic market development occurring in 
Germany and Italy, the potential for market 
expansion by European companies is 
exceptional. 

However, renewed efforts in support of PV 
development in Japan and the US ensure that, in 
the short term, no one PV program is likely to 
achieve the degree of dominance enjoyed by 
Japan for most of the 1980s. As was shown in 
Tables 2.1 and 2.2, Japan is about to lose its 
position at the top of the list of world PV 
module shippers. This fact may be due to 
Japan's focus on consumer sector applications of 
PV products, whereas the future picture lies with 
commercial applications. Japan is unlikely to 
regain its market share lead anytime soon, since 
success in commercial applications is more 
dependent on strength in basic R&D than is 
success in the PV consumer products 
marketplace. Japan has never been particularly 
successful in basic R&D, and is unlikely to 
improve on this deficiency in an environment of 
reduced R&D expenditures in a struggling 
economy. 

The activities of three countries not explicitly 
included in this report deserve consideration in 
any discussion of the worldwide outlook for 
solar PV. These are: the Netherlands; 
Australia; and, India. 

The Netherlands. The R&D program in the 
Netherlands is relatively insignificant in 
comparison with those in Germany, Japan and 
the US (with a 1990 PV budget of only about 
$3.5 million [36]). Nevertheless, the 
Netherlands is active in PV promotion abroad, 
specifically in its former colony of Indonesia. 
Its Indonesian ties make the Netherlands an 

importaut world player. With an installed grid 
that reaches only about 32 percent of a 
population that is already the fourth largest in 
the world and spread out among 13,000 islands, 
Indonesia is a perfect model of the benefits of 
PV remote power. A joint effort by the 
governments of Indonesia and the Netherlands, 
the World Bank (GEF), and R&S Renewable 
Energy Systems (of the Netherlands) has 
resulted in the successful installation of over 
15,000 residential arrays in Indonesia since 
1988 [37]. As a follow-up, the Indonesian 
government has established a plan to install one 
million more rural residential arrays over the 
next six years [38]. R&S recently organized a 
joint venture with Phillips, called the Solar 
Electric Light and Power Co., which recently 
won a contract to work on an additional $20 
million PV project funded by the World Bank 
through its Asian Alternative Energy Unit [39, 
401. 

Austral& Australia is becoming one of the 
global centers of PV R&D and marketing 
activity. It is home to one of the worlds 
premier PV research centers, and is also host to 
a number of subsidiaries of international PV 
companies: BP Solar, Siemens Solar, Helios, 
Solarex, and Kyocera. Given its wide-open 
spaces and considerable amount of annual 
incident sunlight, Australia is an ideal potential 
market for PV applications of all sizes. The 
Australian government has recognized this, and 
has begun to promote domestic use of PV as a 
peak power source. The government estimates 
that at least two-thirds of all Australian homes 
can effectively use PV roof arrays [41]. 

The Center for PV Devices and Systems at the 
University of New South Wales (UNSW) is 
responsible for some of the highest crystalline 
silicon cell efficiencies on record. The center's 
technologies have been licensed to BP Solar for 
commercial application. Australia could 
potentially become a world leader in PV, given 
its technical and scientific infrastructure, 
sunlight, and space to support large-scale PV 
applications. Some claim that Australia is 
already the world leader in per-capita PV 
manufacturing and installation of small PV 
arrays for remote sites, telecommunications, 
navigational aids and water pumps [42]. 
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Murdoch University in Australia was selected 
by the United Nations International 
Development Organization (UNIDO) to be the 
site of the first UN Center for Applications of 
Solar Energy. The center will be the first of 
several similar facilities set-up by the UN to 
study high solar radiation. It will be completely 
financed by UNDO, and will also receive R&D 
support from the Australian state and federal 
governments as well as from various 
international sources. In its initial stage, the 
center will concentrate on a detailed assessment 
of the energy needs of the Asian-Pacific region 
and how best to satisfy them with solar (and 
PV) applications [37]. 

India India is the largest PV manufacturer 
outside of Europe, Japan and the US, with three 
indigenous companies that manufacture PV cells 
and modules. It is also the site of very vigorous 
PV dissemination and demonstration projects 
established and financed by its own government 
and industry in association with international aid 
organizations and joint ventures with foreign PV 
manufacturers. 

India's potential for PV application is almost 
boundless, as it is the world's second most 
populous country, and has an estimated 75 

geographic location, though not ideal due to 
tropical conditions, ensures that India receives a 
significant amount of incident sunlight annually. 

million homes without electricity. Its 

The domestic Indian PV industry ships up to 2 
M W  of modules per year. Although the 
majority of silicon wafers that comprise the cells 
within these modules is imported, all of the cells 
themselves are produced by two government- 
owned public companies, Central Electronics 
Ltd. (CEL) and Bharat Heavy Electricals Ltd. 

(BHEL). CEL and BHEL also manufacture 
modules, joined by a third public company, 
Rajasthan Electric and Instruments Ltd. (REE), 
and three private companies, Renewable Energy 
Systems Private Ltd. (RES), Udhaya 
Semiconductors Private Ltd., and Tata/BP Solar 
Private Ltd. (a joint venture between Tata, 
which is one of India's largest industrial 
companies, and BP Solar). Virtually all of the 
modules produced are sold to various Indian 
government agencies for applications in remote 
sites and demonstration projects. The rest are 
sold in the commercial sector, which is 
dominated by Tata/BP Solar [43]. 

The Indian government PV program is led by 
the Indian Renewable Energy Development 
Agency (IREDA). It is through IREDA .that 
money from the Indian government and 
international aid agencies is distributed. 

The potential of India as a market for solar PV 
applications is apparent by the high level of 
investment currently being undertaken in the 
country. The World Bank has provided India 
with a $55 million PV market development 
loan. The loan is the first installment of an 
over-all package of $175 million in aid put 
together by the Global Environmental Fund 
(GEF) of the Bank and administered by its Asia 
Alternative Energy Unit (AAEU). In addition, 
India has applied for a credit of $115 million 
from the International Development Association 
(IDA) and a loan of $26 million from the GEF 
itself, both of which are to aid in the deployment 
of up to 2.5 M W  of PV systems (lighting, water 
pumps and village power) targeted for 
installation by 1997 [43]. The government is 
also reported to have purchased up to 6 MW of 
PV equipment from the US. 
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CHAPTER 3: 
INDIVIDUAL COUNTRY REPORTS 

eports are given on the activities of the following seven nations: Denmark, France, Germany, Italy, Japan, 

picture for the technologies of inteFest here. R&D activities in these technologies which ate underway in other 
counEcies are mentioned within the discussion when the activities ate pertinent to an understandl 'ng of the 
worldwide technology picture. 

FL ussia, and the UNted Kingdom 0. These countries play a dominant role in the worldwide R&D 

3.1 DENMARK 

3.1.1 Policy Overview 

Like most of its fellow EC members, the oil crisis 
of the late 1970s caused Denmark to recognize its 
dependence on oil as a primary energy source and 
thus redirect its energy policies toward greater 
divdfication. Independent power production has 
been a national objective ever since [6]. In 1979, 
Denmark was 96 percent import dependent with 
regard to its total energy supply. Net imported oil 
accounted for 95 percent of Denmark's total oil 
consumption, with oil representing 77 percent of 
total energy supply and 36.8 percent of electricity 
generation. As of 1991, import dependence had 
decreased to 39 percent, with net oil imports 
dropping to 17 percent of total Danish oil 
consumption. Oil currently represents 44 percent 
of total energy supply and just 3.7 percent of 
electricity generation [44]. 

'Ihis Innsition was as much a result of providence 
(in the discovery and exploitation of North Sea oil 
fields) as it was a product of a directed energy 
policy. However, while Denmark's newly 
developed indigenous energy supplies and its 
policy of diversification of supply has reduced the 
role of oil (and of oil imports) in the Danish 
economy, it has correspondingly increased the role 
of mal (and of coal imparts) in the national energy 
partfolio. Coal now represents 90.9 percent of 
electricity generation and 41 percent of total 
Danish energy supply (verms 63.1 percent and 21 
percent, respectively, in 1979). Imports account 
for 94 percent of total coal supply [MI. 

It was therefore in the interest of energy security, as 
well as the desire to reduce greenhouse and omne 

depleting gas emissions, that the Danish 
government instituted its "Energy 2OOO" plan [45] 
in 1990. The primary goal of the program is to aid 
in reducing CO,, SO,, and NOx emissions while 
simultaneously securing the availability of 
economical energy ~ e s o u ~ c e s ~ .  Given the 1985 
parliamentary decision against the use of nuclear 
power in Denmark, this goal is to be achieved 
primarily by reducing coal's contribution to 
Denmark's electricity generation and by promoting 
the use of "clean" indigenous energies such as 
wind, biomass, and natural gas4. Measures taken 
to accomplish this change in coflsumption patterns 
include: 1) the introduction of "carbon taxes" on 
energy consumption; 2) subsidy programs for 
energy efficiency, conservation, and promotion of 
renewable energy sources; 3) investment in RD&D 
for the development of energy efficient 
technologies and the advancement of "near market" 
renewable energy technologies. 

Denmark is, thus far, the first EC member country 
to approve of the T O ,  Tax," which is to be 
implemented over a two year period (1992-1993). 
The tax will favor natural gas and "carbon neutral" 
energy sources over coal, and will most likely lead 
to an increased use of natural gas over electricity 
for heating. Off-setting reductions are to be made 
in existing energy taxes in order to minimize the 
negative economic effects of the CO, tax. 
However, a net addition to government revenues is 

COz emissions from energy use are to be reduced by 3 

20 percent from 1988 levels by the year 2005. 
4 Patricia K. Falcone, foreign travel report, 
Technology Transfer and Government Relations 
Office, Sandia National Laboratories, Livermore, 
CA, May 25,1993. 

17 



expected, the bulk of which is to be used for 
subsidizing energy efficiency measures, combined 
heat and power co-generation, and renewables use. 
Tax exemptions for renewable energy sources 
provides an additional form of subsidy. 
Altogether, Denmark's Value Added Tax (VAT), 
the CO, tax, and other energy taxes will account 
forali~emorethanhillfthepiceofelectricityin 
Denmark (see Footnote 4, and [&I). 
'Ihe Danish Energy Agency @EA) is responsible 
for implementing and administering programs for 
promoting renewable energy technologies. 'Ihe 
DEA subsidizes certain renewable technologies 
according to their economic viability (the subsidy 
is reduced as the commercial viability increases). 
?he maximum subsidy is 30 pexcent of the eligible 
cost of new plant or equipment. Subsidies for 
wind turbines, which w m  originally set at 30 
percent and then reduced to 10 percent, have 
recently been eliminated because of their 
commercial sucxess. Subsidies of up to 30 percent 
are presently offered for solar heating systems and 
biogas. Additionally, a new law instituted in May 
of 1992 entitles independent power producets to a 
subsidy of DKr.27kWh (approximately $ .Wk.)  
for electricity produced from biogas, wind, or 
hydropower which is then sold to the grid 
Biomass is entitled to this subsidy for 
demonstration projects [MI. 

Denmark's strong support for renewable energy 
R&D has remained relatively constant since 1982, 
and is expected to remain so for the foreseeable 
future. Danish energy R&D spending reached DKr 
310 million in 1992 (approximately $45 million), 
up 11.5 percent from 1991. Renewable 
nqn-esented an impressive 39 percent of this total, 
with conservation and fossil fuels taking up 19 
percent and 18 percent, respectively [MI. 'Ihe 
focus of renewables spending was placed on capital 
investment, plant const~~ction, and demonstration 
projects for biomass (including co-generation 
plants powered by the combustion of straw, straw 
and waste, municipal solid waste, and wood chip), 
wind, and solar t h m a l  energy sources. Thus far, 
preference has been given to the development of 
small-scale -generation power plants (250 MW), 
with a total capacity of lo00 M W  planned for the 
year 2OOO. Wind, biogas and solar thmal follow 
co-generation in diminishing order of priority, 
respectively. This prioritized order reflects an 
investment-oriented perspective, in which 

renewable energy utilization is based on estimated 
reductions in ahnospheric pollutants to be achieved 
by additional use of the various renewable options 
[&I. 
Overall, Denmark is well poised to push thrwgh 
its national goals for the implementation of 
renewable energy resources, most of which will be 
in the form of biomass and wind Denmark's CO, 
tax and domestic energy resources provide its 
policy-makers a certain measure of leverage in 
making a transition from coal to natural gas and 
renewables. 

3.1.2 Energy Programs 

3.1.2.1 Wind 

Denmark's ament position at the center of the 
European wind energy market is not expected to 
change in the near term because of its strong and 
long-established political will for wind technology, 
strong manufacturing base in this technology, and 
marketing prowess. Denmark should not only 
maintain its current leadership position, but should 
further expand its pmence in international 
markets. Denmark will continue to cultivate 
larger, stronger cooperafive ventures in order to 
foster the technical and financial strength of its 
manufacturing companies. A strong 
manufacturing base will encourage utility 
involvement, which is the key to further major 
developments in the European market 161. 
Denmark has followed the strongest market led 
wind technology strategy of all other EC nations. 
Political support for the wind energy industry, both 
from the government and from opposition parties, 
has resulted from Denmark's national recognition 
of excessive dependence on imported oil. A 
temporary downturn in the political climate for 
wind energy has been revmed with a change in 
government at the beginning of 1993. The new 
governing coalition is expected to actively work to 
solve current administrative and planning hurdles 
which have caused a recent downturn in the Danish 
domestic wind energy market [47]. The recent 
downturn is considered an aberration that will not 
adversely impact Denmark's long-tenn leadership 
position. 
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When the US wind market surged in the late 
197Q, Danish manufactums (mostly small 
companies which grew out of the boat building and 
agricultural machimay industries) were able to 
immediately supply turbines having higher 
reliability than their US competitm. "his finnly 
established the Danes as a market leader. The 
relatively small Danish turbines suited a mar&-led 
-logy development w5 (as opposed to 
a capital investment RD&D approach which tends 
toward the development of larger turbines) [6], and 
were ideally sized for the early US mar& Over 
time, Danish turbines have gradually increased in 

markets. 
size, as has the turbine size best suited to today's 

Denmark's goal of producing 10 percent of its 
electricity needs with wind power by the year 2OOO 
is the most ambitious of any EC nation [2]. It has 
been estimated that as much as 1500 MW of wind 
generated electrical capacity may be on line in 
Denmark by that time [7]. For the fbt nine 
months of 1992, gridanneckd, small-scale 
turbines provided 2.5 percent of Denmark's 
electricity [u)]. Denmark's electric utilities were 
committed to install 100 MW in non-subsidized 
domestic wind farms under a 1985 agreement with 
the government. This is now complete. Under a 
1990 follow-up agreement, an additional 100 MW 
is to be installed. Local opposition has delayed 
siting decisions related to the 1990 amment  Em], 
but the utility sector is being told that it must honor 
its commitment [48]. The main economic 
incentives m n t l y  in place are electricity taxation 
exemptions6 and reasonable pay-back rates. New 
wind turbines are exempt from Denmark's VAT, 
and receive a 75 percent reduction in energy taxes 
on new renewable energy projects, among other 
favorable tax treatments. Grid interconnect costs 
are also subsidized by the electric utilities [71. 

By early 1990 Denmark had roughly 80 percent of 5 

Europe's grid-connected wind energy capacity [7]. 

Wind turbine owners who produce more than their 
average electricity needs may sell their extra 
production to Danish utilities. This excess electricity 
is not subject to Denmark's substantial energy tax 
r71. 

Danish investment subsidies for private, domestic 
small-scale wind turbines, introduced in 1982 as a 
30 percent payment of the capital cost incumd for 
the erection of each new turbine [20], were 
successful in encouraging many new 
manufactums to enter the wind energy industry. 
The payments were gradually reduced as the cost 
of wind energy declined, until they were eliminated 
in August 1989. This payment program was 
responsible for the conslmction of roughly 2500 
turbines'. The future of the subsidy program was 
in doubt from year to year. Under conditions of 
such UrX'RLtillfl ty, credit for its success must be 
given to the large amount of Danish political 
goodwill for wind energy development [6]. 
Denmark's large-scale turbine development 
program is jointly sponsored by the national 
govmen t ,  the Commission of the European 
Communities (CEC), and the Danish electric 
utilities [u)]. 

Denmark's loan guarantee program boosts export 
sales by significantly reducing the purchaser's risk 
of selecting Danish units for wind plants. The 
Danish government COopeTated with domestic 
turbine manufactums in 1990 to form a private 
company which guarantees the repayment of long- 
tenn loans on Danish wind turbine projects (see 
Footnote 7). Denmark is also involved in a 
demonstration wind farm in Egypt, in which the 
Danes are providing an initial 1.8 MW of capacity, 
and the Egyptians have an option to add another 1 
Mw later [49]. The Danish company Nordtank 
has two joint ventures in progress with China. The 
ventures are partially supported by the CECs DG 
XW (refer to chapter 4). Initially, Nordtank is 
sending to China both completed turbines as well 
as components for local assembly. Eventually, 
China will manufacture Nordtank turbines 
domestically [50,51]. 

Denmark is active in offshore applications, has 
been moving toward the manufacture of larger 
turbines overall, and has been working to improve 
turbine quality. Denmark commissioned its first 
offshore wind farm near the island of Vindeby in 
1991. It consists of eleven turbines rated at 450 

7 Information from an article by the American Wind 
Energy Association titled "European Wind Energy 
Incentives," 1992. 
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kW each Its speciEc energy output is expected to 
be about 60 percent higher than for average 
onshcffe sites, but the cost of energy it produces 
will exceed that ftom onshore sites by about 50 
pacent 1201. Danish utilities have begun to 
expresSinterestinmachinesofthe1MWrange. 
EL-, the large Danish utility collsortium 
behind the Vindeby offshore project, has begun 
designing a 1 MW turbine*. ELKRAFT also 
operates a wind farm at Masned@, which consists 
of five 750 kW machines installed in late 1986. 
'Ihis wind farm is partially supported by the CEC. 

consortium9) commissioned the '2 MW Tjaereborg 

(DG) XII of the CEC, in 1988. In January 1989, 
ELSAM also assumed ownenhip ftom the Danish 
government of the 630 kW Nibe A and Nibe B 
horizontal axis turbines, first commissioned around 
1980. These development machines have all 
suffered fivm a variety of operational problems 
during their lifetimes, most notably in their gear 
boxes [52]. NonBank and Vestas (the dominant 
Danish manufactum) will participate in the ECs 
WEGA 11 (FUTURE) program, which has the goal 
of producing competitive machines of the 1 M W  
range [E]. In an effort to improve the quality of 
Danish turbines, a new approval and certification 
system was introduced in May 1991. It applies to 
all turbines installed in Denmark alter July 1,1992. 
It also is a condition for obtaining certain export 

DenmarEs ELSAM (the m t r y ' s  other utility 

turbine, partially funded by Dkctmk- General 

g u m -  WI. 
The US market is still of interest to the Danes. The 
Danish companies Vestas-DW?3' and D i m  (an 
investment group) are actively seeking contracts, 
hopeful for the expected turnaround in the US 
market Vestas has formed a US subsidiary with 
an office in California Difko financed and now 
manages nearly ten percent of California's wind 
turbines [ll]. Nordtank has recently opened an 

 an Ancona, CE-121, report on International 
Energy Agency Meeting and European Wind Energy 
Conference, 13-23 October 1991. 

ELKRAFT has three members which serve eastern 
Denmark, while ELSAM has seven members serving 
the western part of the country [7]. 

9 

10 DWT stands for Danish Wind Technology. 

office in the US and is pursuing several projects 
[53]. 'Ihe Danish manufacturer Nordex has signed 
a deal with the American company Windway 
Technologies Inc. to manufacture Nordex turbines 
in the US Midwest [54]. One other important 
private Danish institution in wind energy is Bonus. 
Important Danish national labs involved in wind 
energy technology include Ria National Lab 
(which operates the Test Center for Windmills, 
responsible for turbine certification). The Danish 
companies Vestas-DWT, Mimn, Nordta~k and 
Bonus each offer for commercial sale turbines in 
the uW2400 kW range, as well as turbines with 
capacities &ceater than 400 kW. None of these 
companies receive government RD&D funding. 
LM Glasfiber is an important independent Danish 
blade manufactum. Other Danish manufactums 
include Wind World, DWP, and Wincon [7]. 

3.1.2.2 Solar Thermal 

Denmark is not a significant player in either solar 
thermal technology development, or in the 
penetration of international solar thermal markets. 
Of the countries included in this assessment, 
Denmark joins the UK at the bottom of the 
rankings. This situation will not change in the 
foreseeable f u e .  Denmark has acknowledged its 
poor solar resource in its investmentdented view 
of renewable energy development. Accordingly, 
Danish activities a~ focused on low temperature 
applications and passive solar design. 

As of 1990, solar heating accounted for only 0.2 
percent of Denmark's total renewable energy use. 
Despite this record, Denmark expects solar heating 
technology to undergo rapid development in the 
near future [MI. Solar heating systems are 
currently subsidized for private developers for up 
to 30 percent of the eligible cost of new plants or 
new equipment. ?his subsidy was until recently 
also available for passive solar energy systems 
[MI. The Test Station for Solar Energy is the 
Danish Technological Institute, established in 198 1 
and financed by the Danish Energy Agency. Its 
primary responsibility is for solar heating system 
efficiency, durability, and reliability. As of 
January 1, 1991, solar energy was identified by a 
new Danish renewable energy development 
program as one of three renewable energy focus 
areas. An advisory subcommittee has developed a 
plan which can form the basis for future Danish 
solar energy activities [MI. 
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The Danish Government has invested two dollars 
in Danish solar energy for every dollar invested by 

1977. 'Ihe two main Danish institutions involved 
in solar energy R&D are the Danish Technological 
Institute and the Laboratory of Thermal Insulation, 
Technical University of Denmark Main area of 
research include: improved solar collector 
durability; impved  quality of solar energy 
installations; improved cost-effectiveness of solar 
systems; seasonal starage systems; utilizaton of 
silica aerogels in collectors and windows; and, 
passive solar design. Increases in the peifmance 
and costeffectiveness of solar hot water systems 
has been a research piority. Low flow hot water 
systems, which, according to laboratory 
experiments and model simulations, can 
outperform traditional solar heating systems by 10- 
20 percent, have been introduced into the Danish 
market Denmark also plans to construct up to 100 
solar powered dishict heating plants, containing up 
to seven million square meters of collector area. 
'Ihree have been built to date [MI. 

the European Economic community (EEC) since 

3.1.2.3 Solar PV 

(No information is available on Danish activity in 
this area). 

3.2 FRANCE 

3.2.1 Policy Overview 

French energy strategy is dominated by their 
extensive nuclear power industry, which provides 
about three quarters of France's total electricity 
supply and is at such a level of overcapacity that 
France exports surplus electricity to Switzerland, 
Italy and the UK The large-scale development of 
nuclear power was France's response to the energy 
crises of the 1970s. France is poorly endowed with 
fossil fuels and therefore vulnerable with regard to 
its fossil fuel supply, requiring the import of up to 
98 percent of its oil, 92 percent of its gas and 66 
percent of its coal up to the present day [a]. Since 
1973, France has successfully reduced its 
dependence on imported fossil fuels by 50 percent 
through a policy stressing diversity of supply, 
intensive development of indigenous resources 

(hydro and nuclear) and improvement in md-use 
efficiency. 

Surprisingly, given the degree of its energy 
dependence, France does not have an especially 
strong pgram in new energy technology 
development. 'Ihe bulk of its research efforts have 
been (and remain) devoted primarily towatxi 
nuclear fission (an estimated 88 percent in 1992) 
[a]. One factor may be that EdF/GcF, France's 
monopolistic national power producer and 
distributor", contmls the French nuclear power 
industry (almost 70 percent of the country's 
electrical power). Because of its lack of domestic 
competition, the utility has little incentive to 
encourage the development of renewables [ S I .  

French researchers and energy visionaries have 
long been hstmted by the government's lack of 
interest in renewable energy sources [56]. A 
promising level of French governmental interest in 
renewable energy technologies did occur in the late 
197Os, with the underlying objective being the 
eventual export of French-developed alternative 
energy equipment to former French colonies and 
overseas departments. However, initial successes 
lost momentum in the 1980s when low fossil fuel 
prices eliminated any perceived urgency for 
renewable energy technology development [56], 
resulting in the reduction of French renewables 
expenditures iiom 147 million liana (Fft) for solar 
thermal and wind energy in 1983, to a total of only 
Ffi 30 million by 1987 [68] (Fft 30.5 million in 
1993 [57]). Today, the bulk of France's small 
funding allocation for renewable technology 
development goes to biomass, biofuels and wind 
energy [56]. 

Biofuels is an especially important potential energy 
resource in France, primarily as a consequence of 
the intense political and social pressures in France 
concerning the c m n t  round of GATT world trade 
negotiations over, among other things, agricultural 
subsidies. French farmers are among the primary 

EdF is Electricity of France, while GdF is Gas of 
France (Gaz de France). EdF and GdF are actually 
separate entities, but they mmbine their marketing 
activities under the name EdF/GdF, which is the 
reason for their treatment as a single entity in this 
discussion. 
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beneficiaties of EC agricultural subsidies, and 
being a powerful political farce in France, they 
have s u m  in stalling the GATI' negotiations 
for fear of losing their subsidies and being forced 
to compete openly on world agricultural markets, 
where highast European agricultural goods are 
less competitive. The concept of replacing cunent 
food crops with biomass rrops such as rapeseed is 
very attractive to French and EC authorities alike, 
Wrn a political as well as an enecgy policy 
standpoint- As a result, in 1992, the French 
parliament adopted a numbex of measUtes to 
encwrage production and use of biofuels in the 

diesel fuel. Among these measures ate the 
exemption of biofuels fiom al l  excise duties and 
the establishment of a national agency to 
specifically promote the use of a range of biofuels 
1441. 

sector - @ ~ ~ ~ i l y  in blends Of gas and 

There remains some recognition by the French 
government of the commdal  potential that o m  
renewable energy technologies hold for application 
in developing countries, and therefore it does not 
wish to completely cede this potentially lucrative 
market to its competitors, namely Germany, the 
US, and Japan [58]. "hafore, renewables overall 
are beginning to receive more official attention, 
(albeit in a comparatively limited way). Official 
French efforts with q a r d  to eliminating 
greenhouse and omne depleting emissions has 
M t e d  in the establishment of the Agence de 
1'Environnement et de la MaWse de 1'Energie 
(ADEME), a government agency supervised by 
three ministries: Ministry of the Environment 
Ministry of Industry, and Ministry of Researck 
ADEMEs priorities lie in addressing air pollution, 
transpartation, toxic waste and renewables 
development- Funding for renewables, although 
modest, has been rising in recent years. A D E m  
fiscal 1993 budget for renewables is Ffi 100 
million (approximately $18 million), a 15 percent 
increase from 1992. This budget is devoted to 
passive and active solar thermal applications, solar 
PV, wind technology, small hydropower, biofuels, 
wood energy, and geothermal [57]. ADEMEs goal 
is to double renewable energy contributions to 
France's national energy supply by the year 2005 
1571. 

Nuclear fission will remain the primary focus of 
French energy policy and research for some time to 
come. Renewables in general are not expected to 

assume a major role in French R&D programs, 
with the possible exception of biofuels. To the 
extent that they are successfully developed for 
transportation use, biofuels could become vital to 
the future of French agriculture and energy 
security, as well as that of the EC as a whole. 
Because of the French predominance in the 
agricultural sector of the EC, it is likely that much 
of EC-funded research efforts in this area will take 
place in France. 

3.2.2 Energy Programs 

3.2.2.1 Wind 

Ofthe EC nations consi- in this report, France 
clearly lags behind the othm in the wind arena 
The French energy strategy is so dominated by 
nuclear power that France is not expected to be a 
major player in wind energy technology or markets 
before the year 2010. Despite excellent wind 
resources, France's wind energy program is 
extremely small, with only 3 MW of installed 
domestic capacity expected by the end of 1993 
[15]. Little evidence of any developing market is 
seen thm 123. Centralization has stifled any 
chance for domestic utilization. French 
abandonment of wind energy demonslration 
projects supported by the CEC far exceeds that of 
any other participating country'*. 

ADEh4E is currently involved in a small regional 
promotion p g r a m  (in cooperation with EdF) to 
equip a few isolated homes with wind turbines. 
Up to a total of 12 Mw of additional wind 
generated electricity is contemplated for three grid 
extension projects, the largest of which (a 6 MW 
extension to an existing wind farm in Dunkerque) 
will be partially funded by the European 
THERMIE project. The Dutch company HMZ 

France abandoned 65 percent (15 of 23) of its 
wind energy demonstration projects approved by the 
CEC between 1983 and 1989. As of May 1990, 
France had used only 14 percent of its CEC-allocated 
funding for approved wind energy demonstration 
projects. This utilization compared to: UK, 71 
percent; Italy, 93 percent; Germany, 99 percent; and 
Denmark, 100 percent [59]. 
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Odeillo solar furnace complex is opemted by the 
CenW National de la Recherche Scientifique 
(CNRS), France's largest agency for basic research. 
The large furnace provides very high temperatures 
(up to 3000°C) to evaluate materials for direct 
conversion of solar radiation into heat [631. 
Among its many uses, the furnace was usedto test 
thermal tiles for the Euiopean space shuttle. 

'Ihe m s  solar power tower was an 
experimental 2.5 M W  French facility which 
differed from other early designs, in that it used 
molten salt, rather than water, as the working fluid 
as well as for thermal storage. In f a  IIhemis was 
the very first molten salt facility in the world with a 
capacity greater than 1 MW.  'Ihemis was built by 
the nuclear utility El@city of France 0, and 
operated from 1983 to 1986. Ihe use of molten 
salt for storage was a technological breakthrough 
which allowed dewupling of the operations of the 
solar receiver and the turbine generator in times of 
reduced solar availability. Power towers using 
molten salt storage are now a major focus of 
ongoing research worldwide [30]. 'Ihe salt 
technology used in 'Ihemis was developed by the 
French. However, the French used a lower 
temperatwe molten salt (HllEC) than does the US 

t he   hem is plant also featured a cavity 
receiver, rather than a cylinder". 

The Themis plant is now inactive and under the 
control of CNRS (it is near the Odeillo furnace). 
CNRS remains a strong proponent of molten salt 
technology, but human soufces indicate that EMF 
has no interest in its commdalization. Since JUF 
is the only French utility, the chances for French 
domestic construction of a commercial solar power 
plant are almost nil. This is not to say that some 
private F r e d  firm could not try to markt the 
Themis molten salt technology elsew-. It is 
further rumored that EdF built Ihemis only 

The nitrate salt used in the US has a higher heat 
capacity, and operates at temperatures typical of 
those in conventional utility practice for high 
efficiency turbine-generator operation [a]. 
Technical experts consider the US-used molten salt 
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system to be superior. 
16 A cavity receiver is suitable when the heliostat 
field is located on only one side of the central tower. 
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because of political or public pressure (or both), 
and was never very motivated to make it a 
technical s u m s  (other than perhaps its contml 
system, the technology of which could pemasS be 
applied to EdF's nuclear power interests). ' Ihis 
lack of commitment by EdF to 'Ihemis was 
reflected in a history of equipment malfhdion at 
the plant. The malfunctions were primady 
associated with the mechanical aspects of the plant 
operation, and were not reflective of problems with 
its solar aspects, which displayed admirable 
performance. UnfiMmately, French opponents of 

these rnalfhctions as sympt~ms of technical 
nonviability [56]. 

solar thermal technology successfully represented 

3.2.2.3 Solar PV 

France spends very little on PV R&D (about $4.6 
million in 1993, of which $2.3 million is for 
research and $2.3 million is for commercialization, 
based on currency exchange rates in effect on 
December 14, 1993 [57]). Additionally, France is 
participating in the EC program THERMIE, which 
has established a small PV demonstration program 
in France, equipping houses with roof-top solar 
arrays in the Franche-Compt6 and Rh8ne-Alp 
regions [57]. Largely because of the countrys 
overcapacity in nuclear-generated electricity, 
official interest in PV as a future element in French 
energy strategy is minimal [58]. All told, France is 
not a signiscant player in the present PV market, 
and all indications point to it remaining in the 
background for the near-@-medium term. 

French PV companies produce primarily for export 
and, at a total production of 2.8 MW of modules in 
1992, represent only about 5 percent of total world 
production of 57.9 MW. However, Photowatt 
produced 2 M W  of that total, making it one of the 
largest PV producers in Europe, following BP 
Solar, Deutche Aerospace (and technically, 
Siemens Solar) [65]. A new factory built by 
Photowatt in 1991 near Isere, was designed to 
prcduce up to 9 M W  annually and is expected to 
come on-line in 1995. However, recent repoaS in 
the French press indicate that Photowatt is in dire 
financial trouble due to its past reliance on 
government-financed initiatives in the French 
Overseas Departments in French Polynesia and the 
Caribbean 'Ihe company is reported to have lost 
$750,000 in 1992 (based on a turnover of about 
$2.3 million). It has experienced several weeks of 



down time at its plant this year and is faced with 
making layoffs [66]. 

Other FrenchPV companies are NAPS Erance and 
Total Energie. NAPS, which is owned by the 
Finnish firm, NESm was previously Chronar 
(France). While its sales numbem for PV modules 
are modest (0;8 M W  in 1992), it has established 
itself as one of the largest designers and installers 
of turnkey PV systems in Europe, and is the only 
fully integrated PV company in the world (R&D, 
moduleA3OS production, systems design and 
installation, and marketing) [67, 681. NAPS 
receives no government subsidies and is said to 
benefit mainly jium Northern European Church 
activities in the developing wmldl'. Total Energie 
is active in cross-border PV activities, namely its 
50 percent partnership with Phototronics of 
Germany in the development of a 1 MW 
demonstration pilot plant at Putzbrunn near 
Munich. Its presence in world markets is 
negligible. 

An important statement on French PV effolts is 
reflectedin a recent report addressed to the French 
Minister of Industry, concluding that erratic foreign 
aid programs would not establish a viable PV 
hiustry in France, and that conceited efforts are 
needed to help target niche markets in developed 
Countries [66]. Based upon the level of French 
spending on PV and other renewables, this 
mncexted effort is apparently not being made. 
France is therefore not expected to be a significant 
player in the world PV market in the near-@- 
mediumterm. 

3.3 GERMANY 

3.3.1 Policy Overview 

The primary challenges facing German energy 
policy over the near term are the integration of the 
new federal states -der) of the former East 
Germany and the reconciliation of the roles that 
domestic mal and nuclear power will play in the 

17 Activities and monies spent by these organizations 
could not be confmed by the print date of tbis 
report. 

country as a whole in the fbture. Tied to these 
challenges is the question of what new 

addrress these supply concerns in light of 
Germany's powerful environmental movement, 
Gemany is the birthplace of the Greens Party and 
the GreenPeace movement and therefore has a 
significant history with regard to environmental 

High pollution levels and d e f d v e  nuclear plant 
designs have led to the closure of all nuclear and a 
majority of t h m a l  power plants located in the 
eastern I-&@, putting pressure on an already 
strained energy portfolio in the western L&&. 

energy imports representing 52 percent of total 
energy supply in 1991. Oil and natural gas 
repsent 38 percent and 17 percent of total supply, 
respectively, and are almost completely made up of 
imports (98 percent for oil, 75 percent for natural 
gas). Coal and nuclear power are the largest 
domestic sources of energy, representing 31 
percent and 11 percent of total energy supply, 
respectively. Additionally, these resources provide 
over 85 percent of German electricity (coal: 59.3 
percent, nuclear 27.5 percent) [MI. However, 
both are currently under fire by p o w W  
environmental factions as well as by Germany's 
EC partners. 

technologies and resources can be utilized to 

politics. 

overall, Gennany is import dependent, with 

'Ihe nuclear and coal industries have been 
Germany's hedge against energy import 
dependence since the 1970s. The coal industry has 
traditionally been a powedbl force in German 
politics and has enjoyed a long history of 
substantial subsidies and national protection. 
Germany's nuclear program is one of the safest and 
most advanced in Europe. But m n m  over the 
Chernobyl accident in Russia in the 1980s, 
complaints by EC trading partners over the 
restriction of coal imports, and the international 
efforts underway to reduce CO,, SO,, and NOx 
emissions have brought social and political 
pressure on these industries, forcing the Gennan 
government to consider all of its options with 
regard to energy alternatives. German interest in 
renewable energy is more the result of concerns 
about the environment than about energy security 
[6], however, the partisans of renewable energy are 
competing for attention with the nuclear and coal 
industries [69]. Although the political will to 
pursue renewables continues to persist in the 
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German Bundestag among most political parties 
(as well as with German members of the European 
Parliament), it appears that proponents of nuclear 
and coal are being successful in their attempts to 
push renewable emgy to the bottom of the current 
=gy a g d  1701. 

Germany has nevertheless developed one of the 
world's most vigorous programs in the 
development of renewable energies up to this time. 
In 1991, the German federal government spent DM 
328 million (approximately $198 million) on 
research related to renewable energy and 
conservation. One third of this, DM 109 million 
(approximately $66 million), was spent on solar 
PV alone, making Germany's pgram the world's 
top funded effort in PV technology [71]. Wind 
energy, hydro and biomass have all received 
support. Policy measures to promote renewables 
have also been put into place, including a law 
promoting the sale of renewable-based power to 
the public grid at a minimum price related to 
commercial elecbicity rates'*. Low-interest loans 
are also available for small and medium-sized 
businesses investing in renewables. And large- 
scale demonstration projects provide purchase and 
installation subsidies for residential applications of 
renewable technologies. 

Large German corporations are also very active in 
participating in the R&D process in energy 
efficiency and new energy technologies, indicating 
a general anticipation within the private sector of 
the potential commdal  demand for 
environmentally friendly energy technologies in 
the near term. Germanyk position as one of the 
world's most preeminent exporting countries 
reflects the traditional focus that German 

18 Germany's "buyback" regulation, put in place in 
1991, is a reflection of political support for 
renewables. The law requires electric utilities to buy 
renewables-generated electricity at a rate equal to at 
least 90 percent of the commercial rate for electricity 
(roughly DM.14kWh; approximately $O.OSkWh) 
[57, 721. Renewables and PV lobbying groups are 
currently trying to push for a 100 percent "true cost" 
reimbursement of PV electricity [72]. The 
combination of the budget crunch and the on-going 
recession will most likely keep this proposal on the 
back-burner for a while. 

c o m m e  has had with regard to directing its 
enterprises toward overseas markets, and could 
serve as an indication that German companies may 
be anticipating the establishment of completely 
new export industries and markets - especially in 
certain parts of the developing world 

German reunification has caused severe budget 
strains on the German government and its research 
institutions. Many of these institutions are facing 
prospects for layoffs in the coming months or 
years. Ihe current environment of change and 
upheaval has made it very difficult to achieve 
continuity in German RD&D efforts in renewables 
technologies. Although budget constraints due to 
the costs of mnification will most likely lead to 
spending reductions in the near term, 
environmental damage in the former East 
Germany, coupled with Germany's import 
dependence, powerful domestic environmental 
opinion, and the potential for the development of a 
new, jobcreating export industry will ensure that 
its commitment to renewables will continue well 
into the next century. As a meafllre of this, the 
first all-German energy projection for 1990-2010 
by the Swiss-based h g n o s  Institute is forecasting 
that renewable energy will increase its contribution 
Iinm two percent of German energy production in 
1989 to 3.5 percent in 2010, with the largest sham 
being generated by water, waste, straw, and wood 
1731. 

3.3.2 Energy Programs 

3.3.2.7 Wind 

Germany currently is second to Denmark in a list 
of EC nations involved in wind energy, when 
viewed in terms of installed capacity. However, 
the German wind energy program must overcome 
economic obstacles created by reunification and by 
early over-subsidization if Germany is to remain an 
EC leader in the technology. German reunification 
has led to severely strained budgets, in which the 
national priority given to wind energy RD&D is 
likely to slip. Germany is likely to fall well behind 
Denmark and the Netherlands, in a virtual tie with 
Italy and the UK, in terms of installed domestic 
wind energy capacity by the year 2000 [71. Early 
German wind turbines were primarily large 
demonstration machines that were not particularly 
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efficient because of overly-generous or poorly 
conceived subsidies and incentives. This situation 
has been improving, and Germany has recently 
made a significant move toward 
commdalizatioa Germany's wind energy 
p r o g r a m  would benefit in the long run from more 
exposure to me market forces [74]. 

Since 1975, the Federal Ministry for Research and 
Technology (BundesmtI11 * '&e fiir Forschung und 
Technologic, or BMIT) has s u w  German 
wind power development with numerous R&D and 
promotion programs'g. TWO demonstration 
programs for turbines in the range of 80 kW to 800 
kW wece initiated in 1986. In 1989, the "100 MW 
Wind" p g r a m  was begun Cooperatively by the 
BMFI' and the Ministry of Economics. Its aim 
was the deployment, market introduction, and 
commdal  evaluation of small and medium-scale 
Wind Energy Conversion Systems (WECS) over a 
five year period [a]. Because of enthusiastic 
private sector response, this program was extended 
in 1991 to become the "250 M W  Wind" program. 
Ofthenew25OMW,5OMWisresavedfor 
applicants and sites in the f m e r  East Germany 
[u)]. This is a cooperative program between the 
BMET, the Project Management Biology, Energy, 
Ecology (BEO), and the corned  Federal States 
which emphasizes demonstration projects having a 
research component (see Footnote 7). The 
program, which curmtly emphasizes energy 
production, has been quite successful. Since its 
beginnings in 1989, nearly 100 MW of capacity 
has been installed. (Support for any one project is 
limited to 10 years). Electric utilities have 
accounted for less than one percent of the proposals 
for paaicipafion in the 250 MW Wind program to 
date [u)]. However, several German utilities 
actively support wind technologyzo * 

Germany's Ministry of Economics 
(Bundesministrie fiir Wirtschaft) also supports 
renewables, including wind. One of their recent 
programs is the Future Energies Forum for 
renewable energy planning and education [7]. 
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These include PreussenElektra AG (PE), EWE 
(Energieversorgung Weser-Ems AG), and Bremer 
Stadtwerke AG [7]. 
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Using an assumed exchange rate of 1.7 DM per 
dollar, the BMFI' spends mughly $16 million 
annually for wind energy [7]. ("his statement is in 
line with the funding data shown in Appendix B.) 
Not counting the 250 MW Wind program, mghly 
50 percent of 1992 funding for German wind 
energy RD&D came f?om the BMFT. Additional 
funding was mainly provided by the Federal States 
[u)]. TIE States have generally tried to augment 
the 250 MW Wind subsidies, such'that each 
project recdved a total of 50 percent support. 
Recently, some states have begun awarding their 
highest subsidies to the most promising turbine 
designs [75]. The "El Dorado-Pmgramme Wind" 
was established in 1991 to promote field tests of 
wind turbines and hybrid systems (such as wind- 
diesel) [20]. The El Dorado p g r a m  offers public 
funding for turbine testing under a variety .of 
climatic conditions in less developed countries. A 
1991 law committed German electric utilities to 
pay roughly $0.1 lkWh (a national wind tariff) to 
other produm who provided them with wind 
generated electricity (this is about 90 percent of the 
utilities selling price to the end consumer). This 
law has been very sumsful in promoting the 
Gennan wind industry. This payment is in 
addition to the mughly $o.O4/kWh received by 
wind energy producers who are participants in the 
250 MW Wind program. The combined subsidy 
of $0.15kWh is ten times that contained in EPAct. 

Germany is studying various alternatives for 
stimulating a commercial wind energy market, 
now that the end of the 250 MW Wind program is 
in sight. One proposal is for a 30 percent capital 
investment subsidy, to be introduced in a five year 
program. The proposal is viewed as practical and 
equitable in terms of benefit to potential operatars. 
Investment tax credits are viewed as inappropriate 
because of their built-in inequities. Germany's goal 
is a healthy mix of investment from private and 
oorporate sources [761. One area of current 
contmvmy involves the most appropriate manner 
of allocating grid connection cost for new wind 
generation facilities. At present, wind turbine 
operators pay all costs associated with connection 
of their machines [771. 

On an absolute dollar basis, Germany and the UK 
spend more for wind energy RD&D than any other 
EC nation [6]. German RD&D funding for 
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smaller-scale turbines is being reduced in favor of 
large-scale turbine RD&DZ1, as well as funding for 
the study of issues of i m m  to the electric 
utilities. ('Ihese include reliability, maintenance, 
lifetime, annual production, and installation costs.) 
The study of large-scale machines is becoming 
m m  cooperative in mihue, particularly among EC 
partner nations. CEC pgrams W G A )  ate also 
beingused Anadhoccom.mittee,sponsaredby 
the BMFT and consisting of qxaentatives flom 
industry, utilities, research institutes, neighboring 
countries, and the CEC, has recommmenm an 
ambitiousresearchandtestingpgramdesignedto 
gain knowledge about large-scale turbines while 
reducing the financial risk to potential 
manufactums [20]. German researchas have also 
been actively pursuing innovative turbine design 
concepts which would greatly improve efficiency 
in the light wind conditions piedominant in most 
of Gennany [78]. 

private German institutions which have recently 
e n k d  the wind mar& include Enercon and 
Husuma Schiffswerft (HSW). Both E n m n  and 
HSW sell turbines in the UK)-400 kW range, but 
only Enercon offers a larger commercial machine. 
Enercon has just begun series production of a 500 
kW machine, the EAO, which has an 
envhnmentally fiiendly gearless turbine. "his 
eliminates the need for potentially polluting 
gearbox oil [79]. Partially because of this 
innovation, some experts feel that Enercon is now 
more technologically advanced than US 
Windpower. HSW, but not Enercon, benefits from 
government RD&D funding [7]. HSW is 
developing a 750 kW commercial machine, but it 
is not yet on the marW A prototype has recently 
been installed for testing [SO]. Tack Windtechnik 
is a new player on the German wind energy scene. 
MAN Technologie AG (MAN) was unique to 
early German efforts in wind technology, in that it 
was involved in small turbines as well as large 

The International Energy Agency (IEA) defines a 
large-scale wind turbine system (LWTS) as one 
having a rated power of approximately 1 MW or 
more, and this includes not only stand-alone 
machines but groups of smaller turbines with a 
combined power of approximately 1 MW or more 
POI. 
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demonstration machines (these include the WKA 
60 and the AWEC 60). 

However, MAN is no longer doing business. 
DEWI is an important German wind energy 
institute which recently opened a new turbine test 
field The German company MBB 

cooperatively with Italy's Riva Calzoni company to 
develop monoblade (single blade) horizontal axis 
technology [Sl]. MBB has recently focused on its 
own monoblade machines (the Monopteros series). 
MBB has cumntly stopped wind energy activities 
[a]. It is unclear how this has affkkd the 
German-Swedish joint company MBB-Kvaerner, 
which was developing large machines with 
capacities in excess of 400 kW. These include the 
3 M W  WTS 80-3 machine in Sweden, as well as 
Germany's 3 M W  AEiOLUS II turbine. Germany 
has also been involved in cooperative efforts with 
Spain in large turbine technology (the WKA 60 
and AWEC 60 projects) [7]. 

@bserschmidt-B6lkOW-Blohm) has ~ O T k e d  

, , 

3.3.2.2 Solar Thermal 

Germany is the European leader in solar thmal 
technology, not only in the number and variety of 
ongoing programs, but in the quality of its research 
and development activities. German reseatch 
programs cover the spectrum of low and high 
tempemure applications, and passive and active 
solar system design Germany is particularly 
interested in the solar production of hydrogen (one 
of their visions is that of a hydrogen-based 
economy). In the more near term, solar hydrogen 
production could p v i d e  fuel for a hydrogen- 
powered plane which Germany and Russia are 
developing in a joint project 191. 

C m t  German interest in central receiver 
technology is strictly from an energy q u r t  
standpoint. The German domestic solar resource is 
too poor to allow the economic operation of a 
domestic central receiver power planL However, 
the Germans appear to have a long term vision of 
remote central receiver power production in 
northern Aliica, with at least part of the power then 
returned to Germany for domestic consumption. 
The Germans favor (and are pursuing) volumetric- 
air central receiver concepts because they perceive 
the potential simplicity and ease of operation and 



mamtamce of such a system to be an advantage 
in Emote areas [MI". TIE b a n s  have 
developed a volumetric-air receiver known as 
VOBREC at the Deutsche Forschungsanstalt fiir 
L&-W RaumfaM, or German Research Institute 
for Aeronautics and Astronautics (DLR). ?his 
receiver is being incorpcKated fortestingwitha 
US-made Brayton engine. 'Ihe US fim which 
built the engine is pursuing dish/Brayton solar 
Sy-concepts. 

Several German companies are adive participants 
in the PHOEBUS Consortium, a joint ventwe 
working to design and build a 30 MW volumetric- 
air central receiver plant. The plant, most likely to 
be sited in Jordan, is currently in an intermediate 
component testing stage known as the Technology 
Program Solar Air Receiver WA).  'Ihe TSA was 
initiated as a necessary step towards 
commercialization of the PHOEBUS technology, 
and involves a DM 5.75 million" redud scale 
testing p g r a m  at the Plataforma Solar de Almeria 
(PSA) in southern Spainz4, running through the end 

22 This is the stated German position. Some experts 
would argue that the German volumetric-air mindset 
is more a result of their historical familiarity with 
this technology area. Others concede that the 
concept may turn out to be a market winner over 
competing technologies such as molten salt in 
central receivers (favored by the US). 

23 Not including costs for test performance and 
property rights acquisition. 

The PSA is jointly supported by the DLR and 
Spain's Instituto de Ehergias Renovables (IER) of the 
Centro de Investigaciones Energeticas, 
Medioambivalentes Y Tecnologicas (CIEMAT). It 
is the largest solar thermal testing center in Europe 
today. The center supports the development of 
central receiver components and parabolic dishes, 
and has ongoing testing programs in solar chemistry 
applications (including detoxification and photolytic 
hydrogen production from inorganic industrial waste 
streams), process heat applications (including 
desalination), and material testing. Its facilities 
include fields of tracking parabolic collectors, two 
central receiver systems (SSPS and CESA-l), and a 
solar furnace for high temperature materials and 
chemical research. 
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of 1993. 'Ihe receiver and thennal storage systems 
are being tested while utilizing the existing 
Almeria =A-1 tower, heliostat field, and 
w W s t e m  cycle. "SA test results through early 
August of 1993 have been encouraging, and 
indicate the possibility of lower PHOEBUS capital 
and power generation costs than initially predicted. 
German companies involved with the TSA 
program include: Fichtnex Development 
Engineering @DE) (managing partner with 
responsibility for system e n g i n e g  and the 
control system); L&C Steinmiiller (power station 
contradm responsible for the receiver and system 
delivery); and Didier M&P Energieteehnik 
(ceramic specialists involved with the thermal 
storage system). The DLR is responsible for the 
TSA test program and evaluations. Funding is 
being provided by the industrial partners, .lhe 
German Federal Ministry of Research and 
Development (BMFI'), the Ministry of Economics 
of the State of Baden-Wiirttemberg, and by the US 
utility Pacific Gas and Electric Company. It is 
hoped that the full-scale PHOEBUS concept can 
be offered on a global basis in the spring of 1994=. 
Many US experts express doubt that the 
technology can be scaled up so quickly Grom the 
2.5 M W  S A  component test to a fully operational 
30 MW system. 

Germany is extremely active in state+f-the-art 
disNStirling technology development, with 
nummus players involved. The German firm 
Schlaich Bergermann und Partner (SBP) in 
Stuttgart developed (in 1984) the technology for 
single-facet stretchedmembrane concentraton. 
Their 17 meter concentrator was used with a 50 
k W  Stirling engine developed by United Stirling of 
Sweden AB. 'Ihree of these concentrator/engine 
systems have been operated: two in Riyadh, Saudi 
Arabia at the Solar Village of the Saudi Arabian 
National Center for Science and Technology; and, 
one in Lampoldshausen, Germany for use in 
research by the DLR. This was the lint 
commercial prototype disWStirling system to 
operate in Europe [82]. 

25 Information taken from "Technology Programme 
Solar Air Receiver TSA," issued by FDE for the 
PHOEBUS Consortium, August 1993. 
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SBP has since oonstructfd a number of 7.5 meter 
single-facet stmtckd-membrane concentrators 
which incorporate some advanced changes to the 
membrane preshaping method and tracking scheme 
usedinthe17meterconcentratcrrdesign. 'Ihese 
SBP concentrators (as in their earlier model) have 
thinglassmimKsbon&dtothemembrane. 'Ihe 
innovative preshaping method involves preforming 
the membrane beyond its elastic limit such that 
when the space behind it is evacuated, it displaces 
to a shape which is c l m  to a true paraboloid The 
German manufactum Solo Kleinmotoren recently 
produced a numbex of directly illuminated 
receivers for SBP dishlStirling test systems using 
their 7.5 meter concentrators. Solo Kleinmotom 
is also manufactuing 9 kW kinematic Stirling 

havebeenerectedtodate: threearebeingtestedat 
the PSA in Spain; one is in operation at Pfonheim, 

Germany (one being a nowdismantled prototype 
at the University of Stuttgatt, and the other an 
operating unit at the zentrum flir Sonnenenergie- 
und Wasserstoff, or Center for Solar Energy and 
Hydrogen Research (ZSW)). SBP would like to 
mass produce their 7.5 meter stretched-membrane 
disNStirling system [82]. 

DisNStirling development is also underway at 
HTC Solar Forschungs-Centnun GmbH (Solar 
Research Center) (formally Bomin Solar) of 
Liirrach, Germany. They are developing two 
systems, one with a shahed-rnembrane 
concentrator and an HTC-developed 3 kW 
kinematic Stirling engine. The second system uses 
a fixed-focus concentrator (i.e., the focal point 
remains fixed while the concentrator tracks the 
sun), and uses an innovative storage approach to 
uti- excess heat for refiigeration (at night) or for 
domestic hot water heating (during the day) [82]. 

engines for use in these systems26. six systems 

Gennany; ana the final two are in Stuttgart, 

Both SBP and the DLR are active in the 
development of advanced receiver concepts for 
disNStirling systems. 'Ihe two organizations are 
collaborating to develop a liquid metal heat-pipe 
receiver (this receiver concept is technologically 
state-of-the-art for several reasons). SBP is also 

developing a hybrid receiver for use with their 
ZSW system [82]. 

Late in 1992, Germany's first totally solar house, 
developed by the Fraunhofer Institute of Solar 
Power Systems (ISE), was completed. Among its 
other innovative features, the house demonstmtes 
the use of hydrogen technology for the first time in 
a German home (a hydrogen stove and a storage 
system which utilizes hydrogen are included) [831. 
According to a press release issued by the BMFT 
in March of 1993, a new program called "Solar 
Heat 2OOO" will be introduced in the new laender 

making practical use of integrated solar energy and 
energy conservation techniques in the extensive 
and ongoing construction and modernization work 
in that region 1841. 

Geman researchers at the German Aerospace 
Research Institute and the Institute of Organic 
Chemistry of the Technical University of Aachen 
have studied solar-photochemical processes in the 
Solaris experiment at the solar testing center of 
Almeria l'heir process uses parabolic trough 
technology to focus concentrated solar radiation on 
a mixture of output chemicals and a sensitizer 
which is pumped through a pipe along the trough 
focus. 'Ihe sensitizer (dye) absorbs light energy 
and triggers the desired photochemical process. 
'Ihe Germans claim that certain chemicals have 
been produced costeffectively with this process 
[85]. Researchers at the Hahn-Meitner Institute are 
also studying solar energy, including 
photochemical energy conversion [86]. 

(the former East Gennany), with the goal of 

'Ihe DLR is constructing a solar furnace at 
Colognen which should become operational early 
in calendar year 1994. The furnace was designed 
and analyzed with the help of the National 
Renewable Energy Laboratory (NREL) in the US. 
?he DLR and NREL funaces will be the only 
such facilities in the world with a primary 
concentrator focal point that is off-axis. This 
feature allows the performance of experiments 
more conveniently (i.e., at ground level). The 

This engine was originally designed by United 
Stirling of Sweden AB and manufactured in the US 
26 

WI . 

This site is not ideal because of its poor solar 
resource. However, the location was dictated by the 
German State government which provided the 
funding. 
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facility will be used to study waste product 
detoxification including pcessing and break- 

synthesis, and materials research [871. 
down of waste sulfuric aci4 photochemical 

ZSW is performing research on direct steam 
generation (in situ boiling technology) for 
parabolic troughs. Their HIPRESS test facility is 
useful for lab-scale experiments which provide a 
clear picture of the pipe internal envimnment for a 
range of parametem [88]. ZSW is collaborating 
with the DLR, Siemens AG Power -on 
Group 0, and the Technical University 
Munich 0 on a joint direct steam generation 
reseacch pject known as GUDE [89]. 

3.3.2.3 Solar PV 

The Federal Republic of Germany has had a PV 
R&D program since 1974. Between that year and 
1990, the German government spent a total of 
DM644.4 million (approximately $400-500 
million) on PV technology R&D [71]. Since 1987, 
the b a n  PV program, undex the direction of 
the Federal Ministry of Research and Technology 
(BMFI'), has been the most vigomus in the world 
'Ihe federal contribution to PV R&D has been the 
world's largest in absolute dollars, as well as a 
proportion of the total energy budget, and as a 
proportion of the gross domestic product (GDP) 
(refer to Table 3.1 and Appendix B) [ 39]=. Add to 
this financing provided by individual states 
(Linda) for R&D institutes located in their 
respective states, subsidies provided (by both the 
federal and Lllnder governments) for the 
purchase/instailation of PV demonstration units, 
and the regulated resale of surplus electricity i b m  
renewable sources back to utilities, and Germany's 
support of PV technology becomes even more 
impmsive. 

Of equal importance is the fact that German PV 
manufacturing is dominated by two of the largest 
and most prestigious Corporations in Germany, 

All indications show that the federal government 
plans to continue spending at this level in spite of 
the growing strain that the costs of reunification are 
placing on the remainder of R&D spending by the 
Federal Ministry of Science and Technology 
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(BMFT). 

Siemensa and Daimler Bern3', as well as by one 
of Gennany's largest electric utilities, Rhineland 
Westphalia ~lectric (RWE)~'. n m f m ,  iiam a 
corporate standpoint, b a n  PV R&D is backed 
by a considerable amount of potential financing, 
commercial expertise andmarket reach that canbe 
applied to the research, development and 
dissemination of PV technologies at home and 
abroad32. Gennan companies and research 
institutes are also eligible for cost-share 
participation in research, demonstration and 
dissemination projects organized and financed by 
the European Community (refer to Chapter 4). 

A recent study of PV electricity application in 
Germany was conducted by Bayemwale, in 
collaboration with RWE and Siemens. Small (less 
than 100 kw), medium (100.500 kw), and isolagxl 

analyzed, using C-Si and thin film tandem 
technology (CMi'). From a cod and 
performanm standpoint, the results favored the 
long-run application of thin film technology 
(efficiencies reaching 16-20 percent) in small-scale, 
rooftop applications, the cost of which was 
projected to be DM.66hcWh (approximately 
$.4oflrwh) by the year 2010. Medium-sized plants 
were projected to be DMl.O/kWh (approximately 
$.6oflrwh) by the year 2010, followed by isolated 
plants (the least efficient due to the BOS costs for 
storage) at DM4kWh (approximately $2.45/kWh) 
P31. 

(off-@& batteries w) systems W= 

Siemens is the primary owner of Siemens Solar 
(purchased from ARC0 Solar in 1990) - the largest 
PV producer in the world, with 9.8 MW of modules 
shipped in 1992 [90]. A Bavarian Electricity Utility, 
Bayernwerke, is also a joint owner of Siemens Solar 
with a49 percent share [57,91]. 
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Daimler Benz owns Deutsche Aerospace (which 
owns Telefunken) and Messerschmidt-Boelko- 
Blohm (which owns Phototronics). 

3 0  

RWE owns Nukem. 31 

Siemens spends approximately DM7 billion 
(approximately $4.3 billion) on research per year (11 
percent of sales), and reportedly holds DM20 billion 
in liquid capital reserves [92]. 
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Denmark France Germany Italy 

17.19 15.07 104.65 40.88 

0 

41.98 

0 

0 

0 

4.25 59.2 13.8 

2.67 16.06 6.43 

28 57 34 

0.75 11.73 2.17 

O.OOO6 0.007 0.002 

Table 3.1 Energy R&D Spending [39]. 
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%(millions) p Netherlands U.K. 

fiergYR- I 1 
Budget 2536.71 2847.76 40.95 I 564.28 I 504.88 I 635.72 162.66 267.17 

New Energy 
150.13 32.84 103.42 31.75 

PVRBrD I 47.11 I 52.08 7.22 0 

New Energy 
(as % total 

budget) 2.75 3.63 20.19 11.88 

PV (as % 
22 0 50 

PV (as % 
total budget) 1-86 4.44 0 1.83 

0.003 0.004 0 

$.09kWh) vs. DM2/kWh (approximately 
$ I . U ~ W I I ~ .  me projections for cost reduction 
are significant, but through the medium term (up to 
the year U)lO), PV electric will be too expensive 
and impractical to be u t i w  on a large scale in 
Germany. Therefore, the German vision for PV 
projected by this study is that it will be an 
important long-term source of supplemental 
electricity domestically and a potentially 
significant new export technology in the short to 
mediumtenn. 

These results are based upon a number of factors, 
including land cost, limited incident sunlight, and 
cheap existing sources of electricity. Germany is a 
relatively densely populated country, meaning that 
the land expense for large PV amys would be a 
sigmficant portion of the cost of large-scale 
domestic PV power generation”. Second, 
Germany is a northern European country with long 
periods of cloud covex and inclement weather, thus 
the amount of usable incident sunlight is limited. 
Finally, conventional electricity costs much less 
than PV electricity: DM.15kWh (appximately 

The objectives of Germany’s PV program are to: 1) 
reduce mts (through decreases in the costs of 
materials and manufacturing, and by increasing cell 

At least 18,000 500 k W  PV power stations would 
be needed to replace one 1,300 MW nuclear plant 
V I .  
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34 Conventional cost is for nuclear-generated 
elecuicity [95]. 
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and module efficiencies); 2) improve systems 
@OS) reliability and efficiency (thmgh the use of 
long-tenn field tests and demonstrations to help 
assess and develop betta components); and 3) 
increase viability of PV through demomtrations 
and incentive programs. Single rrystalline and 
multicrystalline silicon (SC-Si and MC-Si) is still 
consi- to 'be the only PV material mature 
emugh for medium to large-scale power 
generation. However, thin films and new 
compounds are receiving a great deal of attention 
in the l m e s  (government as well as 
commercial) [71]. 

German R&D is carried-out in government 

laboratories. The Germans have a long history of 
excellence in basic research and have been 
successful in this aspect of PV R&D as well, 
regularly setting recozd cell efficiencies. However, 
GermanPV R&D thus far has not been particularly 

achievements to the factory floor. Indicative of 
this is the fact that notwithstanding the amount of 
money spent over the past several years, Germany 
has not yet won a significantly larger share of the 
world market3'. This cwld be the reflection of a 
lack of coordination between government research 
centas and corporate labs, as well as an over- 
emphasis by government programs on achieving 
higher cell efficiencies rather than improving 
manufacturing processes. 

research institutes, universities and oorporate 

successful at transfaling these laboratory 

An example of this is the Research Association for 
Solar Energy (Forschungsverbund Sonnenenergie). 
"he association was farmed with the 
encouragement of the BMFT to promote 
Cooperation in renewables research at government 
research ~entas~~. It is especially charged with 

35 This does not account for the purchase of Siemens 
Solar in 1990, which effectively increased the 
German share of the world PV market from 4 
percent to 20 percent, 

Nuclear Research Centre Julich (KFA); Hahn 
Mertner Institute, Berlin (HMI); German Aerospace 
Researcb Institute (DLR): Fraunhofer Institute for 
Solar Energy Systems (ISE); Center for Solar Energy 
and Hydrogen Research, Stuttgart (ZSW); and 
Institute for Solar Energy Supply Technologies, 
Kassel (ISET). 
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maintaining continuity of purpose and preventing 
nximdancy, while also ensuring that each center 
maintains the diversity and decentralization that is 
consimtobe astmgthin German research in 
this field [71]. However, mporate labs are, as yet, 
not members of the association, thus problems of 
commercial focus will most likely not be addressed 
by the Creation of this association. 

Additionally, Germany has yet to establish an 
government/iindustry association with the specidic 
mission of commercializing PV technology. 
Programs of this nature already exist in the US (US 
PVMat)andJapan(PVIK). PVMatandPVTEC 
are intended to develop manufacturing technology 
that could aid commercialization by reducing costs. 

What Germany lacks in government/indushy 
coordination in the lab it makes up for in the field 
Demonstration projects are an essential component 
of German PV development efforts. In fact, the 
share of the BMFI' budget for demonstratons has 
ballooned in recent years, increasing 166 percent in 
1991. An example of this emphasis on field 
demonstrations is the "1OoO-Roofs" Project, 
considered to be the "center of gravity" for German 
PV demonstrations for the early 1990s [71]. 
Begun in 1990, the project is a joint effort by the 
federal and LBder governments to provide 
incentives to home-owners for the installation of 
roof-top PV SC-Si arrays. The federal government 
(through the BMFT) reimburses up to 50 percent 
of the purchase and installation costs in the "old" 
states of Germany and up to 60 Frit in the "new 

governments provide reimbursement of an 
additional 20 percent. "he remainder is provided 
by the investor. 'Ihus far, the project has exceeded 
the expectations of the BMFT, accounting for 
1,500 small (1-5 kw), gridconnected, roof-top PV 
arrays sold (lo00 installed and 500 more approved) 

states" of eastern Gennany. The Liinde€ 

r721. 

Larger demonstrations include five operating PV 
power plants of over 300 kW each, run by a joint 
effort of the BMFT, utilities, and PV companies. 
The largest and most modern plant in Germany is 
at Lake Neurath, near Grevenbroich Developed as 
a joint effort by RWE (financing 75 percent), 
BMFT, and the state of North Rhine Westphalia 
(financing 25 percent combined), the DM14 
million plant (approximately $8.5 million) has 
peak power capacity of 360 kW, with the potential 

33 



for producing 270,000 k W y m  (good enough for 
about 70 households). The plant's arrays use six 
different types of cells based on SC-Si and MC-Si 
materials only (measurements showed that 
amorphous cells were not suitable for high power, 
high voltage (1,ooO V) installations in this region). 
Cells are provided by Nukem/Solarex (MC), 
NukemlTelefunken (MC), NukedSiemens (MC), 
Solarex (MC), Telefunkn (MC) and Siemens (SC) 
[961. 

The Lake Neurath plant is part of a three-step 

connected PV power generation in Germany. The 
other two plants, with capacities of 340 kW and 

Pellworm. ?here are also demonstration projects 

Siegen; 34 kw), PV-hydrogen (Saudi Arabia - by 

Wald - by Solar Wasserstoff Bayern; 280 kw) and 
hybrid (Fehnom - by Telefunken; 140 kW (PV)) 

program by BMFT to develop 1 M W  Of grid- 

300 kW, respectively, are at Koburn-GOndorf and 

fOr agriculture (Pfalzwerke - by University Of 

Hahn-Meitner Institute; 100 kW; Neunburg V- 

[711. 

Demonslrations play a vital role in disseminating 
the virtues and advantages of PV technologies to 
utilities and the general public. However, the 
BMFTs role in demonstrations such as these is, by 
law, strictly for R&D purposes. BMFT does not 
have a mandate for market introduction and 
dissemination of its R&D products, which is the 
responsibility of the Ministry of Ecotlomics. The 
bulk of the money spent on PV by the German 
government is allotted to the BMFT; therefore, 
there is no official mechanism in place to 
specifically p m o t e  PV products on the market 
(domestically or otherwise) [721. Any further 
spending on PV for such measures becomes a 
question of where the money will come l b m  at a 
time of severe budget strains due to the costs of 
reunification. 

German companies have continued to expand PV 
pruduction facilities. The following is a sample of 
the new plants: 

PhOtOtlQniQ (50/50 Subsidiary Of Me~serschmidt- 
Boelko-Blohm GmbH and Total Energie of 
France) has built a 1 MW/year PV pilot production 
facility at Putzbrunn (near Munich) that will 
produce large-surface (60x100cm2/14mm thick), 
thin layer, 5 percent, a-Si PV modules. The entire 
production process is fully automated and 

computer contmlled, and involves the application 
of the a-Si to glass substrates that are already fitted 
with transparent eledmdes (thin film transistors). 
This is done using a vacuum piwas. The 
substrates are imported iiam Japan. Total cost for 
the. plant is DM110 million (approximately $67 
million), of which DM45 million ($28 million) is 
providedbytheBMFT. 'Iheselargtwmmodules 
are envisaged as being applicable to use in building 
constructions as facades, awnings, etc. In addition 
they could also be in- into auto 
construction as part of a rooftop air conditioning 
system [W, 981. 

Nukern (subsidiary of RWE (Rhine-WesQhalia 
Eledric Group)) began operation of a new 1 
MW/year pilot plant at Alzanau, which produces 
MIS (metal isolator silicon) inversion layer solar 
modules. Over DM50 million (approximately $30 
million) has been invested in developing this 
module design, DM20 million (appmximately $18 
million) of which was provided by the BMFT. Of 
specific importance is the fact that the modules 
produced are of a monolithic design, and do not 
require the interconnecton of individual PV cells. 
Due to this module design, the production process 
requires fewer stages, less material and less energy. 
Additionally, the module design is bifacial, thus 
leading to increased efficiencies of 15 percent for 
SC-Si and 13 percent for MC-Si. 'Ihe modules, 
which have a surface size in excess of two square 
meters, are also ideal for use in building facades, 
roofs, and small-scale PV power stations [991. 

Battelle has developed a new production method 
for crystalline CdTe compound 'Ihin Film PV 
cells. The substrate is common glass, and the 
method of crystal growth, called closed-space 
sublimination, allows for high speed production of 
cells (six square meters per hour) with minimal 
material and efficiencies reaching 11 percent. 
Battelle estimates production costs to be DMUX) to 
300 per square meter, leading to an installation cost 
of D M Z ~ 3 ~ W .  This is as much as 80 
percent lower than the present price of PV cells 
[1001. 

German companies have had some recent 
sumses overseas that have each been touted as 
the largest PV deal ever. First, in 1992, 
Telefunken won a contract with the Iranian 
national telmmmunications company, TeleCom, 
Co. The contract called for the delivery of turnkey 
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production plants for the manufacture of MC-Si 
cells and modules, as well as enough silicon 
wafers, cells andmodules for2MWofproduction 
capacity in Tehran. It also included the training of 
personnel and the supervision of the plant 
amstmdion. The value of the contract is 
utlspecified [loll. Secon& in 1991, Siemens Solar 
wonacontract'tosupply640kWofPVpowerto 
several countries in Saharan Africa The contract is 
worth DM30 million (approximately $18-20 
million) and was designed and financed by the EC 
[102]. Elsew-, Siemens Solar has been active 
in southeast Asia, India, and Mexicon. 

Siemens' purchase of ARCO Solar was designed to 
achieve just these kinds of results. It is not 
umxsonable to suggest that the Sahel contract in 
particular was won on the basis of ARCO Solar's 
international reputaton. ?he combination of this 
inherited market piesence, combined with the 
resources of the patent company, provide Siemens 
Solar with significant potential for tapping PV 
markets *worldwide. Its acquisition places the 
German PV industry at the f m h n t  of global 
commercial PV application. 

In sum, the Gennans look to PV as an integral 
element in their efforts to c o m e  conventionally 
produced electricity, and reduce emissions and 
energy dependence domestically. The magnitude 
of their efforts, versus the pmise for large-scale 
domestic PV application in the short to medium 
term, indicates that future exports of PV are also a 
major consideration by the government and 
industry. 

Technologically, the Gepman PV program is world 
class. Commercially, the Germans lag behind the 
Japanese in translating their basic technologies to 
the factory (similar to the problems that exist in the 
US). Despite the level of support devoted to PV 
R&D by the f a  and state governments, there is 

Note: The extent to which the German 
government is aiding in Siemens', or any other 
German company's marketing efforts overseas is 
unclear at this time. The issue of "tied-aid" is a 
possibility; however, none of the unclassified sources 
used for this report to date have specifically 
referenced tied-aid for German PV projects or for PV 
projects of any kind, for that matter. 
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some discontinuity of effort between basic 
research, development and demonstration and the 
commercial promotion of PV within Germany and 
abroad. Still, the continued commitment and 
combined effosts of German industry and the 
federal, state and EC governments will aid in the 
further reduction of costs and dissemination of 

the world, ensuring that Germany will m a i n  one 
of the most competitive PV producers in the wurld 

German PV technologies tfiroughout Europe and 

3.4 ITALY 

3.4.1 Policy Overview 

The issue of energy security is an especi@ly 
pointed one in Italy. The country has no 
substantial domestic sources of energy. It 
produced only 18 percent of its total primary 
energy supply ("IS) in 1991, and its dependence 
on oil and oil imports (as a percentage of TPES) is 
among the highest of all the countries in the IEA 
(59 percent and 92 percent, respectively) [MI. In 
addition, an Italian refmndum on nuclear energy 
in 1988 (post-yl) effectively shut down the 
nuclear power industry in Italy [7]. The 
moratorium ended in December of 1992, and as of 
yet, it is unclear whether the industry will be 
revived or not. Public opposition against the siting 
of new thermal power plants has also hampered the 
government's attempts to diversify Italy's electricity 
generation base through the use of coal - which is 
imported at a rate of over 98 percent [MI. 
Consequently, the options with which the Italian 
government must devise its energy policy are 
restricted, forcing policy-makers to consider every 
alternative. 

Italy's most recent energy strategy, as laid out in its 
National Energy plan (PEN, established in late 
1988), attempts to integrate national environmental 
concerns with energy security policy. PEN is 
focused on: 1) conservation and energy efficiency; 
2) expansion of indigenous energy sources; 3) 
development of independent electricity genetation 
h m  renewables and co-generation; 4) expanded 
use of combined cycle gas turbines for electricity 
generation; and, 5) diversification of energy 
imports - sources and substances. From an 
environmental standpoint, the primary driving 
force behind PEN is meeting the UNCED and EC- 
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wide CO, emissions targets for the year 2000 and 
beyondm.  his includes a m c  strategy to 
inczeasetheshareof renewables in the energy mix 
to three metric tons of oil equivalent (Mtm) (up 
Wm 0.2 Mtae in 1987) by the year 2000 [103]. 
Policies in place to achieve this goal include Law 
1 0 1  which provides grants of u) percent to 40 
percent of investmeht costs to independent 
proctucers of renewables-generated electricity. 
Additionally, up to 50 petcent of total investment 
costs are provided for "innovative" projects 
involving renewables (55 percent for large projects, 
80 percent for solar heating ) [39]. 

Energy R&D spending levels in Italy have 
traditionally been among the highest in Europe. 
Atmrding to the International Energy Agency 
(EA), Italy spent the most on total energy R&D in 
1991 of any European nation, approximately $673 
million [MI. Demonstration projects of various 
sizes havebeen established throughout the country, 
and Italian researchers have moved aggressively to 
promote international collaborative efforts. 

However, the immediate fu tm of renewable 
energy in Italy is currently being jeopardized by an 
ongoing governmental preoccupation with 

[81]. In addition, major government agencies 
responsible for alternative energy research and 
development are in such crisis that Italian 
mewable energy programs have been stalled since 
early 1992 [81]. This applies to ENEL (the 
National Agency for Electricity Pmduction) as well 
as to ENEA (the National Agency for New 
Technologies, Energy and the Environment). 
ENEL is Italyk main utility company, and provides 
about 87 percent of Italy's electricity [7]. ENEA 
was Italy's nuclear energy agency before Italy 
abandoned nuclear energy, and now is struggling 
to adjust to its new identity while at the same time 
coping with a serious lack of funding [81]. ENEL 
began the first steps toward privatization in August 
1992 [20], and embassy sources say that the 
process has "paraly~ed" the It is 

scandals, political upheaval, and fiscal austerity 

Goals for the year 2000: reduce SO2 by 75 
percent; NO, by 40 percent; and C02 by 32 percent 
[103]. 
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39 It is hoped that the privatization process will be 
completed during 1993. 

hoped that privatization will help ENELs image as 
an arm of the central government. 'Ihis image has 
played into an over-dding suspicion of 
governmental programs that has made it difficult 
for ENEL to work with local authorities and 
citizens p p s  in support of renewable energy 
development [81]. In the past, ENEL tended to 
downplay foreign markets. That will probably 
change as they strive to inaease profits and 
compete against private US, Japanese, and 
Europeancompanies. 

The Italian government must resolve its energy 
policy in the short term in order to prevent Italy's 
wlnerability to internatonal fluctuations in the oil 
and gas markets from becoming even m m  acute. 
The impasse over nuclear and coal-- power 
plants and the budge€ restraints on new energy 
research act to inhibit immediate progress in this 
area. As a practical matter, however, Italy's 
immediate energy future will most likely entail a 
limited reestablishment of nuclear power, the 
c o m o n  of a number of modern, coal-burning 
thermal power plants and widespread 
implementation of various renewable energy 
technologies for small-scale residential and 
commercial applications. Because Italy is so well 
suited for a numbez of these technologies (PV 
solar, wind, and geothermal) - in addition to its 
import dependence - it is plausible that Italy could 
eventually become one of the most pervasive 
pioneers of practical renewable applications in 
Europe. 

3.4.2 Energy Programs 

3.4.2.1 Wind 

Italy is attempting to capitalize on its RD&D 
expertise in wind technology, and is taking steps to 
develop appiab le  domestic wind generated 
electrical capacity40. Along with Britain, Italy is 
the EC countq which has most emphasized 

40 Italy's domestic wind resource is modest compared 
to that of northern Europe. Average wind speeds at 
local Italian sites considered suitable for wind energy 
development [Sl] are, at best, near the lower end of 
wind speeds for developed sites in California 
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RD&D as opposed to wind power development 
[214'. Domestic operating wind energy capacity in 
Italy is currently 6-7 MW (or about 11 M W  
considering experimental units)42. when healthy, 
Italy's development programs have been marked by 
close coopaation among the government, the main 
national utility company, and the major 
manufactmm [20], who are looking abroad 
(especially within the European Community) for 
market opjxmmities [81]. Relatively slow 
progress has been - 'stic, with little 
involvement from small or privately owned 
manufactums [6]. Italy's two largest wind mine 
manufadmas have produced advanced products 
which may be technologically competitive on the 
world market. Devdopment of these products was 
directly funded by the Italian government and the 
EC. Technological competitiveness may not 
translate to future market s u m  for these Italian 
machines, since their greatest challenge will be 
price competitiveness with machines developed by 
other countries (such as the US and Denmark) with 
more mature domestic markel [Sl]. 

PEN set a target of 300-600 MW of installed 
domestic wind generating capacity by the year 
2000 (see Footnote 7). 'Ihe higher target will 
apply if large machines become economically 
viable by that time [6]. Installed domestic capacity 
will grow during the 199Os, encouraged by PEN 
and new legislative measures which provide 
incentives to wind energy investors [20]. 

In contradiction to International Energy Agency 
(IEA) data, knowledgeable Italian sources confirm 
that Italy is no? the world leader in government 
expenditures for wind energy R&D. Italy's wind 
energy program was funded at about 43 million 
dollars over the seven year period 1986-92. Of this, 
2.7 million dollars came from the European 
Community (EC). E A  data i n ~ ~ ~ e ~ t l y  states that 
the Italian government spent 24.4 million dollars in 
1991 for wind energy R&D. In reality, this figure is 
roughly the total government expenditure over the 
seven year period [Sl]. 

4 1  

42 Note that because of Italy's lower average wind 
speeds, a unit of installed capacity (in MW) in Italy 
likely corresponds to less useful energy than does an 
equivalent installed capacity in northern Europe or 
California. 

However, growth will likely not meet established 
goals and expectations, due to several f m  
discussed in the following. 

Private investment in wind energy development 
has been especially encouraged by cecent 
incentives. Up to 40 percent of the costs of 
installing wind turbines can be c o v d  by the 
goveanment. In addition, pmium payments of 
$O.l&Wh fur wind generated electricity sold to 
ENEL by private owners of wind energy plants 
have also been imposed. These premium rates will 
be in effect for five years (see Footnote 7). 'Ihe 
Inkministerial Committee on prices (CJP) issued 
a special directive in November 1990 that was 
meant to provide private investors with iinancial 
backing for renewable electxicity generation [6]. In 
lieu of a 30 pedcent undezwrite of plant 
construction costs [Sl], a payment price of 150 lire 
(about $O.loflcwh) is available to wind energy 
plants coming on line after January 30, 1991, for 
the first eight years of plant operation 'Ihe 
payment then drops to 75 lire (about $O.O5/kWh). 
'Ihe initial payments are reduced somewhat if the 
plant also reoeives certain other subsidies 1201. 
These production incentives, although large 
compared to US programs in absolute terms, are 
considered by knowledgeable Italian sources to be 
inadequate, given the high price of investment 
capital in Italy [Sl]. 

Four organizations play a major role in Italy's wind 
industry. "hey are: ENEL; ENEA; Alenia (a state 
owned aerospace lirm with WEST wind energy 
systems, or AlenidWEST, as a subsidiary)43; and 
the privately owned Riva Calmni company [81]. 
ENEL, -A, and Italy's Ministry of Industry 
plan and provide funding for Italian wind energy 
RD&D [7]. In addition, Italian ventures receive 
funding through the CEC THERMlE and JOULE 
Programs 1811. 

ENEL coo- in prototype wind turbine testing 
[20], and has a mountain test site at Alta N m  in 
Sardinia to evaluate the performance of both 
domestic and foreign-made turbines in harsh high 

43 Alenia resulted from the merger of Aeritalia and 
Selenia in early 1991. AlenialWEST manufactures 
medium- and large-scale turbines [20]. WEST 
stands for Wind Energy Systems Taranto. 
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altitude conditions. A second ENEL test site is 

central Italy 171. ENEL has planned two new wind 
farms with a tutal capacity of 2.0 MW. Problems 

have thus far prevented the realization of these 
facilities. One of the wind farms will use bi-blade 
horizontal axis machines fmm AleniaWEST, 
while monoblade (single blade) horizontal axis 
machines (the M-30) fiom Riva Calzoni will be 
used at theother [Sl]. In addition, ENEL plans to 
build two m m  10 MW wind farms, one at a hilly 
coastal site in Sardinia, and another in 
mountainous terrain in the Appentnes in southern 
Italy. An additional eight to ten wind farms with a 
total capacity of 40 MW are envisioned for 
construction over the next five years [71. 

Riva Calzoni has been a well-known manufactum 
of mechanical and hydraulic equipment for over a 
century. Riva entered the wind turbine 
manufactwing field in 1978 [7], developing its M- 
30 machine in cooperation with the German firm 
MBB4. Riva's major c m t  activities are focused 
on the further development of its M-30 family of 
medium scale (250 k W  - 350 kw) machines [20]. 
The M-30 is the only medium scale monoblade 
machine in the world today. Only half of its 
development funding was provided by Riva ?he 
remainder came fmm ENEA (40 percent) and the 
EC (10 petcent). 'Ihe EC played a very large role 
in supporting the installation of the first 
commercial M-30 plants45. Four have been placed 
in operation to date. A prototype variable speed 
M-30 is in operation in Germany, and an M-30 is 
being tested in Japan. l k o  M-30 machines have 
been installed at Tocco da Casauria in the first 
wind energy plant commissioned directly by an 
Italian community [til]. Riva Calzoni has also 
developed a small (5 kw) monoblade horizontal 
axis machine (the M-7), which they hope to use in 
standalone applications in isolated locations, 

located at Acqua spruzza in the Appenines of 

witti local authorities, and political difEmlties, 

44 MBB developed the rotor of the M-30 and then 
lost interest in the project, opting to focus on its own 
larger scale machines [81]. 

Funding was provided by the EC VALOREN 
program, for the development of indigenous energy 
resources in disadvantaged areas of the community 

45 

[811. 
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partiailarty in developing countries. EC support 

[Sl]". Riva Calzoni is also designing the M-55, 
an 800 k W  monoblade machine [7]. 

has led to initial M-7 sales to B d l  and kbg€?lltiM 

ENEA promotes the wind energy industry by 

"he current ENEA program consists of four major 
areas: locating suitable turbine sites via 
development of a national wind resource map, and 
developing improved meulodologies for locating 
sites; developing planning methods and turbine 
technology via cooperative research with 
universities, research organizations, and 
manufactma; developing turbines, with a focus 
on innovative concepts; and, developing wind 
turbine plants [m]. ENEA joined in a cooperative 
agreement with ENEL, the CEC, and 
AleniaWEST to develop the GAMMA 60, a two- 
bladed 1.5 MW horizontal axis machine which 
personnel at both ENEA and ENEL consider Italy's 
state-of-the-art turbine [HI. "he GAMMA 60 is 
Italy's largest turbine, and commercial production 
Wm the machine is hoped for in 1994 [104]. The 
first GAMMA prototype (the first of three planned 
[7]) became operational at Alta N m  in 1992. Its 
developen claim that the GAMMA 60 would be 
the first commercial largescale machine in the 
world [81], and if it is successful, the Italians plan 
fw it to play a major role in achieving their target 
year 2ooo domestic wind energy capacity [7]. 

The GAMMA 60 has several innovative features 
designed to make it commercially viable. The goal 
in the machine design is to increase simplicity and 
lower manufacturing and maintenance COGts by 

providing both technical and financial support, 

46 The jury is still out on whether monoblade designs 
possess technical advantages over machines with 
multiple blades. Monoblade horizontal axis 
machines can be visually disturbing (i.e., they just 
don't Look right). The M-30 machine has a hydraulic 
yaw system which keeps the rotor downwind of the 
tower [81]. This is an unusual characteristic for an 
active yaw machine. It is normally considered 
advantageous to keep the rotor upwind of the tower, 
thereby avoiding tower wake effects which are a 
predominant blade load. Eliminating blades seems 
attractive in terms of lowering overall turbine 
weight, but this effect is somewhat negated by the 
need to add a large balancing counterweight. 



eliminating all control components h m  the 
rotatingparts". Domesticmarketprospectsforthe 
GAMMA 60 appear poor, becauseits extreme size 
and weight make it an impractical option for Italy's 
best wind sites, typically in remote mountain areas. 
Alenia/wEsT intends to aggressively purme the 
US market with its GAMMA 60 machine 1811. 
'Ihis is an inkmting possibility since no US 
domestic producer is pursuing large turbine 
development. Alenia/WEST also produces the bi- 
bladed fixed speed 320 kW MEDlT machine. 
Likethe GAMMA 60, the MEDIThas glass fiber 
composite blades and an upwind configuration. 
Future vemions of the =IT will be variable 
speed with some GAMMA 60 technology 
mcorporated. Thus far, Egypt has been the only 
foreignMEDITpurChaser [81]. 

3.4.2.2 Solar Thermal 

Italian activities in solar thermal technology do not 
appear to be significant, and Italy is not viewed as 
a potential leadex in this atea in the foreseeable 
fuhue. Only a short overview is provided here. 

The field of "bioclimatic architecture" has been 
under study in Italy for more than a decade. This 
is a phrase used to describe a large body of 
information on the thennal characten 'stics of and 
energy use in buildings. An analysis of available 
information has been carried out within the Italian 
National Energy Project (PFE) [ 1051. 

The world's first scientifically rigorous central 
receiver system experiments were conducted in 
Italy (at the Univetsity of Genoa) in the 1960s. 
These early experiments led to the construction (in 

The GAMMA 60 uses an innovative technique to 
control the power flowing through its rotor and drive 
train. The most controversial aspect of the GAMMA 
60 design is its fmed blade pitch. Yaw control is 
used to control power by adjusting the blade angle 
relative to the wind. The entire nacelle and rotor 
may be yawed out of and into the wind. This is 
considered by many experts a possible source of 
excessive wear, since large cyclic loads could be 
introduced into the blades, bearings, drive train, and 
tower. AlenialWEST designers claim that these 
concerns are addressed with redundant failsafe 
mechanisms in the GAMMA 60 [7,81]. 
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Italy) of the Advanced Components Test Facility, a 
solar steam generator now located at the Georgia 
Institute of Technology in the US (see Footnote 
13). The Eurelios central receiver plant in Sicily 
was sponsored by the Commission of the European 
Communities (CEC) [63]. ?his 1 MW plant, 
completed in 1980, used the same HI" salt used 
in the French THEMIS plant for its thermal storage 
system [HI. It used steam for heat transk [631. 
The Eurelios plant has been pulled out of service. 

The Trisaia Center in the region of Basilicata is 
conducting research into solar water desalination as 
part of a shift to environmental studies, away h m  
its earlier mission as a research laboratory for the 
nuclear fuel cycle. The center, owned by ENEA, 
had been idle for some time when Italy abandoned 
nuclear research The Italian government (yith 
joint funding from ENEA) bas supported the 
transition of the Trisaia Center's mission as part of 
a program to develop Italy's southern ~gions 
11061. It is not clear whethex solar thermal or solar 
PV technology (or both) is being pursued in the 
center's desalination research. Considering the 
chaos created within ENEA overall by its changing 
mission [Ill], including ENEAs attempts to 
reassign technical professionals who have spent 
their entire careers studying nuclear issues to new 
areas with which they ate unfamiliar, the short tenn 
quality of solar thermal mearch at the Trisaia 
Center may be suspect, 

3.4.2.3 Solar PV 

Italy's PV program is one of the most vigorous in 
the world. Italy's PV technology base is not 
comparable to that of Germany, Japan, or the US. 
Thus, the Italian government has pursued PV 
development through aggressively organized PV 
demonstration projects and joint R&D programs, 
and has established subsidies for private and 
commercial PV installation as well as regulations 
requiring utilities to purchase renewable-generated 
electricity. 

Italy's energy strategy has focused specific 
attention on PV as one of the most promising 
renewable energy sources for application in the 
near term. Italy's geographic location and climate 
(especially in the south) make it a viable place for 
the future (long-term) installation of medium to 
large-scale (100 kW - 1 MW), grid-connected PV 
power generators, as well as for short-medium tenn 



installations of stand-alone and supplemental PV 
arrays on the roof3 of residential, commercial and 
public buildings. Italy spends a substantial amount 
of money on all types of enetgy R&D an nu all^^. 
‘Ihe proportion of total energy R&D spending in 
Italy attributed to PV R&D and dissemination over 

primary focus of the Italian e f f i  in this regard has 
been on cell R&D, the development of a standard 
PV module (PLUG, for PV low cost utility 
genaator), wide-spmd demonstration projects, 
and government subsidy and incentive programs. 
?he piimary players are the state-owned national 
utility (ENEL), the Italian Commission on Nuclear 
Energy and Renewables -A), and the Italian 
W companies, Italsolar, Anit and Heliot?. 

thepastseveralyearshasbeensignilicant9. ‘Lhe 

PV research is conducted at ENEAs Center for PV 
Research (0 at Portici, which functions as a 
locus for Italian and internatonal cooperative 
fesearch into a-Si, MC-thin films, and BOS 
technology. Another research centex, DEJTH- 
(Demonstration Electric Photovoltaic System), is 
the site of a 300 k W  demonstmtion plant and is 
specifically charged with research on largescale 
PV systems. SC-Si zesearch is conducted at the 
Cassocia Centex near Rome. All research in Italy 
is cootdinated with Italian PV companies, ENEL, 
anddhernationallaboratories [107]. 

ENELs immediate goal is the installation of 25 
MW of PV electricity by 1995. 11 MW are to be 
installed by ENEL itself, 2 MW by ENEA and 8.9 
MW by the private sector. This is to be achieved 
through installations on the roofs of hundreds of 

40 In 1991, Italy spent approximately $100 million 
more than Germany on overall Energy R&D ($635 
million vs. $504 million) [39]. 

49 Referring to Table 3.1, PV R&D accounted for 
2.17 percent of Total Energy R&D in 1991. The 
proportion was 2.30 percent in 1990 [39]. 
50 Anit and Italsolar are products of a recent 
restructuring of the Italian PV industry: Anit is a 
consortium organized between Ansaldo and the 
Italian Petroleum company, Agip. The aim is to 
produce turnkey PV power stations. Italsolar 
specializes in PV module manufacturing. 

isolated homes and commdal  buildings (financed 
up to 80 percent by the government), and the 
development of six large demonstration projects 
(three 100 k W  projects and three 3 M W  projects) 
[lCn]. In following this strategy, Italy will become 
one of the most prodigious PV markets in the 
world 

’Ihe significant portion of ENELs projected 
installations that are attributed to the private sector 
are expected to result linm private &on to laws 
recently put into place to encourage PV use. ‘Ihe 

linm public and private installations at prim set 
by ENEL”. ’Ihe second provides for government 
contributions of up to 80 percent of the costs of 
installed PV systems for buildings (domestic, 
industrial, commercial, touristic, agricultural and 
sports). This law extends benefits beyond those 
provided by previous legislation, which limited 
coverage to rural agricultural residences only. It 
also eliminates the 15 million lira cap on spending 
for PV equipment 11071. 

Current PV installations in Italy are dominated by 
small (1-1.5 kw), off-grid mf-top PV arrays for 
power generation in remote, isolated areas. Other 

kw), water desalination (up to lOkw), water 
pumping (0.5-10 kw) and electrification far 
refrigeration (0.5-5 kw). All of these applications 
utilize PV atrays outfitted with SC-Si. aher 
applications (less than 100 W) use a-Si cells [108]. 

first requires utilities to purchase excess PV power 

. 

applicati~n~ are for telecommunicati~n~ (0.5-10 

One of the largest utility-scale projects m n t l y  
underway is a 3 MW PV power plant at Salerno, 
which when completed, will be the largest PV 
power plant in Europe. The plant will be 
comprised of 60,000 PV modules covering an area 
of approximately 20 acres and will cost an 
estimated $64 million, all of which will be 
financed by ENEL. Initial module procurement 
was put out to international bid, with the French 
company Photowatt, the US company Solarex and 
the Japanese company Kyocera each winning 
contracts to supply 330 k W  of PV modules. The 
Italian company Helios was contracted for 660 kW 
of PV modules. A second 3 MW power plant is to 

Approximately 170 Lira/kWh (approximately 51 

$.13/kWh) [107]. 
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be installed by 1995. Its location has yet to be 
determined [ 1091. 

It is significant that ENFX has been given primary 
responsibility for most Italian activities regarding 
PV. ENEA, which is primarily a research 
organization, was formerly responsible for PV. 
?he transfix of PV development responsibility to 
the national utility (ENEL) signals that the Italians 
perceive a de- of maturity in PV techuology and 
the resultant need for the transition from the purely 
reseatch phase of PV development to its ecoMlmic 
applicatioa 

Thus far, Italian PV companies (Italsolar, Anit, 
Helios) do not have the capacity to produce their 
own SC-Si for the production of PV cells. As a 
result, Italian production costs are approximately 
15-20 percent higher than those of other fmign 
manufacfurefS [log]. An indication of this lack of 
silicon capacity is reflected in the arzangement 
made by Helios in one of the Italian industry's only 
overseas projects. 'The project is a joint venture 
with South Mican, Russian and German 
companies to build a 1 MW PV power plant near 
Pretoria, South Mica. This venture will enable 
Helios to tap the growing South Afiican PV 
market and establish a base for possible extension 
into the Australasian make&. The Russian 
company Moscow General Industries is to supply 
the single crystal silicon (SC-Si) ingots and wafers. 
(For more information on Russia, refer to Section 
3.7). The German Marvol Group will do the 
marketing, and Italy's Helios will manufacture the 
cells, modules and PV systems. A South African 
company is to provide its expertise in local markets 
[l lo]. 
For the short term, Italy's primary significance in 
the PV industry will be as a market, serving as a 
sort of country-size PV laboratory. Its role in 
demonstrating PV, generating collaborative efforts, 
and disseminating information about PV systems 
capabilities and developments will be crucial to the 
advancement of sales and applications in the 
industrialized world as well as the developing 
world The de- to which Italy is successful in 
implementing a significant PV generation system 
may depend upon the decisions that must soon be 
made regarding the reinstitution of its nuclear 
program and the use of coal in thermal plants. 
Public opposition against both of these electricity 
sources remains quite pervasive. However, Italy's 

severe energy dependency and the threat that this 
poses for Italy's national security and continued 
economic pwth  may eventually p v e  to be more 
powerful than the environmental forces at play 
there now. 

3.5 UNITED KINGDOM (UK) 

3.5.1 Policy Overview 

~ f t a  some hesitation, the united Kingdom 05* 
has acquired the political will to include 
renewables in its long-term domestic energy plans. 
Originally, UK interest in renewable energy 
technologies arose mostly out of concern for the 
security of energy resource supplies [6].  However, 
more recent events have pushed the UK towards 
renewables, most notably wind, in order to meet 
environmental commitmentss3. TIE increased use 
of renewables will allow the UK to diversify its 
electrical generating capacity, which at present is 
heavily dependent on coal, nuclear, and oil (65 
percent, 22 percent, and 9.4 percent of 1991 total 
electricity generation, respectively [MI) [21], and 
which is likely to increase its dependence on coal 
once available oil and natural gas reserves from the 
North Sea are depleted. 'The United Kingdom is 
presently very near to net energy self-sufliciency, 
having abundant indigenous supplies of oil, gas 
and coal and a well-establshed nuclear power 
industry%. 

'Ihe UK government has a target of 1,500 MW of 
new electrical generating capacity from renewable 
energy sources by the year 2OOO [ll2]". UK 

The UK consists of England, Wales, Scotland, 52 

and Northern Ireland. 
53 Britain cannot reduce its C 0 2  emissions to levels 
agreed to at the 1992 Rio summit without further 
stringent energy efficiency measures, increased 
taxation on domestic fuel and power, or by the 
increased use of renewables [lll]. 
54 The UKs import dependence in 1991 was just four 
percent of its total energy supply [44]. 
55 The installed electrical generating capacity in the 

Total UK UK is currently 70,000 MW [113]. 

41 



energy policy objectives over the near term have 
focused primarily on the privatization of its 
national energy indushies (most notably, its coal 
industry), diversification of supply, and most 
recently, the reduction in the environmental impact 
of its energy secbr. 

The development 'of electricity-gemxating 
mewable technologies has been eflcouraged by 
the introduction of the Non-Fossil Fuel Obligation 
(NFFO) in the 1989 Electricity Act, which 
privatized the electricity supply industry in 
England and wales? m o  was primarily 
developed to support the nuclear industry, but it 
has provided a positive linancial incentive for 
renewables and has accelerated some of these 
technologies into the marketplace because of a 
guaranteed market and premium price for 
electricity generated using renewable technologies. 

The first round of the NFFO in 1989 marked a 
turning point in UK governmental support for 
renewable energy technologies [5]. Under the 
NFFO, REcs (Regional Electricity Companies) are 
mandatedto purchase a certain amount of capacity 
itom non-fossil sources (primarily nuclear, with a 
specific percentage mandated for renewables, 
primarily wind). In addition, a levy is imposed on 

electricity consumption ranks third in the EC, 
W i n g  only Germany and France [71. 
56 Non-nuclear generating capacity in the UK is now 
controlled by three private generation and 
transmission companies. These arc National Power 
and PowerGen (power generation); and, NGC, the 
National Grid Company (power transmission). In 
addition, there are 12 Regional Electricity 
Companies W s ) .  The RFCs can purchase 
electricity from National Power, PowerGen, Nuclear 
Power (the non-private entity responsible for nuclear 
generating capacity in the UK), or from other RECs, 
and each REC is allowed to own or have direct 
interests in a limited amount of generating capacity. 
Large industrial users can purchase electricity from 
the RECs, National Power, PowerGen, or from any 
other source, and can connect directly to the grid via 
NGC. Before decentralization, National Power, 
PowerGen, the NGC, and Nuclear Power were 
combined into the Central Electricity Generation 
Board (CEGB), and the RECs were called Area 
Boards [7]. 

the price of electricity generated using fossil fuels 
[114], which is then paid to the non-fossil 
producers [7]. One aspece in which the NFFO 
program is lacking is that it is not structured to 
favor small scale developments [115]. 

The first two rounds of NFFO project solicitations 
require power distdbutors (REXs) to purchase at 
least 560 MW of renewable power by 1998 (see 
Fmtnote7). 'Ihethirdroundrequiresthepurchase 
of an additional 30(1400 MW, but in contracts that 
nm 15-20 years. A fourth round in 1995, and a 
fifth in 1997, are also expected Elimination of the 
1 9 8  deadlhe in the third round reduces project 
risk to the point where lower levys are required on 
fossil fuel generated electricity for payment to the 
renewable energy producers. 'Ihis is partially 
because it becomes easier with longer contract 
durations to attract long term financial support. 
'Ihis reduces overall project cost. The new 15-20 
year contract terms are consistent with UK 
government policy to create an initial market niche 
for renewable energy technologies, while then 
allowing the price of mewable-generated 
electricity to gradually come into line with other 
generation options without the need for further 
financial support [116]. 

The UK renewables industry has been effectively 
"on hold during the extended period of time 
between the second and third NFFO rounds [ 1171. 
'Ihis much-criticized delay period will translate to a 
potential three year gap in renewable technology 
orders, since the third round is not scheduled to go 
into effect until November 1994 [116]. Scotland 
has recently announced its own Scottish 
Renewables order (SRO) in separate NFFO-like 
legislation. The SRO provides for 30-40 Mw of 
new generating capacity itom renewable energy 
smms [ 1181. It is not clear how this new capacity 
is to be apportioned between the leading candidates 
of wind, hydro, and biofuels. Scotland was slow to 
receive its first renewables obligation, partly 
because of an overcapacity in electricity 
generation, led by hydropower. Despite this, and 
as evidenced by the new SRO, the political will 
does exist for the establishment of a renewable 
energy program in Scotland. 
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3.5.2 Energy Programs 

3.5.2.7 Wind 

The UK overcame a very slow start [51 to establish 
a reputation as a leader in wind technology RD&D. 
Current British wind energy programs are 
dominated by commercial scale projects backed by 
large companies or electricity industry 
[115]. U n f m y ,  available price guarantees 
fail to accommodate demand because of sevm 
limitations in the total installed wind generated 
electrical capacity which is allowed to benefit from 
them. In this sense, the UK is not taking full 
advantage of its domestic wind energy market 
oppormities". 

A movement towards local community 
involvement in British wind energy is evolving. 
'Ihis, coupled with utility industry decentralization, 

in developing its wind resource potential [1151. 
Britain has taken other steps recently which 
position it favorably for future growth in the wind 
energy industry. Britain has a well established 
system for premium pricing of the power generated 
Wm wind energy systems, and Britain has the 
most favorable wind resource in Europe. Due in 

Britain is poised to emerge as Europe's site of 
choice for further wind farm development. The 
UK, and Scotland in particular, possesses some of 
the best wind fesources in the world [5, 111". 
Because of Scotland's abundant wind resources, the 
SRO is disappointingly small to many observers 
f.1171. 

will help the UK considerably over the next decade 

part to sumsful programs such as the NFFO, 

An appreciable fraction of the renewable power 
purchases mandated by the first three NFFO 
rounds must be wind generated. The amount of 
the obligation to be allocated in the third round is 

The UK could well afford to be more aggressive. 
By the end of 1991, the UK only had an installed 
wind energy capacity of 12 MW, and much of this 
was in the form of research and demonstration (not 
commercial) machines [71. 

51  

According to various sources, Scotland possesses 
between half and two thirds of the UK wind 
resource. 
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expected to =main at roughly u) percent, as was 
thecaseforthe~tworounds [116]. Manyinthe 
British wind energy community were among those 
who advocated extension of the NFFO subsidies 
well beyond 1998, as has occurred in the recent 

round may only accommodate 15 percent of the 
wind energy projects that current developers would 
like to build, according to arecent survey. IIhe 85 
percent of projects unable to obtain NF'FO price 
guarantees would likely remain unbuilt [ 1201. 

third round [119]. Unfortumely, the third NFFO 

Britain has invested in wind energy RD&D since 
the 197Os, at a rate of roughly $6 million annually 
for the past decade. The technical reputation of 
British work in this area is excellent, most notably 
in basic aerodynamics, structural modelling, and 
material properties [7]. Principal funqng 
assistance for UK wind energy projects comes 
from the Department of Energy (DOE), the 
Department of Trade and Industry @TI), and the 
Commission of the European Communities (CEC). 
RD&D activities for wind research in the UK have 
been prioritized by the British Wind Energy 
Association (BWEA). The Department of Energy 
and the Science and Engineering Research Council 
(SERC) have funded basic research on materials, 
fatigue, blade profiles, resou~ce availability and 
offshore application of wind power [211. Prior to 
utility decentralization, c o n s i m l e  research was 
done by the Central Electricity Generating Board 
(CEGB). lhree groups Carrying out important 
design studies for DTI are the Wind Energy Group, 
Ltd. (WEG, which is a joint venture of the Taylor- 
Woodrow Construction Company and the British 
Aerospace Corporaton), Renewable Energy 
Systems, and Windharvester Las9 [ml. 
WEG turbines include the 33-meter, 300 kW, 
horizontal axis MS-3, which has been installed at 
four wind farms in Wales, Yorkshire, and 
Cornwall, as well as on the European continent and 
in California, and its precursors, the MS-1 and MS- 

Windharvester Ltd. has recently acquired the 
rights to technology developed by Howden Wind 
Turbines, Ltd., a subsidiary of the large steel 
designer and fabricator James Howden and 
Company, which has left the wind industry partly 
due to financial losses from blade failures on one of 
its early machines 171. 

59 

43 



2. All of these machines have excellent operational 
histories. WEG is now developing the WEG400 
(MS4), a new and larger 35-meter machine which 
began pmtotype testing in Scotland in 1991. The 
WEG400 can be configured as either a 400 kW or 
450 kW machine. Its design includes two blades 

has reconfigured blades' and a softer drive train to 
allow it to operate more quidy and efficiently 
[121, 1221. WEG also designed and built the 3 
Mw LS-1 ho&.mntal axis turbine, which became 
opeaxtional in 1988. WEG and National Power 
have recently f m e d  National Wind Power Plc., 
which, unlike WEG, is specifically interested in the 
development of wind fanns [7]@. 

Prior to when it left the wind industry, Howden 
developed some i m p s i v e  machines. 'Ihese 
included the 1 MW HWP-lo00 (1989) and the 750 

HWP-lo00 was one of three demonstration 
turbines compared in the CEC WEGA program 
@fer to Chapter 4, Section 4.3.1) [123]. Many of 
the HWP-330 machines wete installed in Altamont 
Pass in California, and it was early blade failures 
on these machines that helped push Howden out of 
the wind business. Besides all of the horizontal 
axis machines discussed above, British research 
into vertical axis technology has proceeded through 
Vertical Axis Wind Turbines, Ltd. (VAWT). 'Ihis 
firm has designed innovative non-Danius style 
machines rated at 100,160, and 500 kW. Only a 
few of these machines have been built [716'. 

and an upwind teetering rotor, like the Ms-3, but 

kW HWP-750, and the 330 kW HWP-330. The 

The DTI RD&D program is managed by the 
Energy Technology Support Unit (ETSU) at 
Harwell [20]62. The DTI program is divided into 
technoogy development, and studies of 
commerciazization and exploitation of the resource. 
"he technology development area is divided into 

6 0  These wind farms will use the most advanced 
turbines available, whether or not they are WEG 
designs. 

These machines have straight blades, typical of 61 

vertical axis turbines designed in the UK [123]. 

Harwell is an important national lab, and is the 
UKs equivalent of the National Renewable 
Engineering Laboratory, NREL, in the US. 

62 

design studies and turbine technology 
development, which includes numems advanced 
concepts in, for example, stall regulated rotors 
(using flow visualization and particle image 
velocime4y or PIV), advanced control algorithms, 
structural dynamics, and advanced materials. DTI 
is also involved with regional fesourm planning 
studies, turbine noise and visual intrusion studies, 
studies of the integration of wind generated power 
into the electdcity distribution ne€work, and studies 
of the effect of turbines on broadcast signals. "he 
SERC R&D pgram is managed by the 
Rutherford Appleton Laboratory (RAL), and funds 
academic researck Some of the m n t  areas of 
interest include advanced PIV concepts, 
nondestructive testing (NDT) using intimed 
imagery, and nonsteady aerodynamics 
Scotland's National Wind Technology Center is 
another important national lab. 

. .  

The number of established UK manufactums of 
wind turbines is relatively small. One of these, the 
British wind power company EcoGen, is backed 
by two f d g n  joint ven- partners: the US 
company SeaWest (one of the world's largest 
buyers of wind machines), and the Japanese 
general trading group Tomea 'Ihis partnership has 
won 75 MW of NFFO contracts, in which 
Mitsubishi turbines will be installed atop US 
towers. While the UKs 1993 turbine installation 
rate will exceed that of any other country [ll], 
about 80 percent of the generating capacity for 
NFFO wind projects either operational or under 
conmudion as of September 1,1992 was provided 
by manufactums other than those in the UK (the 
manufactums were primarily Wm Denmark and 
Japan) VOI. 

3.5.2.2 Solar Thermal 

"he United Kingdom (UK) has responded to its 
excqtionally poor solar resource not with the long 
tenn vision of Germany, but more with the 
pragmatic viewpoint of Denmark As a result, the 
UK will not be a major player in the future solar 
thermal technology picture. More than half of the 
solar radiation received in the UK is diffuse 
(scattered in passing through the atmosphere), 
which severely limits the viability of most solar 
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thermal technologies in that region"'. While the 
UK Deparlment of Energy (UK DOE) has 
recognized passive solar cmcepts as economically 
attractive, even promising, the same cannot be said 
of other solar thermal applications. Viable 
domestic uses within the UK include solar hot 

[21]. "he UKs Renewable Energy Advisory 
Groly, (REAG), a twelve member board of 
independent industrialists, scientists, and 
economists, has recommended that solar water 
heating and passive solar gain through building 
design continue to receive R&D funds [124]. 

water heating and the heating of swimming pools 

Flat plate collector work began in the UK in 1947. 
As the 1970s began, only two small solar 
companies w m  working in the UK. By 1976, 
solar water heaters were found to be economically 
justisled (in terms of their payback period) by the 
UK Section of the Internatonal Solar Energy 
Society. Recognizing apotential domestic market, 
the UK DOE launched in 1977 a program to 
encourage active solar heating. The program was 
not very sumsful (with the exception of 
swimming pool heating), in part because of falling 
oil prices and only small rises in the price of 
amventional fuels [21]. 

The UK DOE estimates that an annual domestic 
contribution of up to 14 Mtce (million tonnes of 
coal equivalent) could be had from passive solar 
technologies. 'Ihe DOES Passive Solar Programme 
is coordinated with other government pgrams for 
building R&D (such as those of the Department of 
the Environment, the Energy Efficiency Office, 
and the Building Research Establishment). ?he 
UK DOE is performing a number of design studies 
(as opposed to field tests), and is monitoring 
energy flows and perceived environmental quality 
in a number of domestic and nondomestic 
buildings equipped with passive solar energy 
systems. Similarly designed buildings without 
passive solar features are also monitored to provide 

63 Dover Tower, a holding company in London, 
owns the equipment from the defunct LUZ SEGS X 
project, and is viewed as a potential supplier for a 
proposed demonstration parabolic trough power 
plant in India. No other potential tie between the 
UK and solar thermal electricity production has been 
found. 

a comparison. "he final goal is to develop a 
compreknsive technology transfer p g r a m  useful 
to homeowners, builders, officials, and others. 
?his program will help soften existing institutional 
banim to solar energy utilization within the UK, 
namely, a lack of education about and experience 
with solar energy applications, and, the fact that 
d e v e l o p  of public sectof buildings have typically 
not consideml energy use as a guiding factor in 
building design. One indicator of a change along 
these lines: most of the 500 retail and leisure 
developments under CoflStNction in the UK as of 
1987 featured atria, an amactive passive solar 
featme. 'Ihe single largest solar housing project in 
Emye, the Boumeville Village Trust Solar 
Village, is located in the UK. It was partially 
funded by the Commission of the European 
Communities, and was begun in 1984. Several 
different house types are included in the project. 
'Ihe Bourneville Village "Demonstration House" 
combines both active and passive featUtes [21]. 

3.5.2.3 Solar PV 

Despite the UKs negligible solar power program, 
BP Solar (a subsidiary of British Petroleum) is one 
of the world's leading PV companies in the design 
and installation of PV systems for off-grid 
electricity, benefitting from British Petroleum's 
financial resources and worldwide m h a .  BP 
Solar is one of the few PV producers (NAPS 
France being another) that does not m i v e  
significant financial aid from its home government. 

BP Solar sells and installs complete PV systems, 
some of which contain CSi modules produced 
under a license awarded by Mf. Martin Green of 
the University of New South Wales (UNSW), 
Australiae. BP Solar maintains a production 
facility in Australia which provides excellent 
access to the markets of Asia and southern Afiica, 
specifically, Indonesia, the Philippines, Sri Lanka, 
India and South Afiica. BP Solar also has a 
production facility in Spain, giving it access to the 
markets of Europe and North Africa 

64 British Petroleum, the fifth largest corporation in 
the world, shipped 3.5 M W  of PV modules in 1992 
r651. 

UNSW (and Prof. Green) is renowned for PV-cell 6 5  

research. 
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Recent activities in these markets include a joint 
venture with an Indian PV manufactum, and a 
joint project in Sri Lanka between BP Solar and 
the Australian High Commission (AHC), which 
has installed 1,OOO 0.55 kW household systems. 
Another 34,OOO homes are currently targeted for 
installation in Sri Lanka BP Solar and the AHC 
are to install 25,OOO of them, with the Dutch 
government iastalling up to 6,000. The remaining 
installations are to be divided among several other 
companies. Funding is to be supplemented by the 
Asian Altmative Energy Unit of the World Bank 
[1251. 

BP Sola~!s interests are strictly commercial. IIhere 
are no political or social movements pushing its 
efforts. In fact, it is the political, social and 
developmental efforts of countries and non- 
governmental organizations around the world that 
are puZZing its efforts by creating demand and 
providing funding for projects that BP Solar 
competes for and wins. Granted, the EC probably 
has opened some doors for BP Solar projects; 
primarily, though, BP Solar is self-suflicient and 
SucceSSful. 

BP Solar is definitely a force to contend with in the 
future interdonal PV marketplace. The benefits 
that the company gains Wm the resources and 
global presence of its parent company are 
significant. Long-standing relationships that have 
been established by British Petroleum worldwide 
provide BP Solar with an especially competitive 
advantage in extending its own presence and 
products into potentially lucrative markets. Access 
to licenses h m  research centes such as the 
University of New South Wales allows BP Solar to 
direct the bulk of its resources toward the 
development and marketing of PV systems rather 
than to basic research, thus ensuring a more 
commercial approach to its technology 
development efforts than that of many of its 
competitors. 

3.6 JAPAN 

3.6.1 Policy Overview 

Japan is one of the most import depen&nt of all 
the E A  countries, imparting 84 percent of its total 

primary energy supply in 1991 [39]. Security of 
supply and conservation have therefore been the 
primary bases upon which Japanese energy policy 
has traditionally been shaped. As a result, Japan 
has become one of the most energy efficient 
countties in the world It is also one of the world's 
most aggressive developexs of nuclear energy. 
Nevertheless, imported fossil fuels continue to be 
the most significant Japanese energy source, with 
oil and gas imports accounting for 67 percent of 
thetotalJapaneseenergysupplyin1991 [MI. 

In addition to security of supply, growing 
international concern over the environmental 
damage caused by fossil fuels has begun to play an 
increasingly pivotal role in the development of 
Japanese energy policy. The Japanese government 
has expressed its view that expanded use of fossil 
fuels by developing countries and the resultant 
increase in pollution and environmental 
degradalion is one of the most important factors 
facing the world economy in the 21st century 
11261. In accordance with these concerns, Japan 
was among the signatories of the UNCED 
protocol, pledging to stabilk its CO, emissions at 
1990 levels by the year 2OOO. Japan will need to 
significantly increase both its energy consemation 
activities and its utilization of clean sources of 
electricity in order to realize its pledge. 

The dangers of potential global warming have been 
brought close to home in Japan, which, as an island 
country, is especially vulnerable to the potential of 
rising sea levels - a possible consequence of global 
warming. It has been estimated that a one meter 
rise in ocean level could inundate most of coastal 
Tokyo 11271. The Japanese government has 
therefore taken a turn toward integrating strategy 
planning in the energy and environmental fields 
with that of economic growth, placing much more 
emphasis on international cooperation and 
technology transfer to developing countries than 
ever befm. 

Japanese import vulnerability has f o r d  the 
Japanese government to spend a considerable 
amount of resources in the research and 
development of new energy technologies over the 
years. Since the 197Os, the Ministry of 
International Trade and Industry 0 has spent 
billions of dollars funding programs in nuclear and 
non-nuclear RD&D. Although nuclear power has 
been and remains the primary focus of Japanese 



energy research, the New Energy and Industrial 
Technology Development Organization (Nn>o, 

long-term programs for the development of energy 
coflsefvation and non-nuclear energy technologies: 
the "Sunshine" and "Moonlight" projects. Since 
their inception in 1974 and 1978, respectively, over 
half a trillion yen (approximately $6 billion) has 
been spent on these projects combined. 

which is part of h4nlJ established two specific 

'Ihe most remarkable measure of Japan's new 
energy focus is the cowlidation of the Sunshine 
and Moonlight Projects into the "New Sunshine 
Project*' (NSP) in 1992. 'Ihe NSP is a product of 
MlTh judgement that in order to addms global 
environmental thmts it will be necessary not only 
to develop new, environmentally benign energy 
technologies, but transfer them to developing 
countries, where the thmt of environmental 
damage is the greatest in the near-tam [128]. The 
three main components of the NSP ace: 1) 
Innovative R&D Program% focused on the 
development of environmentally friendly 
technologies such as clean coal, fuel cells, 
photovoltaics, ceramic gas turbines, battery storage 
and sum*ctors; 2) International 
Collaboration mgram on Large Projects" focused 
on hydrogen conversion, lean-bum engines and 
CO, fixation and absorption technologies; and, 3) 
Co-Operative R&D Program on Appropriate 
Technologye focused on the transfer of new 
energy technology and techniques to developing 
countries [MI. In turn, NED0 itself has been 
reorganized into thm new sections: 1) New 
Energy Promotion Department, which will 
promote the co-alization and dissemination 

Technology CenW, and, 3) Global Environmental 
Technology Department, which will perform R&D 
on technologies and methods to reduce the 
environmental effects of conventional fossil fuels. 

of new energy technologies; 2) clean coal 

budgeted with WOO billion (approximately $5 66 

billion) through the year 2000 [44] 

budgeted with Y9OO billion (approximately $9 67 

billion) through the year 2020 [44] 

budgeted with Y150 billion (approximately $1.4 68 

billion) through the year 2010 [44] 

The fiscal year 1993 (FY93) budget for the NSP is 
Y53.9 billion (approximately $515 million), 
representing 24 percent of the total MlTI budget. 
'Ihe amount of this budget directed toward "Solar 
Energy" for FY93 is 3'7.7 billion (approximately 
$70.6 million at current exchange rates), an 
increase of ten percent over 1992, and 58 percent 
of all Japanese govemment M n g  for nimewables 
R&D in 1993 [129]. 

In addition, MITI has instituted a Green Aid Plan, 
which will work with existing govemnental 
agencies (Japan lnbnational Cooperation Agency 
(JICA), Overseas Economic Cooperation Fund 
(OECF), and NEDO) to establish and axxdinate 
energy and environmental R&D projects and 
demonstrations in neighboring Asian cuuntries, 
with the ultimate goal of selling Japanese "green" 
technology and providing Japanese fhns with 
access to the energy markets of these countries. 
Green Aid's budget for 1993 is $120 million, about 
five times its budget in 1992. Japan's particular 
geographic focus with regard to these efforts is 
Asia and thePacific Rim - especially the countries 
of the Association of South East Asian Nations 
(SEAN) [126]. MITI has repoaediy targeted 
Indonesia as the primary target for "Green Aid" in 
1993 [130]. 

'Ihe NSP and the Green Aid Plan have placed 
considerable focus on the international application 
of renewables and other new energy technologies, 
while domestically, nuclear power remains the 
centerpiece of Japan's national energy portfolio. 
Although new energy technologies are being 
aggressively introduced and demonstrated 
throughout Japan and provide significant potential 
for reducing Japan's reliance on imported fossil 
fuels as well as far reducing environmental damage 
at home, the transfer of these technologies abroad 
and the development of new markets in 
neighboring Asian countries seems to be one of the 
over-riding priorities of the Japanese program in 
new energy technologies. It is therefm likely that 
Japank efforts in developing these technologies 
will greatly out-weigh the capacity of its own 
domestic energy sectos to apply them in the short 
term. 

'Ihe successful commercialization of all types of 
Japanese technologies has in the past been 
enhanced by aggressive marketing tactics by 
Japanese companies. These tactics have in many 
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instances included the establishment of market 

schemes. However, Japan's ament ability to 
underprice their cornpetim on world markets is 
being slowly undermined by socioeconomic 
factors. Hard work for relatively low wages is part 

part because of rapid expansion in their work force. 
Current labor shortages are forcing wages upward 
and reducing the ability of Japanese companies to 
lower their prim to below-market levels [131], 
even on a temporary basis. ?herefore, Japanese 
advances into long-term international markets in all 
areas of technology will depend more and more 
upon competitive improvements in their basic 
research and &velopment. "his comes at a time 
when Japan's poor economic health is causing 
many Japanese companies to cut back on their 
research expenditures. Current negative trerads 
may have OcCutTed too late to adversely impact 
Japanese competitiveness in renewable energy 

viable in some markets, such as wind and certain 
solar thermal applications, but tangible impacts on 
other technologies with maximum potential in the 
medium to long term may be felt. 

footholds through temporary cut-rate pricing 

Of the p 0 S t - M  Japane~e culture, and a r o ~ e  in 

technology areas which are already commdally 

3.6.2 Energy Programs 

3.6.2.1 Wind 

Japan could become a major player in wind energy 
technology, but neither the government nor the 
private sector has identified it as a priority. l k  
Japanese government position on wind power has 
heretofore been cautious. Major governmental 
objectives are lowedng costs and increasing 
efficiency [132]. Also of major concan is the 
queslion of whether it is even possible to construct 
turbines which can operate reliably in Japanese 
environmental conditions (i.e., the yearly typhoon 
season). Partly because of this c o r n ,  Japan 
joins the US in not pursuing large machine 
technology [133]. As a result, Japan will likely not 
be a major player in the developing European 
market. However, Japan could position itself to 
capm a portion of the longer-term market in 
lesser developed countries (LDCs). 

Mitsubishi Heavy Industries, Ltd. 0 possesses 
both technical and manufactsuing experience in 

wind energym, and has exported significant 
numbers of small- to medium-sized turbines to the 
US and elsewhere. Mitsubishi's current turbine is 
not technologically competitive with those of some 
other countries. The company has marketed it 
s u m f u l l y  using low pricing and an outstanding 
wanan%. Mitsubishi's corporate resolve is 
unclear . 
Japan's domestic wind reswrces are limited A 
1991 Prime Minister's report committed the 
Japanese government to assess the domestic wind 
resource, with a view to selecting sites for future 
wind energy installations [134]. Funding for the 
Japanese wind energy RD&D program, which is 
directed by the New Sunshine Project Promotion 
HeadquW in the Agency of Industrial Science 

factor of roughly three from fiscal year 1990 to 
fiscal year 1992. Even with this funding increase, 
the current level is small (roughly $7.7 million in 
fiscal year 1992, and $9.0 million in fiscal year 
1993) compared to levels for several of the other 
countries considered in this report [201. NED0 
accounted for $6.5 million of MITIS 1992 funds, 
an increase of $3.4 million from 1991 (see 
Footnote 8). 

and Technology (AIS") of Mfl[l, haeased by a - .  

NEDOs major research activities in 1992 
concentrated on: economic efficiency and effective 
land use for large-scale wind systems; operation 
and control researck wind resource assessment; 
and fundamental aerodynamic mearch [135]. 
NED0 is heavily involved in the construction and 
operation of large scale test plants. NEDOs 1992 
activities include development of a 500 kW wind 
turbine prototype, and construction of a 1 MW 
experimental wind farm. Other Japanese sources 
interested in wind energy are the Mechanical 

MHI has been active in wind energy technology 6 9  

since 1980. 

The Japanese f m  IHI has also produced a turbine 
which is being tested alongside the Mitsubishi 
machine and the M-30 monoblade machine made by 
Italy's Riva Calzoni. The tests are being performed 
by the energy agency of the island of Hokkaido [81]. 
IHI designed Japan's fust national pilot machine, a 
100 k W  horizontal axis machine installed on Miyake 
Island in 1982 [133]. 
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Engineering Laboratory (MEL, which like NED0 
is part of MlTI) and the National Institute for 
Resources and Environment (NIRE). "hey 
evaluate NED0 activities and pexfbrm basic 
research in wind energy [a]. MEL has pexformed 
basic studies on rotor aerodynamics, control and 
transmhsion systems, noise and vibration, and 
airfoil sections'since 1978 [133]. Private Japanese 
companies actively gather information on wind 
technology fiom readily available US sources. ?he 
majority of Japan's nine electric power companies 
have some interest in wind power generation, albeit 
small [136]. At the end of 1991, these nine 
companies, along with the Electric Power 
Development Corporation, established "specific 
equipment projections" through fiscal year 1995, 
with tatget dates for introduction. The goal is 16 
&m&c wind power facilities with about a 3700 
kW capacity within four years [ 1371. 

Tohoku Electric Power Co. is spending roughly 
$12.4 million on the design and construction of 
five three-blade rotor, constant speed, 275 kW 
wind turbines at Tappi Wind Park on the 
northwestem tip of Japanls main island of Honshu. 
'Ihe project is partially intended as a public 
demonstmion of the potential of wind power 
[138]. Toyo Engineering Corposation of Tokyo, 
the parent fhn of Toyo USA Inc., has worked to 
purchase 20 US Windpower 56-100 turbines with 
financing provided by the municipal electric 
facility of the town of Tachikawa. A few of the 
turbines E already operational [ 1391. 

3.6.2.2 Solar Thermal 

Japan is primarily a follower in solar thermal 
technology development. "heir overall ranking 
would place them behind the US, Gennany, and 
Israel, but ahead of the remaining study countries 
in this area Japan is a leader in Stirling engine 
manufmng ,  but has been somewhat less active 
in solarization of their engines. Japan is positioned 
to pursue a strong role in disWStirling technology 
as commercial opportunities materialize, due to 
active programs in Stirling engine development at 
many Japanese institutions. IIhese prograrns have 
successfully improved upon the basic 
developments of several other nations. The 
Japanese are not, however, actively developing 
their own concentrators for Earth-based 
disWStirling systems, and instead rely on testing 
their engines with foreign dishes. The Japanese m 

developing ceramic gas turbine engines for elec4ic 
power generation, which would seem to position 
them well for advances in dish/srayton 
applications. However, the Japanese clearly trail 
several countries in other technologies suitable for 
electricity generation, namely, parabolic troughs 
and central receive~s'~. AS trough technology is 
well developed and by and large in the open 
libatwe, Japan could quickly become competitive 
with today's leading nations in this area if it chose 
to. However, the Japanese will not challenge the 
leading position held by the US and Gemany in 
central receiver development. "he Japanese are 
worldwide leaders in intelligent architecture for 
energy conservation. 

Besides its consimle work in Stirling engine 
development, Japan's interests pertinent to solar 
thermal technology have been primarily confined 
to intelligent architecture for energy conservation, 
and in exploitation of potential export markets, 
particularly in less developed countries [1401. 
Technology development in solar thermal energy is 
viewed in many Japanese circles as essentially 
complete, with furthet advances contined to 
incmses in efficiency and decreases in cost [141]. 
Japanese efforts in solar thermal technology are 
likely to receive a significant boost during the next 
decade, motivated by both environmental concerns 
and the need for increased energy self-sufficiency. 

Considerable evidence suggests that an increased 
Japanese commitment to solar thermal R&D and 
application has already begun. The New Sunshine 
Project has as one of its major goals the saving of 
energy nationwide, particularly in the use of heat in 
homes and offices. The Japanese have already 
achieved a measure of success in this area For 
example, researchers at Meiji University have 
developed and built a totally sustainable house that 
i n c a p o m  passive and active solar heatin$. 

71 The Sunshine Project central receiver near Nio 
has been removed from sexvice. This 1 MW plant 
used steam as the heat transfer medium (a fmt- 
generation technology), and was completed in 1981 
[63]. A major reason for the closure of this facility 
was the poor solar resource at the site. 
72 Bill Stine, foreign travel report, "Japan 
DisWStirling Technology Inquiry Visits," California 
State Polytechnic University, June 1992. 
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Ihe Japanese have long recognized the promise of 
Stirling engine technology, although 
commercializationin solarthennal applications has 
been delayed by technical difficulties. For six 
years starting in 1982, AIST Sponsared the 
"Stirling Engine for Wide Use" development 
project as of the Moonlight Project/Large-scale 
Energy Conversion Technology Development 
Project, which involved a OOOpeSative effort 
between universities, government, and industry. 
Three Japanese national laboratores were involved 
in basic research: MEL, the National Research 
Institute for Pollution and Resources; and, the 
National Aerospace Laboratory (NAL). Four 
prototype engines were developed (by Mitsubishi, 
Toshiba, Sanyo Electric Co., Ltd., and Aisin Seiki 
Co. Ltd. [82]) under the leadenhip of NEDO. 
Japanese development efforts have been successful 
enough that commercialization of some of their 
pmducts seems imminent (see Footnote 72). 

The following institutions are consim the most 
rep.eSentative of Japanese Stirling engine 
activities: Sanyo; Meiji University; NAL, 
Kawasaki Heavy Industries; Aisin Seiki; Nihon 
University; and, Tokku University. Other 
Japanese institutions involved in this technology 
area include Mitsubishi, Toshiba, Tohoku Gaukin 
University, Sanden Corporation, and the Ship 
Research Institute. Of all these institutions, Aisin 
Seiki is the most active, as they support many 
projects including extensive testing and the 
simultaneous development of four d i f f m t  Stirling 
engines (both fm piston and kinematic) (see 
Footnote 72). 

True to their reputation, the Japanese have been 
quite sutxessful in duplicating and then 
inmmentally impving on existing technology in 
this area. IIheir early ptotype engines were based 
on working models developed elsewhere (for 
example, in Sweden). Sanyo developed one of 
these engines which, because of the company's 
current unfavorable market assessment, is not 
being applied to disNStirling use. They are, 
however, using the engine for other purposes and 
could easily move into the disNStirling a m  with it 
when the market warrants. l'he academic work at 
Meiji University includes several studies related to 
advanced receiver and engine development, as well 
as the evaluation of calcium hydroxide as a storage 
medium. Solar utilization in space is of interest to 

NAL, which has begun a joint research program 
with Germany's DLR to develop a liquid metal 
heat pipe receiver for their disNStirling space 
engines. Initial space experiments are expected 
around the year 2000. NAL is developing free- 
piston Stirling engines (their initial prototypes were 
designed and constructed by Aisin Seiki). 

unfoldable and inflatable) are under development 
by Kawasaki Heavy Industries 0, as is a firee 
piston Stirling heat pump which could be applied 
to the development of an engine far disNStirling 
applications. Nihon University researchers are 
active in developing small internally heated solar 
Stirling engines, which have the theoretical 
advantage of &ced temperahue gradients and 
potential lower cod Other innovative Stirling 
engine research at this university is not directly 
related to solar applications. Tohoku University 
has a 10 meter, 70 kW solar ibrnace featuring 
multiple parabolic (rather than the typical 
spherical) dish facets. ?he furnace is being used 
for solar-pumped lasex experiments (see Footnote 
72). 

Parabolic dishes for space applications (both 

Aisin Seiki (part of the Toyota family) has been 
extremely active in solar technology, particularly in 
the atea of disNStirling systems. The company 
has been involved in Stirling engine development 
for approximately 20 years, and has invested 
approximately $100 million in the area over that 
time. Currently, about 50 Aisin Seiki engineers are 
involved in Stirling engine activities. Solar energy 
uses are pmently third on Aisin Seiki's list of 
priorities for Stirling engine applications, behind 
waste combustion andor cogeneration, and gas 
heat pumps73. 

At two Aisin Seiki test facilities in Japan, US 
concentrators are being tested in tandem with a 
kinematic Aisin Seiki Stirling engine'" At one of 

1 3  From notes taken by Rich B. Diver, Sandia 
National Laboratories, at a meeting between 
representatives of Sandia, Aisin Seiki, Hydrogen 
Engineering Associates (or HEA, a US fm), and 
McDonnell Douglas (also of the US), to discuss 
possible collaborative efforts - April 23,1993. 

This engine (the NS30A) is reputed to be very 
good technically, and was developed under the 
Japanese government's NED0 project in 1987. The 

7 4  
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these facilities, Japan's resort area on Miyako 
Island, Aisin Seiki has developed a directly 
illminatal receiver for use with their diSNStirling 
systems [82]75. Aisin Seiki is also active in free 
piston Stirling engine technology, and has used 
small (roughly 100 W) flee piston Stirling engines 
to aid phdovoltaic power systems on experimental 
solar boats and cars. In addition, tests of a US- 
developed multi-facet stretched-membrane 
concenbatm (by Cumrmns ' Power Generation Inc.), 
in tandem with a 200 W prototype Aisin Seiki free 
piston Stirling engine designed for space 
applications, are underway in Sophia-Antipolis in 
southern France, at the European office of an Aisin 
seiki owned research and development facility 
called the M t u t  Minm de Reche~he Avancee S. 
A. m) [=I. 
Tokyo Electric Power Company ("'€EO) has 
developed amghly 300 kW gas turbine engine for 
use in non-automobile (i.e., fixed position) electric 
power generaton, in a pject sponsored by 
NEDO. They have also w o r m  with ceramic 
engine coatings, and are developing a large 
(roughly 20,OOO kw) fixed position ceramics gas 
turbine with a target completion date of 1995 
[142]. It is unclear when (or i f )  this engine could 
be adapted for solar use. The most technologically 
advanced Brayton engines are ceramic, and Japan's 
developments with ceramic gas turbines would 
indicate that Japan is positioned to be a fiture 
technological leader in dish/Brayton applications. 

engine has been modified for solar operation and is 
undergoing tests in Japan with a McDonnell Douglas 
glass-facet concentrator (at Kariya City) and three 
multi-facet stretched-membrane concentrators 
manufactured by Cummins Power Generation Inc. 
(on Miyako Island). For the Miyako Island tests, the 
engine is being derated to 8.5 kW [82]. The US fum 
Hydrogen Engineering Associates (HEA) appears on 
the verge of obtaining, via agreement with Aisin 
Seiki, one of the engines for evaluation. 
75 This receiver is much less efficient (65 percent 
versus 86 percent) than the direct illumination 
receiver produced by Solo Kleinmotoren in 
Germany. The two receivers have very similar 
thermal outputs at identical levels of solar insolation 
[a. 

Several Japanese participants are involved in a new 
''Envimnmentally Harmonious Catalyst R&D 
Pmject," which has as one of its goals the study of 
a photocatalyst that generates hydmgen using solar 
energy and water. The project has been contracted 
out to the Research Institute of Innovative 
Technology of the Earth from MlTI 
through NEDO [143]. It is unclear how the 
Japanese program compares to ongoing Gennan 
and Russian workin this area 

3.6.2.3 Solar PV 

Japan has been the top world produm of PV 
modules since 1985. The Japanese government 
spends the mnd largest amount of money on PV 
R&D in the world, and has a long reputation for 
successfully nurturing its companies in .the 
s u e  commdal application of technologies. 
The Japanese PV industry is dominated by some of 
Japan's largest industrial organizations, with 
enormous financial, technological, manufaduring 
and marketing Z~SOUCC~S. Coupled with Japan's 
extreme energy deqendence, these facts add up to a 
formidable repeaoire for leadership in the PV 
industry (in both the export and domestic 
marketplace) and the potential (and incentive) for 
maintaining that leadership over the long term. 

However, during its period of market dominance, 
the Japanese focus of PV application has been 
almost exclusively on consumer products rather 
than power generation. The bulk of Japan's PV 
production during this time has been primarily 
made up of lowcost, low-efficiency a-Si cells, 
used almost exclusively in watches and calculators. 
As recently as 1989, the number of Japanese 
modules shipped in the consumer sector versus the 
commdal sector was 2:l [144r. By 
comparison, the ratio of consumm modules to 
commdal modules shipped by the US that year 
was 1:4 (1:7 in 1992) [35]. Japan has, therefore, 
never been a leader in the commercial sector, 
which is the driver in what is considered to be the 
strategic application of PV - electric power 
generation. 

76 (Consumer Sector: 9.1 MW; Commercial Sector: 
4.6 M W )  
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To the present day, three of the largest Japanese 
producers of PV modules, Sanyo, Kaneka and 
Sharp (collectively representing 56 percent of total 
Japanese PV module production in 1992), focus 
most of their commdal  efforts on a-Si 

1144, 145IR. Only Kyocera, the second largest 
Japanese PV module producer in 1992 
(representing 27 percent of Japanese module 
shipments) focuses the majority of its efforts on the 
commdal sector [ la] .  

technology and consumer product applications 

Kyocaa (which is an m n y m  for Kyoto 
Ceramics) has developed its market share over the 
past four to five years (a period during which sales 
of consumer modules stagnated as a zesult of 
saturated markets and extreme cost competition), 
experiencing its most rapid growth between 1989 
and 1991. During this period, Kyocera has been 
the driving force behind most trends in Japanese 
module shipments [la]. 'Ihe company is a major 

ceramics, and has strength in materials 
technologies. Its strength in the PV industry is in 
the manufactme of high quality MC-Si PV cells 
(16.4 percent conversion efficiency), the majority 
of which are exported to the US, Emope, and 
developing countries [146]. "he company 
currently has two Japanese production facilities for 
MC-Si cells, the Sabra plant, at Chiba (5.6 
MW/year), and the Kikaichi Plant at Shiga (500 
kW/year). The -chi plant's capacity is 
expected to be doubled by the end of 1993 [MI. 

producer of integrated circuit chips and indlmial 

Japan's leadership role in the global PV industry is 
thaefore somewhat misleading. In tenns of total 
numbers of modules shipped, Japan is still numbex 
one. But if end-use application is taken into 
account, the US is the world leader in commercial 
PV module shipments [35]. 

In recent years, however, the stagnation of the 
consumer PV market, combined with new 
technological bmkthroughs and, most 
importantly, the genesis of the global 
environmental movement, have combined to 
provide a renewed sense of potential for near-term 

77 Sharp is also Japan's leading producer of high- 
cost, high efficiency SC-Si PV cells for space 
applications, which are not addressed in ais review. 
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PV power genesaton applications. 'Ihe Japanese 
government has become especially sensitive and 
responsive to the threat that environmental 
degradation holds for Japan and the world7*. As a 
d t , t h e  Japanesegovemmenthasinfused asense 
of urgency on speeding the development and 
diffusion of environmentally benign energy 
technologies such as PV. 'Ihis urgency is reflected 
in the formation of the New Sunshine Project and 
the Green Aid Plan. 'Ihe government has also 
pvided for inaeased visibility of PV tlnuugh 
new demonstralion projects, as well as through 
new incentive provisions and subsidies for the 
application of PV power generation domestically. 

New Sunshine h i ec t  (NS PI. 'Ihe NSP goal for 
PV is to combine efforts to develop PV power 
production with those being made to develop 
adequate storage technologies. 'Ihe aim is to 
decrease cost factors by increasing the potential 
supply of PV thrwgh accelerated promotion. The 
steps required to achieve this are 1) development of 
technology that allows transfer of lab efficiencies 
and brealrthroughs to the factory; 2) development 
of mass-production through demand promotion; 3) 
pmotion of decreases in production costs through 
demonstrations; and 4) promotion of transfer of 
technology to developing countries. 

Specific PV R&D "breakthrough points" focus on 

3) 

4) 

PV CELL MFG. TECHNOLOGY 
Low-cost basic production technology for 
thiq polycrystalline solar cells. 

PV MODULE MFG. TECHNOLOGY 
Mass-production tech. for polycrystalline 
cell modules. 

PV CELL RESEARCH 
Applications research for high quality, 
larger area and high reliability thin film 
solar cells. 

MATERIALS RESEARCH 
Elemental materials research for high 
efficiency solar cell compounds (GaAs. 

7 8  As noted in Section 3.6.1, it has been estimated 
that a rise in ocean levels of 1 meter could threaten 
most of coastal Tokyo [l27]. 



CdTe, CuInSeJ. 

5)  EVALUATION RESEARCH 
R&D for system evaluation technology 

evaluation technology for a l l  kinds of 
cells. 

and solar cell performance and reliability 

6) BALANCEOFSYS'IEM RESEARCH 
a) R&D for performance and reliability 

evaluation of BOS (inverters, power 
conditiolK!ls, etc.). 

b) R&D for materials structure and 
construction of system and peripheral 
equipment stands [ 1471. 

Together with the establishment of the NSP, 
NED0 also established the PV Power Generation 
Techndogy Research Association (PVIEC) in 
1990. PVTEC is made up of 24 corporations 
(including every major Japanese PV producer), the 
Central Research Institute of the Electric Power 
Institute (CREPl), and major Japanese universities 
and national laboratories. Its mission is to direct 
R&D and feasiblity studies of commercial 
applications of PV technology by mer 
integrating the R&D efforts of its members. 
PvTEc's budget is Y60 billion (approximately 
$570 million) for its f h t  ten years (1990-2OOO) 
(about $57 millidyear) [148]. P W C s  specific 
themes are as follows: 

Development of mfg. technology for new 
type SC-Si solar cells ('Ihin-type and 
laminated*). 

Development of mfg. technology for a-Si 
PV cells. 

R&D of ultra-high efficiency PV cells. 

R&D of technology to evaluate solar PV 
power generation systems. 

Preliminary research on feasibility 
analysis, and survey on international 
trends of industries and technology in 
solar PV power genel.ation. 

Demo- '0%. In concert with the NSP, eleven 
new PV demonstration sites, with a total capacity 
of 10-30 kW, m targeted for installation in 1993, 
with a budget of Y845 million (approximately $8 

million) [149, 1501. Severdl measures have been 
taken by the Japanese government to encourage 
installation of PV demonstration m y s  on the 
roofs of private homes, and on both public and 
commercial buildings. For example, in addition to 
a seven percent tax credit for PV installations, the 
government provides up to two-thkls of the cost of 
PV equipment purchase and installation, with the 
remaining third covered by either private investors, 
local self-governing bodies, wor local 
gadelectric utilities [149]. In addition, buildem 
have offered financial assistance of 5-10 percent of 
PV system costs to househods agreeing to install 
solar systems. MlTl expects to install PV arrays 
on up to 50 homes in 1993, and on up to 500 
homes in the first five years. 'Iheexpected cost per 
unit is Y5-10 million (approximately $4O,OOO- 
$50,000), and each unit will have a peak capacity 
of 3 kW [MI. All participants in this effort would 
also have the capability of selling surplus 
electricity to local utilities at a rate of 
approximately $.29/kWh. This rate is scheduled to 
decrease to $.18/kWh by 1995, and ultimately to 
$.07/kWh after the year 2OOO [1521. 

'Ihe largest Japanese PV power demonstration 
plant was established on Okinawa in 1990; testing 
of the plant began in 1993. The $19 million plant 
is a joint project financed by NED0, built by 
Mitsubishi Electric (MELCO), and operated by 
Okinawa Electric Power. The 750 kW plant is 
sufficient to power an entire village. It is equipped 
with astorage battery that has acapacity of 3,000 
kWh and a 300 kW diesel generator for backup on 
cloudy days. The objective of such a large project 
is to validate the capability of a single PV power 
genaation system in providing remote-site 
electricity for an entire community (at the village- 
scale) [153p. 

NOTE: It is worth noting that the price that 
NEDO pays PV cell manufacturers for their products 
is well below the market price. Cells delivered to 
NEDO are purchased at around Y600/wp 
(approximately $5-$6/w7, which is about cost, 
while the market rate is ~1,200-1,500/wp. While 
these terms do not please Japanese manufacturers, 
given the lack of alternative customers, they are 
compelled to comply. (Source: AmEmbassy, Tokyo; 
From Nikkei Weekly, 1/4/93.) 
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Technolw T-. Central to the new theme of 
the NSP is the Japanese govednment's alleged 
mmmitment toward promotion and transfer of PV 
technology abmad, the bases of which are 1) the 
need to transfer new technologies in the interests of 
global environmental protection, and 2) the 
insurance that Japanese companies gain a 
competitive advantage' in the PV markets of 
recipient countries through technology transfer 
[154]. More importantly, domestic applications of 
PV in the short to medium tenn will be restricted 
by the limited usable incident sunlight in Japan 
(caused by the latitudinal and climatic conditions 
found on most of the Japanese islands), as well as 
by the high casts amibuted to the severe space 
limitations inherent in one of the most densely 

potential for domestic PV power generation in 
Japan will most likely be limited to supplying 
supplemental power, thus aiding in the 
consemation of conventional energy sources. 

"utilization on isolated islands and on rooftops of 
dwellings"*'. Given this assessment, solar power 
plant capacity for the year 2010 is projected to be 
4.6 gigawatts (GW) [ M I a 2 .  Japan's projected total 
electric generating capacity for the year 2OOO is 
240.5 GW[39]. 

populated countries in the worl8. Therefore, the 

These applications will probably be restricted to 

Application of Japanese PV technology in 
developing countries, however, is anticipated on a 
much wider, even a grand scale. This is hinted at 
by the long-term designs of "Project GENESIS' 
(renamed the "W-Nel," or World Energy 

80 The low average incident solar radiation levels in 
Japan requires that W applications be composed of 
higher efficiency (and higher priced) PV 
celldmodules andor a greater number of 
celldmodules. Additionally, land prices in Japan are 
among the highest in the world, adding further to the 
expense of Japanese PV applications that are not 
either "dual use" or BOS independent. 

Network)83. project pro~oses the 
establishment of a world-wide network of PV 
power generation stations located in the arid 
fegions of the world, producing hydrogen and 
interconnected by su-nducting cables able to 
transport PV electricity from the sources of supply 
t O t h e s o ~ O f d e m &  Thetargeteddatefor 
completion is the year 2030. 'Ihe total projected 
cost for the pmject is $150 trillion (which is why 
Japan is stmsing that it must be an international 
venture) [156]. MlTIs Agency of Indumial 
Science and Technology (AIS") plans to spend 
Y300 billion (approximately $1.8 billion) on the 
project for the initial period 1994-2010 11571. 

In the shorter term, Japanese authorities recognize 
the potential for expanded electricity demand in the 
developing world (especially in the newly 
industrialized countries of Asia), as well as the 
environmenfal dangers that their explosive 
economic growth could pose for the world if their 
electricity needs are met with purely conventional 
technologies. In anticipation of this, the NSP calls 
for the establishment of "joint validation PV 
research" efforts with potential client countries in 
the developing world, in to dettxmine the 
appropriate technologies to transfer (given the 
S p e c x C  local solar conditions, natural 
environment, technological competence and social 
conditions), and to establish a working relationship 
with the potential buyers of future generations of 
Japanese PV technologies. 

As of the end of 1992, then? were already four 
validation projects underway across Asia. NEDO 
commissioned domestic firms with extensive R&D 
experience to work with Nepal, Thailand, Malaysia 
and Mongolia to develop PV systems that are best- 
suited to the current national conditions and needs 
of each country [ 1541 (refer to Table 3.2). 

81 From interview with Masayoshi Hayashi, 
Chairman of the New Energy and Industrial 
Technology Development Organization (NEDO) 
[155]. 

82 lGW=lOOOMW. grid 

"GENESIS" - Global Energy Network Equipped 
with Solar cells and International Superconductor 
83 
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Table 3.2 Japanese **Joint Validation PV Research" Projects in Asia. 

country Duration capacity Installed Contractor 

NEPAL 1992-95 4kW initial, 4OkW later Showa Shell Sekiyu 

Theme: Accelerated validation of solar battery use (for water pumps) in a highlands region 
(extremes of hot and cold) 

MONGOLIA 1992-94 300 -24OW sets Kyocera 

Theme: 

THAILAND 1992- 4kW initial; 4OkW later Showa Shell Sekiyu 

Joint development of portable PV systems (for nomads) 

Theme: Joint development of auto battery re-charges (batteries used as primary source of 
remote village power for lighting, TV...) 

MALAYSIA 1992-96 lOkW initial; 1lOkW later Fuji electric I .  

~~~ 

Theme: Joint researcWtesting under tropical conditions (heathumidity damage prevention) 

To summarize, the Japanese focus on the consumex 
sector of PV and low-grade, low-cost a-Si 
technology is beginning to end. Worldwide 
environmental co-, coupled with zenewed 
domestic efforts to reduce energy dependency, 
have pvided Japanese PV manufadwen with 
sufficient impetus, and led to sufficient 
government-sponsored R&D support, to pursue the 
commercial sector of the PV market Japanese 
domestic application of PV will be limited to 
conservation efforts in the short-@medium term, 
with the potential for extensive supplemental 
power production h m  Tooftop amys and small 
substations dependent upon the development of 
inexpensive but efficient PV cells. Substantial 
efforts by the Japanese government to promote PV 
use abroad could serve to establish lucrative fWue 
markets for Japanese PV technology and pave the 
way for technological breakthtoughs in the short to 
mediumterm. 

"here is no doubt that, through these efforts, Japan 
will maintain its position as one of the world's 
leading PV producers. However, given the 
increased efforts being made worldwide, Japan will 
be subject to an acutely more competitive 
international PV market than has existed in the 
Pat- 

3.7 RUSSIA 

3.7.1 Policy Overview 

Russia's intenst in renewable energy technologies 
is driven by a crisis situation in the Russian fuel 
and energy complex. Domestic fossil fuel 
extraction is experiencing a significant multi-year 
decline caused both by c m n t  political instabilities 
and a deteriorating energy infhstructure. At the 
same time, demand for fuel is expected to increase 
once Russia's mnomy begins its recovery. 
Russia's hopes that nuclear energy use would 
expand to satisfy a large part of future power 
demands have been proved false. 'Ihis is due 
primarily to both demonstrated and perceived 
environmental concerns. Public concan exists 
about not only nuclear energy, but about traditional 
sources of energy as well [9]. 

While Russia faces its m n t  energy crisis, it is 
poised for dramatic increases in its energy 
efficiency. Partly because fuel prices in the former 
Soviet Union were kept artificially low compared 
to worldwide levels, energy efficiency was not 
encouraged on either the supply or demand sides4. 

84 The energy intensity of the national product in 
Russia is currently 1.5 times higher than that of the 
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Steps toward improved efficiency taken by much 
of the rest of the world during the energy Crisis of 
the 1970s wexe never taken in Russiaa5. 'Ihe 
Russian government is now seeking ways to 
improve energy efficiency while haeasing overall 
magy production and protectity: the environment 
PI .  
One of the primary impediments to these &oaS is 
the extreme difficulty the government and private 
developem are facing with regard to financing. 
Billions of dollars are needed in the oil sector 
alone. A recent study concluded that the 
Commonwdth of Wiepemknt States (CIS) will 
need mghly $135 billion in investment in its 
electric power industry during the new decade just 
to replace the capital equipment that wears out 
during the 1990s and to pvide for a very modest 
p w t h  in production. Most of the capital will 
have to come from foreign private investors 11591. 
But inflation, declining government ~venues, and 
dubious investment laws and pmcedum are 
preventing private investment from Occuning and 
leading to a dramatic decline in Russia's once 
considerable science and technology -. 
Poor pay and diminished prestige has led to a 
"brain drain" among Russian scientists, engineers 
and technicians, with many moving to other 
countries or working for foreign companies in 
Russia 'Ibis phenomenon has led to an overall 
decline in research activity in nearly every 
Scientific facility in Russia, which explains the 
eagerness with which Russian scientists and 
research institutions are seeking external 
collaborations [160]. 

Aside h m  the financial and technical limitations, 
Russia's huge domestic fossil fuel reserves are a 
disincentive to renewable energy development. In 
addition, the Russian electric power industry is 
fully subsidized by the government, and most 
consumm have had little reason to be interested in 

US, and two times higher than that of western 
European countries [9]. 

During the 15 year period from 1970 to 1985, the 
energy intensity of the Russian national product 
declined by 15 percent. Over the same time, it 
declined by 71 percent in the US, 72 percent in Great 
Britain, and 78 percent in Japan [158]. 
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renewable energy s(wvoesB6. ~n exception exists in 
eastem Siberia, where remote settlements have 
relied on expensive and unreliable diesel powered 
generaton, rathex than on coMection to a grid 
'Ihe potential for renewables (most notably wind) 
inthis areahaslongbeenreoognized [13]. 

In September 1992, the Russian government 
approved a plan called "he Concept for the Energy I 

Policy for Russia in the New Economic Situation. 
"he policy set forth in this plan is meant to addms 
the problems of the fuel and energy complex, and 
to encourage energy coflsefvation as a fundamental 
part of the Russian economy. 'Ibis policy is 
primarily focused on the oil and gas sectors, but 
does also etlcourage the use of mewables. Initial 
targets for renewables include recfeational areas, 
sites of ecological disasters, and isolated regions. 
Russia's Scientific-technical program called 
Ecologically Clean Power Engineerings7 wntains a 
plan for developing ecologically clean technologies 
and processes. The pgram is divided into seven 
areas, including one called "nontraditional power 
engineering" which is focused on renewable energy 
development (including solar, wind, geothermal, 
and biomass). Inkmational scientific, technical, 
and economic cooperation is a fundamental goal of 
theprogram 191. 

. 

Russia's overall energy strategy is developed by the 
Krzhizhanovsky Power Engineering Institute 
(ENIN) in Moscow. This includes strategy for 
nontraditional sources of energy. ENIN has 
expressed interest in joint ventures with Western 
industry and governments for renewable energy 
research Two possible funding sources are 
available: the Ministry of Energy and the Ministry 
of Scientific Research One problem caused by the 
breakup of the Soviet Union is that most reseatch 
institutes have been reduced to local or regional 
entities. They are struggling to survive by 
broadening their activities and seeking Western 
markets for their capabilities (see Footnote 86). 

86 Thomas R. Mancini, foreign travel report, Solar 
Thermal Technology Department, Sandia National 
Laboratories, Albuquerque, NM, November 13, 
1992. 
81 The program was created in 1989 [9]. 
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In the short tenn, Russian energy concerns will 
remain centered on its fossil fuel and nuclear 
energy sectors. New energy technology programs 
have been significantly weakened in recent years 
and face even futthex cutbacks in funding and lm 
of personnel. International collaboration is most 
likely the best option for the continuation of 
Russian renewables RD&D. Western financing 
and participation can ensure the survival of 
technology programs that offer considerable 
benefittointemationalresearchprograms. 

3.7.2 Energy Programs 

3.7.2.1 Wind 

A significant Russian market in stand-alone wind 
turbines will be penetrated during the next decade 
by Western developers able to find innovative 
solutions to Russia's fmign CufTenCy problems. 
oplmhmities for grid-connected wind turbine 
development in Russia will be more limited over 
the same time frame". Government cutbacks in 
defense spending will prove to be a short term 
boon for Russian wind energy development, as 
defense plants seek to redirect their production 
efforts to civilian industries. Wind generated 
elect&@ could be used to help rebalance the 
existing grid throughout the CIS as it mrganim 
in better alignment with individual country 
borders. The biggest challenge to the Russian 
domestic wind energy industry in the long term is 
whether it can overcome current problems with a 
lack of coordination, limited capital, and a lack of 
readily available modern construction materials. 
Because of these problems, the Russian wind 
energy picture is likely to be dominated by foreign 
interests in the long term. 

88 This prognosis is consistent both with the former 
Soviet Union's long-term program for alternative 
energy development, which emphasized a plan for 
the series production of small standalone turbines, as 
well as the continuing policies of the current Russian 
Federation. During the period from 1990 to 1995, 
Russia hopes to produce roughly 28,000 standalone 
windpower installations in a capacity range from less 
than 100 kW to as much as 500 kW. A few larger 
installations are hoped for, including a proposed 50 
MW facility in the Greater Yalta area, to begin 
production by 1995 [9]. 

prior to the b m h p  of the Soviet Union, as many 
as 16 difkent research organizations within the 
USSR were developing wind power equipment, 
although most consi- wind technology a low 
prioxity. An exception was Vetmen ( W i i  Power), 
a s c i d c  production association in the Ministry 
of Land Reclamation and Water Resources. 
Vetroen, which by 1988 employed more than 2ooo 
associates, was created in the mid-1970s. Its work 
has included the development, production, 
installation, testing, and repair of over 1500 wind 
powerdevi~. Vetmenremains inexistencetoday. 
The formation of independent (not state-supported) 
Russian wind power organizations was stimulated 
by govanment-organized design compedtions 
under the auspices of the USSR State Committee 
for Science and Technology. One of these 
independent groups is the Borey scientific 
procfuction organization, which produces small 
wind-powered units for remote am use [9]. 

Most small- to medium-sized turbines developed 
and produced in Russia have until recently been of 
the horizontal axis type. However, vertical axis 
designs have received consistent attention from 
some reseacchers who are sttong advocates of the 
concept, and several prototypes have been 
assembled. Several obstacles have plagued wind 
energy teseacch and development in the forma 
Soviet Union, and continue to present problems for 
the Russian Federation and the other newly 
independent States. Actual construction of wind 
energy facilities has been hamped by poor 
coordination between designers and developers. A 
lack of availability of state-of-the-art materials has 
meant that lowquality steel and other infdor 
materials have been used to construct the turbine 
blades and other components produced by Vetroen 
and others. Frequent mechanical failures have 
been one result, and spare parts are practically 
impossible to obtain [9]. 

In 1989, scientists within the Soviet Union txied to 
alleviate some of these problems by founding the 
Association for the Advancement of Wind Power 
Engineering8'. 'Ihe goals of the organization were 

89 Sponsoring organizations included the USSR 
State Commitlee for Material and Technical Supply, 
the Ordzhonikidze Moscow Aviation Institute, and 
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to unik the efforts of Russian government 
organizations involved with wind energy, 
including the identiEcation of potential needs and 
applications, and the pvision of technical, legal, 
and other services to users of wind power 
tedmology. Two new certification centers are 
planned to provide centzalized services to all 
Russian organizations 'involved in wind energy 
research One is tentatively planned to be built in 
the Russian Federation republic of Dagestan, 
whichis the site of a wind power testing range near 
the town of Dubki. "he other will be located on 
the Kola Peninsula lhese centers will augment an 
existing testing facility near Novorossiysk, which 
will continue operation for the time being [91. 

?he Institute of Hydraulic Engineering at the A.F. 
Ioffe Physico-Technical Institute in St. Petenburg, 
Russia (a joint-stock company) has built and begun 
testing four 250 kW horizontal axis machines. Its 
experience is in machines with capacities from 40 
W to 1 M W  (thedesign for amachine of the latter 
size has been completed, and it is to be fabricated 
by a local military plant, through a contract let by 
the Mini- of Energy). The Institute has also 
produced a few thousand very small (2 kw) 
machines (of dubious reliability) for use by 
collective farms, lumber operations, fishing 
villages, and the like along the shores of the North 
Sea, Gulf of Finland, and the Caspian Sea (see 
Footnote 86). Two win<tpower stations near St. 
Petersburg are nearing completion. They are on 
Kdlin Island, in the western region of the Gulf of 
Finland. Two St. Petenburg research centers have 
collaborakd on the projects. They are: the Central 
Boiler-Wine Institute and Energomash Institute, 
a state inkrhdwtq association. The sizes of the 
projects are thought to be small 11611. 
Energomash is one of several enterprises building 
equipment for prototype turbines designed by the 
Soviet Ministry of Power and Electrification's 
Zhuk All-Union Design, Surveying, and Scientific 
Research Institute (Gidroproyekt) [9]. l'he directm 
of the wind energy department of the Moscow 
Aviation Institute (who is a member of the Russian 
State Committee for Renewable Energy) has been 
working with Bergey Wind Turbines of Norman, 
Oklahoma, to initiate a technology transfa 
agreement in which several Russian factores 

the USSR State Committee for Science and 
Technology [9]. 

would be converted to small (10 kw) wind turbine 
production through transfer of designs, expertise, 
and necessary manufactwing equipment. The 
primary mlication would be far agricultural 
electricity supply. 

A Dutch-Russian joint venture known as 

manufadm and sale of wind turbines in the CIS. 
Vetmentxgetika is jointly owned by the Russian 
Dalreo Group (in Siberia) and by the wind energy 
company LMW of the Netherlands, and has 
assembled several dom small turbines for use in 
stand-alone applications in eastern Siberia The 
success of this joint ventme has been made 
possible by an innovative business arrangement 
with the Dutch fish company Kalkman Vis. The 
sale of Siberian salmon by Kalkman Vis provides 
the Western capital neededto purchase LMW wind 
turbines [ 131. 

vetroenergetika has been formed to facilitate the 

Russian sources indicate that wind power units 
with a capacity of 5-15 M W  have been constructed 
in the f m e r  Soviet Union, but scientists thm are 
experiencing serious engineering problems with 
such large scale designs. Many (&&ips all) of 
these very large machines are likely derived from 
innovative concepts for wind generation. Russian 
scientists have described several of these. One 
involves a huge, apparently vertical toroidal 
structure (i.e., a doughnut-shaped piece of 
hardware) which supports two long (say, 60 meter) 
vanes which rotate in opposite directionsg'. The 
vane motion would induce a lower air pressure on 
one side of the toroid than the other. This air 
pressure difference would provide an added 
"boost" to the vanes as they pass through its center, 
thereby increasing the efficiency of the machine 
191. It is unclear whetha any machines of this type 
have actually been built, but Russian scientists 
claim that an output of 20 M W  could theoretically 

90 Eric Martinot, foreign travel trip report, Energy & 
Resources Group, University of California at 
Berkeley, summer 1992. 
91 A logical assumption is that the vanes are 
mounted at midheight on opposite sides of the toroid, 
and rotate in a horizontal plane such that they would 
each be traveling in the same direction when they 
pass through its center. 
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be achieved 'Ilrey also admit significant 
drawbacks to the concept, as well as high cost of 
the electricity proctuced €91. A q ick  survey of US 
experts failed to find one who had heard of a 
s i m i l a r a m e p t ~ e l s e w h e ~ .  

Wind machines with capacities of u125 MW, in 
which vanes 'are supported by individual or 
common ring-shaped supports rather than fastened 
on the central shaft, have been proposed as simpler 
and more economical than some other coI1cepfs. 
Again, it is unclear whether such machines have 
been built. Machines having multiple vertical 
vanes which move togeiher along a common 
horizontal circular path (they are fastened to 
common supporting upper and lower rings) have 
also been proposed [9]. This sounds like a concept 
that has been experimented with in the US. A 
prototype machine of this kind having a 20 meter 
diameter has been undergoing field tests in the 
former Soviet Union since 1987. Magnetic 
levitation of the assembly using a generator could, 
in themy, be used to increase efficiency. Further 
concepts for high-altitude wind platfarms have 
been suggested [9], but seem beyond the range of 
practicality. 

Despitethe fact that Ukraineis outside the scope of 
this assessment, wind energy developments there 
are significant and deserve mention. Most 
currently operating turbines in Ukraine are 
estimated to be 15 years behind Western 
technology [9]. However, Ukraine has developed 
the de=sign for a Savonius-style vertical axis 
turbine. In Ukraine, the Ministry of Power and 
Electrification is seeking foreign partners for wind 
energy development. Two US companies are 
involved in joint-venture projects there. SeaWest 
Power Systems is financing a 500 kW wind farm 
using Mitsubishi machines in the Crimea (see 
Footnote 86), where wind power has been used 
successfully since the mid-1980s [9]. The project 
is the result of a protocol of cooperation signed 
prior to the dissolution of the Soviet Union. The 
agnxment between SeaWest and the Ukrainian 
Ministry of Power could lead to significant 
additional installed capacity by the year 2015, 
depending on political and economic factors [162]. 
US Windpower has begun installing five thousand 
turbines having a total capacity of 500 M W  in the 
Crimea This huge project is a joint venture 
between US Windpower, the Ukrainian electric 
utility Krimenergo, and PHB Ukraine (a subsidiary 

of American and British consultants), who have 
cooperated to form a new Ukrainian company 
called Windenergo. The project will mghly 
double US Windpowex's worldwide installed wind 
energy capacity. Impetus for the project was the 
need to replace lost capacity caused by the close 
down of Cheanobyl. Windenergo will manufacture 
and sell the turbines. Payment to US Windpower 
will be made in spare parts for repair of turbines 
already installed in the us. 'Ihese parts are being 
pruduced by 25 Ukrainian suppliers [163, 1641. 
'Lhis payment scheme for the US W w w e r  
Crimean project is an example of the sort of 
innovation that could significantly improve the 
neartenn prospects for gridannected wind energy 
development in Russia A collective farm in the 
Crimea has all of its energy needs met using a 
combination of wind, solar, and biomws 
technologies, after farm specialists, working with 
the former Soviet Union's Ministry of Power and 
Electrification, assumed sponsorship [9]. 

3.7.2.2 Solar Thermal 

In some respects, Russian renewable energy 
technology has consimle catching up to do. For 
example, solar energy hardware on display at a 
1990 Crimean confmnce on renewables was 
described as "vintage" by Western standards [9]. 
Such problems are not a reflection on the quality of 
research personnel in the former Soviet Union, but 
on past government priorities and the lack of 
attention given to mewables technology. ' Ihis is 
not to say that in certain areas, Russian renewable 
energy technology is not world class. 

The Union of Soviet Socialist Republics (USSR) 
was the site of the world's earliest documented 
study of a central receiver power system. 'Ihe 
crude mechanical anangement (conceptualized in 
the early 1950s by the -ovsky Instituteg*) 
consisted of large tilting mirrors mounted on 
railroad caniages which rolled on semicircular 
tracks around a tower holding a steam boiler. All 
position and orientation adjustments of the mirrors 
were performed manually (see Footnote 13). 
Cmntly, the solar electric generation power 

92 Information taken from "Crimea Solar-Electric 
Power Plant," a publication of the Russian Foreign 
Trade Organization Sovelectro, Moscow. 
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station SES-5 is located in the Crimeag3. It was 
designed by the Riga branch of the ''ElFlectrO-project 
Institute" and 13 other organizations, under the 
sci~cgui~oftheKrzhizhanovsky Institute, 
and CoflStNcted by the zaparozhe building 
department "Dmqmxtmy" (see Footnote 92). This 
central receiver system has a rated capacity of 5 
MW (which has nevet been achieved). Sources 
familiar with the facility have described it to the 
author as a "tedmologiical loser ... where 40 percent 
of the mirrors don't even hit the tower ... .I' SES-5 
is a low temperatme watedsteam system (basically 
in the class of "early fbt-generation" central 
receiver technology), with a circular heliostat amy 
of 1600 separate 25 square meter panels (see 
Footnde 92). ?he lack of effective mirror 
alignment indicates an inadequate control system 
(the SES-5 control system was designed by the 
B y e l m  Heat and Power Engineering Institute - 
see Footnote 86). SES-5 became operational in 
September 1985 (see Footnote 92). It is not 
operational at this time, although the Ukrainians 
claim that they plan to upgrade the heliostats, 
receivers, and control system (see Footnote 86). 

One complicating factor in the ament state of 
Russian solar thermal research is that much of the 
applied research conducted by the former Soviet 
Union was performed in southern regions which 
are now separate States. "his is because the 
northern part ofthe former Soviet Union has a poor 
solar resoure. One example is the SES-5 central 
receiver. Another is a 2.8 metex tracking parabolic 
dish, also located in the Crimea, which has been 
used for metallurgical researck 'Ihe Obekt-Solntse 
solar furnace in Uzbekistan can achieve 
tempemures above 3oOo0C, and has been used to 
produce specialized materials, including heat- 
shielding materials for aerospace use. This furnace 
is very similar to the French horizontally aligned 
Odeillo futnace, except that the primary 
concentratur is supported by an open structure 
rather than a building. The governments of many 
of the separate States of the Commonwealth of 
Independent States (CIS) have expressed interest in 
continuing research in mewables, but their efforts 
are severely hampered by lack of capital [9]. In an 
attempt to help mitigate this problem, the Israeli 
government has decided to provide state-backed 

93 The Crimea is in Ukraine along the Black Sea. 

guarantees for Israeli companies which sell solar 
and other alternative energy projeds in the former 
Central Asian republics of the USSR [ 165r. 

Several Russian enterprises manufadue 
equipel& such as flat plate collectors, for low 
ternperatme solar thermal applications. Collector 
quality has been quite low, particularly in the am 
of camsion resistance. However, the Ecologically 
Clean Power En-g p r o g r a m  outlines a 
national plan for the production and installation of 
nearly six million square meters of solar collectors, ' 
roughly 90 percent of which will be of new types 
comparable with the best models produced in the 
West [9]". Ihe Alternative Energy Laboratory of 
the Institute for High Temperatures (IVTAN) in 
Moscow has one test station on the Caspian Sea 
and another in Moscow. "his institute is involved . , 
with the development of domestic water heating 
systems, various storage technologies, and salt- 
gradient ponds. Their major motivation is to 
provide energy for agricultural processes. IVTAN 
opemtes a solar furnace (not the Obekt-Solntse 
furnace) which was used for Russian Space 
Agency metallurgical work They also have a 
large scale solar simulator, also built for the 
Russian Space Agency. IVTAN is doing some 
work with heat pipes and concentrated solar 
energy, but the extent of their activities is 
unknown. IVTAN is trying to become involved 
with certain solar activities co&M by the 
International Energy Agency (EA) (see Footnote 
86). 

Russian development of diWStirling systems has 
been sponsored under the Ecologically Clean 
Power Engineaing program since 1989. Ihe 
quality of Russian research into dishlstirling 
technology, as generally reported in the open 

94 One promising area is the potential sale of Israeli 
rooftop solar collectors to the government of 
Kazakhstan (in a barter arrangement involving 
cotton and oil). 

Improved solar collector quality has been aided by 
Russian defense industry conversion. An association 
called ARKVES has built an improved collector, but 
found the Russian market unresponsive because of 
high installation costs and inadequate promotion of 
the benefits of solar thermal technology 11661. 
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literatme, is not particularly impmsive. However, 
Russia's atomic indusby has substantial experience 
in applicable technology areas such as high- 
temperatwe heat-transfer fluids (i.e., molten salt 
and liquid metals). Much of the relevant research 
was conducted as part of the Russian military 
program. A mjor player in dish/Stirling 
technology is ' Russia's Institute of Physics and 
Power Engineering. Russia's objectives are to 
capitalize on existing expertise in their atomic, 
aerospace, and de- Mustries in developing 
new technologies for lqe-scale electricity 
generation. "hey also hope to End alternative uses 
for dismantled military equipment [82]. 

Russian researchers are strong in the area of gas 
turbines96, which would indicate some potential for 
measurable Russian contributions to Brayton 
engine development for solar applications. The 
Institute of Physics and Power Engineaing is 
within the Aslronautics Academy of the CIS. 
Their activities include solar lracking and control 
systems, liquid-metal receivm, new materials, and 
linear generators. Several experimental protdypes 
have been pmduced. A small (1 kw) kinematic 
Stjrling engine was convedted @om space 
applications and utilized isotope heating. The 
Institute has designed an innovative 2 kW free- 
piston Stirling engine with alinear alternator, and 
is working to integrate their engine with a liquid 
metal heat pipe receiver, in a hybrid system 
utilizing gas. They have also designed a 10 kW 
free-piston engine, also to be integrated with a 
liquid metal heat pipe receiver, The Institute has 
built or is designing ConcentratOT dishes for both 
the 2 kW and 10 kW engines [82]. ?hese 
concenlratom are not sophisticated by US or 
European standads, however, they are adequate for 
engine testing purposes. A Stirling engine 
laboratory is also located at the Tashkent Institute 
of Engineers of Irrigation ?hey are also working 
with a 15 meter diameter solar furnace (see 
Footnote 86). 

The GELIOS group within the Ukrainian Academy 
of Sciences has been working on solar thermal 
technology for 35 years. Their work with solar 

bowlsg7 has been applied to heating buildings with 
hot water. 
applications, namely, the concentration of solar 
beams for welding and sintering metals in space. 
"hey are also using co- solar energy to 
irradiate seeds prior to storage**. MSO in the 
Ukraine, the Institute of Materials Science has used 
solar furnace technology to charge phase-change 
materials for later use of the energy in space (see 
Footnote 86). 

'Iheir initial work dealt with space 

Russian (formerly Soviet) inten% in space-based 
solar power for earth is driven by a combination of 
geographic and climatic factors, including low 
solar enefgy density, high variability, and limited 
sunlight at high latitudes. The practicality of such 
systems is questionable, although the Russians 
view its potential implementation some€ime in the 
years between 2005 and 2020. The Astrofizika 
Scientific Pmluction Association is working on 
the concept of a multi-billion dollar international 
cooperative venture for a space-based solar power 
station, where microwave radiation would be 
transmitted to earth and converted into commercial 
current. Collectors one to two kilometers in 
diameter would be nquhed. Technical problems 
associated with microwave conversion have been 
ihddressed by the former USSR Academy of 
Sciences' Institute of General Physics. They have 
developed a working model of a high efficiency 
beam converter. Another technical problem 
associated with this concept is with energy losses 
of the microwave beam as it passes through the 
atmosphere. Scientists at the Minsk Radio 
Engineering Institute (in Belarus) have devised a 
new method of reducing losses by focusing the 
energy flow [9]. 

3.7.2.3 Solar PV 

On the basis of its long-time experience in space 
applications of C-Si PV on its satellites and space 
stations, Russia has a significant base for PV 
technology development. However, owing to the 
current overall instability in Russia and the drastic 
decline in financial support provided by the 

Alvin W. Trivelpiece and William Fulkerson, 
foreign travel report, Oak Ridge National 
Laboratory, Oak Ridge, TN, November 21,1989. 
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97 A solar bowl is a fixed dish with a moving focus. 

This seems to dry the seeds, sterilize them, and 98 

increase the rate of germination after planting. 
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government for science and technology, near-ttgm 
Russian breakthroughs in terrestrial applications of 
PV are doubtful. Although joint ventms and/or 
licensing of Russian technology by fmign PV 
producers is a possibility, it is repoaedly difficult 
to do so, given the lack of legal and official 
experience in Russia concerning liensing and 
delemining ownexship [ 1671 (see Footnote 86). 

One particular role that Russia does play in current 
inkmatiowl markets is as a source of industrial- 
grade silicon for f d g n  PV manufactums (refer to 
Section 3.4.23, which describes a joint venture 
with Russia in such a role, involving Italian, 
GeamarzandsouthA.tiicanpartners). 

production capacity goals for solar PV established 
by the Ecologically Clean Power Engineering 
program show little sign of being achieved, due to 
the negative frsctors mentioned above as well as a 
limited availability of the raw material base for 
uystallk silicon, and a lack of automation. 
Russian scientists are actively seeking to lower the 
costs of silicon cells. This includes work being 

the former USSR Academy of Sciences [91. 
performeed at the Iostitute Of Solid-state Physic~ Of 

"he Russian Kvantempagm Scientific and 
Industrial Association, in conjunction with the 
Ioffe Physical Technical Institute, has succeeded in 
completing part of a large-scale experiment 
erecting a "solar tree" in the Chernomorskiy 
Settlement in Krasnodarsk Kray on the Black Sea 
Nine of a planned twenty cottages have been built 
with 4 kW capacity solar batteries on each roof, 
in-nnected on a local grid Surplus power is 
diverted into the system. Average daily output of 
electricity per unit is about 10 kwh, which exceeds 
the average need for a family of four. Other parts 
of the experiment (constmction of agricultural and 
power generation facilities) are unfinished due to 
financial difficulties and raw material constraints 
PI .  
Available information shows that a majority of 
active research and development in solar PV 
OcCufTed in southern latitudes (now separate 
republics) of the former Soviet Union. The Ioffe 
Physical Technical Institute, mentioned above, 
appears to be a leading institution in this area [91. 
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CHAPTER 4: 
EUROPEAN COMMUNITY 

countdes presented previously in this report, excluding Japan and Russia, are a l l  members of the 

of the Ec (CEC), and the European Parliament. Treaties giving these governing bodies the legal authority to 
participate in defining and implementing various policies that were farmerly within the exclusive domain of 
individual, national goveanments are the European Union (Maasbicht, 1990) and the Single European Act 
(SEA, 1987). 

r"" European Community W). The governing bodies of the EC are the European Council, the Commission 

4.1 POLICY OVERVIEW 

EC policy makers seek to integrate and 
compliment various enexgy R&D ef€orts 
undertaken by national governments and 
commercial enterprises within each membex 
country, and to form one European energy market, 
'Ihe motivations to set these goals are pervasive 
Eutopean concans over enyironmental and energy 
security issuesg9, and the need to more effectively 
compete with US and Japanese technology. A 
single European energy market would radically 
change the way the European supply system is 
organized, and give a larger d e  to independent 
power producers [6]. 'Ihe SEA and Maastricht 
treaties aredesignedto flutherthe~onization of 
social, economic, and developmental conditions 
between the member states of the Community 
(mpisites in creating a single market)1oo. ?he 
CEC is also mmidering instituting a carbon tax on 

99European~ are typically much more 
environmentally aware than Americans, and this 
perception has been advantageous to the European 
renewable energy market. 

The Maastricht treaty has stumbled along a 
bumpy path since its negotiation, most notably due to 
stiff opposition by certain groups in Denmark, 
France, Britain, and Germany. The accord creates a 
common foreign policy and joint central bank and 
single currency by 1999 for the twelve signatory 
nations. Until very recently, it appeared doubtful 
that the treaty would ever be implemented. 
However, Germany's highest court has rejected 
constitutional challenges which were the last major 
obstacle for the accord [168]. 
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fossil fuels. Either of these actions would provide 
a significant boost to mewable energy options 
(see Footnote 7). 

In the 198Os, one of the primary concerns of 
"Em" policy maken was the establishment of a 
*!Emqean Industrial Policy" that could serve to 
counter the competitive edge held by US and 
Japanese companies in technology development. 
The European Industrial Policy was established to 
begin addressing environmental, energy, and 
technology competitiveness issues. The result was 
the conception of the Framework Programs, a 
series of multi-year programs implemented in 
1984 that focused on EC-directed and ECcost- 
shared R&D and deployment of a wide range of 
technologies and techniques [169]. 

The SEA and Maastricht treaties then amended the 
EC charter by providing for the formulation of a 
"European" research and technological 
development policy, having status equal to other 
key Community areas such as economic, social, 
and competition policy [170, 1711. R&D policy 
as put forth in the Maastricht treaty in particular, 
was designed to bring all research in the European 
Economic Community under one single master 
plan (the Framework Programs). "he goal was to 
ensure that EC research efforts no longer served 
just to give European companies a competitive 
edge, but that it would serve al l  EC policies 
(health, social, environmental, agricultural, and the 
like) that contribute to the improvement of "quality 
of life" [172]. 'Ihis was a vast improvement on the 
previous situation, in which EC efforts in R&D 
were based on loosely defined interpretations of the 
treaties of the European Community: The Treaty 
of Paris, concerning the Coal and Steel industries; 
EURATOM, concerning European Atomic power; 
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and the Treaty of Rome, c o m g  the 
development of the European Common Market. In 
none of these treaties had a specific charter for EC- 
wide R&D efforts been established [169]. 

'ITed to this effm of ecoIKlmic and technology 
integration was also the necessity of consolidating 
Eurapean ene~gy Wlicy. Energy prices, 
inhstructue, and portfolio division play powerlid 
mles in defining national ec-onomic 
competitiveness, living standards, and trade 
balances. Social and economic integration of 
Europe requires that these sectors become 
harmonized across all EC member states as a 
pxmusor to the successlid establishment of a 
single internal market m f m ,  the development 
of a Single Energy Market (SEM) became an 
essential element in the movement towaxis 
European integration The SEM requires the 
reduction of b&m to energy trade within the 
Community, the elimination of state subsidies to 
national utilities, the development of extensive 
international infrastructure - and the establishment 
of an EC-centmxI R&D program that assures 
dissemination of new technologies and techniques 
throughoutthecommunity. 

Environmental concerns and the issue of energy 
supply security m also vital components of the 
burgeoning EC energy policy agenda. Problems 
and events in the 1980s (acid rain, Chernobyl, the 
establishment of the "Greenhouse Effect" theory, 
the detection of omne depletion in the upper 
atmosphexe), and the beginning of the 1990s (the 
Gulf War, the collapse of the USSR) had powerlid 
effects on both popular and leadership perceptons 
over how much and what kinds of energy should 
be CoIlSumed in Europe - and the world in general. 
For the first time, environmental concerns became 
directly linked to the development of energy 
strategy. 

Efforts to stabilize or reduce air emissions of NO, 
and SO, were first begun by then West Germany in 
the early 1980s. Shict emissions standards were 
developed for existing and new power stations, 
requiring utilities to invest approximately DM21 
billion (approximately $13 billion at current 
exchange rates) to retrofit 37 GW of coal-fired 
power stations [173]. In order to d e h y  the cost 
disadvantages of this action, the West Gennan 
government sought to have its regulations applied 
throughout the EC. In 1984, the EC pposed 

uniform reductions in NO, and SO, emissions of 
60 percent and 40 pacent, respectively, by 1995 
[ 1731. However, because of the variance in energy 

in cost bmkn, several member states balked at 
having to bear the brunt of the burden A 
compmise agreement was therefore reached in 
1988 (Large Combustion Plant Directive, or 
LCPD), allowing some countries to move slower 
than others in reducing these emissions. 

portfolios acmss the EC and the resultant variance 

In 1988, the EC took the initiative with regard to 
CO, emissions reduction efforts. In an effort to 
circumvent attempts by West Germany and the 
Netherlands to farce their own emissions programs 
on the rest of the EC (as Germany had done 
before), and also to establish a position for itself at 
the 1992 United Nations Conference on the . .  
Environment and Development in Rio de Janim 
(UNCED), the EC established the goal of 
Community-wide stabilization of CO, emissions at 
1990 levels by the year uxx) [1731. 

These efforts constitute the heart of the ECs 
environmental policies, and are integral to the 
design and application of EC efforts in developing 
and implementing programs in energy efficiency 
and new energy technologies. The anti-nuclear 
movement in Europe has also brought a great deal 
of pressure upon national governments (especially 
in m a n y  and Italy), forcing some to halt further 
m m c t i o n  of nuclear power plants, and in other 
cases (Italy), to close down all existing plants. To 
date, anti-nuclear sentiment has yet to make a 
significant impact on the policies of the CEC. 
Approximately 75 pacent of the EC energy 
research budget is still directed towards nuclear 
fission and hsiodo1. The reasoning here may well 
be based on the diverse mix of energy portfolios 
within the Community - including a substantial 
investment in nuclear energy by France - and the 
political pressure placed on the CEC not to move 
too quickly in attempting to dictate energy policies 
to member states that are still reconciling to 
themselves the lradeoffs of surrendering certain 
sovereign rights to the EC in exchange for 
ecoIKlmic integration and its benefits. 

Approximately 796 =Us out of a budget of 
1.1 billion ECUs allocated under the 3rd Framework 
101 

Program (1990-1994) 11741. 
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llle energy crises of the lWOs and Europe's critical 
reliance on imported oil and gas led many member 
states to develop national energy strategies 
centered on the &on of state energy companies 
and the development of indigenous energy soutces 
(such as nuclear, coal, or hydro) to reduce the 
burden of dependence on energy imports. lhese 
national strategies resulted in the establishment of 
very diveme energy poltfolia6 and dependency 
levels across the EC - with some states having 
extensive nuclear power installations (France, 
Belgium); some with significant domestic coal 
production (Germany, Spain and the UK); some 
that are petroleum (natural gas) exporters 
(Netherlands) or self-mcient (Denmark); and 
some with no significant domestic sources of 
energy, and which are heavily dependent on 
imports of all sorts (Italy, Ireland, Greece, 
Portugal, and Luxembourg). Regardless of the 
energy mix, however, overall dependence on mde 
oil - specifically for transportation pmposes - 
remaifls at about 80 percent across the Community 
[173]. 

In the 198Os, the combination of cheap oil prices, 
growing envhnmental activism, and efforts by the 
EC to creak a Single Energy Market (and 
eliminate state energy monopolies) made many 
i n d i g e m  swzces of energy less attractive fiom 
an envimnmental standpoint as well as a cat 
standpoint. Yet, the commitment that governments 
made to some of these sectors has become very 
dBcult to dismantle - especially in the case of 
Gemany, where r e f o r m  of the gove€nment's 
support for the domestic coal industry is politically 
charged and not to be undone ovanight. cases 
like Germany's illustrate the difficulty the CEC 
faces in attempting to harmonize energy policy - 
and environmental policy for that matter. Coal will 
continue to be a significant source of domestic 
energy in theEC forthe short to medium term, and 
is therefore an important element in R&B planning 
for the CEC. Across the board, dependence on oil 
will continue, and given current projections for 
future EC amsumption and economic growth 
pattans [175], this dependence will become even 
mcxe acute in the short to medium tenn, 
threatening continued economic growth, 
environmental recovery, and energy security. 

The sector that will produce most of this oil 
dependency growthis transportation. As time goes 

by and the economies of them (and of Eastan 
Europe) continue to grow, demand for 
transportation will follow suit None of the 
indigenous energy sources of the EC are apglicable 
tothetransportsectorintheshorttam. lkaefiore, 
a g m t  deal of pressure is being brought to bear on 
efforts to develop new transport fuels that are 

prospective new EC member, Norway) have 

m c i e n t  to meet the transport demands Qf the EC 
as a whole. 

import neutral. This casts natural gas aside 
because, althoughthe Netherlands and the UK (and 

s imcan t  gas m e s ,  they are not nearly 

The answer to this dilemma is twofold Fitst, 
efforts are being mounted to stmgthen political 
and economic ties between the EC and its principal 

gas . Secondly, focus has been placed on the 
promise of bic@eZs as a transportation fuel 
substitute. Aside fkom their energy value, biofuels 
are also being appraised for their potential merit in 
the current restructuring of the Common 
Agricultural Policy of the EC. SuccessN 
development of these fuels would therefcxe serve 
to provide the Community with two substantially 
important products: domestically produced 
transport fuels; and, a solution to the politically 
charged problem of reducing agricultural subsidies 
as a condition to the final conclusion of the 
Uruguay Round of the GA"T negotiations on 
world trade'03. 

su@" of petroleum products - especially natural 

In sum, increasing pressure is being brought to 
bear on the existing energy mix and infjrastructure 
in the European Community. Anticipated 
economic gmwth and the increased use of 
electricity as a proportion of primary energy 
demand, combined with public opposition to the 
construction of conventional power stations, and 
increasingly strict environmental guidelines, will 

102 The two biggest suppliers of natural gas to the 
EC are Russia and Algeria. 

Member states (especially France) have been 
fighting to maintain agricultural subsidies in 
response to violent protests by their fanners over the 
efforts by the international trade community to 
establish more liberal trade conditions with regard to 
agricultural products. 
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farce tough decisions by policy-makers over how 
best to expand power production in a way that is: 
cost effective; socially and politically acceptable; 
and, environmentally and developmentally 
appropiate. EC energy policies are thus focused 
on three primary objectives: the continued 
development of the i n t a d  market (and swtahed 
ecolKlmic growth); sedm (and affonbble) energy 
sources; and, environmental protection. In order to 
simultaneously achieve these objectives, prudent 
energy strategy requires a balanced appn>ach that 
addmses immediate needs while laying the 
foundation far the long term. 

From a technology development standpoint, the 
EC has focused its energy research on technologies 
and techniques that have short term applicability: 
energy efficiency; conservation; clean coal 
(gasification and liquification technologies); oil 
and gas (exploration, exploitation, tmnspxt and 
storage); and, nuclear fission (waste tmtment, new 
plant design). Concurrently, efforts are also being 
made toward the development and application of 
technologies that have a more longterm potential: 
renewable energy; hydrogen; and, nuclear fusion 

The principal aims of EC R&D efforts are: 
transnational cooperation between industry and 
science; support for basic research; and, integration 
of research and technology (harmonization and 
-on). EC research funds are not 
subsidies, but grants awarded only on the basis of 
merit and satisfaction of specific selection criteria 
Funds are distributed without any regard to 
national proportionality. If imbalances occur 
between member states, the only remedy is for 
prospective participants to increase performance 
where necessary to win additional EC funding 
[170]. Ec mearch projects, as a rule, are 
specifically directed toward "preampetitive" 
technologies (pre-industrial development, not 
market-Wy), with the disclaimer that there be 
m n a b l e  promise of technological and economic 
applicability. This is done to ensure that EC 
research does not lead to any distortion of 
competition and the development of the internal 
market [ 1691. 

Programs funded by the CEC typically involve 
cost-sharing. Cost share participants may be 
national government agencies, manufacturers, 
utilities, or academic institutions. Project 
proposals must be submitted by at least two 

independent organizations fmm at least two 
member countries of the EC. Specific prefmnce is 
given to propowls li-om small-medium sized 
entaprises (SMFs). The reasoning behind this is 
that SMFs are consi- to be "hot beds" of 
technical innovation, yet they often have the most 
difficulty in finding research capital and pasonoel, 
and are at a distinct disadvantage when attempting 
to compete at the international level. Other 
proposals that are given prefmnce are for those 
projects that originate or are targeted at less- 
developed regions within the EC, thus fulfilling the 
aim of promoting regional harmonization. One 
CEC objective is to strengthen the technological 
base of southern tier EC countries relative to 
mKthern tier countries [7]. 

4.2 ENERGY PROGRAMS 

The EC has strong pmgrams in place to encourage 
and coordinate the development of renewable 
energy sources. The CEC has funded ecoMlmic 
studies on the costs of various power generation 
technologies using both conventional and 
renewable energy sources. These studies have led 
to increased utility awareness and interest in 
renewable energy sources, and have stimulated the 
fmulation of national energy and environmental 
policies and plans [7]. 

4.2.1 2nd Framework Program 

The Framework Programs are comprised of 
several task-qmific areas. The 2nd Framework 

signing of the Single European Act, was the first to 
substantively address efforts to integrate EC R&D 
efforts (in particular, in the energy arena). The 
JOULE (Joint -ties for Unconventional or 
Long-term Energy Supply) program was 
established by the 2nd Framework Its objective 
was to address non-nuclear energy projects, and to 
encourage joint efforts in basic energy research. 
The JOULE concept was a direct culmination of all 
previous R&D programs organized under the 
auspices of the EC dating back to 1975, combined 
with the new perspective given to EC-directed 
R&D by the Single European Act (SEA). The 
JOULE program falls under the Directorate- 
General (DG) XII: Science, Research and 
Development. 

Program (1987-1991), Which was devised after the 
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A strong emphasis of the JOULE p g r a m  was 
placed on the development and dissemination of 
innovaliveenergy technologies and techniques that 
could be quickly applied to the private sector. 
Such policy would m e  to improve the economic 
competitiveness of European Mustry, whether 
through improved efficiency or the development of 
new products and markets for European 
companies. 'Ihe focus was placed primarily on 
haeasing the contribution of solid fossil fuels 
(coal) and renewables in the medium to long term, 
and hueasing energy efficiency and rational use in 
the short term. "he 122 million ECUs 
(MECUs)'" allocated to JOULE was roughly ten 
percent of total energy spending (2.3 peacent of 
total spending) under the 2nd Framework. EC 
funding for any project was limited to 50 percent 
oftotal cost'w. ~hird-party contracfars ftom states 
outside of the EC were eligible for participation 
underspecialcircwnstan ces, but were not able to 
benefit from EC financing, and were responsible 
for all general administrative costs. 'Ihe effective 
life of the JOULE program was to last three years 
and three months, starting January 1,1989. 

4.2.2 3rd Framework Program 

'Ihe 3rd Framework Program (1990-1994) was 
established during a period of tremendous change 
in Europe and the world 'Ihe Cold War came to 
an end; Eastern European countries began the 
conversion from Communism toward Capitalist 

the world were forcing policy-makers at the highest 
levels to consider the long term effects on energy 
production and consumption on the world climate 
and emsystem; and, the Maastricht Treaty, 
coupled with the SEA, moved the EC closer than 
ever before toward economic and political 
integration. 

Democracy; environmental conce€ns throughout 

The 3rd Framework therefore reflected a change in 
R&D priorities, with more weight given to 

This is roughly $145 million at the current 104 

exchange rate. 
105 Universities and Research Centers were eligible 
for either 50 percent funding of total project cost or 
100 percent of additional marginal costs. 

environmental research, new energy technologies, 
and the dissemination of information and mobility 
of researches ftom these pgrams. Additionally, 
as a result of the disappointing degree of 
dissemination and end-use application of research 
results under the JOULE p r o g r a m ,  the CEC 
determined to focus subsequent research programs 
towan% a more pragmatic approach, with ultimate 
marketability of technologies and techniques as a 
central theme of the JOULE II p r o g r a m  (expected 
to run from 1991 until 1994). Like JOULE, the 
JOULE II program falls under DG XLI. JOULE II 
further stresses the involvement of SMEs, as well 
as dissemination of results and the promotion of 
technologies in the marketplace. 

Two other programs were added to help achieve 
these goals. THERMlE was developed to prom* 
new energy technology applications within the 
Community (and in some cases, beyond). 
THERMIE (expectedtorun ftom 1990 until 1994) 
also provides funding for demonstration projects in 
energy comation. With THERMIE, the CEC 
mans to promote energy technology within 
Europe. One driving factor is the need for a strong 
European energy base to support a common 
Eumpeau internal market. Dissemination projects 
within less developed regions of the Community 
are given prefmnce [59]. THERMlE pays as 
much as 40 percent of project cost, and as much as 
35 percent of the cost for a second 
demonstration1O6. Projects costing more than 6 
MECUs must be joint ventures of firms between 
two member states [176]. 

AL- was developed to specifically promote 
renewubk energy technology applications, and 
was established as a direct result of the CO, 
emissions stabilization program established by the 
EC in 1990. A goal of ALTENER is to increase 
the contribution of renewables from the present 
four percent of EC energy demand to eight percent 
in the year 2005 by supprting various 
demonstration projects [177]. The program also 
seeks to triple the production of "environment- 
benign" electricity from renewable sources such as 
the sun, wind, and biofuels [ 1781. ALTENER was 

106 In order to promote cross-border technology 
transfer, second demonstrations must occur in a 
different country than first demonstrations. 
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specifically designed to compliment the programs 
in basic research and energy technology promotion 
(JOULE II and TJERME), and will run i b m  

in DG XW: Energy [179]. 
1993-1997. THERMIE and ALTENER are both 

It is htfzstm * gtonotethespendingpatternsthat 
have been established by the 3rd Framework 
Program. "he total budget to date for JOULE 11, 
added to additional funding expected in 1993- 
1994, comes to roughly 335 MECUs (about $398 
million at CUrzeDt exchange rates) [172]. The 
budget for THERMlE (which is to cover the same 
time period, 1990-1994), is 700 MECUs (about 
$800 million at cutrent exchange rates) - over twice 
as much In contrast, ALTENER's budget is a 
paltry 40 MECUs (about $47 million). 

Several conclusions can be drawn i b m  these facts. 
First, given the difficulty and controvemy involved 
in attempting to integrate resear& programs that 
most member states still consider to be proprietary, 
it is much more beneficial - in the short tenn - to 
attempt to capitalize on technologies that are 

application, and thus establish a track recoTd of 
success and momentum. Second, the application 
of more Conventional, shurt-term, non-nuclear 
energy technologies and techniques such as clean 
coal, energy efficiency and conservation (covered 
by THEFWE) will have a more immediate effect 
on the energy balance and environment than 
renewables - especially with regard to the reduction 
of emissions. 'Ihird, the more conventional 
technologies are more likely to be cost competitive 
- in  the short term - and will thexdore not have a 
negative effect on mnomic competitiveness. 

already developed and ready for commdal  

Despite these realities, renewables still receive 
support from both THERMlE'" and ALTENER, 
as well as by a number of other programs aimed at 
promotion of indigenous energy potential 
(VALOREN), regional development (STRIDE), 
and technology transfer (SPRINT). Biofuels are 
held in especially high regard in Brussels (for 
reasons already mentioned), and technologies such 

lo7 THERM~E targets one-fourth of its total 700 
MECU budget to renewable energy sources (for 
1993, about 24 percent of its 137 MECU budget) 
[176]. 

as wind and PV are expected to play important 
roles in pmmoting development effarts in some of 
the peripheral regions of the Community - as well 
as providing for a potentially significant export 
industry aimed at lesser-developed regions 
throughout the world [180]. Far example, Ex3 
consultants have participated in projects in China, 
W a n d ,  and North Africa, which are target 
markets f a  the output of EC technology 
development programs [181]. Vigorous demand 
ov- could help to acceietate the leaming curve 

is attempting to apply within the Community itself. 
associated with the E W  technologies that the CEC 

'Ihe primary role of renewable energy technology 
development in the EC will be, in the short tenn, to 
serve in the effort to stabilize emissions throughout 
thecommunity. ?herefore,intheshorttomedium 
term, the EC will not be stressing the widespread 
implementation of renewables as a replacement of 
conventional sources of power, as much as for 
energy consemation and remote regional 
development, With regard to biofuels, however, 
theEC is expectedto make agmt deal of effort - 
in the short term - in development and market 
application, as well as to ensure that any farm lands 
taken out of food production due to GATT can be 
immediately t r a n s f d  to biofuel crop production. 

4.2.3 4th Framework Program 

'Ihe 4th Framework Program (1994-1998) will 
build upon the themes of its predecessors: 
promotion of cooperation between member states; 
enhancement of EC competitiveness in "strategic'* 
sectors; and, improved integration of R&D 
expenditures. In particular: generic, pre- 
competitive research will Continue to be 
emphasized; EC-wide standards will be promoted; 
improvement in the coordination of National 
p r o m e s  will be sought; and, improvement will 
be sought in the dissemination of results to the 
private sector - particularly SMEs. Early estimates 
of the budget indicate an amount near 13 billion 
ECUs (about $15 billion at current exchange rates) 
- a doubling of the 3rd Framework budget [ 1821. 

An additional focus of the 4th Framework will be 
an emphasis on cooperation with "third countries." 
?his is specifically targeted toward the countzies of 
Eastern Europe and the former Soviet Union. For 
environmental as well as energy security reasons, 
the CEC is promoting the expansion of EC 

68 



programs in energy efficiency, nuclear safety, and 
new energy technologies in this regionlM. 
Likewise, efforts are also being made to further 
integrate the energy strategies of the EFI'A 
counl&s (Norway, Sweden, Austria, Finland, and 
SwiMand) with thuse of the EC, in anticipation 
of the exteasion of EC membexship to those 
counbies in the near fitwe. 

4.3 SUPPORT FOR SPECIFIC 
TECHNOLOGIES 

4.3.1 Wind 

European Community nations are well positioned 
to dominate near- to mid-term developing 
worldwide markets for wind energy technology, 
due in large measure to curzent EC policies and 
programs. The American Wind Ener 
Association h e s  the EC challenge as follows lfl . 

Tke European Wind Energy Associa- 
with the support ofthe European Economic 
Community and member country 
governments, has successfully cr@d a 
massive research and murket development 
program that has the capability of launching 
European wind technology into a Sputnik- 
like leap over their US competitors. 
Europeans have put together a $200 million 
annual development program that will 
provide vastly &eased resources for 

As testimony to the EC commitment, the Russian 
Federation has recently been accepted into 
membenhip in EUREKA, the European program for 
developing new technologies (including 
environmental) which was founded in 1985 on 
France's initiative by way of a civilian alternative to 
the US "Star Wars" project [183]. Admission of 
Russia to EUREKA is seen as a major political 
signal of European support for the reform program 
of Russian President Boris Yeltsin [184]. 

108 

109 Testimony of Michael L. Marvin, Director of 
Governmental and Public Affairs of the American 
Wind Energy Association, before the House 
Appropriations Committee, Subcommittee on 
Foreign Operations, March 1,1993. 

inte-nal market development @om. 
Our federal support remhs at less than 20 
percent ofthat figure. 

Industry experts predict that Europe will possess 
62 percent of worldwide installed wind energy 
generating capacity by the year 2000 VI, a near 
r e v d  of ament US capacity dominance and an 
indicator of the expected continued success of EC 
policies and programs. EC research in wind 
energy is a coordinated effort combining a broad 
range of industry, government., and university 
participants under a structure provided primarily by 
D G X I I a n d D G x W .  'IheJOULEprogram 
provides significant funding for wind technology, 
including the development of large machines. "he 
THERMIE p g r a m  has also boosted European 
effortsinwindenergy[7]. Diredtechnicalsuppart 
for wind energy in developing nations is provided 
principally by three other DGs. 'Ihe DG XVI: 
European Regional Fund includes the VALOREN 
and Integrated Meditemnean Programmes for the 
sum of projects to improve the local energy 
infmstructure of less favoured regions. The DG I 
and DG WI: European Development Fund 
emphasizes projects in Aliica, the Caribbean, and 
the Pacific Ocean. In addition, the VALUE 
pgramme within DG Xm further promotes 
successful CEC wind energy R&D projects [ 191. 

DG XII programs relating to wind energy fall into 
three semi-chmnologid ~hese are: 
~ l y  R&D (1985-1989); JOULE (1989-1992); and 
FUTURE (1991-1995). Early R&D activities 
included: development of the European Wind 
Atlas, a detailed resource assessment for EC 
countries; utility penelration studies to look at 
potential integration of wind energy into existing 
European electricity grids; and, economic studies 
mentioned earlier. IIhree large horizontal axis 
demonstration turbines, the WEGA or AWEC"' 
series, were developed and installed during this 
time as well, driven primarily by national utilities 
in Denmark, the UK, Spain, and Gennany. 'Their 

110 Some projects overlap into successor program 
time frames. 

These alternative names stand for Advanced 
Wind Energy Converter (AWEC), or Wind Energy 
Grop Anlagen (from the Gennan, for WEGA). 
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rated capacities wen? 1 Mw, 1.2 Mw, and 2.0 
MW, and they became operational in 1988 and 
1989. 

wind energy ixtivities sponsored within the 
JOULE program include both gridconnected and 
standalone applications. JOULE funding for wind 
was in the range of $4-5 million per year between 

were continued uuder JOUZE. Wind activities 
within the FUTURE program will include the 
development of advanced large turbines (800-1200 
kW) having cornpaable economia to ament 
commwally available Danish turbines in the 400- 
500 kW range. Support for both horizontal axis 
and vertical axis designs is expected for 
manufactums from at least four countries. The 
FUTURE program will also fund the continued 
development of standalone machines. 

1989 and 1992, and activities begun prior to 1989 

The Energy Demonstration Program (EDP) of DG 
XW, begun in 1978, has included wind energy 
activities since 1983 [59]. Ihe EDP aims to 
promote new technologies through demonstration, 
utilization, and communication. A total of 96 wind 
energy projects out of 460 propmed between 1983 
and 1989 have been funded by the EDP. The 
projects averaged about ECU 300,000 in CEC 
support, about 25 percent of total cost. The 
projects span the range of turbine sizes from 3 k W  
to 3000 kW (3 MW), and include various power 
conlml techniques and basic types (horizontal axis 
versus vertical axis). Medium to large turbines 
from the study countries of Germany, the UK, and 
Italy are included in those supported by the EDP. 

variable speed horizontal axis machine by MBB- 
Kvaerner in germ an^"^, the 1.2 Mw WKA 60 
horizontal axis machine by MAN that is part of an 
off-grid hybrid German system integrating diesel 
and wind’ 3 ,  and the 1.5 M W  Italian GAMMA 60. 

Ihe three largest are the 3 Mw AEOLUS II 

A constant speed sister machine, the WTS 80-3 112 

(or NLudden 11), is to be built in Sweden. 

The AWEC 60 is a sister machine supported by 113 

DG XI1 in Spain. 

4.3.2 Solar Thermal 

?he JOULE program included the development of 
solar thermal applications under the category of 
“Rational Use of Energy.” As an energy- 
consmation measure, funding could be provided 
for the conversion from conventional energy 
sources in buildings to solar energy systems. 
Funding was also made available for integrated 
design of passive solar systems. Under the JOULE 
program, up to 50per~ent of the funding required 
for solar component development and testing could 
be contributed, and small and medium-sized 
(SME) firms were favored to receive funding due 
to their continuous demonstration of innovation in 
efficiency and in the use of mewable energy 
SOUKXS [185-1871. 

”he JOULE II program enhances the JOULE 
program’s treatment of solar energy in support of 
two specific projects. One project, Solar House, is 
the P- ’ ‘on of research in solar 
components to be applied to the building sector 
and in urban planning. The objective of the project 
is to contribute to solar design concepts by (1) 
integrating the use of solar radiation and ambient 
heat for heating and power in buildings, and (2) 
employing modular and costeffective building 
elements using new and traditional materials. The 
second project supported by the JOULE 11 p r o g r a m  
is the large-scale application of gridconnected 
solar powerplants [170,172,188,189]. 

Through the 3rd Framework program, the EC 
established a policy of division of effm ’Ihis 
policy stipulates that basic research in solar energy 
will be supported by JOULE II. The pmotion 
and dissemination of any new solar energy 
technology to the market place in Europe is 
transfen& to the THERMIE program [190-195]. 

A number of AL’ENER programs have been 
designed in support of solar thermal energy and are 
intended to (1) develop common standards, (2) 
train architects in the use of passive solar, and (3) 
develop a “Guarantee of Solar Results” by 
manufactums and designers. Toward these ends, 
work is being done to study the performance and 
life-span of solar collectors, and European-level 
standards are being developed for solar collectors 
and hot-water production systems. The European 
Federation of Themal Solar Fquipment 
Manuf- is working to make the “Guarantee 
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of Solar Resuits" part of each member state's 
building codes. Finally, A.L"ER is helping the 
development of braining and information centers to 
p v i d e  the general public with infmation on . SO~X thermal era erg^ alte41W~es [196-1991. 

4.3.3 Solar PV 

'Lhe ECs most important role in PV is its provision 
of tied aid programs to developing coutltfies and 
fhanchg for demonstration projects and R&D 
programs. The amount of money spent is not as 
significant as the result: ensuring dissemination of 
technology and expertise among European PV 
-=, penetrating markets, and generating 
greater awareness and demand for PV within the 
EC itself as well as in the developing world 

'Ihe specific objectives for PV development under 
JOULEII are the same as every PV R&D program 
in the world: cost reduction through simultaneous 
improvement in cell efficiencies and the 
development of new ploduction pmesses. The 
following are the main R&D topics: 

1) CrystallineSilicon 
2) Amorphous Silicon and other Thin Film 

3) Fundamental Studies (materials) 
Devices 

4) Pilot systems @OS) 
a) Power Conditioning 
b) BatteryControl 
c) s u p p o r t s t n l ~  

JOULE II is also supporting research on rural 
apptications of PV, rural electrification being an 
especially important goal for the CEC in its efforts 
to rreate better mnomic and social balance within 
the community itself. 'Ihis effort has a particular 
focus on member states in the Meditemanean 
region. 

International activity in PV promotion by the EC 
has been primarily focused on Afiica The SpeciEc 
method of promotion is through tied-aid programs 
by European aid agencies and EC participation in 
internationill joint ventme projects. An example of 
the first method is the socalled "Sahel Project'* - a 
large program designed to promote PV-powe.red 
water-pumping systems in the "Sahel" region of 
M c a ,  which encompasses about nine developing 
countries. 'Ihe project was established in 1988 and 
is repoaedly financed 100 percent by the EC. As 

of 1991, Siemens Solar had won a $20 million 
contract to install and maintain approximately 1 
MW in PV water-pumping systems as part of this 
project [200]. An example of the second method 
of EC PV promotion is its participation in a PV 
joint ventme in Morocco, involving the European 
PV Industry Association, European governments 
and the government of Morocco, established in 
1991. 'Ihe Moroccan government had spent m m  
than $18 million on the project by the end of 1992, 
leading to the importation and installation of over 1 
MW of PV modules and system in the &st half 
of 1992 alone [all. 

In sum, EC PV promotion serves primarily to 
supplement the national efforts being made by its 
member states. Its value cannot be measured in 
terms of the total amount of money spent, but ,by 
the marginal added-value its programs provide to 
the overall effOa to develop and disseminate PV 
technologies through the integration of research 
efforts, exchange and dissemination of research 
results, the development of technical standards and 
the market -ties provided by overseas 
development projects and joint ventures. 
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CHAPTER 5: 
OPPORTUNITIES FOR COLLABORATIVE RESEARCH 

concerted focus by US renewable energy policy-makers on domestic market development has worked to L t future opportunities for US economic expansion overseas. Many of these overseas markets will 
dwarf US domestic opportunities over the long term. Adoption of a more global viewpoint in the renewable 
energy arena cwld produce substantial US economic benefits. In particular, future collaborative relationships 
with other nations could be chosen to enhance our overseas presence. Target strategies might be to encourage 
cooperative agreements which allow the US to: 1) increase participation in resource assessment studies (such 
studies help identi@ potential markets and establish working relationships with other Countries without 
j q g  US technological advantages); 2) increase overseas marketing efforts (involving joint ventures 
with receiving nations, particularly in developing countries) in both currently available and developmental 
technologies; 3) tap into the R&D expertise of other nations which have continued to pursue technology areas 
largely abandoned by the US either because of funding constraints or lack of a foaeseeable domestic market 
(because of the traditional US domestic focus, these two issues have tended to go hand-in-hand). The use of 
mperative agreements also provides valuable financial leverage for US participants vying to compete in a 
time of declining US R&D budgets. 

5.1 WIND 

For a technology like wind energy, which is 
rapidly moving into large-scale commercialization, 
established companies in the US and abroad are 
anxious to retain their existing proprietary 
advantages. This tends to discourage an open 
sharing of information in some leading-edge 
technical areas. The US would benefit by working 
to relieve the current technological disadvantage 
caused by an imbalance between the number of 
large wind turbine developers in the US (one) 
versus Europe (pernaps a dozen). This imbalance 
was caused by the economic shakeout of a 
domestic make€ which was first overly stimulated 
and then largely neglected for a number of years. 

'Ihe US could leverage its current leading position 
in operations management and siting (based on our 
significant domestic experience) to enter into 
collaborative overseas developments as technical 
consultants. This could provide opportunities to 
enter developing markets which are at present 
largely inaccessible to US manufacturen (for 
example, in India) because of the tied aid 
programs of many of our competitors (for example, 
Denmark). 

Current US leads in advanced blade development 
and variable speed machines"" are well worth 
protecting. Future wind energy markets will 
ultimately be determined by the economics of 
power generation, with technological and 
economic leadership being measured in cost per 
kilowatt hour. As a warning flag to US policy- 
makers, US excellence in efficient, lightweight 
turbines may be matched or even exceeded in the 
not too distant fum by the Europeans because of 
their substantial investment in technology 
improvement 

The CUITent US lead in vertical axis wind turbine 
( V A W  -0lOgY ap- largely 
inconsequential, as VAWT economics remain 
ambiguous relative to horizontal axis (HAW") 
designs. For this reawn, no advantages are seen to 
collaborations in VAWT technology. Besides 
resou~ce assessment, the US would benefit ffom 
international collaborative programs in turbulence 
effects, avian mortality, off-grid applications, 
public education, and the development of common 

114Although a number of European manufacturers 
offer variable speed machines, the US is thought to 
have the advantage in commercial viability at 
present. 
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standards. Such collaborations would beneEt all 
participants. 

5.2 SOLAR THERMAL 

When considering collaborative research options 
for solar the€mal technology, several factors need 
consi-on: 1) the economic window of 
m t y  for largescale electricity generation 
using solar thamal options may be relatively short 
lived, as solar photovoltaics could displace both 
solar thermal and wind as the renewable enetgy 
option of choice at many sites in the long tenn; 2) a 
worldwide trend toward decentrakation of 
electrical power generating capacity favors 
modular applications; 3) substantial market 
opportunities exist worldwide for less glamorous 
applications of solar thermal technology such as 
building heat, solar hot water, solar refiigeration, 
andwaterdesalination. 

'Ihe US could pursue a technical advantage in 
parabolic trough technology by becoming more 
involved with ongoing research in direct steam 
generation (in situ boiling technd~gy)"~. TIE 
technical complexity of in situ boiling has been a 
deterrent to further research in the a m ,  however, 
ongoing collaborative work involving Germany, 
Israel, and major industrial concans in several 
European countries promises to soon make 
possible the 10 to 15 percent reduction in 
operations and maintenance (O&M) expenditures 
envisioned by LUZ for a typical SEGS-type power 
generation plant. 

Direct steam generation, if it is perfected by these 
or other overseas competitors, could provide the 
margin by which the US loses out on many 
existing and emerging market opportunities for 
large-scale power generation in developing nations. 
This is because many of these opportunities are 
immediate, and trough technology is the only 
large-scale power generation option currently 

The positive and negative aspects of in situ 
boiling technology is one of the most actively 
debated topics encountered by the authors in the 
course of their research. For the most part, US 
experts do not see its merit. Many foreign 
researchers are strong supporters. The authors have 
sided with the foreign viewpoint in this case. 
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comm&ally available anywhm in the world It 
would be risky for the US to assume that the 
potential overseas market beneEts of direct steam 
generation in parabolic trough plants (lower 
operations and maintenance costs, elimination of 
the need for oil as the heat transfer fluid) would be 
OUtweighRd by its potential drawbacks (potential 
safety co-, technical complexity). Because of 
a largely unfavorable regulatory and investment 
climate in the US for renewable energy power 
generation, the domestic beneEts of US investment 
into in situ boiling technoogy would likely be 
small. The key to inmased US involvement is a 
judgement call based on the desire for more secure 
inroads into overseas markets. 

Collaborative research with fareign countries in 
parabolic trough evacuated tube technology is seen 
as having a potential negative impact on the current 
US position. Evacuated tube technology employed 
at some of the more advanced LUZ trough plants 
in southern California is now proprietary to the 
Belgian company Belgo Instruments (the parent 
company to Sole1 Solar Systems, Ltd. in Israel). 
This company would be unlikely to divulge its 
technology secrets in a collaborative ventme. 
Given US industry access to these plants for 
continuing operations and maintenance, this 
CoUnEfy is better positioned than our competitors 
(except Pernaps Israel) in the evacuated tube area, 
and should continue with existing domestic 
research partnershps. 

Improved absorption surface coatings for parabolic 
trough receivers is a promising area for 
collaboration. Current blackened chrome surfaces 
have economic and environmental drawbacks. 
Collaborative research opportunities may exist 
with India and Australia, where promising research 
developments in this area have been reported, and 
where US involvement might be leveraged into 
emerging solar thermal markets. 

Further leverage into the emerging Indian market 
could be accomplished in at least two other ways: 
1) place a US-developed disNStirling power 
generation system at an Indian research institute 
@emaps the Solar Energy Center, or SEC) for 
evaluation; 2) invite India to become a partner in 
ongoing US efforts to reduce the operating and 
maintenance costs of the LUZ SEGS plants in 
California Ethex of these options enhances US 
access to the Indian market with technology that 
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should be well suited to that country's needs. 
(Gemanyk DLR is currently being considered as a 
new pgl.tner in the SEGS plant operation as well). 
The National Thermal Power Corporation (NTPC) 
in India has said that if the US Solar Two central 
receiver project is s u m f u l ,  they would be 
interestedin establishing business agreements with 
US hiustry.' The ultimate goal would be 
construction of a large central receiver in India, as 
well as technology transfer. Given the author's 
conchsions for the future of central receiver 
techuology, particularly in the harsh Indian 
environment., this possibility seems somewhat 
unlikely. 

Motivated by short-term profit needs, the US I%III 
Cummins Power Generation, Inc. has proposed 
sending one of its dish/Stirling systems to the DLR 
in Gemany for evaluation. 'Ihere is a tangible risk 
(which Cummins is both aware of and concerned 
about) that the Germans could use this opportunity 
to negate the current US lead in free-piston Stirling 
engine technology. It is the opinion of many US 
expeas that collaborative efforts with the Germans 
m& often work against the US. The Germans 
almost always receive more infixmation than they 
divulge. The Cummins plan is fairly symptomatic 
of the difficulty US industry has in sustaining long- 
term research and development programs. 

Japan has expressed a desire to cooperate with 
other nations on systems technology R&D for 
large scale utilization of solar technology, an area 
where the US (and to some extent Germany) has a 
distinct advantage. The US could consider 
partnering with Japan in one or m m  large scale 
solar thermal developments in Southeast Asia, 
where Japan sees a tremendous opportunity to lead 
the region with green technologies. Now is an 
opportune time for the US to establish a 
commercial foothold in the Asian solar thermal 
market, before Japanese efforts to cooperate with 
other area nations progress beyond the planning 
stages. 

5.3 SOLARPV 

Solar photovoltaic technology is considered to be 
near to market-ready in many parts of the world, 
and the degree of international competition in this 
technology sector is expected to become intense in 
the near to medium term. Further developments in 

many near-market PV technologies are therefore 
considered to be propriehry by the developing 
arganizations, which are consequently not inclined 
to pdcipate in international collaborative efforts. 

However, collaborative efforts may be welcome in 
sectors of the technology that are furthest b m  
being intmduced to the market, most expensive, 
and most timecoIlfllming to develop alone. 
Examples of these are: 1) advanced materials 
development such as multicrystalline thin film 

indium diselenide and cadmium telluride; 2) 
balance of system @OS) components; and, 3) 
large-scale demonstration projects. 

semicondum like gallium arsenide, copper 

Two countries that are potentially most amenable 
to participating in such collaborative efforts. at 
present are Japan and Italy. Italy's "New Energy 
Plan" (PEN) calls for an ambitious expansion of 
the domestic application of renewable energy in 
order to aid in improving the countryk energy 
security situation by reducing its reliance on 
foreign energy imports. As one aspect in achieving 
this goal, the Italian government has established a 
vigorous program of PV demonstration projects 
throughout the country, and has openly positioned 
its research facilities for collaborative research 
effm with its fellow EC members and other 
interested international partners. The Italians are 
behind the US in materials R&D, but offer an 
aUractive venue far developing and testing BOS 
technologies and establishing demonstration 
projects. 

A note of caution is required, however. "he 
political turmoil currently taking place in Italy has 
had negative effects on science and technology 
programs in the form of budget cuts and a 
decreased propensity for private companies to 
become involved in joint ventures with public 
enterprises, for fear of being implicated in the rash 
of bribery and influence peddling scandals racking 
the Italian government. This situation has 
unavoidably placed limits on some of the 
immediate goals of the Italian energy plan, and has 
led to some uncertainty about the viability of some 
of the programs begun under the PEN. As a result, 
collaborative R&D efforts in Italy will likely be 
limited until relative stability returns to the public 
sector. 
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Because of Japan's strong competitive position in 

technology (the exception being concentrators), 
potential collaboration will most likely be in the 
form of basic research in areas of the technology 
that are furthest from the markelplace (such as 
"solar hydrogen"). Japan's New Sunshine Project 

collaborative efforts in these types of long-term 
areas of renewable energy technology, 
enyironmental technology, and projects in 

Collaburation Program on Large Pmjects" and the 
"Co-operative R&D Program on Appropriate 
Technology" (both were p v i m l y  described in 
Section 3.6.1) both offer considerable promise for 

collaboration is being touted by the Japanese as the 
appropriate response by industrialized wuntries to 
theenvi#nmental and developmental threats posed 
by the rapidly growing economies of Southeast 
Asia 

nearly a l l  segments of photovoltaic energy 

(NSP) has specifimy targeted funding for 

developing countries. The "International 

joint research opportunities. International 

International collaborative efforts that are least 

manufadming technologies and techniques. This 
is one of the most important components in PVs 
short term market success, and is therefm the 
most propxietary aspect of the technology. 
Collaboration at this stage is primarily conducted 
on a national or, in the case of the EC, a 

likely to be established anywhere are in the area of 

community-wide basis only. 
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APPENDIX A: 
TECHNOLOGY DESCRIPTIONS 

's Appendix is meant to provide the reader with a conceptual understanding of the three renewable T" energy technologies of primary interest in this study. 'Ihese are: wind; solar thermal; and, solar 
photovoltaics (PV). 

A.l WIND ENERGY TECHNOLOGY 

Wind energy technology cau be traced to the time 
of the ancient Egyptians. The earliest known 
windmills, which looked something like paddle 
wheels, were used in Persia. Early windmill 
concepts were improved in Holland with such 
innovations as propellor-type blades and the ability 
tofacethewindmillintothewind. Allofthese 
early wind machines used the concept of drug to 
convert the wind's kinetic energy into mechanical 
energy useful for many tasks such as grinding grain 
or pumping water.' Modern wind machines, often 
called wind energy conversion systems (WECS), 
operate on the principle of lzji to produce 
electricity. In these machines, the velocity of the 
blades exceeds that of the wind [l]. Modern 
machines are categorized according to the 
orientation of their rotor axis. Rotation in a 
horizontal a.6,Y machine is about a line which is 
parallel to the ground and oriented into the wind 
Tzheir blades resemble airplane propellers. Vem'cd 

machines rotate about a line perpendicular to 
the ground [2]. ?he fixed curved blade designs of 
many of these machines make them reminiscent of 
giant eggbeaters, a c o n q t  first patented by the 
Frenchman J.G.S. Darrieus in the 1920s [3Ib. 

From "Wind Energy," Energy Fact Sheet, 
American Wind Energy Association. 

Darrieus-type machines have been tested in, for 
example, the US, UK, Canada, Japan, and Australia. 
Their peak efficiencies are comparable to typical 
horizontal axis machines, but adjustable blades on 
some horizontal axis machines have been used to 
improve their efficiency over a higher range of wind 
speeds. New vertical axis machine concepts are 
addressing this problem. Australian researchers 
claim that their Darrieus-type machine can 
outperform horizontal axis machines in power 

Vextical axis machines with straight blades are also 
under development [l]. A third vertical axis 
turbine concept was invented by a Swede named 
Savonius. It uses both lift and drag principles; the 
drag starts the machine in motion by using cups or 
vanes to trap the wind. A combined 
SavoniudDarrieus concept was studied at onetime, 
but was abandoned because of the very large size 
required for the Savonius vanesc. A1 styles of 
modem WECS have the same major components: 
the rotor blade, hub, power shaft, gear box, 
generator, and tower [2]. 

Schematic diagrams of a typical horizontal axis 
wind turbine (HAW and Darrieus style vertical 
axis wind turbine (VAWT) are shown in Figure 
kl. Both upwind and downwind HAWT 
operational conlimons are shown. Most 
modern HAWS operate upwind to avoid 
shadowing of the blade by the tower, which can 
generate objectionable noise levels and increase 
blade stress. An advantage of the VAWTis that its 
gearbox and generator are located at ground level, 
which simplifies routine maintenance. Howevep, 
VAWs are typically heavier than HAWS, which 
puts them at somewhat of a capital cost 
disadvantage. This is because VAWTs quire 
blades which are long enough to span the entire 
swept area of the machine. The economics of 

production. The Australians have added adjustable 
flaps to the trailing edge of the rotor to modify 
airflow and performance, improving performance 
especially in light breezes [4]. The validity of the 
Australian claim has not been verified. 

Information taken from "Vertical Axis Wind 
Turbines: The History of the DOE Program," a joint 
publication of the US Department of Energy, Sandia 
National Laboratories, and the American Wind 
Energy Association. 
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increasing the height of either a HAW" or a 
VAWT are comparable (in contradiction to the 
commonly held misconception that VAWs 
cannot easily take advantage of the higher wind 
speeds and lower turbulence which typically occur 
well above the ground surface). VAWs are 
supported by guy wires fixed to the top of the rotor 
tower (not shown). . 

Honzontal-Axis Wind Turbine 
( H A W  

Rotor diameter 

Vertical-Axis Wind Turbine 
W A W  

Figure A.l Schematic representation of 
typical wind turbine configurations. Source: 
Alfred J. Cavallo, et al., "Wind Energy: 
Technology and Economics" in Renewable 
Energy Sources for Fuels and Electricity, ed. 
Thomas B. Johansson, et al., (Washington, 
D.C.: Island Press, 1993), 134. 

88 

A.2 SOLAR THERMAL 
TECHNOLOGY 

Four primary areas of solar thermal technology 
are described: parabolic trough systems; 
parabolic dish systems; central receiver systems; 
and, non-concentrating collector technologies. 

A.2.1 Parabolic Trough Systems 

'Ihese systems consist of one or more trough 
shaped collectors lined with a highly reflective 
material that concentrates sunlight onto a linear 
receiver tube positioned along the focal line of the 
trough. A schematic diagram of a parabolic trough 
is shown in Figure A.2. Fluid within the receiver 
(which may be water or an organic fluid such as a 
special oil with a low vapor pressure at operating 
temperatme) is heated by the radiant energy, and is 
then transported to the point of use by a well- 
insulated piping network A complete parabolic 
trough system consists of five subsystems: the 
collector (umcentrator) with its suppat and drive 
system; the receivw, thermal tranqmt (the fluid 
within the receiver); a contml system; and, thermal 
storage. "he Wgh normally rotates about only a 
single axis to track the sun. This concept performs 
well and is cost-effective in the mid-temperature 
range (lOO°C - 350°C, or 212°F - 662°F). 'zhe 
main advantage of trough systems for electricity 
generation is that they are commercially available 
today. "hey also share the advantage of 
modularity possessed by parabolic dish systems. 

Figure A.2 Schematic representation of a 
parabolic trough. Source: Pascal de Laquil 
111, et al., "Solar-Thermal Electric 
Technology," in Renewable Energy Sources 
for Fuels and Electricity, ed. Thomas B. 
Johansson, et al., (Washington, D.C.: Island 
Press, 1993), 218. 



Applications include industrial process heat, the 
production of mechanical or electrical energy such 
as for irrigation pumping, steam generation for 
enhanced oil recovery, and "total energy" 
production or cogeneration (Le., the pvision for 

Troughtechnologyisbeingusedtoproducecertain 
chemical components for pharmaceuticals, 
herbicides, and liagmcm using solar- 
photwkmical processes. Solar detoxification of 
water, to oxidize organics in solution or Temove 
heavy metals from water, and solar detoxification 
in a gaseous phase, to oxidize volatile organics, 
both started out as trough technologies. It has 
since been realized that these processes are more 
efficient at lower light intensities than are pvided 
with trough collecfors. Trough technology is also 
used in certain water desalination processes, such 
as multistage flash distillation (refer to Section 
k2.4). 

both electrical and direct heating processes). 

A.2.2 Parabolic Dish Systems 

The main component of these systems is a 
parabolic concentrator mirror that focuses sunlight 
at a focal point in &ont of the dish. A schematic 
diagram of a parabolic dish is shown in Figure A.3. 
Parabolic dish systems can be used for electricity 
generation (using dishlstirling, disNsteam, or 
dishlBrayton technology), high tern- solar 
detoxification, or materials processing (using solar 
furnace technology). The three major types of 
concentrators which have been developed for 
parabolic dish systems, in ascending order of 
sophistication, are glass$acet, full-suiface 
parabobid, and stretched-membrane. Stretched- 
membrane c o n c e n m ,  which consist of a thin 
reflective membrane stretched on a hoop, evolved 
as a continuing effort to reduce the cost of large 
concentrators. Whereas the SigniEcant designs for 
glass-facet and full-surface paraboloid 
concentrators came fium the US, Germany and the 
US share the lead position in stretched-membrane 
technology. The US is most actively pursuing the 
multi-facet stretched-membrane concept. Japan 
has obtained access to the technology via 
concentrator purchases fium US lirms [5]. 

In dish systems used for electricity generation, a 
computerantrolled concentrator focuses sunlight 
onto a receiver located at the dish focal point. 
Circulating fluid in the receiver absorbs the radiant 

energy. In a distributed system, the fluid 
(generally steam or steam-water) transports the 
energy &om the receiver of each of a series of 
dishes to a central location, where it is used to 
generate steam and drive a turbine, ar to heat 
water. A heat engine, such as a Rankine cycle, 
steam, OT Stirling engine, may alternatively be 
integrated into the receiver to generate electricity 
directly at each dish. Each concen- mirror is 
controlled with a two-axis drive mechanism. The 
circulating fluid can be heated to over 2u)o"C 
(4OOO"F), however, temperatms of only 427°C 
(800°F) to 815°C (1500°F) are required for 

tempemhues of 800°C (1470°F) are common. 
Ongoing research may lead to working 
tern- as high as 5000°C (9030°F). 

efficient electricity genetation. working 

Receiver or 

reflective 
surface 

Figure A 3  Schematic representation of a 
parabolic dish. Source: Pascal de Laquil III, 
et al., "Solar-Thermal Electric Technology" in 
Renewable Energy Sources for Fuels and 
Electricity, ed. Thomas B. Johansson, et al., 
(Washington, D.C.: Island Press, 1993), 218. 

A.2.2.1 Dish/Stir/ing Systems 

DisNStirling systems combine a concentrator with 
a receiver and a Stirling engine. The receiver is the 

concentrated solar flux and converts it to thermal 
energy. ?his energy heats the working gas of the 
Stirling engine. The two basic types of 
disNStirling receivers are "directly illuminated" 
heater-rube, and r @ u .  Most early disWStirling 
systems, and some current ones, use the diredly 
illuminated receiver type, where an array of small 
heate€ tubes form the absorber surface. These 
receivefs require highly accurate c o n c e n m  
which produce a reasonably uniform incident solar 
flux. Unfortunately, state-of-the-art stretched- 

concentratodengine interface. It absorbs 
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membrane COIlCentratOrS have precise focusing as a 
major technical challenge. Reflux receivers have 
numerous technical advantages over directly 
illumimted receivers. In these receivers, a heat 
transfer fluid (usually liquid metal) vaporizes on 
the receiver absorbel. surface, and then condenses 
on the Stirling engine heater tubes. This allows 
h e a t t r a n s f e r a t a l m o s t ' ~ t m ~ .  The 
condensed liquid returns via gravity to the receiver 
surface. The receiver surface is kept we#ed either 
by immersion in a liquid pool (a pmZ-boikr 
receiver), or with a wick which draws the liquid 
metal iiom asmall sump up to the absorber surface 
(a heatpipe receiver). Of the pool-boiler and heat 
pipe types, the heat pipe reflux receiver is safer 
because it uses a smaller amount of liquid metal 
heat transfer fluid. However, the heat pipe receiver 
is also subject to increased numbers of thermal 
stress cycles and greater variation in output power 
151. 

Stirling cycle engines are high tern- 
externally heated engines with an alternatively 
heated and oooled hydrogen or helium working 
gas. For diNStirling systems, an altematm or 
generator is connected to the engine. The two 
types of Stirling engines are ki.nemutic (which are 
used with commercially available altennators) and 
free piston (which require a special alternator 
incoEporated within the engine itself). The 
kinematic Stirling engine is similar in many ways 
to an automobile engine, in that it has cranks, 
pistons, and oil lubrication. A free piston Stirling 
engine has no cranks or oil lubrication, and the 
pistons are five to move. A fke piston engine is 
more like a nAiigerator compressor than an 
automobile engine. Most Stirling engines 
developed to date are of the kinematic typed, but in 
an effort to reduce sealing and wear problems 
associated with kinematic engines, several 
companies worldwide are working to develop fke 
piston enginese. Of the kinematic and hx piston 
concepts, many technical expeas favor the fke 
piston concept for control of longtenn markets, 
primarily because of its mechanical simplicity. 

* Notable kinematic Stirling engines have been 
developed by Sweden, Japan, and the US. India is 
also working to develop a kinematic Stirling engine. 

e The US has developed the only commercially 
available free piston Stirling engine. 

A.2.2.2 DisWsteam Systems 

DiNsteam systems are far less efficient than 
disNStirling systems, but they have been perceived 
by some to be simpler, cheaper, and more easily 
maintained. 'Ihese supposed advantages have been 
used by some to advocate the suitability of 

is a false argument. Far less expensive means of 
steam genemion are almdy well established 

d i s h / m  systems for remote applicationsf. This 

A.2.2.3 Dish/Brayton Sysiems 

Dish/Brayton systems combine a concentfator with 
a receiver and a Brayton engine. Brayton engines 
have existed since the 18OOs, and are basically gas 
turbines. Compressed hot air is blown over the 
engine turbine blades, making them spin. Some 
technologists favor the spinning Brayton motion to 
the reciprocating action of a Stirling engine. 
Because of their long history and their current 
mass-production, Brayton engines should 
t h m c a l l y  exhibit g m k r  reliability and lower 
maintenance costs than Stirling engines. They are 
also less massive. However, Stirling engines  at^ 
theoretcally more efficient than Brayton engind. 
The most advand Brayton engines incorporate 
ceramics instead of metals. 'Ihis allows operation 
at much higher tempemtms. 

The Australians are developing a disWsteam 
system. 

' US research has focused primarily on Stirling 
engines because of their efficiency, with only 
secondary regard to relative engine costs. Israel is 
currently a leader in Brayton technology, because 
they have an excellent solar receiver for a Brayton 
engine. An extremely massive volumetric receiver 
developed by Germany's DLR for disM3rayton 
systems is being incorporated into a metal Brayton 
engine developed by the US, by way of a 
cooperative agreement involving the German 
government and the US DOE. Current plans are to 
test the Israeli volumetric receiver for comparison to 
the DLR receiver. 
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A.2.2.4 High Temperature Solar 
Detoxification 

These processes use a tracking parabolic dish to 

thermal/catalytic steam reforming chemistry inside 
aninsulated reactor vessel at the dish focus. In a 
photolytic process, the ultraviolet (W) portion of 
the solar spectrum is abscxbed directly by organic 
molecules at high temperatms. 'Ihe absorbed 
energy is used to breakchemical bonds and oxidize 
the waste, converting it to carbon dioxide, water, 
and halogen acids which are easily neutralized to 
simple salts. In a steam reforming process, the 
sunlight is absorbed by a catalyst which reacts with 
steam to convert the organics to products similar to 
those in a photolytic process, plus significant 
amounts of hydrogen and carbon monoxide. These 

clean contaminated soils using eitherphotozytic or 

pIuxwes can be used to destroy dioxins and/or 
industrial solventsb. 

A.2.2.5 Dish Systems for Materials 
Processing 

A solar furnace is an instrument to get high 
temperatures by concentrating solar radiation onto 
a specimen. This allows advanced materials 
processing to be performed in an environmentally 
benign manner, without many of the energy 
generation and transmission losses which can 
Contribute significantly to Operating costs for some 
other applications requiring fossil fuels [6]. Solar 
fumaces can be of the direct-incidence type, in 
which the parabolic coflcentratoT is directed toward 
and tracks the sun, or the heliostat type, in which 
solar radiation is directed into a fixed ConcentratOT 
by means of a turnable mirror or heliostat 
Materials processing occurs at the concentrator 
focus. A heliostat type furnace with ho@ontal 
optical axis is widely used for large furnaces: 

Information taken from a brochure "Solar Detox: 
Recent Research in Solar-Powered Pollution 
Cleanup," SAND91-2832/6216/10, Sandia 
National Laboratories. 

Early development of solar furnace concepts 
occurred in Germany and then France, followed by 
Algeria, the US, and Japan. Powerful furnaces 
currently are in operation in the US, France, Israel, 
and the former Soviet Union [6]. 

A.2.3 Central Receiver Systems 

'Ihis technology is charactedlzed by a field of sun- 
tracking mirnxs (heliostats) which reflect sunlight 
onto a receiver located on a towex, heating a fluid 
that circulates within the receiver. A schematic 
diagram of a central receiver is shown in Figure 
A.4. Working fluids may be watedsteam, gases, 
molten salts, liquid metals (e.g., sodium), or solid 
particles (e.g., spherical bauxite). The five main 
components of a complete system are: heliostats; 
receiver; heat transport and exchange system (i.e., 
the fluid); thermal storage; and, the control system. 
Individual heliostats trackthe sun automatidy in 
two axes, renecting radiant energy onto the 
receiver. This concept is now being used 

temperatum roughly around 650°C (1200°F) 
using several hundred heliostats. Operating 
temperatum of 1500°C (2730°F) or higher may be 
achieved in larger systems during the 1990s. 
Applications of central receiver technology include 
turbine operation to produce electric power, 
process heat in industrial applications, or 
production of fuels and chemicals'. The main 
advantages of central receivers are: the ability to 
collect energy at both high tern- and low 
cost; an& because of their advand  thermal 
storage systems, the ability to produce electricity 
during short mads of cloudiness, or at night. 

commdally to collect the€mal energy at 

?he most promising receiver concepts at present 
are molren salt-in-tube (SIT), molten-salt film 
(called "direct-ubsorption " receiver, or DAR), and 
v o 1 m ~ a . r .  'Ihese are all in the class of 

j Only three central receiver power plants, and two 
central receiver test facilities, are in operation in the 
world today. The power plants are SSPS and CESA- 
1 (both at Almeria, Spain), and Solar One (Barstow, 
California, USA). The test facilities are at SNL 
(Albuquerque, NM, USA) and the Weizmann 
Institute (Israel). Solar One is due for a significant 
upgrade to Solar Two in the near future. The 
Russians are said to be interested in upgrading and 
restarting their SES-5 central receiver. In addition, 
a consortium of European and US companies and 
organizations have formed a joint venture named 
PHOEBUS, to design and build a 30 M W  
volumetric-air central receiver plant, preferably in 
Jordan. 
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"second-gmemion" receiver technology, and are 
sums(#s to less sophisticated warer/ssteam 
receives, which represent %st-genexation" 
techuology. only water/steam and Srr receivers 
are c o n s i m  well enough developed and 
demonstrated to be "available" today. 'Ihe DAR 
concept is in its infancy. Testing of the 
volumetric-air concept'is ongoing. In an SIT 
receiver, salt flows thrwgh a series of narrow but 
long thin-walled stainless-steel tubes mounted on 
the &vex. 'Ihe exteriors of the tubes are painted 
black to enhance solar energy absoxptance. In a 
DAR nxeivex, no tubes are present. hstead, 
blackened salt absorbs solar energy directly as it 
flows in a thin film down flat, nearly vertical 

consists of layers of *-mesh material which is 
penetrated by sunlight 'Ihe volume within the 
receiver becomes heated. Air ducts connect the 
receiver to additional equipment (including a large 
Brayton engine) on the ground [7]. 

stainless steel panels. A VOlumetriC-air receiver 

r Heliostats 
T&er 

Figure A.4 Schematic representation of a 
central receiver. Source: Pascal de Laquil 
III, et al., "Solar-Thermal Electric 
Technology" in Renewable Energy Sources 
for Fuels and Electricity, ed. Thomas E. 
Johansson, et al., (Washington, D.C.: Island 
Press, 1993), 218. 

A.2.4 Non-Concentrating Collector 
Technologies 

Parabolic mughs, parabolic dishes, and central 
receivers all concentrate incident radiant energy to 
a single point or line. 'Ihere are several solar 
thermal technologies in which this is not done. 
Solar detonwation of water is most efficiently 
performed at low light intensity (i.e., using non- 
concentrating collectors), because the titanium 
dioxide catalyst used is more effective under such 
conditions. Solar detoxwation in a gaseous 

phase is more efficient when nonancentrating 
(low-intensity) collectors such a solar ponds or 
one-sun reactors (such as flat plates or pipes laid 
on the ground) are used, because these collector 
types capture a portion of available &me 
ultraviolet light. ~n solar detmitication of water, 
the catalyst absoIbs ultraviolet photons, thus 
becoming activated in the waste stream. very 
reactive oxidizers are formed which attack the 
organic molecules. The resultant products are 
carbon dioxide, water, and perhaps easily 
neu- simple mineral acidsh. LOW 
temperatme detmiiication can be accomplished 
using W lamps instead of solar energy, and based 
on interviews with several experts, it appears that 
favorable economies of energy conversion may not 
exist for current or farseeable solar collectur 
systems when utilized in this way. Some 
researchers maintain that shallow ponds represent 
an economical option for the industrial treatment of 
wastewater. Overall, however, future mar& 
potential for low temperatme solar detoxification is 
considered small. 

Water desdhation can be accomplished using 
simple &tillation. A typical solar still design 
includes an insulated, darkcolored basin which is 
filled with saline or brackish water to a depth of six 
to 12 inches. A liner bed is covered with sloping, 
transparent glazing made of glass or clear plastic. 
The water is evaporated with solar thermal energy, 
condensed onto the transparent glazing, and then 
drained into a collection trough. The nonvolatile 
salts remain in the residual brine. l'he majority of 
solar stills were CoIlStNcted in the 1960s or early 
197Os, and very little development work has been 
done since. Such systems are thought to be 
uneconomical for large comm&al applications, 
particularly if their performance is not enhanced 
using auxiliary heat, chemical dye additives, or 
successive stage operation Desalination by 
multistagemh distillation (MSF), although more 
commonly accomplished using trough technology, 
has been powered by a large solar pond. In the 
MSF process, salt water under p s u r e  and 

' Roughly 50 percent of UV light is diffuse. Since 
only a very small amount of the total solar spectrum 
energy (say, two to three percent) falls in the W 
range utilized for solar detoxification, it is vital to 
capture as much of this energy as possible. 
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elevated temperature is "flashed" in a series of 
multistage chambers at progressively lower 
pressures and temperalms, again causing 
sepamtion of the nonvolatile salts. A major 
drawback of this concept is scaling and corrosion 
in MSF plants! 

A.3 SOLAR PHOTOVOLTAIC 
TECHNOLOGY 

The discussion on solar photovoltaic (PV) 
technology is broken into the following areas: 
the PV effect; the photovoltaic cell; the PV 
system; and, semiconductor (SC) materials. 

A.3.1 The PV Effect 

photovoltaic electricity is produced by the 
photovoltaic fleet. The PV Effect occurs when 
photons strike a semiconductive material with an 
amount of energy sufficient to dislodge electrons 
fi.om their orbits around the atomic nuclei of the 
material. 'Ihis produces l ite electcons (with a 
negative charge), as well as positively charged 
holes (the space the electrons once held in the 
atomic strudue). The attraction and movement of 
iixe electrons to the holes creates the means for an 
electric charge. 

A.3.2 The Photovoltaic Cell 

The basic PV cell is made up of two layers of a 
semiconcluctive material, one that has a net positive 
charge @type) and is placed on the bottom of the 
cell, and one that has a net negative charge (n-type) 
and is placed on the top of the cell. 'Ihese two 
oppositely-charged layers form an electric field 
which acts to drive positive and negative charges in 
opposite directions. When sunlight strikes these 
materials, freeing electrons and creating holes, the 

' All references to water desalination in this 
Appendix are taken from a paper by David L. Block 
and Ingrid I. Melody of the Florida Solar Energy 
Center, titled "Assessment of Solar Desalination 
Processes," (complete citation unknown). 

diffemtly charged particles are both a#racted and 
repelled by the electric field to opposite sides of the 
cell. 
across the field to the ptype layer, while the 
negatively charged electrons are driven to the n- 
type layer. On the top and bottom of the cell are 
conductive electrical contacts. The flow of 
electrons to the top layer is tapped by the contact 

directs these electrons to the bottom contact and 
the ptype layer, where the eledmns recombine 

electrons creates a ament that is tapped as 
electricity. A schematic diagram of a PV cell is 
shown in Figure AS. 

The positively charged holes are driven 

and conducted through an outside circuit that 

with the holes and repeat the process. 'Ihis flow of 

A.3.3 The PV System 

A PV System is comprised of a number of cells 
connected together to compose a module, which 
arethenputtogethextoformanarray. Importmtly, 
the number of cells in a module and the number of 
modules in an array are not related to an economy 
of scale in any way. 'Ihe effect of adding m m  
celldmodules to an array is linear, inmasing 
electrical output by a proportion directly equal to 
the increase in celldmodules. 

There are two different types of arrays: 1) Flat 
Plate Arrays, which are large, flat arrays of PV 
modules able to convert direct as well as diffuse 
sunlight; 2) Concentrator Arrays, which are a 
conglomeration of lenses which magnify direct 
sunlight onto individual PV cells. Each of these 
arrays requires a support structure as well. Flat 
plate array s t r u w  can be: 1) fixed (non- 
moving); 2) placed on a single axis (to follow the 

placed on a double axis (to allow for seasonal 
changes in the angle of sunlight onto the array, as 
well as follow daily progress of the sun). Because 
they only operate using direct sunlight, 
concentrator arrays m t  be supported by double 
axis support structures in order to e m  that the 
sun is always perpendicular to the lenses. 

progress  of the sun throughout the day); or, 3) 

Additional components comprising a PV system 
(called Balance of System) vary according to the 
specific application (i.e., small-scale Emote for 
road signs and water irrigation systems, for 
example, and residential, or utility-scale). The 
variance in systems relates to the requirements for 
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electricity conditioning, transmission, and/or 
stixage. For example, utility-scale PV electricity 
generation requim: 1) electricity converters, i.e., 
equipment required to recondition PV-generated 
electricity, which is direct cunent (DC), to grid 
electricity, which is altmaiing current (AC); 2) 
storage technology for PV downtime (i.e., on 
cloudy days, or at night). 

A.3.4 Semiconductor (SC) Materials 

Variaucein the atomic and molecular s t r u m  of 
ciif€&ent semicondllctive materials relates to three 
specific c%ractm 'stics by which they are judged 

Effect. First, each requires a different level of 
photon energy to dislodge electrons ftom their 
atomic orbits with enough force to propel them 
I~CTOSS the electrical field of the cell. 'Ihis means 

the light spedrum, some requiring a high energy 
level to dislodge elecmns, some a lower level. 
'Ihese energy levels are called the band-gap 
energies. The band-gap level indicates at which 
point the SC begins to release electrons when 
struck by photons. Light of lesser band-gap energy 
passes through the SC, creating heat. Light of 
gmter band-gap energy is absorbed, but also 
creates heatm. Thus, a material with a low band- 
gap energy is L v e  to a wida range of the 
sunlight spectrum than a material with higher 
band-gap energy. 'Ihis means that as sunlight hits 
a low band-gap material, a greater number of 
electrons are freed (relative to a high band-gap 
material), creating a larger ament. However, there 
is a tradeoff. Because the band-gap energy is low, 
the force of these electrons (voltage) is low as well. 
The total energy output of a PV cell is calculated 
by multiplying the voltage by the current. The 
decision as to which semiconductive material is 
best to use is a function of this tradeoff. 

with regard to their ability to conduct the PV 

thatcertainmaterials reacttospecificportionsof 

'Ihe second important aspect concerning the 
structure of SC materials relates to the band-gap 
level as well, but is associated with the @cimcy 
with which certain materials absorb light, rather 
than the type of light they can absorb. 'zhere are 

Materials used in PV cells have band-gaps of 1-1.8 
electron volts (eV). 

essentially two categories of SCs in this regard: 
direct band-gap and indirect band-gap. Direct 
band-gap SCs e l y  accept photons of sufficient 
energy, and thmfm absorb light efficiently 
(qjk-mrly means that a substantial Proporton of 

promote the PV effect). Indirect band-gap SCs do 
not accept photons so easily, requiring a "thennal 
vibration'* or '*phonon** within the structure to 
direct the photons toward the electrons. Thus, 
indirect band-gap SCs are not as absorbative. 

photons Striking the sc collide with electrons to 

An important aspect of absorptivity is its indirect 
relationship with regard to the m u n r  of SC 
material required to create an efficient PV cell. 
Cells made with highly absorbative materials 
require relatively less material to absorb the same 
amount of light as a less absorbative material. This 
becomes important in the ecoMlmics of cell 
manufaclming. 

W a y ,  the material structm is directly related to 
the condllction of electrons once they have been 
released ftom their orbits. Crystalline materials 
have very orderly structum, being CoflStNcted of a 
fhed amngement of atoms called a crystal lattice. 
Ekctrons conducted through crystalline material 
lose very little energy as a result of breaks and/or 
impediments (impurities) in the structure. 
- fa ,  crystalline materials prove to be the 
most efficient semiconductors. 

?he conversion efficiency (the proportion of 
sunlight energy transformed into electrical energy) 
of the PV cell is directly related to all of these 
dmaderistics. For example, a material can be 
highly conductive, yet have an indirect band-gap, 
therefore reducing the amount of light that is 
absorbed, and thus decreasing the efficiency in 
which sunlight is pwcessed into elemicity. PV 
cells are primarily rated according to conversion 
efficiency. Thus, it is important to understand the 
tradeoffs involved in deciding upon the appropriate 
SC material. Following are some examples of the 
SC materials used today: 

SinFIe Crvstal S ilicon CSCS) - Single crystalline structure - very efficient 
conductor. - Low band-gap (1.1 eV) - high currentflow 
voltage conductor. 

- Indioxt band-gap - low absorptivity. 
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Some light 
bounces 
off surface 
of cell 

Some light 
penetrates 
cell and 
bounces 
off bottMn 

. \ +  I 

"p" layer 

Figure A S  Schematic representation of a typical photovoltaic cell. Source: Michael Brower, Cool 
Energy: Renewable Solutions to Environmental Problems, (Cambridge, M A  The MJT Press, 1992), 57. 

MUlticrVStal line Silicon 

efficient conductor. 
H ~ s  similar band-gap CharacteriSticS aS 
scs. 

- Imperfect crystauine! structure - less 

- 

Ammhous s ilicon (a-Si) 

inefficient conductor. 

current/high voltage. 

- Non-crystalline structure - relatively 

- High band-gap (1.75 ev) - low 

- Direct band-gap - VW high absarptiVity 
(99%). 

Cadmium Telluride ~CdTe) 
- Non-crystalline structure. - relatively 

- Medium band-gap (1.44 ev) - ideal 
inefficient conductor 

tradeoff of currentkoltage. 
- Direct band-gap - high absorptivity. 

Gallium Arsenide (GaAs) 
- Djrect bkd-gap I high absorptivity; (40 - 
times that of SCS). 

- 
Indium Diselenide (CIS) 

- Non-crystalline structure. - relatively 
inefficient mnductm 

- Low band-gap (1.0 ev). - high amenflow 
voltage conductor 

Single crystalline structure - efficient 
cxm&ctor 
Medium band-gap (1.43) - ideal tradeoff 
of cunent/voltage 
Direct band-gap - vw high absorptivity. 
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APPENDIX B: 
FUNDING PROFILES 

putpose of this Appendix is to provide historical funding estimates for the study Countries (with the T" exception of Russia) for renewable energy in several technology areas (solar PV, solar thermal, and wind, 
as well as geothermal, ocean, and biomass). These estimates are presented in Tables B.2 through B.15. 
Included in the tables is information about the Gross Domestic product (GDP) of each country, as well as the 
amount of total "New Energy" spending for the years 1990-1993. A pair of tables is presented for each 
counlry. The even-numbered tables give funding level estimates for each technology, along with statistics that 
show each spending level as a percentage of both total "New Energy" spending, as well as a percentage of 
GDP. 'Ihe odd-numbered tables desaibe the data sources (often multiple and contradictory) used to derive the 
figures shown in the even-numbex& tables. Funding information for the European Community (EC) is not 
presented in this Appendix. One information gap identified during the coulse of this study is that the EC does 
not normally publish funding information broken down by individual technology a m .  

B.l DATA INTERPRETATION 

Intqmtation of the information in the tables will 
be aided by the following comments: 

1. 

2. 

3. 

4. 

5. 

International Energy Agency (EA) data is 
considered generally unreliable. 
Therefore, preference is normally given to 
alternative sources. 

1993 currency conversion rates have been 
used on 1990-1992 source data only when 
conversion rates for a particular year were 
unavailable. When available, currency 
conversion rates for the approlniate year of 
the data were used (available rates are 
given in Table B. 1). 

IEA 1992 Review [l] does not contain 
1991 funding information for individual 
technologies. 

Where multiple sources were available, 
sources in italics (Tables B.3, B.5, B.7, 
B.9, B.11, B.13, B.15) were chosen, 
Often, the chosen source was the most 
recent non-IEA source. 

For identification of trends, and for 
performng comparisons between 
countries, expenditures as a percent of 
GDP are more reliable than expenditures 

as a percent of total New Energy spending, 
because the definition of New Energy 
varies fium country to country and source 
to source, often in an unknown way. 

6. Government funding estimated here is not 
the totuZ spending for each technology in a 
country - for example, anticipated funding 
by Italy's ENEL (now a private company) 
on geothermal energy electricity 
generation is expected to reach $2.44 
billion during the 1990s. If averaged over 
the decade, yearly ENEL expenditures of 
$244 million would exceed the estimated 
funding provided for geothermal energy 
by my government by a factor in excess of 
six for any year 1990-1993. Therefore, the 
figures in the tables tell only one 
important part of the complete funding 
story. 

The IEA defines "New Energy" technologies as 
including the six which are included in this 
Appendix, and not including fossil fuels (oil, gas, 
coal), nuclear, conservation, or energy storage. In 
the even-numbered tables for Denmark, France, the 
UK, Germany, and the US, "New Energy" 
technologies are equivalent to "Renewables." 
However, the definition of Renewable is not 
necessarily consistent. 
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Table B.l Currency Conversion Factors. 

country 

Denmark 

Japan 

Russia 

European 
community 

Currency 

Deutsche Mark @M) 

a) 
Danish Kroner (DKr) 

Yen (%) 

French Franc (Ffr) 

British Pound (€) 

Ruble (or Rouble) 

ECU 

1990' 

0.6 186 

0.000835 
- 

0.006897 

0.1836 

1.7841 
- 
- 

Dollars / Currency 

1991' 

0.6020 

0.000806 
- 

0.007430 

0.1771 

1.7674 
- 
- 

1992' 

0.6403 

0.000812 
- 

0.007888 

0.1889 

1.7663 
- 

1993b 

0.5892 

0.000598 

0.1508 

0.009163 

0.1723 

1.4945 

0.000808 

1.13090 

' Source: EConoOmic Repon of the President, ISBN 0-16-041592-6, Transmitted to the Congress January 1993, US Govt 

Source: Washington Post, December 14,1993. (Average mversion rates for 1993 were not yet available at the time 
Printing office, Washington, DC, 1993. (Average conversion rates for each year). 

this report was written. In hindsight, these data were not particularly representative of the yearly averages). 

In the case of the US data, the IEA dellnition for 
Renewables is used for all years (i.e., only six 
technologies a~ included in the total "New 
Energy" fi- for 1990-1993). Note that in Table 
B.14 for the US, the sum of the six technologies' 
'*% of total" is 100 percent for each of the years 
1990-1993. Note in Table B.15, Boxes B3 and 
B4, that sourceS [27] and [29] showed much larger 
figures for total "New Energy" spending than did 
Sources [26] and [30], the ones that were chosen 
for use. This is because Sources [271 and [291 
included additional technologies in their definitions 
of "New Energy," such as "electric energy 
systems" (electric field effects, reliability reseatch, 
system and materials research, etc.) and "storage" 
(utility battery storage, thermal storage, hydrogen 
storage, etc.). Not all sources were so explicit in 
their definitions, making proper source selection at 
times difficult. Japan defines "New Energy" 
technologies as: renewables; conservation; energy 
efficiency; and, environment. 'Ihe EC definition 
includes "Non-Nucleaf technologies such as: 
renewables; conservation and energy technologies; 
clean coal; and, environmental technologies. 
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For reporthg purposes, "Biomass" techwlogies 
are taken to include: wood (residential and 
industrial); biofuels or "biogas;" municipal solid 
waste (MSW) or waste incineration; and, wood 

Denmark 
chips and straw incineration, especially in 

In Table B.7, Boxes Fl-M, Source Ell] included 
Germany's deep drilling p g r a m  funding in its 
overall geothermal estimate. "his is more amxate 
than other available sources ([2,10]) which do not 
include this significant program. Also in Table 
B.7, Box H1 cites Source [3], listed simply as 
"Author estimate." This particular estimate was 
derived as follows: in 1991 (Box H2 of Table 
B.7), the E A  (source [Z]) reposed funding was a 
factor of 3.4 below funding reported through 
Embassy sources (source [14]). The authors 
considex Embassy data to be the more reliable 
source. 'Ihe estimate of Box H1 simply assumed 
that the 1990 TEA estimate was low by the same 
factor of 3.4. 



In Table B.13, an estimate of $18.9 million is 
given for Japanese funding of solar thermal 
technology in 1993. 'Ihe figure was derived by 
subtracting Ff? 300 million (about $51.7 million) 
for 1993 solar PV funding [6] from W.7 billion 
(about $70.6 million) for 1993 "Solar Energy" 
expenditures under the New Sunshine Project [22]. 
Unfortumtely,' this seems to be a common 
ambiguity in Japanese repoding of expenditures - 
no di€€mtiation is made among the categories of 
"Solar" energy. A similar ambiguity exists in the 
1992 in€6rmation (see the note below Table B.13). 
lhis issue is related to another inherent difficulty 
with data interpretation fix all countries - there is 
nowaytodistinguishbetweenterrestrialandspace 
w applications, where terrestrial applications are 
the subject of the main report. 

Funding information on Russian support of 
renewable energy technologies was not found 
during research for this study. Given the proper 
Russian contacts, there seems no reason to believe 
that suchinformaton could not be obtained. "he 
budget for Russia's Ecologically Clean Power 
Engineering program might be considered a 
reliable source of information since the year 1989. 
Funding and schedule constraints precluded the 
authors fiom seeking this information. A logical 
first step would be to request the Foreign Systems 
Research Center (FSRC) of Science Applications 
Internatonal CorpcKation (SAIC) to perform a 
searChandpers0nalinquirie.s. 

One important aspect for inkpxtation of Russian 
fimiing is the rapid devaluation of the Russian 
Ruble since the breakup of the Soviet Union. The 
authors obtained the following curcency conversion 
infinmation from the InMax News Agency: 

m 
January 3,1992 
March 3,1992 
June 2,1992 
September 3,1992 
December 1,1992 
January 5,1993 
MatCh9,1993 
June 22,1993 
September 21,1993 
December 14,1993 

Ruble/$ 
150.0 
140.1 
112.6 
210.5 
417.0 
417.0 
650.0 
1079.0 
1036.0 
1237.0 

currency conversion factor in $/Ruble fix the same 
date which appeats in Table B. 1. 'Ihe signiscance 
of the rapid CUlTency fluctuation is that for any 12 
month period, even if fuMiing data in Rubles was 
available from original Russian soma, it would 
be extremely difficult to convert the information to 
dollar equivalents in ameaningful way. 

US funding for ~newables is due for a signiscant 
rise in 1994. Expected spending for the six 
mewable technologies is: solar PV, $78 million; 
solar thermal, $33 million; wind, $30.4 million; 
geothermal, $24 million; ocean, $0; and, biomass, 
$58.2 million [29]. The total of $223.6 million is 
an 18 percent rise from 1993 funding levels 
(compare to Table B.14 data). 

8.2 FUNDING TABLES 

Funding information is presented in Tables B.2 
through B.15. 

The cutrency convmion factor in Ruble/$ shown 
above for December 14, 1993 is the inverse of the 
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Table B 3  Danish Budgets for “New Energy” Technology - Estimates. 

Year 
GDP 

Year I 1990 1 1991 1992 I 1993 
GDP (billions of dollars) 

1990 1991 1992 1993 
$63 bil. [I] $63 bil. [l] - - 

I I I - - Denmark 63 63 
R&D BUDGETS. (millions of dollars) 

$I 7.19 miZ. [2] 
ECU 13 mil. [4] 
0 P I  
$3.75 mil. [Z] 
$8.13 mil. [2] 
0 131 
$0.48 mil. [2] 
$4.85 mil. [2] 

TOTAL 

solar PV 
I ........ ”............”.”... ............................ 

as%oftotal 
as % of GDP 

Dkr 120.9 mil. [l] 

- 
- 
- 
- 
- 
Dkr 11 mil. [l] 

Solar thermal 
as%oftotal 
as % of GDP 

Wind 
as%oftotal 
as % of GDP 

as%oftotal 
as % of GDP 

asZ0ftotal 
as 8 of GDP 

............................ ” .............................. 
Geothermal 

...... - .................................................... 
ocean 

Biomass 
as%oftotal 
as % of GDP 

8.6 

0.0 
0 

O.oo00 
2.4 
28 

0.0038 
4.0 
47 

0.0063 
0.0 
0 

O.oo00 
0.5 
5 

O.Ooo8 

...... I ......................... 

1.6 
19 

0.0025 

17.2 18.2 - 
0.0 
0 

O.oo00 
3.8 
22 

O.Oo60 

......... I._ ............... I ................ I ................................................. ” ............. 
- - 
- - 
- - .......................... I .................................................................................. 
- - 
- - 
- - .................. I ........................................................ 
- - 8.1 

47 

0.0 
0 

0.5 
3 

O.Ooo8 

- - 
0.0129 - - ........................................ ” ...................................................................... 

- - 
- - 

0 . m  - - ............................ ” ................................ ...- ............................................. 
- - 
- - 
- - ..“ .............. .. ............................ I .............................................................. 

- 4.8 1.7 
28 9 - 

- - 0.0076 

a GDP - Ciross h e t i c  product 

Table B 3  Danish Budgets for “New Energy” Technology - Sources. 

WBUDGETS 
TOTAL 

solar w 
solar thermal 
Wind 
Geothermal 
ocean 
Biomass 

100 

$8.57 mil. [2] 

0 PI  
$2.42 mil. [2] 
$4.04mil. [2] 
0 PI 
$0.47 mil. [2] 
$1.62 mil. [2] 



Table B.4 French Budgets for “New Energy” Technology - Estimates. 

Year I 1990 1991 1992 1993 
GDP‘ (biions of dollars) 

FlWlCe 605 612 
R&D BUDGETS (millions of dollars) 

- - 

TOTAL, 
solar Pv 
.. ..... .. ........ .. ..... -.-......_... ..... ..... ..... .... 

asB0ftotal 
as % of GDP 

as%oftotal 
as % of GDP 

.................... ..... ̂ ._........I ........ ..... ..... 
solar thermal 

Wind 
as%oftotal 
as % of GDP 

14.0 17.7 
4.4 4.2 
32 24 

0.0007 0.0007 
1.3 2.1 
9 12 

0.0002 0.0003 
0.6 0.5 
4 3 

0.0001 0.0001 

..... .............. - ................ “... ................. “, 

, ......................................................... .... 

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

Geothermal 3.4 
as%oftotal 
as % of GDP O.OOO6 O.OOO6 

ocean - - 
as%ofmtal - - 
as 8 of GDP - - ........................ .. ..................................................... ...“ ............ ... ................................ 

Biomass 4.2 4.8 I 0.&7 I 0.&8 I a s % O f t o t a l  
as 9% of GDP 

11.9 17.2 

5.1 4.6 
27 43 

- 3.4 
20 

............ .. ........... .. ............................................. ..., 

- - ............................................. ” ............................ . 

- 
- - 

1.9 
11 

- 2.8 
16 

0.0 0.0 
0 0 

- 3.5 
- 20 

- 
- 
- - 

.............................................. ........................... 
- 
- - ............................................................... I .......... 

- - ........... I ........... I ............................... .. ................ 

- - 

a GDP - Gross Danestic R ~ u c ~  

Table B J  French Budgets for “New Energy’’ Technology - Sources. 

Year 1990 1991 1992 1993 

R&DBUDGETS 
TOTAL 

GDP $605 bil. [l] $612 bil. [l] - - 

solar w 

solar thermal 

Wind 

Geothermal 

ocean 
Bionass 

$13.% mil. [2] 

$4.41 mil. [2] 

$1.29 mil. [2] 

$0.55 mil. [2] 

$3.49 mil. [2] 

- 
$4.22 mil. [2] 

$15.07 mil. [2] 
Ffr lo0 mil. 151 
$4.25 mil. [2] 

$2.13 mil. [2] 

$0.53 mil. [2] 

$3.37 mil. [2] 

- 
$4.79 mil. [2] 

Ffi 63 mil. [l] 

Ffi 27 mil. [a 
Ffi 1oOmil. [A 

Fp 27 mil. 141 
Ffi 27 mil. [A 
Ffr 19.5 mil. 161 
Ffi 19.5 mil. [A 
Ffr I1 mil. [6] 
Ffi 11 mil. [7] 
Ffr 16 mil. 161 
Ffi 16 mil. [7] 

Ffi 20.5 mil. [a o [31 

LO1 
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Table B.6 German Budgets for "New Energy" Technology - Estimates. 

YKU 1990 1991 1992 1993 I I I 

R&D BUDGETS (millions of dollars) 

TOTAL 
Solar Pv 
.. ............. - ...... .. ........ .. ..... " .............. 

as%oftotal 
as % of GDP 

as%oftotal 
as % of GDP 

.............................. .. ..... .. .............. .... 
Solar thermal 

Wind 
as%oftotal 
as % of GDP 

Geothermal 
as%oftotal 
as % of GDP 

as%oftotal 
as % of GDP 

as%oftotal 
as 8 of GDP 

......................................................... 
ocean 

............. .. ........... .. ..... " ........ .. ............ 
Biomass 

163.9 
58.8 
36 

22.5 
14 

- .............. " ................... 

- 

197.5 ............ " .............. .. ..... 
65.6 
33 

0.0082 
21.9 
11 

0.0027 
14.2b 20Sb 

9 10 
- 0.0025 

35.0 35.0 
21 18 
- 0.0044 

0.0 0.0 
0 0 - O.oo00 

6.2 12.0 
4 6 - 0.0015 

......................................................................... 

........................... " ............................................ 

.......... I ....... .................. .............................. ...... 

- 171.0 
65.3 60.3 

........ .. ........... .. ............................... ...- .................. 

35 - 
- - ............. " ........ ..... ........... .. ................ -... ............... 
- - - I -  - I - 

16.3b - 
- - 
- - ............................................................................ 
35.0 35.0 
- 20 

0.0 0.0 

- - ............................................................................ 

0 - 
- - ............................................................................ 

GDP - Cross Domestic product 
AS for funding levels &own in this table, figures shown are estimated national government spending 

only. To account for additional support for wind energy provided by the fedeaal stares (Li-inda), these 
figures should be multiplied by a factor of roughly two [%I. 



Table B.7 German Budgets for “New Energy” Technology - Sources. 

Yeat 1990 1991 1992 1993 
GDP - $804 bil. [l] - - 

DM 265.0 mil. [8] 
DM 265.0 mil. 191 

solarthermal 
Wind 

$56.88 mil. [2] 
DM 95 mil. [8] 
DM 95 mil. [9] 
DM 91.9 mil. [lo] 

$22.46 mil. [2] 
$13.55 mil. [2] 
DM 22.9 mil. [lo] 

$3.47 mil. [2] 
DM 14.3 mil. [lo] 
$30-40 mil. [ll] 

ocean o r31 
Biomass $1.79 mil. [2] 

$6.2 mil. [3] 

$104.65 mil. [2] 
DM328mil. [8] 
DM 328 mil. 191 
DM 318 mil. [12,13] 
$59.2 mil. [2] 
DM 107 mil. [SI 
DM 109 mil. [9] 
DM 104 mil. [lo] 

$21.88 mil. [2] 
$15.13 mil. [2] 
DM 17.8 mil. [lo] 
DM 34 mil. [12] 
$4.94 mil. [2] 
DM 16.7 mil. [lo] 
$3040 mil. [ll] 

DM 100 mil. [12-141 

o [31 
$3.5 mil. [2] 
DM 20 mil. [14] 

DM 102 mil. [81 
DM 94.9 mil. [lo] 
DM 95 mil. [14] 

- 
DM 25.5 mil. I101 
DM 25.5 mil. [14] 

DM 17 mil. [lo] 
$3040 mil. Ill] 

DM 285.5 mil. [U] 

Fp 350 mil. [6] 
DM 100 mil. [15] 

$30-40mil. [ll] 

o r31 
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Table B.8 Italian Budgets for “New Energy” Technology - Estimates. 

Yeat 1990 1991 1992 1993 

IMY 

TOTAL 

- - 493 500 

Solar PV 
as8oftOtal 
as % of GDP 

as%oftotal 
as A of GDP 

as % of total 
asAofGD 

as%oftQtal 
as%ofGD 

....... ......... .. ...... .. ........ -..- ................... 
Solar thermal 

......... ” ................................. ” ............ 
Wind 

. ...................................... ” ................ 
Geothermal 

- - .................. - ....................................... “ 

3.7 1 2.7 
7 7 

0.0008 0.0005 

ocean 
as%oftotal 
asAofGD - I  - .................................................................................... 

- - - - 
- - 

Biomass 
as%oftotal 
as % of GDP 

Year I1990 1991 I1992 
GDP I $493 bil. [l] $500 bil. [l] - 

..........I... ........ ...... ......I. “.I ........ .... .................................. 

0.003 1 0.0028 ........................ .. ....... .... ............. .... ................................ ...................................... 

1993 
- 

- - - 
I.. ........ ......... ”... ................ I .............. I ........ ... ...................... I .............. 

- 5.8 5.8 - - 11 14 
0.0012 0.0012 - - .............................................................................................................. 

- I - I - I - 

a GDP - Gross Domestic produa 

Table B.9 Italian Budgets for “New Energy” Technology - Sources. 

R&DBUDGEl’S 
TOTAL I $51.48mil. r21 

solar PV 
solar thermal 
Wind 

GeQthermal 
ocean 
Biomass 

$55 mil. [16j - 
$15.321113. [Z] 

$32.48 mil. [2] 
$5.8 mil. [17]” 

- 

- 
- 
$3.68 mil. [2] 

L 50.5 mil. [2] 
$40.88 mil. [2] 
$13.8 mil. [2] 

$24.42mil. [2] 
$5.8 mil. [17]“ 

- 

- 
- 
$2.66 mil. [2] - 

Ffr 100 mil. [6] - 
- 
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Table B.10 UK Budgets for “New Energy” Technology - Estimates, 

Y W  1990 1991 1992 1993 

GDJ? (billions of dollars) 
~ 

- _. 1 = .  534 522 
R&D BUDGETS (millions of dollars) 

- - ..... ..... ...... ..................... ........... ................. -.. - -.- .. I ....................................................... - - 
- - 
- - 

TOTAL, 
solar PV 

as%oftotal 0 
as % of GDP O.oo00 O.oo00 

- - 
- - Solar thermal 3.7 4.1 

as 96 of total 10 . lo  
as % of GDP 0.0007 0.0008 

as%oftotal 28 34 
as % of GDP 0.0019 0.0028 - 

Geothermal 4.6 3.5 
8 as%oftQtal 13 

as % of GDP O.OOO9 0.0007 
ocean 3.9 4.8 

as%oftotal 11 11 
as % of GDP 0.0007 O.OOO9 

- - ........................................................................................................... ................................................................................................ 
- - Wind 9.9 14.4 
- - 

- ... I ............... ......................................................... ........................................................ - .............................................. I .................... 
- - 
- - 
- - ................................................................................................. I ............................................................. I ............................................. 
- - 
- - 
- - 
- - Biomass 4.1 5.0 - - as % of total 

as % of GDP I o.&s I o.&o I - I - 

Table B. l l  UK Budgets for “New Energy’’ Technology - Sources. 

solar Pv 
solar thermal 
Wind 
Geothermal 
ocean 
Biomass 

1990 
$534 bil. [l] 

$26.18 mil. [2] 
.E 20 mil. [181 
0 r21 
$3.73 mil. [2] 
$9.86 mil. [2] 
$4.62mil. [2] 
$3.91 mil. [2] 
$4.07 mil. [2] 

1991 I1992 1993 
$522 bil. [l] - - 

$31.75 mil. [2] - - 
E 24 mil. 1181 
0 P I  
$4.06 mil. [2] - - 
$14.38 mil. [2] - - 
$353 mil. [2] - - 
$4.76 mil. [2] - - 
$5.03 mil. [2] - - 

- - 
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Table B.12 Japanese Budgets for "New Energy" Technology - Estimates. 

Year 
GDP 

Y W  1990 1991 1992 1993 

GDP (billions of dollars) 
I 

1990 1991 1992 1993 
$1679 bil. [I] $1754 bil. [l] - - 

~ ~~~ 

R&D BUDGETS (millions of dollars) 

TOTAL, I 96.3 103.4 
Solar w 50.5 53.5 

as%oftotal 52 52 
as % of GDP 0.0030 0.003 1 

solar thermal 2.2 3.6 
as%oftotal 2 3 
as 9% of GDP 0.0001 0.0002 

as % of total 3 3 
as % of GDP 0.0001 0.0002 

as % of total 39 37 
as % of GDP 0.0022 0.0022 

.......................................... 1 ........... 1 ....................................... 1 ................................ 

................ 1.1.1 ..................... -.- ........ " ................. " ................. " ................................. 
Wind 2.5 3 .O 

...................................................... " .............................................................................. 
Geothermal 37.1 38.6 

as%oftotal 
as % of GDP 

0.7 
1 

Biomass 5.4 
as%oftotal 6 
as % of GDP 0.0003 

0.8 
1 

O.oo00 
4.0 
4 

0.0002 

101.8 121.9 

42 
48.1 
47 - ........ " ............................. " .................................. 

15 
- 
- 
- .......... " ............................................................... 

15 
- 
- 
- .......... " ............................................................... 

- - ............................................................................. 
33.1 37.6 
33 31 - - 
0.1 0.2 

- 0 1 0 1  

Table B.13 Japanese Budgets for "New Energy" Technology - Sources. 

RgLDBUDGETS 
TOTAL 
solar w 

solar t h d  
Wind 

ocean 
Biomass 

$%.34 mil. [21 
Y 7.32bil. [19] 

$2.19 mil. [2] 
$2.53 mil. [2] 

$103.42 mil. [2] 
$52.1 mil. [2] 
X 6.4 bil. [20] 
$53.5 mil. [2I]  
$3.59 mil. [2] 
$4.01 mil. [2] 
U410 mil. I201 

$37.14 mil. [2] $38.94 mil. [2] 
U5.2 bil. 1201 

$0.7 mil. [2] $0.77 mil. [2] 

Y 12.9 bil. [22] 
U6.1 bil. POI" 
Y 5.6 bil. [23] 

- 
Y 860 mil. [rn] 
Y 982 mil. [22] 
$7.7 mil. 1241 
Y 4.9 bil. [20,22] 
Y4.2 bii. 12Sl 
Y 17 mil. [22] 
Y 25 mil. [22] 

a - Pertains b "Solar Power," with no distinction between Solar W and Solar Thermal indicated. 
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Table B.14 US Budgets for “New Energy” Technology - Estimates. 

Geothermal 19.2 
as % of total 18 
as % of GDP O.OOO4 

ocean 3.9 
as%oftotal 4 
as % of GDP 0.0001 

... ................. * ....... .. ........ .. ..... .. ............. . ................ .. ................. 

as%oftotal 

“GDP- Grossh&~produa  

150.1 

Year 1990 1991 1992 1993 

GDP‘ (billions of dollars) 

us 4555 4496 
R&D BUDGETS (millions of dollars) 

TOTAL 108.7 
Solar Pv 35.0 

as % of total 32 
as % of GDP 0.0008 

as%oftotal 19 
as % of GDP 0.0005 

Wind 9.1 
as % of total 8 
as % of GDP 0.0002 

- - 

.....................-..A ........... .. ..... .. .............. .. .............. .. ................... 

....... - ......................... ...- .......... - ........................... ........ .... ..... 
Solar themal 21.1 

...................................... .. ....... .. ............ * ............................ .. ..... 

47.1 
31 
0.0010 
22.5 
15 
o.Ooo5 

........ - ................... 

178.5 
60.0 
34 - 
28.8 
16 - 

11.5 
8 
0.0003 ......... ...- ............... - ..... - .......... .. ...................... 
29.2 27.2 

15 19 
O.OOO6 

2.7 , 2.0 
2 1 
o.Ooo1 - 

- .................................... .I ......... - ..................... 

37.0 
25 
0.0008 - 

I 39.0 
22 

189.4 
66.0 
35 

27.0 
14 - 
24.0 
13 - 
23 .O 

.............. - ..... .. ................. 

..... - ................................. 

- 

Table B.15 US Budgets for “New Energy9’ Technology - Sources. 

Year 1990 1991 1992 1993 
GDP $4555.0 bil. [l] !§44%.0 bil. [I] - - 
R&DBuDGETS 
mAL 

SolatPV 

solar thermal 

Wid 

Geothermal 

ocean 
Biomass 

$108.7 mil. [2] 

$34.99 mil. [2] 

$21.11 mil. [2] 

$9.14 mil. [2] 

$19.18 mil. [2] 

$3.88 mil. [2] 

$20.4 mil. [2] 

$150.1 mil. [2] 

$47.1 mil. [2] 

$22.54 mil. [2] 

$1152 mil. [2] 

$29.25 mil. [2] 

$2.72 mil. [2] 

$36.99 mil. [2] 

$1 78.5 mil. [261 
$240.1 mil. [27l 

$59.995 mil. 1271 
W.4mil. [ a ]  

$28.775 mil. [27] 
$29.1 mil. [28] 

$21.282mil. [27] 

$27.170 mil. [27] 

$1.970 mil. [27] 

$38.981 mil. [27] 

$248.1 mil. [27l 
$257.3 mil. [29] 
$189.4 mil. [30] 
$63.735 mil. [27l 
$65.5 mil. [28] 
$66 mil. 1291 
$26.264 mil. [27l 
$27.0 mil. [28] 
$27 mil. 1291 
$23.368 mil. [27l 
$24 mil. [29] 
$22.812 mil. [27l 
$23 mil. [29] 
$0.947 mil. [27l 
$1 mil. [29] 
$47.125 mil. [27l 
$48.4 mil. [29] 
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