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Abstract

Policies to address long-term energy concerns include a wide range of initiatives. Taxes
can internalise costs; financial mechanisms, including subsidies, can target particularly
favourable but otherwise non-competitive investments; regulation can apply standards to
raise performance of appliances; information programmes can improve decision making;
and R&D can make available new options.

The 1987 report of the World Commission on Environment and Development, found that
"energy efficiency can only buy time for the world to develop 'low-energy paths' based on
renewable sources...". Although many renewable energy systems are in a relatively early
stage of development, they offer the world "a potentially huge primary energy source,
sustainable in perpetuity and available in various forms to every nation on Earth." It
suggested that an R&D programme of renewable energy is required to attain the same
level of primary energy that is now obtained from a mix of fossil, nuclear, and renewable
energy resources.

Since renewable energy contributes to all dimensions of sustainable development, one
policy challenge is to ensure that renewable energy has a fair opportunity to compete with
other resources required for the provision of energy services, especially on "liberalised"
energy markets. This paper gives an overview of rationales for government intervention in
energy-related R&D, and international energy R&D trends. It concludes that the
liberalisation of energy markets has an overall negative impact on private sector
investments in energy R&D and that without a sustained and diverse programme of
energy R&D and implementation, we are crippling our ability to make the necessary
improvements in the global energy system, especially in light of sustainable development
requirements.

TEHNOLOŠKA POLITIKA I ODRŽIVI RAZVOJ: SLUČAJ OBNOVLJIVIH
IZVORA ENERGIJE

Sažetak

Pristup dugoročnim energetskim problemima uključuje širok raspon inicijativa. Porezi
mogu internalizirati troškove; financijski mehanizmi, uključujući subvencije, mogu imati za
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cilj osobito povoljna ali s druge strane nekonkurentna ulaganja; regulacija može primijeniti
standarde za povećanu izvedbu uređaja; informacijski programi mogu pomoći u
donošenju odluka; istraživanje i razvoj mogu stvoriti nove opcije.

Izvješće Svjetske komisije za okoliš i razvoj iz 1987. godine utvrđuje da "energetska
efikasnost može samo kupiti vrijeme da svijet razvije 'nisko-energetske putove'
zasnovane na obnovljivim izvorima...." Premda su mnogi sustavi obnovljive energije u fazi
razvoja, oni svijetu nude "potencijalno izvanredno velike izvore primarne energije, trajno
održive i raspoložive u različitim oblicima svakom narodu na Zemlji." Izvješće je
nagovijestilo da je potreban program istraživanja i razvoja obnovljivih izvora u svrhu
održavanja jednake razine primarne energije, koja se danas dobiva iz mješavine fosilnih,
nuklearnih i obnovljivih izvora energije.

S obzirom da obnovljiva energija doprinosi svim dimenzijama održivog razvoja, jedan od
razvojnih izazova jest i osigurati da obnovljiva energija dobije pravednu prigodu
konkuriranja drugim izvorima potrebnim za osiguranje energetskih usluga, osobito na
"liberaliziranim" tržištima energijom.

Ovaj rad daje pregled o tomu kako vlade mogu djelovati na energetski utemeljeno
istraživanje i razvoj, kao i međunarodne energetske trendove istraživanja i razvoja. U
zaključku je navedeno da liberalizacija energetskih tržišta ima općenito negativan utjecaj
na ulaganja privatnog sektora u energetski razvoj i istraživanje, kao i da se bez održivog i
raznolikog programa energetskog razvoja i istraživanja, te implementacije, odričemo
mogućnosti provođenja nužnog napretka globalnog energetskog sustava, osobito u
smislu zahtjeva održivog razvoja.

1. INTRODUCTION

Agenda 21, adopted at the 1992 United Nations Conference on Environment and
Development (UNCED, 1993), concluded that mitigating urban air pollution and the
adverse impact of energy use on the atmosphere requires an emphasis on "clean and
renewable energy sources." Within Agenda 21, energy is addressed primarily in the
context of Chapter 9 on "Protection of the Atmosphere." Chapter 9 has the objective "to
increase the contribution of environmentally sound and cost-effective energy systems,
particularly new and renewable ones, through less polluting and more efficient energy
production, transmission, distribution and use". Chapter 4 has one of its activities
"Encouraging greater efficiency in the use of energy and resources". This is to be
achieved by encouraging the dissemination of the existing environmentally sound
technologies; promoting research and development in environmentally sound
technologies; assisting developing countries to use these technologies efficiently and to
develop technologies suited to their particular circumstances; encouraging the
environmentally sound use of new and renewable sources of energy; and encouraging
the environmentally sound and sustainable use of renewable natural resources.

Our Common Future, the 1987 report of the World Commission on Environment and
Development (WCED, 1987), found that "energy efficiency can only buy time for the world
to develop 'low-energy paths' based on renewable sources..." Although many renewable
energy systems are in a relatively early stage of development, they offer the world "a
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potentially huge primary energy source, sustainable in perpetuity and available in various
forms to every nation on Earth." It suggested that a Research, Development, and
Demonstration (RD&D) programme of renewable energy projects is required to attain the
same level of primary energy that is now obtained from a mix of fossil, nuclear, and
renewable energy resources.

A 1996 report by the US President's Council on Sustainable Development, Energy and
Transportation, called for raising the renewable energy share of U.S. energy supply to
12% in 2010 and 25% in 2025.

Based on these initiatives, an increase in the share of renewable energy use has become
an important energy policy target in many parts of the world. Even in cases where
commercially available renewable technologies are technically and economically feasible,
much investment in the energy sector is still directed towards conventional energy
technologies, leading to market barriers and market failure faced by renewable energy
technologies (RETs). The fact that today RETs account for only a modest proportion in
meeting the world's total commercial energy demand means that there is a gap between
the actual and the (economically and/or ecologically) optimal level of use.

Over the past twenty years, many countries have shifted from using public policy
instruments, such as regulation or public ownership of enterprises, to a greater reliance
on market mechanisms and incentives to pursue consumer welfare, industrial, regional
and/or employment objectives. Similarly, traditional public interest goals, such as
universal and equitable access to services and safety and environment concerns have
increasingly been met within a competitive framework.

The recent wave of interest in R&D policy in general and energy R&D in particular comes
at an important time, particularly with respect to the development of renewable energy
and low-carbon fossil-fuel energy technologies that are likely to be critical in meeting
future energy supply and environmental needs.1 In highly industrialised countries,
however, government energy technology R&D budgets have been declining significantly
in real terms since the early 1980s.

Technology and technology policy play a pivotal role in finding, transforming, and utilising
energy resources, particularly in an environmentally sound manner. The challenges and
expense of energy R&D, and the slow turnover time for current power generation
infrastructure, mean that the energy sector's extremely low R&D intensity2 is a cause for
concern not only today, but also for decades to come.

1 There exists no hard definition of energy technologies that satisfy sustainable development
criteria. Rather, the loose family of sustainable energy technologies gains and loses members over
time and according to perspective. Today, the term usually comprises some of the following:
renewable energy, energy efficiency, passive solar architecture, fuel cells, microturbines, and
energy storage devices.
2 R&D intensity (defined as R&D as a percentage of net sales) is a measure of commitment to
developing new energy technologies. Examining R&D intensity across sectors reinforces concern
about the level of investment in energy technology R&D. The United States energy sector's R&D
intensity, for example, is extremely low in comparison to many other sectors. In fact, the "high-tech"
drugs and medicine, professional and scientific equipment, and communications equipment sectors

133



This paper gives an overview of rationales for government intervention in energy-related
R&D, and international energy R&D trends. It concludes that the ongoing liberalisation of
energy markets has an overall negative impact on private sector investments in energy
R&D, a key ingredient for achieving sustainable energy development.

2 BARRIERS TO RETS MARKET PENETRA TION

RETs have to overcome a series of barriers before they can penetrate the market. In the
initial stages of development, technical barriers predominate. In order for a technology to
become cost-effective, market barriers such as inconsistent pricing structures typically
have to be overcome. Then there are institutional, political and legislative barriers, which
hinder the market penetration of technologies, including problems arising from a lack of
awareness of, and experience with new technologies and lack of a suitable institutional
and regulatory structure. Finally, there are social and environmental barriers resulting
mainly from a lack of experience with planning regulations that hinder the public
acceptance of a technology. It is clear that a strategy, which aims to increase the market
penetration of renewable energy should address the full spectrum of barriers.

The largest barrier to greater renewable energy use is its cost, despite the cost reductions
achieved over recent years. But other obstacles, particularly for the increased use of
renewable electricity, include subsidies and other support for competing conventional
fuels. Lack of full cost pricing when determining the cost of competing energy supplies
also hinders the development of renewable energy since the cost of environmental
impacts are usually not included in energy prices. Furthermore, the development of
competitive markets has not reached such a stage yet as to provide a market value for
the extra diversification and security of supply brought by the introduction of renewables.
High discount rates and competition on short-term electricity prices, as seen in electricity
markets undergoing a change in regulatory framework, may disadvantage projects with
high capital costs but low running costs, such as renewable electricity systems - unless
governments set up schemes designed to replace and substitute for estimated deficien-
cies of the market place (Dooley, 1998). In addition to cost-related barriers, non-cost
barriers can also inhibit the greater use of renewable energy.

3. A CHANGING PARADIGM - POLICY CHALLENGES

The recent declines in energy-related R&D must be viewed in terms of the historic
paradigm shift occurring since the 1980s. This shift has been driven mainly by the
development of a new economic landscape in which the traditional rules of business have
been transformed by forces such as the following (PCAST, 1997):

an expanding and interlinked global economy, with increasing trade in goods,
services, and technologies;
the continuing revolution in information technology;

exhibit R&D intensities that are more than an order of magnitude above the 0.5% of sales devoted
to R&D in the energy sector (Margolis and Kammen, 1999).
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the increasing power of shareholders and financial markets over corporate decisions;
and
the expanding deregulation of historically controlled markets.

The traditional R&D model of maintaining substantial in-house R&D capabilities
developed in an economic environment where the balance of power favoured suppliers
and producers over customers and markets. The primary assumption of this paradigm
was that if sufficient resources were put into the R&D system, the resulting technologies
would provide the basis for meeting a firm's business objectives. Therefore, traditional
internal R&D was protected and supported generously, in part because of its fit with
centralised corporate structures and in part because of the then-dominant supply-driven
paradigm.

The new business environment has resulted in a shift of the organisational power base
away from the corporate centre. Now R&D must compete within the business for funds
and resources on a value-added basis with other high-risk high-reward investments, and
within the marketplace with new global technology suppliers. The R&D effort is expected
to demonstrate productivity enhancements, cost reductions, and process improvements.

In response to this environment of rapidly changing market conditions, a market-driven
paradigm for R&D emerged in the early 1990s. Under this paradigm, there has been a
shift within many energy companies to redistribute resources away from broad-based,
long-term research toward specific areas of greatest opportunity, resulting in the
abandonment of entire areas of traditional R&D. Firms are also increasingly outsourcing
their needs to external technology suppliers. Unlike the traditional approach to R&D, the
market-driven model appears to be well suited to the decentralised management systems
of most modern companies, and also provides the flexibility to choose between internal
and external R&D performers.

4. RATIONALE. FOR GOVERNMENT INTERVENTION

A well-known rationale for government intervention are the externalities associated with
investment in R&D. The argument is that, as long as the social rate of return on
investment in R&D and knowledge creation is larger than the pure private rate of return
on investment, investment should be facilitated. If this is not the case, under-investment
in R&D will result. This is true in fields such as energy, the environment, infrastructure or
large-scale innovation projects on the electronic highway.

Technological progress plays a central role in the modern economy: It is an important
contributor to economic growth and a crucial factor in determining the competitiveness of
firms in the marketplace, nationally and internationally. R&D is widely recognised to be
the linchpin of technological advance, and levels and rates of growth of R&D
expenditures are viewed as reliable indicators of innovative capacity. OECD countries
spend significant amounts on R&D activities. Annual public and private R&D investments
within the OECD have, on an average, exceeded 2 percent of GDP during the last two
decades. These activities are funded and performed by many organisations, including
firms, universities, and government laboratories. Although the roles of various institutions
involved in the national R&D enterprise vary from country to country, the main provider of
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funds and performer of R&D in industrial economies is generally the private sector. More
than a half of all OECD R&D expenditure is financed by companies, and they perform
two-thirds of ail R&D activities.

Within firms, decisions about the magnitude and nature of R&D performance are mainly
guided by consideration of economic returns. A number of economic studies have shown
that rates of return of R&D to firms, although difficult to measure precisely, are high and
that returns to society, from lower cost, improved, or new products and services, are even
higher (Margolis and Kammen, 1999). Of course, firms will usually engage in R&D only
when the results are appropriable and offer rates of return exceeding those of other
available investment options.

There are, however, many R&D activities that do not offer enough of an incentive for the
private sector, but whose results can yield significant benefit to the nation as a whole. In
these cases, there are often good reasons for government to step in and support R&D
efforts. Rationales for government participation in R&D in general - and in energy R&D in
particular - include the following:

Some kinds of innovations that would lower costs for all consumers, and hence are in
society's interest, are not pursued by individual firms because the resulting gains are
judged unlikely to be appropriable. Therefore, the firm that does the R&D may obtain
little advantage over competitors who can utilise the results nearly as fast as the first
firm, but without paying for them. This "free rider" problem can be, and is, overcome
to some extent by creating research consortia.
Some kinds of innovations are not pursued by the private sector because they relate
to production or preservation of public goods - national security, for example - that are
not reflected in the profit-and-loss statements of firms.
Still, companies do not pursue other kinds of innovations because they relate to
reduction of environmental and other externalities. There is little incentive for firms to
invest in such innovations unless regulations, emission charges, or other policy
instruments internalise these externalities into the private sector's economic calculus.

Research that is costly and has a high chance of failure may exceed the risk threshold of
the private sector, even though, from a societal point of view, having a certain number of
such projects in the national R&D portfolio is worthwhile because occasional successes
can bring very high gains. Further, research that will take a long time to complete is likely
to fall short of the private sector's requirement for a rate of return attractive to investors,
even if confidence of success is high. Fusion energy R&D provides an example where the
chance of failure is substantial and the time scale would probably be too long for the
private sector even if success were assured, but where the potential benefits of the
technology are so large and the prospects of other very long-term energy options are so
uncertain that government investment is clearly in society's interest.
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5. TRENDS IN INTERNA TIONAL ENERGY R&D

5.1.PUBLIC SECTOR ENERGY R&D

Currently, just nine OECD countries perform more than 95% of the world's public sector
energy R&D and, consequently, nearly all of the world's long-term energy R&D (IEA,
1997). Given the high concentration of energy R&D capabilities in such a small number of
industrialised nations, it is not an exaggeration to say that this small country set is
defining the world's future energy choices through its energy R&D investment decisions.
It is also important to note that between 1985 and 1995, these nine energy R&D intensive
OECD countries each reduced their budgets for energy R&D on average by more than
20% in real terms. In extreme cases, such as those of Germany, Italy, and the United
Kingdom, budgets were slashed by 70% or more over the same period.

A comparison of the federal energy R&D budgets for these countries, in 1980 and 1995,
reveals that the declines were particularly sharp in Germany, the United Kingdom, and
the United States, while only Japan and Switzerland showed increases. The changes
represent an overall decline of 39% in energy R&D funding. Investments in energy R&D
have been falling across the board: Between 1980 and 1995, nuclear funding fell 40%,
fossil-fuel funding declined 58%, and funding for renewable energy fell 56%.

Different countries' R&D programmes have focused on different technologies. The USA's
programme is fairly evenly distributed, though solar technologies account for over 50% of
total funds. Japan and Germany also place their largest emphasis on solar photovoltaics,
though the non-solar component is dominated by geothermal in Japan and wind in
Germany. Sweden and Canada's R&D programmes are dominated by biomass, while
Denmark's R&D spending is split roughly equally between biomass and wind.

Japan, Spain, and Switzerland increased their budgets for energy conservation R&D by
100% or more between 1980 and 1995, while France, Germany, and the United Kingdom
cut back their investments by more than 80%. The variation among countries with respect
to nuclear energy R&D was similarly diverse: the United States, Germany, Italy, and the
United Kingdom cut back their nuclear R&D budgets by at least 70%, while Japan and
France increased their nuclear R&D budgets by 20% and 7%, respectively. Overall, some
countries have eliminated broad classes of energy technology R&D from their research
portfolios, shifting their priorities toward a favoured technology, while other countries have
cut back energy technology R&D across the board.

5.2.PRIVATE SECTOR ENERGY R&D

The private sector support for energy R&D is undergoing significant changes and
downsizing. Moreover, in addition to the fact that private sector energy R&D is in rapid
decline, R&D investments are being redirected from longer-term projects that might be
viewed as having a higher value from a public goods perspective. Instead, investments
are directed to a greater extent to meet the near-term proprietary needs of private sector
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energy R&D companies operating in competitive markets. This re-orientation has major
implications from the standpoint of public policy; for example, a widening energy R&D gap
is likely to heighten the technological challenges and economic costs associated with the
long-term stabilisation of atmospheric concentrations of CO2.

There is also mounting evidence that R&D time frames and perceptions of acceptable risk
levels for energy R&D sponsored by utilities are contracting due to heightened
competition. For example, the time-horizon for British utilities' long-term R&D projects has
contracted from five-to seven-years a decade ago, to less than three years now. It is
estimated that in a fully competitive market R&D timeframes could be cut to one year for
R&D sponsored by UK utilities.

5.3.RENEWABLE ENERGY R&D

In recent years, the focus of industrialised countries' renewable energy R&D programmes
has become ever more concentrated in the area of solar photovoltaics. Wind energy
technology research also receives significant support although it appears that the primary
objective of wind energy R&D programmes is technology deployment and
commercialisation, rather than the development of new systems and components that
would fundamentally improve the efficiency or economics of wind power systems (Loiter
and Norberg-Bohm, 1999). Interestingly, Japan continues to devote significant resources
to RET programmes that no longer receive funding from other industrialised countries
such as wave/ocean power and waste-to-energy systems. Also, the Japanese
government funds a relatively large amount of geothermal research given the abundance
of geothermally active sites in Japan.

Perhaps the most significant trend in renewable energy research is the relatively flat
budgets of these programmes throughout the course of the 1990s, a decade that saw
increasing rhetoric from national governments pledging to do their best to reduce carbon
dioxide emissions through, in part, the increased use of renewable energy systems.
Figure 1 shows these trends for selected OECD countries. Only Switzerland has
significantly increased renewable energy R&D efforts, while for most other countries the
trend is falling, in line with the general energy R&D development.
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F i g u r e 1 . R e n e w a b l e E n e r g y I n v e s t m e n t
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Figure 1. Renewable Energy Investment

6. CONCLUSIONS

Unlike with other more direct incentive mechanisms (such as the Non Fossil Fuel
Obligation - NFFO, the Renewables Portfolio Standard - RPS, or other kinds of
investment and/or operating incentives), spending on R&D does not necessarily translate
into a high level of installed capacity. R&D spending must be carefully integrated with
reliable long-term markets if R&D is to translate into practical application. The same
drawback can be observed in the current UK programme, in which there is little overlap
between the technologies targeted by R&D spending and those supported through
NFFO.

Research and development is the only systematic means for creating the needed
technical improvements and, therefore, a necessary condition for improving the energy
systems that are actually deployed to meet strategic objectives. What is deployable today
is the result of the energy R&D that was done in the past; what will be deployable in the
future depends on the R&D that is being done now and will be done tomorrow. It is
important to understand, moreover, that while some kinds of energy R&D can bring quite
rapid returns, the time scales on which most kinds of energy R&D exert a significant
influence on deployed energy systems are longer. This relates not only to the time
required to complete the R&D, but also to the long turnover times of most energy
equipment.

The international experience shows that utility restructuring is having an overall negative
impact on private sector investments in energy R&D. The magnitude of the reductions in
support for energy R&D in the public and private sectors and the shift towards shorter-
term R&D has profound implications for the design of deregulation programmes. Though
electricity consumers may be short-term winners from the deregulation (by paying less for
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energy), a failure to invest in energy R&D is very likely to have negative long-term
impacts on energy sectors, the economies, and environmental performance.
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