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EXECUTIVE SUMMARY 

  
 
 

 
 
 

his Panel has reviewed the U.S. stake in 
international cooperation on energy inno-
vation, the complementary roles of the 

public and private sectors in pursuing such co-
operation, and the existing array of activities 
being carried out by the Federal government to 
this end.  Based on that review, we conclude that 
existing Federal programs for energy coopera-
tion—which were funded in FY 1997 at less 
than $250 million per year—are not commensu-
rate with either the needs or the opportunities.  
We therefore recommend substantially strength-
ening these programs—expanding their cover-
age, increasing their funding, improving the 
processes for their evaluation, and providing for 



Powerful Partnerships 

ES-2 

technology innovation include expanding 
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cluding establishment of vehicle testing and inspection programs for all types of 
motor vehicles. 

A f
Business-as-Usualf4 energy future 

and potentially disastrous ¤ The factories of the
21st century
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opportunities for improving energy-supply technologies.  Chapter 6 summarizes lessons learned from past 
experiences with international ERD3 cooperation, offers recommendations on improving the management 
and coordination of the U.S. government’s programs, and characterizes the leverage that enhanced 
international cooperation on ERD3 could provide against the energy-linked global challenges to U.S. 
interests and values that the next fifty years are likely to present. 
 
 A number of topics related to those treated (and to our charge) have been excluded from our 
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Box 1.1: The IIASA-WEC Energy Scenarios for the 21
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• Capital requirements will present major challenges for all energy strategies.  Capital investment 
in energy technologies is driven upwards by high energy growth rates per se (because more 
facilities must be built than under lower growth rates);  by depletion of the most concentrated and 
convenient fossil fuels (because more dispersed, dilute, and difficult fuels—such as 
unconventional oil and gas, as well as coal—are costly to extract and process); by increasing 
reliance on highly processed energy forms such as electricity and hydrogen; and by increasing use 
of capital-intensive renewable and nuclear energy options.  All energy scenarios for the next 
century contain some mixture of these capital-cost-inflating characteristics.  Even with 
considerable allowance for countervailing downward influences on capital costs of energy 
technologies from technological innovation, the IIASA-WEC study estimated worldwide capital 
investments in energy supply to be in the range of $12 to $19 trillion 1997$ for the period 1990 to 
2020 and $17 to $34 trillion 1997$ for the period 2021 to 2050, with about half of the total 
investments required in the developing countries.   These figures omit investments in 
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Powerful Partnerships 1-18 Box 1.3 continued  The 1995 Assessment also emphasized that many uncertainties remain and called particular attention to the possibility of “surprises” arising from the non-linear nature of the climate system.   And it presented further analyses indicating, as previous IPCC assessments and the work of others have also done, that rapid reductions in the rate of 
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carbon emissions between Scenario A2 and the low-emissions Scenario C1.  The task here, of course, is 
actually to achieve the degree of international cooperation on low-environmental-impact ERD3 that would 
be needed to realize some significant part of the emissions-reduction potential illustrated by Table 1.5. 
 

Table 1.5:  Net Carbon Emissions Under IIASA-WEC Scenarios A2 And C1. 
 

  Scenario A2 Scenario C1 
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 Because energy is both an indispensable ingredient of economic prosperity and the dominant 
ingredient of many of the principal environmental threats to human well-being, including above all the 
threat of climate change, getting energy right is going to be crucial to the prospects of meeting economic 
aspirations worldwide without intolerable consequences for the environmental dimensions of well-
being—crucial, in other words, to creating the economic and environmental foundation for a stable world 
order, and thus crucial to U.S. security interests.  The largest leverage available to the United States on 
this problem—on getting energy right around the world—is international cooperation on ERD3. 
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Rationales 
 
The standard catalog of reasons that private-sector activities may fail to adequately serve 

society’s interests (market “failures” or “barriers”), includes: externalities (such as environmental 
pollution), public goods (such as national security), neglect of the special needs of the poor (who are 
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research results (varying in ways that require case-by-case discussion, which is provided in Chapters 4 
and 5). 
 
 Beyond the market failures and barriers just discussed, other rationales for government 
involvement include complementarity of public and private capabilities (which, in the issues of interest 
here, can be in relation to research, development, demonstration, deployment, or the interaction of these) 
and needs for policy change to lower barriers to beneficial private or public activity that have been 
created by other government policies with other aims.   With respect to complementarity, for example, 
there are exceptional capabilities in the Department of Energy’s national laboratories relating to research 
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It is critical, of course, given the much larger scale of private-sector activities compared to government 
activities in most of the facets of both of these categories, that the government activities be designed with 
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cooperation arrangements of various kinds as part of carrot-and-stick diplomacy in support of many 
different U.S. foreign policy goals; and the specific interactions of U.S. nuclear non-proliferation policy 
with the extent and character of the international RD3 cooperation this country undertakes in relation to 
nuclear-energy technology.   These particular policy arenas are rife with tensions and contradictions 
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• It is difficult to separate ERD3 from RD3.  Technologies not explicitly developed for the energy 

sector may nonetheless have a significant influence on the energy future.  For example, the 
efficient turbines used in many new power stations were derived from aircraft engines, and the 
application of information technology has revolutionized many parts of the electricity supply 
chain.  Thus, although it is vital to ensure the sufficiency of ERD3 efforts, spillovers from RD3 
being carried out in other areas are also important. 

 
• Non-energy policies affect ERD3.  Just as energy technologies are not the only technologies that 

affect the energy sector, energy policies are not the only policies that influence energy RD3.  
Decisions about—among other things—trade, taxation, and the environment can all have 
important indirect effects on the research, development, and deployment of energy technologies 
(see Chapter 1). 

 
 
AN EVOLVING LANDSCAPE 
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pollution, as well as the threat of global-climate change, should motivate international ERD
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Changing patterns of R&D 
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Oil Companies 
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Republic, Brazil, Chile, Korea, and Thailand.23   The International Finance Corporation, the 
World Bank, and the European Union are working to form ESCOs in China, India, and Eastern 
Europe, an effort that—if successful—could help to diffuse innovative technologies and practices 
to these countries. 

 
Consortia 
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partnership with East European countries (Figure 2.5); and involve work addressing either electricity 
production, distribution, and use (including efficiency, nuclear fission, nuclear fusion), or multiple 
energy-T

1supply sources (Figure 2.6).   

 
The U.S. government has three, complementary approaches to international ERD3 efforts, 

namely: energy-T

1technology development, largely undertaken by the Department of Energy, foreign 
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a plan for improving the energy efficiency of Russian housing, which led first to a $1 million 
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DOE’s international energy RD3 activities offer substantial U.S. benefits, most recently with a 
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commercialization.  For example, the “Asia Sustainable Energy Initiative,” which operates in India, 
Indonesia, and the Philippines, funded the placement of sustainable-energy advisors in each of these 
countries, the development of renewable and efficiency projects, and exchange programs for senior policy 
makers and technical experts.  With funding from the USAID, the U.S. Energy Association (USEA) has 
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Department of Commerce 
 

The U.S. & Foreign Commercial Service (US&FCS) of the Department of Commerce’s 
International Trade Administration counsels U.S. businesses on exporting through offices based in the 
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energy sources within the European Union and in selected countries in Central and Eastern 
Europe and the Mediterranean.  Activities include financing feasibility studies of the potential of 
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provide a framework for collaboration between both member and non-member countries.42  Projects cover 
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• The African Development Bank Group (AFDB) is based in Abidjan, Cote d’ Ivoire and has 77 
member nations, 53 from Africa and the remainder from North and South America, Europe, and 
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IERE 1997:  The International Electric Research Exchange, 
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cost and those niche markets that do exist are often exceedingly difficult to tap.  For example, an 
important high-value niche market for small-scale renewable energy technologies is remote power 
applications.  Increasingly, these applications are in developing countries but are individually small and 
hard to identify, and consequently it is also difficult to develop distribution and service networks for 
them.  

 
Ideally, private firms who introduce new energy products would forward price their products in 

order to gain market share and thereby pay for "buying down" the costs of these products to market-
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Relatively small grants provided by U.S. agencies on a peer-reviewed competitive basis could be 

used to support collaborative technology-transfer studies; these studies should be characterized by 
detailed field work and rigorous qualitative and quantitative analysis.  These grants could serve as 
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USAID’s Energy Partnership Program is actively engaged in pairing U.S. energy regulators with 
counterparts in developing countries (Box 2.1).  Tapping state as well as federal expertise is important, 
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although the United States overall does not adequately internalize externalities, there is considerable U.S. 
technical and policy expertise that can be tapped to assist other countries in this area.  Support for 
identifying, measuring, valuing, and costing externalities could be provided, being careful to not let the 
numerous uncertainties paralyze the process of establishing approximate costs. 
 

Externalities can also be internalized through "cap and trade" systems where a cap is placed on 
overall emissions, within which permits for emissions can be traded.  B 

1 i lh3sucrocess on thir 
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costs of targeted innovative technologies with incremental cost support provided by the GEF and 
by the host country through PBFs or government grants. 

 
Funding for this cluster of initiatives is recommended at $40 million in FY2001 increasing to $80 

million in FY2005.  The funding levels for these activities are particularly difficult to estimate, because 
the level of U.S.-sponsored financing that might be required for such activities is dependent on 
technological progress, actions taken by foreign or multilateral institutions and especially the role of the 
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Project financing would be divided into base costs and incremental costs.  The base cost is the 
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energy projects in countries where energy-sector reforms have not been put in place can similarly be 
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programs in developing and transition economies.  Some of these funds could be used to conduct project-
based feasibility studies; others might be used to support studies that would assess broader issues relating 
to widespread deployment of particular clean energy technologies in specific countries or regions 
(estimating market potential, discussing implications of successful deployment, identifying barriers, etc.).  
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participating in international renewable energy or energy-efficiency projects; these grants could be used 
to develop project plans, conduct feasibility studies, or offset the high transaction costs associated with 
securing lending.   
 
 
FILLING THE GAPS 
 

The above initiatives, together with increasing support from the trade agencies for advanced clean 
energy technologies—a trend that this Panel strongly endorses—can help bridge the gaps in the 
innovation pipeline and establish a strong environment for market-driven advanced clean energy-
technology development and deployment.  This is indicated in Figure 3.7. 
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over this period can be deployed to provide further improvements.  Our policy focus in this chapter 
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Underdevelopment, or poverty, can accentuate consumer focus on initial price rather than life-
cycle value.  Buyers of appliances, vehicles, and even factories and power plants will often minimize their 
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Box 4.1: China Has Made Dramatic Progress in Energy Efficiency  
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Progress can be both rapid and significant.  China has, through energy-sector reform and pursuit 
of energy efficiency opportunities, made unprecedented progress in energy intensity reduction faster than 
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Key considerations in the initiatives developed below are not just the goals of a new program but 
who would be involved, what they would do, and why their actions would make a difference.  Because 
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in developing countries tend to be small but inefficient.  Chinese, Indian, and Eastern European 
refrigerator-freezers typically consume 500 to 800 kWh per year, an amount equal to or higher than the 
average new American model which may be twice as large in volume.  Likewise, electric lighting used in 
developing countries is dominated by very inefficient incandescent lamps.13   
 

Energy savings of 15 to 30 percent have been achieved in demonstration projects utilizing basic 
measures such as thermostats, piping insulation, and window weatherization in Russia, Ukraine, Poland, 
and the Czech Republic.14
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A variety of policy interventions can help overcome these barriers, but there is no single solution 
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equivalent to U.S. standards.26  The U.S. EPA and the State EPA of China signed a Statement of Intent to 
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30   Building design competitionsR 
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analyzing standards; in harmonizing test procedures and standards where there is U.S. interest 
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Previous efforts to develop and disseminate improved biomass stoves have met with mixed 
success.40  China has implemented the most sweeping and successful improved stove program in the 
world.  Around 130 million improved stoves, mostly biomass stoves, were installed in rural areas during 
1982-92, meaning over half of rural households in China obtained an improved stove.  Although there 
were problems with quality control and durability in the beginning, these problems were largely 
overcome and most stoves have saved fuel, improved indoor air quality, and remained in use.41  Lessons 
from the Chinese national program include targeting regions with adequate interest as well as technical, 
financial, and managerial capability; limiting government subsidies (about 15 percent of total stove cost 
in the case of China); producing key stove parts centrally; independently testing and monitoring to 
evaluate performance; and working with rural enterprises for stove dissemination.42 
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Other Important Initiatives: Developing and Disseminating Improved Cookstoves 
 

Goal  
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Interest in improving two- and three-wheel vehicles and reducing emissions is increasing among 
developing countries.  India has adopted stricter vehicle emissions standards for two and three-wheelers 
as well as cars that will take effect in 2000.60
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that are affordable, comfortable, and fast requires heavy capital investment and proper financing to ensure 
survival of services that can compete with automobiles.  Most developing countries have population 
densities that are many times higher than the United States–up to five times higher in China, for example.  
These high population densities will greatly constrain use of automobiles in favor of mass transit systems.  
Some cities such as Curitiba, Brazil (see Box 4.2) and Hong Kong have very successful public transport 
systems.  But car use has been rising rapidly in cities ranging from Mexico City to Nairobi to Beijing, 
creating heavy congestion, air pollution, and hazardous conditions for pedestrians and bicyclists.  
Consequently, improving public transportation systems has become a priority in many Third World 
nations.  
 
 

Box 4.2: Urban Transport Success Story: Curitiba, Brazil 
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High Priority Initiative: Improving Vehicles 
 

Goal  
 

This effort would help research, develop, and demonstrate clean, energy-efficient two- and three-
wheel vehicles and buses, and help accelerate their deployment in developing and transition countries.  
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Information exchanges among and training for city planners and leaders in developing countries 
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China, for example, a typical 10 horsepower motor is about 87 percent efficient compared to 91 to 92 
percent for motors produced in the United States and other industrialized nations.  When combined with 
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The U.S. DOE already implements an Industries of the Future program, with excellent industrial 
participation, which engages U.S. energy-intensive industries to develop visions of their technologies into 
the future.  DOE uses these roadmaps to guide its research in pre-competitive areas chosen as most likely 
to help achieve the private sector’s vision and goals.  DOE’s current Industries of the Future effort 
positions it to lead a similar international industrial-energy-technology RD3 effort.  The Agency for 
International Development can deliver training and support the early participation of potential partners, as 
described in Chapter 3. 
 

There is an opportunity to cooperate with OECD countries on best-practice industrial processes, 
energy-efficiency technologies, and efficiency goals for industry.  This collaboration would involve an 
exchange of experts and information with other countries such as the United Kingdom, the Netherlands, 
Germany, and Australia, which already have programs in which their governments work with industry on 
“best practices”, sectoral energy-intensity reduction targets, and voluntary agreements.  The United States 
could learn from this experience, and could continue to attempt to replicate and adapt successful 
European initiatives such as the “Best Practices” program in the Netherlands.88
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and three-wheel vehicles and buses account for roughly half of urban transport energy use94 and 90 
percent of passenger vehicle generated carbon monoxide, hydrocarbons, and TSP due to the poor 
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pp. 167-186. 
 
Ferin and Penney 1992: G.O. Ferin and D.P. Penney, “Pulmonary Retention of Ultrafine and Fine 
Particles in Rats,” Am. J Respir. Cell Mol Biol., Vol. 6 (1992), pp. 534-542. 
 
Friedmann 1998:  S174 
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CHAPTER 5 

ENERGY SUPPLY TECHNOLOGIES 
 
 

The arguments for marginal, incremental change are not convincing—not in this 
day and age.  The future, after all, is not linear.  History is full of sparks that set 
the status quo ablaze. 

 
    Peter Bijur, CEO and Chairman, Texaco1 

 
 
 

conomic development and quality of life improvements for most of the world’s population will 
require major expansion in the provision of energy services in the decades ahead.  Most of the 
expected growth will take place offshore, especially in developing countries, and these offshore 

markets represent some of the most significant growth opportunities for U.S. energy firms in the coming 
decades. 
 

• According to the baseline forecast of the U.S. Energy Information Administration (EIA), global 



Powerful Partnerships 

5-2 

• Although U.S. domestic oil production is projected to decline 0.9 million barrels per day, 1996 to 
2020, production at the global level will, under the EIA’s baseline forecast, increase from 72 to 
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Table 5.2: Capital Costs for Electricity Storage (1997 Dollars) 
 

Technology Component Capital Cost Total Capital Cost 
($/kW) 

 Discharge 
capacity 
($/kW) 

Storage 
($/kWh) 

2 hour 
 storage 

20 hour 
 storage 

Compressed air     
     Large (350 MW) 350 1 350 370 
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Box 5.2: The Wind Energy Resource Development Concession 
 
Brennanda has proposed the wind energy resource development concession as an instrument for harnessing 

large, high-quality wind resources in regions remote from major electricity markets.  To exploit substantial fractions 
of these resources it is necessary to transmit the power to distant markets via long-distance transmission lines.  To be 
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largest PV company, until BPs merger with Amoco earlier this year and subsequent buyout of Enron’s 
interest in Solarex.  Enron’s involvement in renewables was expanded in 1997 with its acquisition of 
Zond Corporation, an American wind-powerplant developer, and Tacke Windtechnik, a German wind-
turbine manufacturer.  Moreover, in 1997 British Petroleum announced plants to increase solar-power 
sales to $1.1 billion per year within the next decade. 
 

Box 5.3: Co-production of Synthetic LPG and Electricity from Grain Crop Residues in China 
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together with the other important renewable energy initiatives, is $40 million per year in FY2001, 
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to support degraded land restoration under a new operational program relating to carbon 
sequestration.16   
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hydroelectric reservoirs that might be reconfigured to play greater storage roles and geological 
reservoirs that might be suitable for CAES systems.  Because the information developed would 
be a public good, broad multinational support should be sought for developing regional 
assessments of renewable energy resources.  The U.S. effort would be led by DOE.  The GEF 



Chapter 5: Energy Supply Technologies 

5-15 



Powerful Partnerships 

5-16 

economies of scale are achieved to enable these technologies to compete with conventional options (this 
is in addition to the WEC’s estimated $8 billion that would be needed in this period for R&D on these 
technologies).17  For comparison, the global rate of investment in energy supply in 1990 was about $400 
billion—some 2 percent of world GDP. 
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 Despite the attractions of natural gas, its use is in an early stage in developing countries, which 
account for 75 percent of world population but only 20 percent of gas use.  Putting in place regulatory 
reforms relating to natural-gas infrastructure (see Chapter 3) would help accelerate the transition to this 
cleaner fossil fuel in the developing world.  Because conventional gas resources are unevenly distributed 
around the world (e.g., 36 percent and 12 percent of estimated remaining recoverable conventional 
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of hydrogen makes it feasible to dispose of the CO2 at relatively low incremental cost (in contrast to the 
relatively high cost of disposing of CO2 recovered from the stack gases of conventional fossil fuel power 
plants).28  Even taking into account the added cost of CO2 sequestration, the cost of making hydrogen this 
way would typically be much less than the cost of hydrogen produced electrolytically.29 
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High-Priority Fuels Decarbonization and CO2 Sequestration Initiative 
 
 Goals 
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this activity, environmental policy reforms that would protect public health and welfare.  
Overcoming the institutional barriers to multiple-product strategies based on coal gasification 
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request of a little less than $3 million (PCAST 97 recommended $5 million per year as an R&D budget in 224 

2 2 4  224 24 24 
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separated civilian plutonium do not appear to be economic compared to once-through use of low-enriched 
uranium fuel, but they continue because of a combination of factors: sunk capital costs, government 
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feasible to recover uranium from seawater at a cost of $120 per lb of U3O8.
40  Although this is more than 

10 times the current uranium price, it would contribute just 0.5¢ per kWh to the cost of electricity for a 
next-generation reactor operated on a once-through fuel cycle—equivalent to the fuel cost for an oil-fired 
power plant burning $3-a-barrel oil. 
 
 Nuclear fusion offers a more distant possibility of abundant energy free of greenhouse gases and 
conventional air pollutants.41  Even under favorable assumptions about fusion R&D investments and 
outcomes, it is not likely to be able to deliver a significant contribution to world electricity supply much 





Chapter 5: Energy Supply Technologies 

5-29 

 U.S. Actions 
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Strategic Criteria 
 

As defined in the PCAST 1997 study, strategic criteria relate to the prospective leverage of the 
RD3 portfolio to address the principal energy-linked economic, national security, and environmental 
challenges.  The technology-specific initiatives proposed in this report are tabulated against global 
sectoral energy demand and energy supply in Tables 4.5 and 5.4.2   Many of the initiatives extend U.S. 
domestic energy activities into the international arena, particularly to developing and transition countries.  
Elements of the leverage of the portfolio against the specific challenges outlined in Chapter 1 include the 
following. 
 

Economic Challenges 
 

Consumer costs and economic development.  The portfolio of energy-efficient technologies in the 
buildings, industry, and transport sectors will reduce lifecycle costs of energy servicis 
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energy-intensive processing, which account for about half of industrial energy use (and industrial energy 
use currently accounts for about half of total transition and developing country energy use, as indicated in  
Table 4.2).  The Buildings initiative would cut that sector’s energy use roughly in half (and buildings 
account for about one-third of current total transition and developing country energy use).  On the energy-
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In addition, the Administration might want to include further considerations: 
 
• Geopolitics.  Is the country important geopolitically?  Is the country a regional leader with potential 

regional leverage? 
 
• Market size.  Is there a large potential market within the country?  Is it sufficiently large to quickly 
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categories before commitments are made helps avoid squabbles later and greatly increases the 
chances of achieving project goals. 

 
• Management responsibility
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information we have reviewed has been sufficient, however, to strongly suggest that, although groups of 
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Branch agencies in the energy-cooperation area, namely DOE, EPA, and USAID.  (Table 6.2 summarizes 
a number of often-expressed Congressional concerns about international ERD3 cooperation together with 
this panel’s findings on these topics.)  The general Congressional lack of interest in and sometimes 
outright opposition to international cooperation on ERD3 not only has constrained the funding for such 
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and other technology developers could be helpful to both agencies as well as in advancing and diffusing 
energy-technology innovation.  Efforts internal to USAID, DOE, and the national laboratories are being 
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energy cooperation by utilizing the technical capabilities spread throughout the government, as opposed 
to assigning leadership based on the outdated notion that some agencies are international while others are 
domestic. 
 
High-Priority Initiative: Improve International ERD3 Management Within Agencies 
 
 Goals 
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Table 6.3.  Breakdown of Strategic Energy Cooperation Fund by Initiative Cluster 

 

 FY 2001 
$ Million 

FY 2005 
$ Million 

Capacity building 20 40  
Sector reform 20 40 
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Thus the energy technologies and related infrastructures that are developed and deployed over the 
next few decades—supporting rapid energy growth in developing and reforming economies and replacing 
existing capital stock in industrialized ones—will strongly influence the trajectories of energy costs and 
end-use efficiencies, greenhouse-gas emissions, public-health impacts of air pollution, oil-import 
dependence, nuclear-energy-system safety and proliferation resistance…and much else of importance 
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APPENDIX C:  PCAST 1997 Recommended DOE Applied Energy-Technology R&D Initiatives and Budget Authority (in millions of as-spent dollars) 
 
PROGRAMa 
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Nuclear Fission Operating Reactors: R&D to address problems that may prevent continued operation of  existing 
reactors. 
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Energy-sector restructuring and reform: encouraging privatization (transfer of ownership from the 
public- to the private-sector) and market competition in energy supply, while removing subsidies and 
other distortions in energy pricing and preserving public benefits. 
 
Financial mechanism: a mechanism intended to assist the supply of capital available for undertaking an 
energy technology project, frequently for projects having a specialized purpose (such as the climate 
change projects targeted by the GEF). 
 
Global Environment Facility (GEF):  A financial institution that provides grants and concessionary 
financing to developing countries and economies-in-transition for projects and activities that provide 
global benefits in four topical areas: climate change; biological diversity; international waters; and 
stratospheric ozone.  The GEF was established for the purpose of implementing agreements stemming 
from the 1992 U.N. Conference on Environment and Development, including the Framework Convention 
on Climate Change.  The World Bank Group is one of the three implementing agencies for the GEF, 
together with the United Nations Development Program and the United Nations Environment Program. 
 
Greenhouse gases (GHGs): heat-trapping gases in the atmosphere that warm the earth’s surface by 
absorbing outgoing infrared radiation and re-radiating part of it downward.  Water vapor is the most 
important naturally occurring greenhouse gas, but the principal greenhouse gases whose atmospheric 
concentrations are being augmented by emissions from human activities are carbon dioxide, methane, 
nitrous oxide, and halocarbons. 
  
Infrastructure: the physical structures and delivery systems necessary to supply energy to end-users.  In 
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