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Energy technology demonstration and deployment are complementary to energy 
research and development (ER&D) activities – all together these activities 
constitute energy innovation, which is the process by which energy technologies 
are improved or developed and ultimately brought into widespread use.  
Successful energy innovation requires a productive ER&D base as well as 
concerted efforts to ensure deployment among various end-users. The public 
sector can play a significant role in catalyzing, promoting, and enabling this 
transfer of technologies from the laboratory to the marketplace.   
 
In comparison to research, development and demonstration--where public 
expenditures, which often serve as a proxy for the scale of activity, are easily 
available--it is more difficult to estimate the magnitude and relative scale of 
energy technology deployment efforts.  These efforts span a greater range of 
activities, and are often integrated with each other and with ERD&D activities; 
as a result, ETD expenditures are difficult to disaggregate.  Therefore an 
assessment of ETD requires some understanding of the kinds of activities that 
constitute ETD, their underlying rationales, and of specific programs targeted 
towards deployment. 
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1  Introduction 
 
Energy technology innovation encompasses research and development on new technologies, as 
well as on improving existing technologies, and bringing these into widespread, practical use.  In 
fact, technological change, driven by a range of innovation efforts, has long played a central role 
in shaping the global energy system and its components (PCAST 1997, WEC 2001).  New and 
improved technologies have helped expand energy supplies and exploit them in an economical 
fashion – for example, significant improvements in exploration and recovery technologies have 
been responsible, in part, for the trend of increasing recoverable hydrocarbon resources over the 
last few decades.  Energy technology innovation has provided cheaper, more efficient, and 
cleaner ways of converting energy into desirable end-use forms as well as a range of technologies 
to better utilize these energy forms to satisfy consumer needs.  The reductions in global energy 
intensity over the past decades3 have been driven, in part, by the development of more efficient 
energy conversion and end-use technologies. Within the automobile sector, improvements in 
technology have allowed automakers to offer vehicles with higher performance while keeping 
fuel economy constant.  Technological developments, spurred by environmental regulations, have 
also helped reduce the local and global environmental impact of energy extraction, conversion, 
and use.  
  
Continued and strengthened energy innovation efforts are important for a number of reasons: 
 
Economic: Energy use accounts for about 7 to 8 percent of the U.S. GDP and worldwide.  Annual 
global investments in energy-supply technologies run into hundreds of billions of dollars, and 
trillions of dollars are spent annually on products that consume energy (PCAST 1997).  Thus 
investments in energy innovation, by helping make energy services cheaper and more reliable, 
strengthens the country’s economic base, and assist the poorer sections of society in accessing 
energy services.  In addition, it also assist U.S. manufacturers maintain and grow their share in 
the global energy technology market. 
 
Environmental:  The extraction, conversion, and use of energy results in a variety of 
environmental impacts ranging from land and water degradation resulting from coal mining and 
oil spills and leakages, local and regional air pollution from emissions of sulfur and nitrogen 
oxides from power plants, automobiles and oil refineries (as well as heavy metals in the case of 
coal-burning power plants), as well as alteration of the global climate system through emissions 
of carbon dioxide.  Mitigating such pollution and degradation in a cost-effective fashion and 
without serious disruptions to our energy system will require a range of new and improved 
technologies. 
 
Security:  Energy technologies can play a role in reducing the country’s dependence on energy 
imports by reducing the energy consumed per unit of economic activity through greater energy 
efficiency.  They can also play a role by helping maintain and increase the diversification of our 
energy supply by allowing the use of sources such as coal and nuclear power in a socially- and 
environmentally-acceptable manner and by tapping into renewable resources such as solar power.  
Energy technologies, by helping provide energy services poorer citizens of developing countries, 
can also assist in their human, social, and economic development and hence help reduce potential 
instabilities  
 

                                                      
3 The global primary energy supply per unit GDP (in constant dollar terms) reduced by almost 20% between 1978 and 
1998 (IEA 2001). 
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Generally, energy innovation is stylized as a set of activities comprising energy research, 
development, demonstration, and deployment (referred to as ERD34), with the caveat that these 
activities do not occur in a purely linear and unconnected fashion.  Since innovation is necessarily 
a recursive process requiring many iterations before a technology or product is deployed (and 
even subsequent to deployment, numerous incremental improvements generally continue to be 
made), in reality the process is highly dynamic and characterized by linkages, interactions, and 
overlap between the various stages (Kline and Rosenberg 1986, Margolis 2002, Gallagher 2003).  
For example, product design takes into account the conditions under which the technology will be 
deployed; data from demonstration projects reshapes the technology; and product characteristics 
and designs are influenced by feedback on consumer needs and preferences.  Still, the basic fact 
remains that investments in R&D can initiate the development of new energy technologies and 
help support them through the early stages, bringing these technologies to market requires further 
effort through demonstration and deployment programs.   
 
 
2  Energy technology demonstration 
 
Demonstration projects play an important role in helping bring technologies closer to the market.  
Such projects: 
   

• test new technologies in conditions approximating real-world applications, thereby 
gathering technical and economic performance data that can help refine and improve 
technologies so as to enhance their potential for commercialization; 

• can also help in scaling up technologies – this is especially critical in cases where the 
laboratory version of the technology is useful for testing the concept but where the 
eventual application of technology must happen at a much larger scale (such as in power 
plants, for example); and,  

• demonstrate the feasibility of such technologies to manufacturers and potential buyers 
and therefore enhance their confidence; 

 
Accordingly, the demonstration phase typically consists of building one or more energy-
technology manufacturing or energy production/use facilities of increasing scale to prove the 
technical and potential commercial viability of the technology. The private sector faces 
substantial difficulties in conducting such demonstrations by itself. The time horizons for returns, 
although shorter than for R&D, are often still too long; the risks are—or are perceived to be—too 
high; the capital requirements can be large and sufficient capital thus difficult to obtain; the 
improved energy technologies may receive little or no return for reducing emissions or other 
externalities; and the pilot plants and even full-size first-of-a-kind commercial demonstration 
facilities typically cannot compete against low-margin energy commodities provided by 
conventional energy technologies.  As a result, energy technology demonstrations are often 
funded or co-funded by the public sector, given the public-goods aspects of energy services.  In 
the United States, public support for demonstration has been principally provided through DOE 
by several different measures, with varying success.  
 
An example of a major demonstration project is the U.S. Clean Coal Technology program that 
was initiated in 1986 and ultimately involved 38 projects that covered advanced electric power 
generation, environmental control technologies, as well as coal processing.  The overall budget of 

                                                      
4 See PCAST 1999. 
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this project was $5.3 billion, of which about $1.8 billion came from the Federal government5 (see 
Section 5 for an expanded overview). Often, demonstration (and deployment) efforts may be 
integrated with R&D efforts as in the case of FreedomCar and Fuels Initiative that is aimed at 
developing technologies that could achieve significant improvements in vehicle fuel efficiency 
and allow displacement of oil by other fuels that ultimately can be domestically produced in a 
clean and cost-competitive manner (see Section 5 for details). 
 
 
3  Energy technology deployment 
 
Even if the technical feasibility of a new technology has been demonstrated, it still may not be 
able to compete in the market with already established technologies for a variety of reasons.  The 
main categories of barriers include cost, information, market organization, infrastructure, 
regulations, and slow capital stock turnover (IEA 2000, IEA 2003a, Sagar 2004).  These are 
discussed further below. 
 
COST:  There are two main reasons why a new and improved technology might be unable to 
compete with an established technology in cost terms: The first reason is that consumers may not 
value, in financial terms, the improvement in energy service that the new technology may offer – 
this situation basically exists because energy prices do not reflect the full costs of its extraction, 
transport, conversion, and use.  For example, a new energy technology may result in decreased 
local or global air pollution but since such pollution is not internalized into the costs of energy 
use, any reductions are not reflected in market transactions.  These price distortions are probably 
the single largest barrier to the deployment of new and improved energy technologies. 
 
The second reason is that costs of any technology are higher in the early stages of its production, 
hampering the ability of this technology to compete with technologies already in widespread use.  
The costs of new technologies generally reduce with increasing production and market 
experience.  In fact, empirical data show that the total cost reductions of new technologies are 
related to their cumulative production, with the relationship between the two often referred to as 
“learning curves” (on a log-log plot, this appears as a linear relationship).6  This “learning” and 
concomitant reduction in cost can come from improvements in manufacturing techniques and 
processes, in product design that result from the experience gained by a firm (or industry, through 
spillover effects) as it engages in the production of these technologies (Fig. 4), and through 
experience in deploying them.7 

                                                      
5 This program has been followed up by the Clean Coal Power Initiative, initiated in 2001, which is also a 
cost-shared partnership between government and industry to demonstrate advanced coal-based, power 
generation technologies.  This ten-year initiative will be tentatively funded at a total Federal cost share 
estimated at $2 billion with a matching cost share of at least 50%. 
6 The notion of a “learning curve” was first suggested by Wright (1936) based on his work on aircraft 
production.  As early as 1962, Arrow discussed the economic implications of the gains obtained from 
learning by doing (1962), and the Boston Consulting Group brought this concept into mainstream 
management science.  Understandably, increases in productivity through learning, and the underlying 
mechanisms, have been the cause of much analysis (see, for example, Argote and Apple 1990). 
7 The learning rate, i.e., the percentage reduction in cost for every doubling in production, is different for 
different technologies (Argote and Apple 1990, IEA 2000a, McDonald and Schrattenholzer 2001), and is 
also different at different stages of the technology’s development.  During the technical demonstration and 
niche commercialization phase, it is possible to get large cost reductions from increased cumulative 
production, but with increased production and commercialization, the rate of cost reductions decreases.  For 
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Public policy approaches that are directly targeted at reducing or eliminating distortions include:  
 

• Market-based mechanisms such as taxes (or pollution charges) that account for 
environmental and other externalities, or pollution ceilings combined with tradable 
permits (generally referred to as “cap and trade”), both of which send a cost signal to 
market.   

• Regulations to control the level of externalities (such as noise, environmental pollution, 
or adverse health effects) that are acceptable.  Both technology-based and performance-
based standards have been used as regulatory policy instruments to achieve such goals.     

• Direct subsidies (such as tax credits) to technologies that reduce these externalities (such 
as environmentally-cleaner technologies) or removal of subsidies from technologies or 
energy sources that result in large externalities (such as polluting technologies).  It should 
be noted that the uncertain temporal nature of new subsidies (such as the requirement for 
annual or biannual renewal) often diminishes the effectiveness of the incentive.  

 
Other public policy approaches to promote the deployment of emerging energy technologies that 
can then reduce the costs of these technologies through “learning-by-doing” include: 
 
• Government-mandated purchase of renewable power by utilities.  In the case of the United 

States, the Public Utility Regulatory Policies Act of 1978 (PURPA) required utilities to buy 
electricity, at the utilities’ “avoided cost” from qualifying facilities (that included power 
plants of less than 80 megawatts of capacity that used renewable energy sources).8 More 
recently, many states have mandated the deployment of renewable technologies through 
“Renewable Portfolio Standards” (RPSs) that require a minimum percentage of the power 
supply portfolio come from renewable sources.  Currently, thirteen states have signed into 
law, or are considering, RPSs. As in the case of subsidies, the value of such regulatory 
obligations can be enhanced if they provide a stable, long-term framework for project 
developers as well as a steady confidence in future markets and prices.  [It should be noted 
that while these deployment programs have helped bring down the costs of renewables-based 
electricity generation, they were unable to ensure the long-term sustainability of renewables 
since the declines in cost seen in natural gas-fired generation were even greater.] 

 
• The use of minimum performance standards.  These kinds of regulatory standards are 

generally utilized for specified product categories–for example, electric appliances–but they 
can also be set for a given percentage of products on the market, a market-wide average, or a 
manufacturer-based average (IEA 2000b). A commonly cited example of a standard is the 
U.S. Corporate Average Fuel Economy (CAFE) standards for automobiles, which represents 
an example of a manufacturer-based average.  These standards, while primarily a response to 

                                                                                                                                                              
example, Grubler et al. (1999) indicate that the learning curve for gas turbines was about 20% in the former 
phase and dropped to about 10% in the latter phase. 
8 Similarly, in the United Kingdom, the Non-Fossil Fuel Obligation (NFFO), a statutory obligation imposed 
by the British government under the Electricity Act of 1989, required the regional electricity companies 
that comprise the national distribution network in the United Kingdom to contract for a specified amount of 
generating capacity based on non-fossil fuels.  In 1990, when the first NFFO tender was made, successful 
wind energy projects produced electricity at approximately 14.7 ¢/kWh; before the end of the decade, 
NFFO wind energy projects were producing at 4.85 ¢/kWh (Runci 2000).  The NFFO has been followed by 
the Renewables Obligation that requires by 2010, 10% of the UK’s electricity be supplied from renewables 
resources (up from 3% in 2002). 
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the oil market disruption of 1973, have been notably successful–Greene (1998) estimates that 
the total vehicle miles traveled in 1995 with the 1975 on-road light-duty vehicle fuel 
efficiency would have required an additional 55 billion gallons of fuel and would have cost 
motorists an extra $55 billion.9 

 
• Procurement programs.  The Energy Policy Act (EPAct) of 1992 directs the Department of 

Energy, in association with other agencies, to "identify and designate those energy-efficient 
products that offer significant potential savings." EPAct also calls for "guidelines to 
encourage the acquisition and use [of these products] by all Federal agencies."  Through its 
action plan to improve energy efficiency, the European Union is focusing on technology 
procurement that can be used to specify and develop new energy-efficient technology through 
both common EU-wide procurement as well as coordinated procurement among its member 
states.  In combination with public procurement policies, this will assist in both the 
development and diffusion of improved energy technologies (EC 2000). 

 
INFORMATION:  Making choices between various technological options requires technical as well 
as financial information. But such information may not always be easily available to consumers, 
and even if it is, they may not have the expertise to appropriately analyze and assess it.   
 
A public policy approach that has found common use, especially for targeting individual 
consumers, are labeling programs to provide consumers with data about the performance of 
energy-using products and hence help them make more informed choices.  Labels are generally of 
two kinds: those that provide information about performance on some common metrics (such a 
program is mandatory), and those that indicate the achievement (or surpassing) of a specific 
standard (such an endorsement label is voluntary by definition).  Nearly all industrialized 
countries have labeling programs that cover some home appliances (IEA 2000b).  The use of 
labels can have a significant impact on consumer behavior – a European study indicated that 
labels influenced the choice of a third of the purchasers surveyed (EC 2000).   A classic and very 
successful example of an endorsement label program is the U.S. Energy Star program, which is a 
voluntary partnership between the Environment Protection Agency, the Department of Energy 
and industry.  Its basic aim is to expand the market for a range of energy-efficient products – the 
program covers new homes as a well as products/appliances for home and office use.  It is 
estimated that the program had resulted in savings, by 1999, of 760 petajoules of energy (Webber 
2000).10 
 
INFRASTRUCTURE:  Infrastructural barriers become important in cases where new technologies 
basically constitute an altogether different technological trajectory.  For example, a shift to pure-
electric vehicles would not only require the necessary automotive technology but also might 
require a network of recharging stations.  Similarly, a hydrogen-based energy economy will need 
a network for hydrogen distribution or distributed hydrogen generation.  Such an establishment of 
a new infrastructure is economically infeasible for a small-scale introduction of a new 
technology.  In fact, often the infrastructure requirements are so overwhelming that one set of 
technologies are basically “locked-in” (Unruh 2000).  The current automobile-based transport 
infrastructure is a perfect example of this where networks of roads and gasoline stations and 
servicing infrastructure are well-established.  Hence alternative modes of transport such as light 
rail are at a large disadvantage because they have to compete with an existing mode of transport 
                                                      
9 This estimate takes into account the reduction in demand that would have resulted from higher fuel costs 
of the 1975-vintage vehicles. 
10 For reference, the annual U.S. energy consumption in 1999 was approximately 1 x 105 petajoules (EIA 
2001). 

6 



with a strong infrastructure.  These kinds of infrastructural barriers are difficult to overcome and 
almost certainly require some government involvement. 
 
Steps to help overcome this barrier include the development of safety codes and standards that are 
needed to reduce safety risks and also ensure consistency and compatibility. For example, the 
Hydrogen, Fuel Cells and Infrastructure Technologies Program under the DOE’s Office of 
Energy Efficiency and Renewable Energy (EERE) works with code development organizations, 
code officials, industry experts, and national laboratory scientists to draft new model codes and 
equipment standards that cover emerging hydrogen technologies for consideration by the various 
code enforcing jurisdictions. 
 
MARKET ORGANIZATION:  The way in which markets are organized can have a significant 
influence on the deployment of energy technologies.  For example, the building industry is 
dominated by small construction firms (estimated to be more than 100,000 in the United States) 
with little standardization of practice, exchange of information, as well as limited incentives to 
adopt energy-efficient technologies. 
 
Government programs can help in such cases by developing codes and standards, providing 
information to the market actors, and promote the use of energy-efficient technologies.  The 
DOE’s Building Technologies Program takes a multi-pronged approach by developing test 
procedures and minimum efficiency standards for residential appliances and commercial 
equipment, supporting development of more stringent and easier-to-understand building energy 
codes and providing technical and financial assistance to promote the adoption, implementation, 
and enforcement of such codes; and promote public-private partnerships to assist in community-
level energy-efficiency implementation (see details on the Building America program in Section 
5). 
 
REGULATIONS:  Regulations provide strong incentives for the deployment of technologies11, but 
existing regulations also may sometimes prevent the deployment of new energy technologies, 
resulting in what we term as “lock-out.”   
 
To give one example, the Federal Energy Regulatory Commission mandated tariff provisions 
imposing financial penalties for electricity generators that deviated from the generation schedules 
that they filed under Order 888.  The rationale for this order was the generators should be able to 
predict the exact amount of electricity that they would create and deliver (and the related 
transmission requirements).  Renewable-generated electricity, however, is often intermittent and 
unpredictable because the amount of sun and wind vary according to the weather.  Under FERC’s 
Order 888 renewable-electricity providers were forced to pay high penalties for deviation from 
predicted schedules, and were effectively locked-out. FERC has taken steps towards elimination 
of this discriminatory policy.  As another example, the State of California’s zero-emission-vehicle 
(ZEV) policy of 1990 (which mandated that 2% of automakers' sales in California had to be 
ZEVs, by 1998)12 effectively limited the choice to electric vehicles since these were the only 
vehicles that were truly ZEV (at least in terms of immediate emissions from the vehicle).  Other 

                                                      
11 Such as the Acid Rain program under the Clean Air Act of 1990 that caused deployment of sulfur 
control, technologies and use of low-sulfur coal, resulting in rapid declines in SO2 emissions (REF). 
12 In 1990, the California Air Resources Board (CARB) issued a policy that each manufacturers’ sales fleet 
shall be composed of at least 2% ZEVs in the model years 1998-2000, 5% ZEVs in the model years 2001-
2002, and 10% ZEVs in the model years 2004 and beyond.  In 1996, the requirement for the early years 
was eliminated (1998-2000).  In 1998, CARB announced that there could be “partial ZEV” credits for 
hybrid vehicles for up to 6% of fleet for large automakers.  
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low-emission alternatives such as hybrid vehicles were, in essence, locked-out by the 1990 ZEV 
policy, even though such vehicles are more suitable for a wider range of customers since the 
combination of gasoline engine and electric motor gives greater flexibility in terms of range and 
reduces down time were and therefore much more likely to be adopted by consumers.   The ZEV 
policy led some automakers to focus almost entirely on electric vehicles since hybrid vehicles 
would not be allowed under the ZEV program.  Ultimately, California amended the ZEV policy 
to include partial credit for hybrid gasoline-electric vehicles, but by then the U.S. automakers 
were far behind Japanese automakers in hybrid-related R&D, causing them to lose market share 
in California because they were unable to immediately deploy hybrid vehicles in the California 
market.  Meanwhile, Japanese government policies and support for R&D had contributed to the 
Japanese manufacturers being poised to capture the initial market for these fuel-efficient 
technologies. 
 
 
4  Assessing energy technology demonstration and deployment 
 
It is difficult to estimate public-sector expenditures for energy technology deployment activities 
for two reasons:  it is not always easy to define these activities, and often there is not a strict 
delineation between R&D, demonstration, and deployment.  Part of the DOE Hydrogen program, 
for example, involves research demonstrations to gather field data on various issues (such as the 
performance of onboard reformers) that straddles these various components of the innovation 
chain.   
 
Additionally, a range of actors and activities may be relevant to the deployment of energy 
technologies.  For example, in the case of solar photovoltaics (PV), DOE’s EERE launched the 
Million Solar Roofs Initiative (MSRI) to promote the installation of solar PV (and solar thermal) 
systems on building roofs (see Section 5 for more details on this program).  In addition, EERE 
also has other activities such as education and training programs that enable deployment rather 
than result directly in deployment.  The annual MSRI budget over the last few years has ranged 
between $1.5-3 million; it is estimated that expenditures for other PV-deployment-related 
activities are of the order of $1-2 million.  Other federal government programs such as the 
Federal Energy Management Program (FEMP) also promote the deployment of PV systems.  To 
give some other examples, US Department of Agriculture assists in PV-systems deployment as 
part of its Rural Utilities Service and the U.S. Army has deployed PV systems on a number of its 
bases and facilities.  Much of the market stimulation for PV, though, takes place at the state level.  
A number of states have been extremely active in supporting the adoption and commercialization 
of PV (Bolinger and Wiser 2003).  In fact, a significant fraction of the $79.6 million in public 
expenditures that is estimated to be directed towards stimulating markets for PV within the 
United States (IEA 2003b) can be attributed to state programs.  
 
Overall, though, probably the largest public-sector contribution to energy-technology deployment 
comes from the DOE’s Weatherization Assistance program, which provides grants to promote 
energy conservation in the homes of low-income households.  Between 2000 and 2004, this 
program spent almost $970 million on these activities.  Other major sources of federal funds for 
energy technology deployment are the State Energy Program Grants that are aimed at supporting 
the capabilities of states to implement activities that promote energy efficiency and adopt 
renewable energy technologies.  Between 2000 and 2004, these grants totaled over $200 million.  
These grants, and many of the DOE’s other deployment activities, are aimed at enabling, 
catalyzing, and initiating energy technology deployment through the strengthening of capabilities 
through education and training, lowering of barriers through information provision and some 
subsidies, and to the development of public-private partnerships that bring on board a range of 
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public- and private-sector actors and leverages private resources.  Section 4 outlines a number of 
prominent deployment programs of the DOE. 
 
It is notable that programs to promote deployment of technologies are key to the 
commercialization of technologies, yet the issue has not been studied that much.  As a corollary 
of our conclusions about energy-technology R&D efforts elsewhere (Sagar and Holdren 2002), it 
is imperative to identify and fill our gaps in our understanding energy-technology deployment 
before we can improve this deployment process. 
 
In this context, some important policy questions may be particularly relevant to the deployment 
issue (Sagar and van der Zwaan 2004): 
 

• How can deployment programs be designed to maximize their effectiveness along 
various dimensions?  The ultimate goal of deployment programs is to bring technologies 
to markets, and this can be done in a number of ways (that are not mutually exclusive): 
through learning, through elimination of market barriers, and through targeted programs 
of market transformation (IEA 2003a).  Yet the relative emphasis on the various 
approaches may depend in part on the characteristics of the technology.  Clean coal 
technologies, for example, may require greater emphasis on specific market barriers such 
as price distortions and other cost reductions, while the deployment of hybrid vehicles 
may be better advanced through targeting the niche market of early adopters.  

 
• How can deployment programs be best coordinated with R&D activities?  Given that 

deployment may require a number of activities, it may be useful to initiate some of these 
even as the R&D proceeds to prepare the groundwork, so to speak, for the remaining 
activities.  For example, work on the development of codes and standards can begin 
before all aspects of the technology have been addressed through R&D rather than 
waiting for the complete design of the technology to emerge and for manufacturing 
capabilities to be established.  On a different front, feedbacks from the deployment 
(manufacturing as well as implementation) process may help in the refinement of the 
technology or the development of the next generation.  Both of these require coordination 
and information linkages between the R&D and the deployment processes. 

 
• How should funds be allocated between RD&D and deployment activities?  Both R&D 

and deployment lead to cost-reductions.  Cost-reduction in research comes through 
efforts focused at developing new technologies or refining existing ones that have better 
technical or economic performance than earlier technologies.  Cost-reduction through 
deployment comes from refining manufacturing processes and/or product design that 
reduce the cost of the technology.  Additionally, reductions in cost in delivery of energy 
services using these technologies can be also be achieved through experience gained in 
implementation.  Optimal utilization of a limited amount of funds may require a different 
split between R&D and deployment for different technologies, based on the estimated 
gains achievable through R&D efforts as well as through deployment.  This calculus will 
also depend on the level of private-sector funds that can be leveraged for R&D and 
deployment. 

 
 
5  Review of prominent energy-technology demonstration and deployment programs 
 
Many of the prominent energy-technology deployment programs are, in fact, public-private 
partnerships.  Partnerships among government, industry, national laboratories, universities, and 
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non-profit organizations can be effective mechanisms for the development and deployment of 
energy technologies with potentially large returns to the United States (PCAST 1997).  Many of 
these partnerships require participants to share costs and make equitable contributions.  Federal 
support of deployment activities must strike a balance between providing consistent and stable 
support for deployment of better energy technologies, but not supporting technologies after they 
have become commercially competitive.  Although not discussed in this paper, international 
energy collaboration and partnerships are essential to the effective deployment of advanced 
energy technologies.   
 
CLEAN COAL TECHNOLOGY PROGRAM13 
 
The oil crisis and energy supply uncertainties of the seventies laid a thrust on federal role in 
developing more efficient, cost-effective and environmentally acceptable coal technologies. 
Subsequently, the 1980 Energy Security Act set up the Synthetic Fuels Corporation, which was 
cancelled and phased out under the Reagan administration as the economic attractiveness of coal-
derived petroleum substitutes declined. However sustained interest in coal-based power 
generation technologies led to congressional funding of the Clean Coal Technology Program 
(CCT), starting in FY 1986.  
 
The CCT program objective was to demonstrate the commercial feasibility of CCTs with 
enhanced operational, economic & environmental performance. This constituted a major effort 
outside the traditional coal R&D projects, and funding for this program was allocated outside coal 
R&D funding under DOE’s Office of Fossil Energy R&D budget. The program was initiated in 
1986 and was scheduled to run through 2004. It emphasized the need for demonstration and 
commercial deployment of environmentally responsive, economically competitive technologies 
based on cost sharing between the private sector and DOE, with the former contributing at least 
50 percent of total demonstration cost14. The objective was to push most advanced coal-based 
technologies into the marketplace through demonstrations.  The demonstrations were to be at a 
scale large enough to generate information that would allow the commercialization potential to be 
judged. The original Congressional funding was close to $400 million during FY1986-1988.  In 
March 1987, in response to the Joint Canadian and US Special Envoy recommendations 
concerning acid rain, President Reagan expanded the CCT program’s funding by $2.35 billion. 
The existence of this program helped in formulating the Clean Air Act Amendment (CAAA) of 
1990 by providing real-time data on emission control capabilities. CAAA also provided 
incentives for setting up clean coal projects by exempting them from environmental regulations 
such as New Source Performance Standards (NSPS) & New Source Review (NSR) for pollutants. 
This waiver from environmental compliance provoked a very large number of project proposal 
submissions. 
 
Out of the 36 CCT projects, 31 projects, spread across 18 states have been completed in four 
major product line categories: environmental control devices, advanced electric power generation, 
coal processing for clean fuels, and industrial applications. The program evolved over a number 
of years with an initial emphasis on controlling emissions of acid rain precursors (SO2 & NOX) 
towards production of clean fuels from coal, responding to emerging issues of climate change, & 

                                                      
13 By Debyani Ghosh, Energy Technology Innovation Project, Harvard University. 
14 DOE came up with a strategic planning document in the early nineties titled the Clean Coal Technologies 
Research, Development & Demonstration (RD&D) Program Plan. This planning document is distinct from 
the similarly named, but programmatically distinct Clean Coal Technology (CCT) program. Activities 
under the RD&D program plan include, but are not limited to the CCT program.  
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demonstrating higher efficiency & economically competitive technologies also exhibiting better 
environmental performance. Federal funding of the program (Congress appropriated a federal 
budget of $ 1.5 billion for program) has been offered through five solicitations in which private 
participants shared an unprecedented 68 percent (more than $3.2 billion) of the overall cost of 
design, construction and operation of the demonstration project. A unique feature of the program 
is that each project is committed to repaying the government’s share of the project funding from 
proceeds of successful commercialization of the technology. Some reports15 suggest that while 
the program has been an excellent start in commercialization of advanced power generation 
technologies, prevailing conditions in the power generation industry would necessitate further 
federal cost-sharing programs to accelerate commercial acceptance of these new technologies. 
 
The CCT program has ended and its funding has been transferred to a program called Power Plant 
Improvement Initiative (PPII). PPII along with another program titled Clean Coal Power 
Initiative (CCPI) has objectives similar to CCT.  While the primary environmental drivers for the 
CCT demonstration program were controlling SO2 and NOX emissions, the primary drivers for 
PPII & CCPI are controlling PM2.5, ozone, hazardous air pollutants (primarily mercury) & 
greenhouse gases.  Like the CCT demonstration program, these are cost-shared partnerships 
between industry and government. Roots of PPII lie in the blackouts and the brownouts of 1999 
and 2000, and its objective is to address near-term electricity delivery reliability concerns by 
demonstrating new technologies that improve efficiency & environmental performance of coal-
fired power generation. There are at present four ongoing projects under PPII. CCPI implements 
the National Energy Policy (NEP) recommendations to increase investment in clean coal 
technologies and has seven ongoing projects. The CCT program, PPII & CCPI provide a platform 
for the evaluating FutureGen technology candidates, a $1 billion venture to build a prototype of 
the fossil fuel plant of the future. For the long-term, the foundation built by the CCT 
demonstration program along with contributions from PPII & CCPI will be used to meet Vision 
21 goals that comprise a portfolio of fuel-flexible systems and modules capable of producing 
clean fuels, chemicals, and electricity at near-zero emissions of pollutants in the 2010-15 
timeframe.  
 
FREEDOMCAR AND FUELS INITIATIVE 
 
The Department of Energy’s FreedomCar & Fuel Initiative program is one of the largest “public-
private” partnerships, and it is predominantly focused on R&D activities, although demonstration 
and deployment activities are also included.  FreedomCar replaced the Partnership for a New 
Generation of Vehicles (PNGV) partnership of the 1990s, although a number of the research 
efforts in PNGV were converted into the FreedomCar program.  The principal difference between 
FreedomCar and PNGV is that FreedomCar is primarily focused on developing hydrogen-fueled 
fuel-cell vehicles, and PNGV was mainly focused on developing hybrid-electric vehicles.  
FreedomCar is continuing support (although much less) for research on hybrid-electric vehicles, 
however.  Fuel-cell vehicles require many components that are contained in hybrid-electric 
vehicles, such as electric control systems. 
 
FreedomCar is a partnership between U.S. DOE and U.S. Council for Automotive Research 
(CAR), which is comprised of Ford, GM, and DaimlerChrysler.   President Bush as committed 
$1.7 billion to the program over five years, which began in 2002.  Of the $1.7 billion, $720 
million is new funding.  In FY04 the Bush Administration’s budget request was $273 million for 
the FreedomCar and Fuels Initiative. 
 
                                                      
15 A National Academy of Sciences report on ‘Coal- Energy for the Future’ published in 1995. 
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One of the distinguishing features of public-private partnerships is that government and industry 
often share costs.  By the time PNGV was cancelled, the U.S. government had spent 
approximately $1.25 billion, or $250 million per year on average according to the U.S. General 
Accounting Office.  DOE had provided half of the funding, NSF and the Dept. of Commerce 
together provided about 40 percent, and EPA and the Department of Transportation also funded 
about 10 percent.  However, 45 percent of this funding reportedly was only indirectly relevant to 
its goals or was not coordinated through PNGV (GAO 2000).  Officials at DOE estimate that 
even though the need was approximately $600 million per year, the peak annual allocation was 
only US$166 million, not including NSF money (Wall and Yoshida 2002).  Although only one 
estimate of industry spending has been made, it appears that industry may have spent much more 
than the federal government – and a far greater share of total investment than the program had 
envisioned.  In the National Research Council’s sixth peer review of PNGV, they estimated that 
for FY1999 alone, the three companies together spent $980 million dollars.  Estimates of 
investments for each of the previous years were comparable. (NRC 2000)  However, no detailed 
accounting of how this money was spent is provided in the NRC report, making it difficult to 
assess how much of the $980 million was directly spent on PNGV research or whether some of 
this spending went to indirectly related projects. 
 
A critique of the PNGV program (and therefore potentially of the FreedomCar program) is that it 
did not directly lead to actual deployment of U.S.-invented hybrid vehicle technologies.  No U.S. 
manufacturer actually commercialized a hybrid-electric vehicle during the life of the program, 
although both Ford and GM have announced plans to bring hybrids out in the next few years.  An 
interesting counterfactual question is that if PNGV had continued, would the deployment of U.S. 
hybrid-electric vehicles occurred faster?  Or, were other policies needed to complement the 
program that would have pulled the technologies into the marketplace? 
 
Various government policies have already contributed to the deployment of cleaner and more 
energy-efficient vehicle technologies by providing the incentive to “pull” cleaner vehicle 
technologies into the marketplace.  Notably, the State of California is the only state permitted to 
promulgate more stringent vehicle emission standards than federal standards (other states may 
adopt the California standards).  California’s more aggressive emissions policies led to the 
development and deployment of very low-emission vehicle technologies, and California’s path-
breaking policies were reinforced by the federal Tier 1 and Tier 2 emissions policies.  Other 
policies, such as the federal tax credit for the purchase of hybrid-electric vehicles, have also 
helped to pull cleaner vehicle technologies into the marketplace. 
 
THE MILLION SOLAR ROOFS INITIATIVE 

 
The Million Solar Roofs Initiative (MSRI), announced in June 1997, is an initiative to install 
solar energy systems on one million U.S. buildings by 2010. The initiative includes two types of 
solar technology: photovoltaic (PV) systems and solar thermal systems that produce heat for 
domestic hot water, space heating, or heating swimming pools.   
 
The MSRI focuses its efforts on national, state and local partnerships, made up of the building 
industry, other federal agencies, local and state governments, utilities, energy service providers, 
the solar energy industry, financial institutions, and non-governmental organizations to remove 
market barriers to solar energy use and develop and strengthen local demand for solar energy 
products and applications.  
 
Key features of the initiative involve:  
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• Soliciting voluntary participation by state and local governments and groups;  

• Developing a pool of existing federal lending and financing options;  

• Leveraging other financial support and incentives, both current and proposed;  

• Accelerating the use of solar energy systems on federal buildings.  

 
The Initiative does not direct or control the activities of the state and community partnerships, nor 
does it provide funding to design, purchase or install solar energy systems. Instead, MSRI brings 
together the capabilities of the Federal government with key national businesses and 
organizations and focuses them on building a strong market for solar energy applications on 
buildings. 
 
MSRI partnerships apply annually for DOE grant funding. The grants, leveraged with state and 
local resources, sponsor a variety of activities such as:  

• Working with local and regional home builders to include solar energy systems in new 
homes;  

• Working with local lending institutions to develop financing options for solar energy 
systems;  

• Developing and implementing marketing and consumer education plans and workshops;  

• Working with local officials to develop standard building codes and practices for solar 
installations;  

• Developing training programs for inspectors and installers.  
 
The partnerships commit to installing a minimum of 500 solar energy systems by 2010. The DOE 
provides the partnerships with access to a variety of financing options, training and technical 
assistance from DOE's existing infrastructure, recognition and support, and a link to solar energy 
businesses, associations and related industries that can provide assistance. In 2001, 34 partners 
received $1.5 million for development and implementation activities.  MSRI received about $16 
million in funding between 1998 and 2003 (Herig 2003). 
 
According to an analysis, more than 200 MW of solar capacity can be attributed to MSRI, 40MW 
of which is photovoltaics (PV) (Herig 2003).   
 
THE CLEAN CITIES PROGRAM 

The Clean Cities Program (CCP), initiated in 1993, is sponsored by the U.S. Department of 
Energy (DOE).  It has two top priorities–to increase the number of alternative-fuel16 vehicles 
(AFVs) on the road and to increase the amount of alternative fuel used in those vehicles–thereby 
reducing the country’s dependence on imported petroleum.  Accordingly, the Program supports 
public and private partnerships that deploy AFVs and build supporting infrastructure. The 

                                                      
16 A list of approved alternative fuels was created by the Energy Policy Act (EPAct) of 1992.  This list 
includes natural gas, liquids produced from natural gas, ethanol, methanol, biodiesel, hydrogen, electricity, 
and liquefied petroleum gas, also commonly called propane. Also included is P-Series Fuel, a blended 
product designed for fleets. EPAct credits can also be earned by fleets using B20, a diesel blend containing 
20% biodiesel, at a rate of one credit per 450 gallons of biodiesel used in the blend. 
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Program also promotes the purchase of AFVs and the expansion of the AFV fueling infra-
structure. 

The main goals of the CCP are to have:  

• One million AFVs operating exclusively on alternative fuels by 2010,  
• One billion gasoline gallon equivalents per year used in AFVs by 2010, and  
• Seventy-five percent of Clean Cities coalitions self-sustaining by 2005.  

Additionally, the CCP :  

• Creates new jobs and commercial opportunities, 
• Facilitates AFV production and sales, 
• Develops “clean corridors” of AFV-friendly highways, and  
• Increases public awareness of alternative fuels. 

Unlike traditional command-and-control programs, Clean Cities takes a voluntary approach to 
AFV development, working with coalitions of local stakeholders to meet its goals. The program 
builds on strong local initiatives and a flexible approach to building alternative fuels markets, 
providing participants with options to address problems unique to their cities, and fostering 
partnerships to help overcome them. The Program aims to help all parties identify mutual 
interests while meeting their individual objectives—such as improved air quality, comply with 
federal fleet regulations, or identify and create markets for vehicles or fuel. 

The CCP draws local stakeholders from the public and private sectors in approximately 80 
coalitions across the country. Represented are local, state, and federal agencies; public health and 
transportation departments; transit agencies; and other government offices; as well as auto 
manufacturers, car dealers, fuel suppliers, public utilities, and professional associations. Joining 
Clean Cities is voluntary. 

More than 5,000 stakeholders participate in CCP. A Clean Cities coalition can provide a forum 
for members to leverage their resources, develop joint projects, collaborate on public policy 
issues, and promote AFVs in their communities. The Program can match buyers with sellers, and 
help create AFV markets.  All of this helps cultivate an alternative fuels “community,” where 
people learn how to fuel and operate AFVs successfully. In the process, the uncertainty of using 
alternative fuels can be reduced.  The Program emphasizes applications in “niche markets.” 
Opportunities for AFV users are greatest where fleets can share their use of the infrastructure.  
Examples include airports, campuses, military bases, government agencies, public transit 
agencies, and freight and package delivery companies.  Clean Cities devotes much of its attention 
to promoting opportunities available in these niche markets. But it welcomes and supports 
individual AFV users and owners as well. 

Clean Cities also provides an array of information resources.  These include a toll-free hotline, 
conferences and workshops, an extensive Web site, a searchable online database of alternative 
fuel documents, a quarterly alternative fuels magazine, and other publications. These provide 
information about specific vehicles; fuels and their local availability; regulations and compliance; 
grants and other project funding; and taxes, laws, and incentives for the purchase and use of 
AFVs.  In case Clean Cities coalitions encounter obstacles in their moves toward alternative fuels, 
DOE provides technical assistance in the form of “Tiger Teams.”  These multidisciplinary teams 
can offer help with problems related to AFV implementation strategies and infrastructure 
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development, particularly in matters related to station design and siting; interaction with 
alternative fuel providers; safety, fueling station performance; and user and operator training.  

The current budget of the Clean Cities Program is approximately $5-6 million per year; this 
leverages approximately $30 M through the various partnerships.  The program’s activities have 
also contributed to the development of the AFV market.  In 1992, before the program began, 
there were 4 light-duty AFV models.  Now there are over 30 models being offered by various 
manufacturers. 
 
BUILDING AMERICA17 
 
Building America is a prominent “public-private” partnership established to spur the introduction 
of more advanced energy technologies into the marketplace, in this case the housing sector.   
 
The goal of Building America is to accelerate the implementation of advanced building energy 
systems in new residential construction through the development and application of systems 
engineering using cross-cutting industry teams. Building America develops innovative 
technologies and strategies that enable the U.S. housing industry to deliver environmentally 
sensitive, quality housing on a community-scale while maintaining the profitability and 
competitiveness of homebuilders and product suppliers. Specifically, the Building America 
project strives to attain a 50% reduction in energy consumption (on average, depending on 
climate), a 50% reduction in construction site waste, a  25% increase in use of recycled materials, 
increased labor productivity, and reduced construction cycle time 
 
Building America is a decentralized public-private partnership intended to include a wide variety 
of building sector stakeholders:  government agencies, national laboratories, building scientists, 
builders, building material and product suppliers, financiers and lenders.  The program is built 
around a set of cross-industry, collaborative teams, and its approach to technology innovation is 
based on iterative learning.  Although the program scope includes a small research initiative to 
study high-performance, custom housing,18 its primary focus is high-volume housing 
construction, working with production builders.   
 
There are two notable features of Building America projects.  The first is its focus on a process of 
trial-and-error learning within teams over time to apply the technical insights of building science 
and the holism of systems engineering.  The second feature is that Building America projects 
mingle activities conventionally called “research” and “deployment” together in a pragmatic 
fashion.  The motivation for this approach stems from the challenge of bringing advanced off-the-
shelf technologies into housing.  In order to be integrated into building practice, new housing 
components often require careful planning and, in some cases, scale research and development.  
Builders typically lack the resources and inclination to undertake such investigations.  Through 
the iterative learning process and the mingling of research and deployment, projects have the 
potential to demonstrate that advanced technologies can be successfully and cost-effectively 
integrated into construction practices to improve housing performance.  User-focused projects, to 
put it another way, bridge the gap between advanced technologies and conventional practice. 
 

                                                      
17 This section on Building America draws on research conducted by Chad White, an Energy Technology 
Innovation Project Research Fellow, and Dr. Vicki Norberg-Bohm in an evaluation of the program 
sponsored by DOE.  The evaluation is not complete, nor has it been approved by DOE. 
18 This initiative is sometimes referred to as the “sixth team” or “NREL team.”  
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Building America is overseen by a small staff in the Office of Energy Efficiency and Renewable 
Energy at DOE headquarters.  Two national laboratories and one DOE field office manage and 
coordinate the activities of the five industry teams.  The National Renewable Energy Laboratory 
(NREL) serves as the overall technical manager of the program as well as the contract manager 
for four teams.  NREL also provides technical assistance for the teams upon request, including 
research on topics relevant to all teams and testing services to determine the energy performance 
of a built house.  The Oak Ridge National Laboratory (ORNL) manages program outreach and 
marketing activities.  The Golden Field Office (GFO) manages the fifth industry team, which was 
added to the program in 1999.  
  
Building America has an annual budget of about ten million dollars.  This budget pays for team 
activities and for program administration, technical services, marketing and outreach services by 
the national labs.  Approximately sixty percent of Building America’s funds are distributed to the 
five industry teams.  DOE funds each team independently, according to its research priorities.   
 
DOE requires teams to share the cost of Building America projects.  The four teams that NREL 
manages are required to provide 50 percent of the cost.  The financial assistance agreement that 
the GFO has with the fifth team specifies a more generous 80-20 cost-sharing requirement.  
Teams pay their share of the costs through a variety of means, including cash, donated labor (in 
particular from team leaders), and donated supplies.  However, teams are generally not allowed to 
count labor or materials, that is used to construct housing that is later sold toward their share of 
the program’s costs.  Team leaders use team funds to pay for salaries, technical analysis, research 
and design, implementation assistance, and testing of installed technologies.  Team funds may not 
be used to buy-down technologies. 
 
 
6  Recommendations 
 
BETTER UNDERSTAND THE FACTORS AFFECTING SUCCESSFUL DEMONSTRATION AND 
DEPLOYMENT 
 
There is a need to better understand the factors affecting successful demonstration and 
deployment, and this can be done through a research agenda related to the study of past and 
current energy-technology deployment programs (such as the ones outlined in Section 5).  Very 
little empirical government or academic literature exists regarding energy-technology 
deployment. 
 
IMPROVE INFORMATION COLLECTION AND REPORTING  
 
There is no systematically-reported public information about how much money the U.S. 
government spends on demonstration and deployment activities.  DOE’s budget documents made 
little distinction between research, development, demonstration, and deployment programs.  
Acknowledging that it is often not possible to precisely isolate the amount of money being spent 
on these different activities, surely it would be possible for DOE to report on approximately how 
much money is being spent on each kind of activity, by broad category (efficiency, renewables, 
fossil, nuclear, etc.).   
 
When examining various government-sponsored demonstration and deployment programs (such 
as the ones reviewed in Section 5), one encounters different limitations.  Available data about 
program participants is usually incomplete, program data collection efforts are partial and 
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inconsistent, and information about outcomes is unavailable or hard to compile.  This lack of data 
greatly hinders the ability to systematically track and assess progress toward program goals.    
 
More systematic and comprehensive reporting systems are certainly needed with respect to 
demonstration and deployment programs, but it should be noted that program participants (public 
and private alike) must receive assurances that the reporting of failure is equally as useful as the 
reporting of success. The justification for government involvement in deployment programs is to 
share the burden of risk and failure (both necessary to the innovation process) with the private 
sector in order to generate public benefits.  If participants do not feel comfortable reporting the 
whole story (and are biased toward reporting only successes), improvement of the innovation 
process is compromised because lessons cannot be learned from various experiences with public-
private partnerships.   
 
Perhaps an annual DOE-sponsored conference should be held on energy technology innovation 
where analysis regarding the performance of various programs is presented. 
 
IMPROVE LINKAGES BETWEEN R&D AND DEPLOYMENT PROGRAMS 
 
We noted at the beginning of this paper that while investments in R&D can initiate the 
development of new energy technologies and help support them through the early stages, bringing 
these technologies to market requires further effort through demonstration and deployment 
programs.  The innovation process is highly dynamic and characterized by linkages, interactions, 
and overlap between the various stages.  In fact, it is clear that the better integrated the stages of 
innovation are, the more efficient the innovation process.  This leads to the conclusion that efforts 
should be made to improve linkages between government-sponsored research, development, 
demonstration, and deployment programs.  It is not clear how much these various programs 
interact within government agencies like DOE, nor among academic or private-sector 
participants.    
 
IMPROVE COHERENCE OF ENERGY INNOVATION PROGRAMS AND OTHER GOVERNMENT POLICIES 
 
Because policies can serve such a key role in “pulling” technologies into the marketplace, efforts 
should be make to integrate the energy-technology innovation programs with other government 
policies to meet public policy goals.  If the government wishes to reduce emissions of carbon 
dioxide to mitigate against climate change, for example, then it would be advisable for policies to 
be designed that will both “push” and “pull” low-carbon technologies into the marketplaces.  
Investment in R&D, explicit demonstration of low-carbon technologies, and deployment 
programs should be complemented by policies that will help overcome the barriers to entry of 
new technologies into the marketplaces.  One example would be providing more resources for 
developing and deploying hybrid-electric vehicles.  It has been shown that the federal tax 
incentives have contributed to consumers’ decisions to purchase these vehicles, as have policies 
permitting hybrid vehicles to drive in special designated lanes.     
 
DEVELOP CRITERIA FOR INVESTING IN, AND PHASING OUT, DEPLOYMENT PROGRAMS  
 
It would be useful to develop criteria for investing in deployment programs based on nature of 
technology, the stage of technology, and an analysis of market and other barriers.  Similarly, 
criteria should be developed for the phasing out of deployment programs in an appropriate 
fashion, when the technologies in question have become commercially competitive and when 
other market barriers have been suitably overcome 
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DESIGN DEPLOYMENT PROGRAMS TO MAXIMIZE GAINS ON MULTIPLE FRONTS  
 
There is more to government-sponsored deployment than the actual diffusion of the advanced 
energy technologies into the marketplace.  The various programs can be designed to maximize 
gains on multiple fronts, such as stimulating learning about the deployment process itself, and 
also lowering market barriers.   
 
MORE FUNDING IS NEEDED FOR ENERGY-TECHNOLOGY DEMONSTRATION AND DEPLOYMENT 
PROGRAMS 
 
Although we were not able to isolate the precise amount of funding for all the deployment 
programs discussed in this paper, it is clear that much of the demonstration and deployment 
funding is targeted towards a few areas (in the case of the Clean Coal Technologies (CCT) 
program for the demonstration, and through the Weatherization Assistance program for 
deployment).  What would be useful is to channel additional funds towards other demonstration 
and deployment activities to provide a balanced portfolio of activities across various sectors and 
end-uses.  This will also have the result of enhancing the overall funding for demonstration and 
deployment, which in turn will help bring various energy technologies to the market to better 
meet the range of challenges facing the energy system.  
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A database of the investments made by the U.S. Department of Energy Budget Authority for 
Energy Research, Development, & Demonstration from 1978-2004 was developed by the Energy 
Technology Innovation Project2 in 2004.  This database is available in a spreadsheet format at 
http://bcsia.ksg.harvard.edu/energy.  This technical note provides an analysis of the data 
contained in this database.   
 
Government investments in energy research, development, and demonstration (ERD&D) 
activities are one indicator of the extent to which energy innovation is occurring in the United 
States.  U.S. Department of Energy (DOE) budget documents were used to compile data on U.S. 
ERD&D investments from 1978-2004.3  It is not possible to determine from these budget 
documents how much money was spent on research versus development or demonstration 
activities.  All of the figures reported here have been adjusted for inflation, and are in 2000 
dollars. 
 
The data reveal that current overall energy research, development, and demonstration 
government investments are two-thirds what they were twenty years ago in 1984.  When 
removing nuclear investments from the totals (fossil, conservation, and renewable investments 
remaining), however, energy innovation investments have actually increased by one-third.  U.S. 
energy RD&D investments peaked in 1978, and compared with that year, current investments are 
only one-third what they were at their peak.   
 
The biggest increase in spending by far has been in the area of energy conservation, which more 
than doubled during the 1990s.  The biggest drop in spending has been in the area of fission, 
which currently receives just 20 percent as much funding as it did twenty years ago.  Both fossil 
and renewable energy investments have fluctuated considerably during the past twenty years, but 
fossil energy technologies currently receive twice as much funding as renewable energy 
technologies.   
 

 Fission: The most dramatic decline in funding has been in fission energy technologies, 
dropping from $830 million in 1985 to a rock-bottom $27 million in 1999 (despite a brief 
revival during the first Bush Administration), rebounding to $180 million in 2004. 
Cumulative spending on fission since 1985 equals $4.5 billion. 

                                                 
1 Diane Segal provided valuable research assistance for this report. 
2 The Energy Technology Innovation Project is part of the Belfer Center for Science & International Affairs of the 
John F. Kennedy School of Government of Harvard University.   
3 Note that Dooley et. al use NSF data. 
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 Fusion: Fusion spending declined steadily until the beginning of the 1990s, when it 

remained flat until a precipitous drop in 1996, leveling out around $230 million in 1997, 
where it has stayed ever since. Cumulative spending on fusion since 1985 equals $6.8 
billion. 

 
 Conservation:  After being funded the least of all energy technologies during the 1980s, 

investments in conservation technologies began to rise dramatically in 1990, doubling by 
1996 and peaking at $590 million in 2003. Cumulative spending on conservation since 
1985 equals $7.7 billion. 

 
 Renewables: After a long decline in investments during the 1980s, investments in 

renewable energy staged a big come-back beginning in 1992, peaking in 1996 at $391 
million, and never exceeding that figure since.  Cumulative spending on renewables since 
1985 equals $5.9 billion. 

 
 Fossil: Since 1985, investments in fossil-energy technologies grew slowly until a first 

peak in 1992, followed by a gentle decline throughout the Clinton Administration, and 
then rising again to their highest levels since 1982 at $624 million in 2004.  Cumulative 
spending on fossil energy technologies since 1985 equals $9.3 billion. 



 
 

 
DOE Budget Authority for Energy Research, Development, & 

Demonstration Database 
Chart series follows; data available from NCEP upon request. 

 
Data from 1978-1996 from spreadsheet by Paul de Sa and John Holdren dated May 2, 1997; updated by 

Kelly Gallagher, Ambuj Sagar, and Diane Segal, July 2004 
 

 
 

This database should be cited as: Gallagher, K.S., Sagar, A, Segal, D, de Sa, P, and John P. Holdren, 
"DOE Budget Authority for Energy Research, Development, and Demonstration Database," Energy 
Technology Innovation Project, John F. Kennedy School of Government, Harvard University, 2004. 
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U.S. DOE Energy RD&D Spending 1978-2004 
(millions of 2000$)
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U.S. DOE Energy RD&D 1978-2004 
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U.S. Non-Nuclear DOE Energy RD&D Spending 
(millions of 2000$)
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U.S. DOE Energy RD&D Spending by Category (1985-2004)
in millions 2000$
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Cumulative Spending on U.S. DOE Energy RD&D (1985-2004) 
in millions 2000$
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U.S. Non-Nuclear DOE Energy RD&D Before and After PCAST 
1997 Report (millions 2000$)
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Composition of DOE Conservation ERD&D (1978-2004) 
(millions of 2000$)
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Composition of DOE Fossil Energy RD&D Spending 1978-2004 
(millions 2000$)
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Composition of Renewable Energy DOE ERD&D Spending 1998-2004 
(millions 2000$)
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Since the early 1980’s there has been a broad and systematic decline in energy R&D 
expenditures.1 This decline has occurred in both the public and private sectors, and, with 
the exception of Japan which has modestly increased its national investments in energy 
R&D, has occurred throughout the OECD. These trends reflect structural features within 
the US and world economies and are also tied to recent attitudinal shifts regarding the 
appropriate roles of government.2  Understanding these undercurrents is a necessary 
precursor to actions aimed at reinvigorating support for energy and carbon management 
R&D. 
 
There are several motivations for renewed public and private sector commitments to 
energy R&D, including enhanced energy security, higher levels of economic efficiency, 
and protection of the local and global environments.  Moreover, as the 1997 report of the 
President’s Committee of Advisors on Science and Technology (PCAST) noted, 
improvements in energy technology can and must play a major role in reducing costs and 
averting potential future dangers associated with a business-as-usual energy path.  
PCAST notes that innovation in energy technology holds the potential to: 

• Lower the monetary costs of supplying energy; 
• Lower the effective costs of energy supply by increasing end use efficiency; 
• Increase the productivity of manufacturing; 
• Spur higher levels of high-technology exports; 
• Reduce oil import dependence and the potential for oil price shocks; 

                                                 
1The definition of “energy R&D that is used in this paper is based on that of the 1997 report of the 
President’s Committee of Advisors on Science and Technology, Federal Energy Research and 
Development for the Challenges of the Twenty-First Century.  Energy R&D  refers to a series of linked 
processes by which technologies for energy supply, end use, or carbon management move from theoretical 
conceptualization to feasibility testing and, ultimately, to small-scale deployment. Energy R&D 
encompasses both basic and applied research, technology development, and demonstration associated with 
each phase of the energy lifecycle including: production (e.g., mining and drilling), energy conversion and 
power generation (e.g., nuclear fission and fusion, fossil and renewable energy systems, bioenergy, and 
hydrogen production), transmission, distribution, energy storage, end-use and energy efficiency, and carbon 
management. Carbon management technologies aim to manage anthropogenic releases of greenhouse gases 
such as those associated with the combustion of fossil fuel use, in an effort to mitigate the potential impacts 
of these emissions on climate systems.  
2 See Robert M. Margolis and Daniel M. Kammen, “Underinvestment: The Energy Technology and R&D 
Policy Challenge,” Science Vol. 285 (30 July 1999), 690-692. 
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• Build energy resilience by diversifying domestic fuel supply and electricity 
supply portfolios; 

• Reduce emissions of air pollutants and greenhouse gases; 
• Improve the safety and proliferation resistance of nuclear plants worldwide; 
• Enhance the prospects for global environmental sustainability and politically 

stabilizing economic development worldwide.3 
 
As this list of considerations suggests, investment in energy R&D can advance many 
societal objectives, including the provision of public goods such as environmental 
quality, and energy security.  The marketplace’s historical under-provision of these and 
other public goods underscores the enduring importance of government’s role in energy 
R&D.  Climate change presents the most urgent and the most difficult public goods 
challenge from the perspective of energy R&D investment, since there is widespread 
agreement that the attainment of this public good will place enormous demand for the 
accelerated development and deployment of new energy technologies.  Since neither 
price signals nor the regulatory environment in the U.S. now provide sufficient incentive 
for high levels of private investment in these technology areas, it is appropriate to 
consider ways in which public R&D policy and public sector investments in energy R&D 
can accelerate the development and deployment of the needed technologies.4   
 
As Hoffert et al. note, mitigating climate change through a radical restructuring of the 
global energy system could be the greatest technology challenge of this century.5 
Considering the size of this challenge, this paper focuses primarily on energy R&D needs 
related to climate change and on the creation of a more favorable investment climate for 
energy R&D investments for both the public and private sectors alike.  

 
 
Energy R&D and the Macro Economy 
As Figure 1 shows, public and private energy R&D investment (right hand panel) in the 
U.S. peaked in the mid-1970s and has declined steadily since then.  This is in sharp 
contrast to investments in R&D in general (left hand panel). The sharp, short-term 
increase in energy R&D in the early 1970s occurred in response to the 1973-74 OPEC oil 
embargo, which revealed the acute vulnerability of western countries to the actions of oil 
exporting countries.  The energy R&D investment spike of the early 1970s can perhaps 
be seen as an anomaly; once the acute energy crisis of that era was resolved, energy R&D 
levels began a protracted and steady descent back to a much lower level.  This 
interpretation however misses the fact that the overall economy was growing during this 
period and therefore the “energy R&D intensity” of the US economy fell from 0.23% of 

                                                 
3 See President’s Committee of Advisors on Science and Technology, Federal Energy Research and 
Development for the Challenges of the Twenty-First Century, Washington, DC, November 1997, p. ES-9. 
4 See Ken Caldiera, Atul K. Jain, and Martin I. Hoffert, “Climate Sensitivity Uncertainty and the Need for 
Energy Without CO2 Emission,” Science Vol. 299, 2052-2054 (28 March 2003); Martin I. Hoffert, Ken 
Caldiera, et al., “Advanced Technology Paths to Global Climate Stability: Energy for a Greenhouse 
Planet,” Science Vol. 298, 981-986 (1 November 2002); and Edmonds, JA, et. al. Global Energy 
Technology Strategy Project.  Battelle.  2001. 
5 See Hoffert, Caldiera et al., “Advanced Technology Paths,” 986. 
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GDP being invested on energy R&D in 1979 to 0.04% of GDP being invested in energy 
R&D in 2000. 
 

Figure 1: US Public and Private Investments in R&D in General (left hand panel) 
and US Public and Private Sector Investments in Energy R&D (right hand panel): 
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his analysis holds important lessons regarding efforts to stimulate energy R&D to 

o the 

 

, in fact, 

he energy R&D funding pattern post-1980 also underscores the difficulty of sustaining a 

 it 

                                                

T
address climate change. First, accelerated investment in energy R&D came only in 
response to an acute, severe crisis. Since the OPEC embargo was unanticipated by 
western governments and firms, most were ill-equipped to respond technologically t
challenges posed by a sudden supply interruption.  Second, as shown by the energy R&D 
trend data in Figure 1 (right hand panel) and the data on major disruptions in global oil 
supply contained in Figure 2, future Middle East energy crises, such as those of 1979-80
and 1990, warranted comparatively smaller and briefer energy R&D investment 
responses in the U.S.  The response to these subsequent oil supply disruptions are
not easily discernible from the long-term downward energy R&D investment trend line.  
The lack of R&D response to energy crises after 1974 may reflect important changes in 
world energy markets, such as greater diversification of petroleum supply, fuel 
substitution, and the establishment of energy futures markets.8   
 
T
significant commitment to long-term energy R&D programs in the absence of acute and 
protracted energy crises and in the presence of a growing multiplicity of unremitting 
demands on policy-makers for how to allocate limited financial resources.  Moreover,
seems unwise to predicate enhanced support for a strategic investment like energy R&D 

 
6See “Jim Dooley, Shawn Peabody, Richard Newell, and Paul Runci, “U.S. Investment in Energy R&D,” a 
report prepared for the National Commission on Energy Policy, January 2004. 
7 Data taken from National Science Board, Science and Engineering Indicators – 2002. Arlington, VA: 
National Science Foundation, 2002 (NSB-02-1), Appendix table 4-4 
8 The US DOE EIA estimates that less than 2.5% of electricity in 1997 was from oil-fired units down from 
16% in 1973 US homes heated with oil has fallen from 32% of all homes to 17% over the period 1973-
1997 (a decline of nearly 5 million homes).  Source: US Department of Energy, Energy Information 
Administration. “25th Anniversary of the 1973 Oil Embargo.”  
http://www.eia.doe.gov/emeu/25opec/anniversary.html.  Last Modified March 7, 2000 
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on a for continuation of a series of energy crises.  Equipping the nation’s energy R&D 
establishment to run a century-long marathon against climate change will be a policy 
challenge of the highest order.  
 

Figure 2: Major Disruptions of World Oil Supply9 
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eturning to Figure 1 once again, the long-term decline in energy R&D (right hand 
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R
panel) in the United States stands in sharp contrast to overall public and private secto
investments in R&D  (left hand panel), which in the U.S. has grown by 130% since 198
to a level exceeding $290 billion annually.  As seen from this figure, private sector R&D 
investments have exceeded those of the public sector since the mid-1980s; moreover, 
private R&D investment has steadily grown at a faster rate than public investment ove
the same period.  This divergence in R&D investment intensity suggests that the private 
sector and the financial markets continue to view R&D as a sound investment, necessary 
to delivering significant returns.10  Energy R&D on the other hand does not seem to be 
held in the same regard by the private sector and financial markets.  If private sector 
investments in energy R&D are to increase, then investors must gain confidence in 
energy R&D’s potential to generate returns comparable to those associated with oth
investment opportunities.  Historical data from the past two decades indicate that this 
confidence is still lacking.   
 

 
9 US Department of Energy, Energy Information Administration. “25th Anniversary of the 1973 Oil 
Embargo.”  http://www.eia.doe.gov/emeu/25opec/anniversary.html.  Last Modified March 7, 2000. 
10 A recent article in the Wall Street Journal notes, “The growing gap between the R&D haves and have-
nots is likely to take on even more importance for investors who are focusing on technology companies’ 
growth prospects rather than their balance sheets.” It is difficult to imagine that an investor would see an 
electric utility or oil and gas company’s R&D portfolio as being a primary determinant of their growth 
prospects and therefore a key determinant in evaluating their current share price.  D. Pringle.  “Top 
Technology Firms to Boost R&D Spending.”  The Wall Street Journal.  January 29, 2004.  P. B6. 

 4



Several factors have contributed to the long-term decline of private sector energy R&D 
investment.  An important, although not exclusive, catalyst was the deregulation of the 
energy industries, which began in the early 1990s.  Energy deregulation aimed to 
fundamentally change the competitive dynamics of the energy industries thereby 
lowering the real cost of energy.  As Figure 3 shows, deregulation achieved this goal.   
 

0

20

40

60

80

100

120

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

R
el

at
iv

e 
to

 1
98

5 
Pr

ic
es

Coal
Natural Gas
Oil
Electricity

Figure 3: Real Energy Prices in the US 1985-199871 
 Yet deregulation also 

unintentionally changed 
the structure of i
for private investment 
energy R&D. 11  
Dereg

ncentives 
in 

 

                                                

ulation introduced
competition into 
industries previously 
protected from such 
forces.  After 
deregulation, utilities 
could no longer promise 
a steady, guaranteed 
return on investment and 
were compelled, like 
other businesses, to cut costs and to improve profitability.  Often, reducing R&D 
expenditures was a compelling option, since energy R&D investments usually yield few 
short-term results increasing share value.12  Also, utility deregulation removed the long-
standing “regulatory compact” in the U.S. allowing them to recoup their contributions to 
R&D entities such as EPRI and GRI by passing those costs on to consumers via the rate 
base.  Whereas R&D investments came with a recovery guarantee in the regulated 
environment, deregulation declared all bets off in this regard.   
 
As prices fell and competition intensified, energy became more of a commodity than a 
high value-added product in a protected market which R&D investment made economic 
sense.  Thus, while the U.S. national (i.e., including the energy R&D investments of the 
public sector) expenditure on energy exceeds $500 billion annually, barely 1% of that is 
invested in energy R&D.13  When one realizes that the above R&D to sales ratio also 
includes the energy R&D investments by the public sector, then it is clear that private 
sector investments in energy R&D is significantly below 1% for the energy industry.14  
Other industries who spend similar amounts on R&D as a percent of R&D include: food 
industry (0.4%); beverage and tobacco products (0.7%); textiles, leather and apparel 

 
11 JJ Dooley.  “Unintended Consequences: Energy R&D in Deregulated Market.”  Energy Policy. pp. 547-
555.  June 1998. 
12 General Accounting Office (GAO).  Changes in Electricity-Related R&D Funding.  GAO-RCED-96-
203.  Washington, DC.  August, 1996. 
13 Rush Holt, “A Responsible Energy Future,” Science Vol. 285 (30 July 1999), 662. 
14 The National Science Foundation says the R&D to sales ratio of “utilities” is 0.1%.  For the purposes of 
this NSF report “utilities” is described as businesses within NAICS Code 22.  SOURCE: National Science 
Foundation/Division of Science Resources Statistics, Survey of Industrial Research and Development: 
2000. 
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(0.7%); and furniture and related products (0.8%). It is difficult to term any of these 
“strategic industries.”  Yet, other industries commonly seeing as being strategic to the 
nation typically spend more than 10% of sales on R&D including: computer and 
electronic products (9% of sales to R&D), communications equipment (9.9%); and 
software (20%).15 The average R&D to sales ratio for all R&D performing companies in 
the United States was 3.8% in 2000.16  Once again, there appears to be solid evidence that 
energy R&D are not seen as strategic nor are particularly valuable investments by the 
private sector or perhaps a more accurate way of interpreting these data is that there 
appears to be no incentive to make significant investments in energy R&D on the part of 
the private sector. 
  
Outside of the electric utility industry, deregulation and changes in the larger geopolitical 
environment had a significant impact on the oil and gas industry’s support for energy 
R&D.17  Deregulation also led to a large scale reorganization and consolidation of the oil 
and gas industries and of their R&D efforts.18 Large scale changes in the geopolitical 
environment such as the fall of the Soviet Union also opened large new areas to 
exploration and allowed energy production to move from technology-intensive areas such 
as the deep waters of the Gulf of Mexico to areas where abundant fossil resources could 
be recovered more easily through the redevelopment of existing oil and gas fields.  This 
reduced further the rationale for continued energy R&D spending at historical levels. 
 
To many observers, the restructuring of the energy industries was also indicative of a 
shifting ideological current that influenced policy makers in many countries.  During the 
1990s, market-based policy instruments gained currency while many government 
regulations and “command and control policies” were deemphasized.  An important 
development in this regard was governments’ increasing demands for industry cost-
sharing in energy R&D programs.  A vicious circle was apparently fueled by the public 
sector’s shifting of a larger share of the R&D burden onto industry just as structural 
changes were pressuring industry to reduce energy R&D expenditures in the aggregate.  
 
The global decline in energy R&D investment has coincided with the contradictory 
recognition that R&D and technology policy are essential elements of effective public 

                                                 
15  National Science Foundation, Division of Science Resources Statistics. Research and Development in 
Industry: 2000. Arlington, VA (NSF 03-318) [June 2003]. 
Arlington, VA (NSF 03-318) [June 2003] 
16 Raymond M. Wolfe. “U.S. Industrial R&D Expenditures and R&D-to-Sales Ratio Reach Historical 
Highs in 2000.” National Science Foundation.  December 2003.  Report Number NSF 03-306. 
17 In the United States, the electric power and oil and gas industries historically have been the primary 
private sector supporters of energy R&D. 
18 While the consolidation of two or more formerly separate R&D laboratories would lead to less money 
being spent on energy R&D in the aggregate, some analysts have pointed out that a reduction in the amount 
spent on energy R&D in itself cannot always be interpreted as a step backwards for a firm or for society at 
large. For example, it is possible that energy R&D-performing laboratories might have become more 
efficient in their delivery of energy R&D results because of the increasing use of computer modeling or due 
to mergers between firms with large and redundant R&D capabilities that are subsequently consolidated—a 
frequent occurrence in the oil and gas industries during the 1990s.  In either case, energy R&D statistics 
would reflect the fact that smaller amounts are invested in energy R&D, yet the implications of these events 
for energy technology innovation would remain indeterminate. 
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policies to address climate change.19  To date, however, this recognition has not prompted 
a reversal of the long-term downward trend in industrialized countries energy R&D 
investments.  
 
 

                                                

Findings 
If energy R&D investments are going to increase as most analyses indicate they 
should, it will require leadership from the public and private sectors.  Waiting for 
another major oil crisis or some climate calamity to befall the nation in order to spur 
increased investments in energy R&D, is first and foremost poor public (economic as 
well as national security) policy.  Crises like these are also unlikely to yield the kind of 
sustained increase in support for energy R&D that most analyses believe will be needed 
to deal with the challenges, because the national and global economy appear to have 
found ways to blunt the full force of these shocks.  As a first step, this “Leadership” 
would need  to reject the often held notion that funding for energy R&D is a zero-sum 
game (i.e., we can’t increase funding for energy R&D).  Leadership would recognize that 
in an $11.5 trillion dollar US economy there are resources that could be devoted to 
significantly increasing our investments in energy R&D.  Leadership and political will 
are needed to make this a reality.  At the very least, we need to acknowledge that energy 
R&D is a strategic investment. 
 
Diffuse policies designed to promote energy R&D generally (e.g., R&E tax credits), 
while necessary, are likely to have limited success in the absence of additional policy 
measures recognizing the particular challenges facing public and private sector 
decision makers and the unique challenges associated with addressing climate 
change.  An examination of past practices and options for funding energy R&D suggests 
that there are several funding mechanisms and policy instruments that could be invoked 
to reinvigorate public and private sector support for energy R&D (e.g., energy R&D 
investment tax credits, appliance energy efficiency standards, renewable portfolio 
standards).  The nation will need to draw on a portfolio of measures to support a 
reinvigorated national energy R&D effort.  A series of policy responses must address the 
underlying causes of energy R&D disinvestment, using the full spectrum of policy tools 
(e.g., taxes, regulations, standards, market-based incentives, etc.) to restructure 
investment incentives in a coordinated manner.20   
 
Energy R&D is a process that extends beyond the development of new technologies.  
The energy R&D process must be envisioned as including efforts to demonstrate and 
deploy new technologies via efforts to establish both their technical feasibility and 
commercial viability. Without a demonstration of commercial viability, technologies will 
not reach the broad level of deployment necessary to address climate related concerns 
(i.e., the goal is to avoid gigatons of carbon being emitted to the atmosphere which by 
definition requires massive deployment of these technologies) or enhance energy security 
by fundamentally reducing oil imports (i.e., here the measure of success is denominated 

 
19 See for example, Edmonds, JA, et. al. Global Energy Technology Strategy Project.  Battelle.  2001 
20 See Winston Harrington and Richard D. Morgenstern, “Economic Incentives versus Command and 
Control,” Resources No. 152 (Fall/Winter 2004), 13-17. 
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in tens of billions of barrels of oil per year).  Recognition of this fact is particularly 
relevant to the design of publicly funded R&D programs, since it will move government 
programs closer to “commercial development” than current policy usually accepts.  
Concerns ranging from the appropriateness of government involvement in picking 
“winners and losers” to “corporate welfare” bias public investment to de-emphasize the 
demonstration of commercial viability. Yet there is an enduring and growing public 
goods justification for prominent government roles in moving technology from technical 
feasibility to commercial viability.  Considering the regulatory and legal complexity of 
U.S. energy and environmental policy, both economic incentives and command and 
control measures will be needed to ensure the timely implementation of policy measures 
designed to reinvigorate U.S. energy R&D.21 
 
With respect to climate change, the development of new energy technologies in and 
of itself will be a necessary yet insufficient step toward reduced carbon emissions 
and climate change mitigation.  Since the broad deployment of low-carbon technologies 
is as important as the R&D efforts to create them, there must be strong deployment 
incentives to move new systems into the market.  In this regard, the deployment of low-
carbon energy systems will depend in large measure on the extent to which a market 
value is assigned to carbon emissions and on the private sector’s expectations regarding 
the future value of carbon.22  A policy and regulatory environment that creates a credible 
expectation of higher carbon prices in the future will also create a more favorable 
environment for the development and eventual deployment of low-emission carbon 
management technologies.    
 
However, whether carbon management technologies are delivered and implemented on 
an appropriate time frame is related to the absolute price of carbon at any point in time as 
well as the market’s expectation that the price of carbon will continue to increase.  For 
example, note the topmost and bottommost hypothetical carbon permit price trajectories 
displayed in Figure 4.  It seems clear that that the top line which shows carbon permit 
prices rising rapidly to well over $100 / ton CO2 within then next 15 years would spur a 
different level of investment in energy R&D and carbon management technologies than 
the bottom price trajectory which never rises above $15 / ton CO2 over the course of the 
next 25 years.  For example in a world where carbon prices were never expected rise 
above $15 / ton CO2, investments in carbon management technologies that would not 
deploy unless carbon prices were in excess of $100 / ton CO2 would be seen by the 
marketplace as dubious investments of shareholders’ money. On the other hand, if carbon 
prices were expected to rise above $100 / ton CO2 in a rather short period of time, 
investments in technologies like carbon capture and storage would likely be seen as an 
astute investment.  

 
 

                                                 
21 See Winston Harrington and Richard D. Morgenstern, “Economic Incentives versus Command and 
Control,” Resources No. 152 (Fall/Winter 2004), 15. 
22 In fact, without an expectation of a future price on carbon, carbon management technologies like carbon 
capture and storage technologies conjoined with electricity and/or hydrogen production are unlikely to 
deploy on a large scale. 
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Figure 4: Hypothetical Hotelling23 Price  
Paths for the Price of Carbon 2005-2030 
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ty valves” to “temporarily” lower the price of 

However, it is unlikely that i
a carbon tax on the economy a
allowing it to rise over time will 
a sufficient inducement for the
public and private sectors to inv
significant sums in developing new 
energy and carbon management 
technologies.  Should carb
rise too high or too rapidly, it 
prove difficult to maintain support 
climate policy.  The prospect of 
exorbitantly high carbon prices c
prompt calls for the creation o
carbon.  In such an uncertain regulatory environment investment in long-term energy
R&D could be compromised, as the past two decades have shown. 
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T
investment in energy R&D As private sector R&D data from the past two decades have
shown, deregulation and the introduction of free market competition in the energy 
industries have intensified pressures for short-term profitability.  Throughout the 
industrialized world, private energy R&D has declined precipitously (by as much 
90%) after energy restructuring.  The competitive pressures that now influence privat
sector decision making often result in the abandonment of long-term, public goods 
oriented R&D investments; in the restructured energy industries, long-term R&D is 
heavily discounted because it returns little value to shareholders in the near- to mid-term 
and because new energy technologies often have low appropriability.  Executive behavior
must be seen as rational in this regard, as it reflects current market realities and the 
executive’s obligation as a corporate steward. If there is an interest in seeing increas
private sector involvement in R&D for climate change or energy security there must be 
both a price signal and support mechanisms to prevent energy R&D investment from 
amounting to a competitive disadvantage for investing firms.  Environmental externali
such as climate risk are not internalized in energy prices and thus, usually do not figure in 
private technology planning and investment decision making.  Correspondingly, major 
new investments in energy R&D efforts will be policy-driven. 
 
N
R&D funding levels yet that is not the right basis of comparison.  While increasing 
energy R&D investment by billions of dollars might appear expensive, comparing curre
levels of investment in energy R&D to projected enhanced levels is the wrong basis of 
comparison.  A truer figure of merit would be to examine the cost of addressing climate
change or enhancing national energy security with and without a robust portfolio of 

 
23 Hotelling, Harold. "The Economics of Exhaustible Resources.”  Journal of Political Economy, April 
1931. 
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energy technologies.  For example, a hypothetical carbon tax of $100 per ton CO2 lev
on all of the CO2 emitted from the combustion of fossil fuels in the United States would 
raise $56 billion per year in federal revenues, yet yield only modest carbon emissions 
reductions by itself. In comparison, an increase of a billion dollars or more per year for
R&D to develop technologies such as carbon capture and storage has the potential to 
reduce the cost of stabilizing atmospheric concentrations of CO2 by more than one-
third.24 
 

ied 

 

he development of carbon management technologies hinges on a significant 
tfolio 

d to 

ded time is 

anies 

ole 

he lowest cost path for the attainment of public goods via R&D may be via public 

 of 

ceptance” 

ese 

 

 of 

ome important technology classes, such as carbon capture and storage, hydrogen, 
fuel cells, and the large scale introduction of commercial biomass production 

                                                

T
extension of the energy R&D time horizon. The climate related energy R&D por
needs to be embedded in a long-term energy strategy (50+ years). Any energy strategy 
with a shorter time frame, such as the traditional 10-20 year energy strategy, will be 
preoccupied with energy supply, as will the associated research agenda. This will lea
an emphasis on the conventional R&D time frame of 1 to 5-years and quick delivery of 
results.  The development of key carbon management technologies and other 
“transformation technologies” require a time horizon of 20+ years. This exten
necessary because of their current stages of development and the need for the widespread 
adoption of these technologies to have a meaningful impact on greenhouse gas emissions 
or reducing imports of oil.  The fact that this expanded time frame is potentially 
inconsistent with the set of economic drivers faced by private sector energy comp
does not obviate the need for an extended time frame.  If the private sector is unable to 
adopt this longer time frame, then this fact suggests that current incentives for private 
sector investment in energy and carbon management technologies demand revision.  
Similarly, this situation suggests a need for the federal government to adopt a larger r
in the support of these technologies. 
 
T
sector support for the required research.  Research needed for public goods issues 
pertaining to health, safety, and environmental quality should remain in the jurisdiction
government from basic R&D to commercialization.  Mandating private sector 
participation in research programs as a means of demonstrating “commercial ac
may retard the attainment of important outcomes and stunt the development of key 
emerging technologies. While the private sector should be invited to participate in th
programs from the outset, mandating their financial participation as a condition of their 
involvement--such as the currently-required 50-50 cost sharing for some applied federal 
energy R&D projects--serves neither public nor private interests.  Requiring firms to take
a large, upfront equity stake in long-term energy R&D projects frequently causes them 
forego participation entirely. Where the development and deployment of new energy 
technologies has significant public goods implications, government must bear enough
the associated costs to ensure that the necessary outcomes are achieved. 
 
S

 
24 See for example.  JJ Dooley, JA Edmonds, and MA Wise. “The Role of Carbon Capture & Sequestration 
in a Long-Term Technology Strategy of Atmospheric Stabilization” in Eliasson, B., Riemer, P., and 
Wokaun, A eds. Greenhouse Gas Control Technologies. Pergamon Press. 1999.  pp. 857-861. 
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require significant investment in infrastructure and public acceptance as well as in 
R&D. The challenges associated with assuring the public of the safety of new ener
technologies may be an underestimated dimension of the energy R&D process.  As new 
classes of technology (e.g., hydrogen, CCS) approach broad commercial deployment, 
public education efforts ultimately will be a decisive factor in their acceptance or 
rejection.25  Research efforts aimed at building public acceptance will be critical, yet m
face even higher investment barriers than those facing energy R&D itself because 
inability to earn direct returns. Industry acceptance of new technologies may also depend 
on public sector assurances and commitments with regard to the development of 
emissions trading regimes, infrastructure development, and efforts to build public 
confidence.   
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approach to addressing climate change will be.  Without 
larification of this core issue, the development of new energy and carbon management 
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etermination of the nation’s energy R&D investment needs may be impossible to 
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R
 
Resolve what the nation’s 
c
technologies to address climate change will be stunted. Regulatory uncertainty and the 
continued possibility that the nation will not adopt a strong climate policy prompts 
private sector investors to avoid investments related to carbon management.  
 
Determine the long-term energy R&D needs of the United States.  While a
d
establish, it is necessary to place some boundaries around the question.  In the absence of 
a methodical study of likely and probable energy R&D needs, arguments for change
investment levels and patterns will be met with undue skepticism and resistance.   
 
Analyses of this nature, while difficult, have been conducted, albeit with varying de
o
note that these analyses have most often been carried out in isolation.  For example, 
technology roadmaps have been collaboratively put together by representatives of 
industry, government, national laboratories and academia over the past few years in a
number of key technology areas such as: 

• PV Roadmap sets out short, medium, and long term R&D goals needed to ensu
10% of US peak generating capaci
roadmap recommends a federal R&D budget for PVs of not less than $100 
million per year over the next five years.26 
National Hydrogen Roadmap focuses on providing a vision for the future of
hydrogen energy while detailing current hyd
challenges. No specific technical targets are identified, nor are any 
recommendations for R&D spending made.27 

 
25 Public information and education campaigns can play a decisive role in the acceptance of new 

h Ado technologies, as the case of genetically modified organisms and nanotechnology show.  See “Muc
About Almost Nothing,” The Economist (20 March 2004), 87-88.      
26 Please see http://www.sandia.gov/pv/docs/PVRMPV_Road_Map.htm 

nal_h2_roadmap.pdf 27 Please see http://www.eere.energy.gov/hydrogenandfuelcells/pdfs/natio
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These r epresent a starting point for a comprehensive study of the nation’s 
nergy R&D needs in the coming years and what the price tag would be.  These 
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le, and dedicated revenue stream for carbon management R&D (and 
erhaps other high public good energy R&D) should be established. The design of 

 

 

 
rates seem relatively small in the abstract for large lot users of energy (e.g., refineries, 

The EPRI Electricity Grid Roadmap identifies major shortcoming in
electricity transmission infrastructure and sugg
that need to be developed. For example, the roadmap details several major 
infrastructure changes that need to be developed including automation, integration
of the communication and energy infrastructure, incorporation of emerging 
distributed generation systems, development of power electronics-based 
controllers and power market tools. The roadmap does not suggest specific R
expenditure goals.28 
The Generation IV Nuclear Roadmap describes the current nuclear energy 
atmosphere and provi
deployed after 2030). The roadmap sets out targets for each of 6 competing
IV system designs. The projected R&D costs of these systems ranges from $610 
million to $1 billion, with most systems falling closer to the $1 billion mark. 
These systems are expected to be developed concurrently at first until clear 
winners and losers can be identified. Additionally, the roadmap suggests a cro
cutting research project costing approximately $690 million.29 
The Coal Utilization Research Council (CURC) Coal R&D Roadmap makes the 
case for clean coal technology and continued support for coal R
public and private sector partnerships. The short term goal is to cost-effectively 
achieve compliance with current and emerging environmental regulations. Th
long-term goal is the commercialization of near-zero emissions coal plants with 
CO2 management capability. The roadmap calls for a cumulative investment of 
$11 billion by 2020 (this figure does not include funds for geologic sequestration
R&D).30 

oadmaps r
e
roadmaps can also be instrumental in highlighting key enabling technologies or key 
unknowns that must be resolved for the roadmaps goals to be fulfilled.  In this sen
roadmaps can not only help indicate the scale of the challenge and therefore the need
investment but can also indicate areas that are particularly deserving of focused 
investment.  
 
A large, stab
p
the program and the mechanism used to generate funds for R&D (e.g., a wires charge or
multi-year funding authorization) is only one set of issues that must be addressed.  For 
example a tax of 1 cent/gallon of gasoline, or 1 mil/kwh or 2% tax on crude oil imports 
would each raise about $2-3 billion in annual revenue.  Applying this revenue stream to
an energy and carbon management R&D would constitute a significant increase in the 
current level of effort devoted to developing new technologies.  However while these tax

                                                 
28 Please see http://www.epriweb.com/public/000000000001009321.pdf 
29 Please see http://nuclear.gov/geniv/Generation_IV_Roadmap_1-31-03.pdf 
30 See for example the Coal Utilization Research Council’s Clean Coal Technology Roadmap. 
http://www.coal.org/content/roadmap.htm. 2003. 
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aluminum smelters, large truck fleets) these taxes would appear large and would likely 
encounter resistance from these groups. 
 
It is also important to look at how these new funds would be administered.  For example
while the EPRI/GRI model worked well 

, 
initially, alternative institutional designs will be 

eeded to support R&D in the light of the recent structural changes in energy markets.  

d pitfalls that have befallen other large-scale programs. For 
xample, should a wires charge or other guaranteed funding mechanism be adopted to 
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D that is beyond the scope of firms in a competitive 
arketplace.  Much of the research and development that will provide a foundation for 

nts 

gen systems.  Firms adopting new 
lasses of energy technology for commercial energy production may require government 

ived via 

y 

                                                

n
Innovative public-private R&D arrangements—including Sematech, the U.S. Advanced 
Battery Consortium, and the National Center for Manufacturing Sciences may offer 
useful insights regarding the design and governance of future energy R&D institutions 
and funding mechanisms.31 
 
Efforts to create a carbon management infrastructure in the U.S. can learn from history 
and try to avoid problems an
e
support the creation of a carbon management system, there must be clear metrics and 
milestones for the activities undertaken. Similarly, should the creation of a new quasi-
governmental institution be considered as a vehicle for energy technology advance, its 
fundamental goal must be demonstrating the commercial viability of new energy 
technologies, rather than subsidizing an industry with the goal of creating demand for 
favored technologies.  Moreover, for long-term, capital-intensive projects, government 
program managers must have discretion to introduce temporal flexibility into cost
arrangements with industry.  For example, government agencies may find that they nee
to assume a greater measure of financial risk in long-term projects during the initial 
years, when the likelihood of the project’s failure or dissolution is greatest, and a lesser 
share of risk later on. 
 
Government should be the performer of first resort for basic energy research and 
long-term energy R&
m
future energy technologies to mitigate climate change will yield no market return on 
investment for years or decades.  Yet, the public goods value of these investme
demands that they be made in the near term.  Given the competitive nature of the 
restructured energy industries, the stewardship role for long-term energy R&D in the 
public interest lies primarily with government.    
 
Government should consider indemnifying early adopters of new energy 
technologies systems such as CC&S and hydro
c
protection from indemnity, much as commercial nuclear power producers rece
the Price Anderson Act beginning in the 1950s.  Such protection may be needed to 
facilitate the private capital investment needed to stimulate the broad commercial 
adoption of new energy technology classes such as hydrogen and CC&S systems.  The 
question of indemnification must, in any case, be considered as part of the technolog
deployment and commercialization process. 

 
31 See U.S. Department of Energy, Innovative Financing of Research and Development in the Public 
Interest (August 1997), Appendix A. 
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Large-scale energy R&D efforts must include international collaboration.  The 
capital, technical, and time requirements of en
a
new international institutional arrangements for the coordination of energy R&D wil
increasingly important to effective climate change mitigation.  In this regard, efforts lik
the Carbon Sequestration Leadership Forum and the International Partnership for the 
Hydrogen Economy are promising starts but must go beyond the discussion stage.  
Meaningful collaboration will require joint projects and the willingness to send more than
token sums of research dollars out of the US if it is clear that promising research ventu
are underway in other countries.  
 
The government should support needed R&D for the social, regulatory, and 
coordinative aspects of carbon m
si
sponsorship and performance of R&D, government should continue its active 
involvement in the development of durable, transparent, and science-based regulatory
frameworks, and on widespread public acceptance of new technologies.  Governmen
must also play an ongoing oversight role where new technologies raise major q
of public health and safety, as in the case of carbon repositories.   These later public 
efforts should be regarded as integral components of public R&D programs and as 
program elements that require dedicated, extra-budgetary funding streams. 
 
Government must take the initiative in addressing ethical, legal, and social issu
that might arise with the advent of new energy and carbon managemen
te
since unanticipated consequences can and likely will accompany the emergence of new
technologies.  The development of hydrogen infrastructure, carbon capture an
systems, and large scale commercial biomass are among the technology classes that are
likely to give rise to major ethical and social questions in the future. A program similar t
the joint DOE and NIH’s Ethical, Legal and Social Issues Program, founded in 1991 to 
consider such issues arising in conjunction with the Humane Genome Project could be 
considered as a possible template for large scale energy technology deployment efforts.32   
 
 

 
32 “The U.S. Department of Energy (DOE) and the National Institutes of Health (NIH) have devoted 3% to 
5% of their annual Human Genome Project (HGP) budgets toward studying the ethical, legal, and social 
issues (ELSI) surrounding availability of genetic information. This represents the world's largest bioethics 
program, which has become a model for ELSI programs around the world.”  Source: 
http://www.ornl.gov/sci/techresources/Human_Genome/elsi/elsi.shtml 
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A Retrospective Review of the Performance of Energy R&D 
 

Jeffrey Chow and Richard Newell 

Abstract 
 
Federal interventions into energy research and development (R&D) have been alternately 
described as important drivers of economic growth, job creation, future economic 
competitiveness, and international leadership, or as wasteful pork-barrel political vanity projects.  
This report compiles and summarizes findings and recommendations from the literature that has 
evaluated the federal government’s energy R&D programs.  The surveyed literature includes 
Presidential, national, and international commissioned reports; National Academy of Sciences 
reports and publications; US Department of Energy (USDOE) reports; US General Accounting 
Office (USGAO) reports and testimony; articles from peer-reviewed journals; and other reports, 
publications and presentations.   
 
This literature typically finds that federal energy R&D investments have on the whole yielded 
both substantial direct economic benefits as well as external benefits such as pollution mitigation 
and knowledge creation.  Despite its long-term benefits and increasing concerns over global 
climate change, energy R&D has been decreasing drammatically in both the public and private 
sectors over the last several decades.  Low fossil fuel prices and the privatization of the energy 
utilities industries has led the private sector to shorten its R&D horizons, while efforts to balance 
the federal budget and the lack of political interest has prevented the federal government from 
compensating for this shortfall. 
 
The balance of studies suggest that Federal intervention is most appropriate for R&D activities 
unlikely to be sufficiently undertaken by private industry.  The optimal federal energy R&D 
portfolio is balanced, flexible, and incorporates both basic and applied research, with successes 
offsetting unanticipated failures.  Private industry involvement is important, particularly as 
technology reaches the commercialization stage.  Stronger leadership, targeted spending, 
rigorous oversight, and clear goals and benchmarks can facilitate project success and eliminate 
wasteful expenditures.  Greater international cooperation would be beneficial. Evaluations also 
support policy incentives supporting demand for new innovations where there are external public 
benefits, as well as enhanced public awareness of the benefits of energy R&D. 
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A Retrospective Review of the Performance of Energy R&D 
 

Jeffrey Chow and Richard Newell∗ 

SUMMARY OF REVIEW OF FINDINGS AND RECOMMENDATIONS 
 
1.  Introduction 

 
The literature evaluating publicly-financed energy research and development (R&D) has 
typically found that such investments have yielded substantial net benefits in aggregate.  
These include cost-saving benefits, as well as external benefits such as avoided 
environmental costs and educational and technological spillovers.  That is not to say, 
however, that all federally supported energy R&D efforts have been successful.  On the 
contrary, these benefits have been generated largely from a handful of very successful 
projects among many others that failed to meet expectations or outright failed.  This is 
nonetheless the outcome expected from the high-risk, forward-looking research 
investment portfolio that the private sector is unlikely to undertake and therefore should 
be maintained by the federal government.  Still, the potential value of energy R&D 
investments can be improved.   

 
Unfortunately, studies also show that long-term investment in energy R&D is declining 
in both the public and private sectors.  This summary of the relevant literature highlights 
the benefits of federally-funded research, describes trends in energy R&D investment in 
the United States, identifies general strategies that have been successful and those that 
have not, and presents the major recommendations for federally-funded R&D that have 
been made by the various evaluating parties.  The surveyed literature includes 
Presidential, national, and international commissioned reports; National Academy of 
Sciences reports and publications; US Department of Energy (USDOE) reports; US 
General Accounting Office (USGAO) reports and testimony; articles from peer-reviewed 
journals; and other reports, publications and presentations.   
 
Although we have endeavored to concentrate on relatively objective sources, this 
evaluation considers the available literature primarily at face value and does not 
scrutinize in depth the analytical bases for the claims made. We have nonetheless 
emphasized in our summary those findings and recommendations for which we believe 
there is the greatest consensus. Following this summary is a more detailed set of 
individual summaries of the findings and recommendations of each of the publications 
reviewed. 

                                                 
∗ Jeffrey Chow is a Research Assistant and Richard Newell is a Fellow at Resources for the Future, 
Washington, DC.  This research was funded in part by a grant from the National Commission on Energy 
Policy. 
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2.  The Benefits of Federal Energy R&D 
 
Quantitative reviews of federal energy R&D typically show substantial long term 
net economic benefits. 
 
Public and private R&D investment in general is a major driver of economic growth, job 
creation, future economic competitiveness, and international leadership.  Regarding 
energy R&D in particular, studies find that energy-efficiency technologies advanced by 
USDOE are providing large-scale benefits to both manufacturers and consumers.  
Government-financed breakthroughs in fossil fuel exploration and production, as well as 
power generation, have not only lowered production and pollution mitigation costs, but 
have also made fossil fuel reserves more productive and have increased efficiency in 
power generation.  (Ref.:  USDOE 1995, USDOE 1997, Geller and MacGaraghan 1998, 
Salter and Martin 2001). 
 
The economic benefits generated by a handful of dramatic successes alone are sufficient 
to justify federal investment in energy conservation R&D.  Such benefits can take 20 to 
30 years to materialize in successful commercial products or have significant national 
impact, particularly if the federal investment is in basic knowledge research.  Estimates 
indicate that USDOE investments in individual programs that numbered in the millions of 
US dollars have yielded sales revenues and energy savings each in the billions over the 
lifetimes of these products.  Over the 22-years of USDOE’s energy efficiency program, a 
$7 billion investment by USDOE yielded about $30 billion in economic benefits.  (Ref.:  
Ahearne 1985, Geller et al. 1987, Brown et al. 1994, Garland and Garland 1997, Geller 
and McGaraghan 1998, Bournakis and Pine 2001, NRC 2001) 
 
Compared to energy efficiency R&D, investments in fossil energy R&D have generated 
more modest but still significant returns.  The realized economic benefits of the fossil 
energy programs instituted in 1986-2000, $7.4 billion, exceeded the $4.5 billion cost of 
the programs during that period.  However, the realized economic benefits in 1978-1986, 
$3.4 billion, were less than the costs of this period’s programs, $6.0 billion.  One major 
success of the USDOE fossil fuel research portfolio is the clean coal technology program, 
which has yielded an estimated commercial return of $9 billion from a total investment of 
$400 million into the program.  Moreover, over 700 patents have been generated from 
clean coal projects, which should help increase the economic competitiveness of the U.S. 
power industry.  (Ref.:  NRC 2001, Wells 2001) 
 
Beyond USDOE, many important and potentially important components of the 
energy system originated from developments and investments within public sector 
agencies such as the civilian space program, intelligence, and defense.  
 
Examples of technologies whose origins are associated with public R&D programs 
include: state-of-the-art combustion turbines, wind turbines, civilian nuclear power, 
flexible AC transmission system technology, fuel cells, and photovoltaics.  These 
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technologies benefited from government investments in both basic science and 
technological application.  Some basic energy R&D, such as from defense and military 
programs, may have benefited from having fewer constraints created by expectations for 
commercial development.  (Ref.:  Cohen and Noll 1991, Morgan and Tierney 1998, 
Norberg-Bohm 2000) 
 
Evaluations have also noted the broader benefits of federal energy R&D.    
 
In addition to direct financial returns from investment, there are substantial external 
benefits of federal energy R&D.  Environmental benefits of USDOE R&D programs are 
conservatively estimated at $60 billion to $90 billion.  Government-financed R&D can 
also complement and in some cases induce additional private investment into energy 
R&D, as well as expand its profitability.  Since the institution of policies promoting 
commercialization of federally-financed technologies, R&D spending has also been 
highly correlated with the number of new patents.   
 
Surveys and case studies suggest that publicly-funded basic research has other benefits to 
the private sector, including:  new instrumentation and methodologies; skills and codified 
and tacit knowledge developed by those conducting research who transfer to the private 
sector; access to national and international networks of experts and information; 
development of the ability to approach and solve complex problems; and the creation of 
spinoff companies, applications, and technologies.    (Ref.:  Mansfield and Switzer 1984, 
Brown et al. 1984, USDOE 1997, Margolis and Kammen 1999, NRC 2001, Salter and 
Martin 2001) 
 
 
3.  Recent Trends in Energy R&D 
 
Studies show that public energy R&D investment has dropped dramatically in the 
last several decades.   
 
Total energy R&D expenditure by the US fell 50% between 1985 and 1999 to a 27-year 
low.  Federal energy R&D has been cut 75% since the late 1970s.  Reasons for the 
decline in federally-financed energy R&D include:  the end of Cold War-era 
technological competition; low fossil fuel prices; overall budgetary stringency; 
confidence in the capacity of the US to preserve access to Middle East oil; criticism of 
“big government”; pressure from larger parts of USDOE’s budget; and lack of a unified 
voice from the energy community in support of energy R&D. (Ref.:  USDOE 1995, 
PCAST 1997, WEC 2001) 
 
At the same time, private energy R&D has also fallen dramatically. 
 
Private sector R&D investment fell 66% between 1985 and 1999, largely attributable to 
low energy prices and deregulation of the natural gas and electricity generation industry.  
Consequently, corporate cost-cutting and the focus on near-term profits have motivated a 
switch away from longer-term investment in favor of near-term, lower-risk, less 
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innovative, more proprietary, and more customer-oriented R&D spending.  Individual 
utilities in a deregulated market are less likely to support long-term energy R&D, 
particularly for cleaner, environmentally benign energy.  Keeping in mind the 
complementary relationship between federal and some private R&D investment, the 
decrease in federal R&D spending may have exacerbated a decline in privately-financed 
R&D at a time when federal investment has become increasingly necessary to 
compensate for the shortfall in private R&D.  This is potentially a serious problem in 
light of growing energy demand in the U.S. and around the world.   (Ref.:  Dooley 1998, 
USDOE 1995, USDOE 1997, WEC 2001) 
 
 
4.  Features of Program Success and Underperformance 
 
Federal energy R&D is most appropriate for R&D activities unlikely to be 
sufficiently undertaken by private industry. 
 
Expensive, high-risk R&D investments having potentially broad benefits in the long term 
are likely to require federal involvement because innovation often provides benefits that 
cannot be fully captured by individuals in a free market (e.g., environmental, security, 
knowledge, and educational benefits).  This is true for basic technological R&D, such as 
fusion science, as well as for commercialization R&D if the private sector has 
underinvested in certain industries and technologies.  The private sector relies on the 
federal government to work on more fundamental, “technology base” activities that 
require long-term research, need highly specialized expertise, and lack directly 
marketable products.  Private firms build innovative, marketable new products from this 
technology base.  The optimal set of public policies likely also includes instruments 
designed explicitly to increase technology diffusion of technologies with external 
benefits.  (Ref.:  Geller et al. 1987, Cohen and Noll 1991, PCAST 1997, Dooley 1998, 
Norberg-Bohm 2000, Jaffe et al. 2004, Fri 2003).   
 
The optimal federal energy R&D portfolio is balanced, incorporating both basic and 
applied research, and with successes offsetting the failures. 
 
The complexity of our energy problems requires concurrent R&D, the interactivity 
between basic and applied R&D.  Uncertainty in the costs, benefits, and likelihood of 
success of technology R&D investments suggests that a robust R&D program would 
target a portfolio of knowledge areas and technologies that are likely to pay off under 
different future scenarios.  A balanced R&D portfolio is especially important since 
individual R&D projects may well fail to achieve their initial individual goals.  Project 
failures nonetheless generate considerable knowledge, and a well-designed R&D 
program will inevitably include ex post failures.  While some R&D projects have failed 
to work or have been slow in achieving commercial acceptance, these are the risks that 
justify federal involvement.  A R&D portfolio lacking ex post failures is overly 
conservative (Ref.: Geller et al. 1987, USDOE 1995, Norberg-Bohm 2000, NRC 2001).  
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Private sector involvement is critical, particularly as technology reaches the 
commercialization stage. 
 
Federal support can complement industry participation and vice versa.  Subsidizing 
research in the private sector has the advantage of utilizing private firms’ experience in 
assessing the commercial feasibility of new technologies.  Joint industry-government 
research combines this advantage with expertise at the National Labs.  Cost sharing 
between USDOE and industrial collaborators leverages federal R&D spending, 
introduces market relevance into federal R&D decision-making, and accelerates the R&D 
process and transfer of results into the economy and marketplace.  Performance of R&D 
programs has frequently improved as a result.  Cooperative agreements also allow 
participants more flexibility in managing their projects, given clear instructions on the 
roles and responsibilities of the government and the nonfederal participants.   
 
Because it has no profit motive or profit-making capabilities, direct government 
involvement in the commercialization process should be limited, other than enacting 
policies that generate demand for external benefits such as pollution reduction.  Industry 
involvement should increase as projects move further along the R&D chain toward 
commercialization.  Demonstration projects are best conducted or at least managed by the 
private sector.  (Ref.:  USDOE 1995, Geller and McGaraghan 1998, NRC 1999, NRC 
2001, Norberg-Bohm 2000, Wells 2001, Jaffe et al. 2004) 
 
Targeted spending with clear objectives can facilitate project success and eliminate 
wasteful expenditures. 
 
Federal funding of energy R&D is not corporate welfare so long as the government 
spends limited amounts of money to perform specific, targeted functions that match the 
public interest and serve a catalytic function.  Limits to federal cost-sharing help to insure 
industry’s commitment.  Consistent and full funding, through advanced appropriations, 
support better longer-term planning and increase private sector confidence that federal 
funds will be available for multiyear projects.  Federal investment is best targeted to 
where there is a clear public benefit such as environmental improvement, energy security, 
or dispersed economic benefit, and where there are otherwise insufficient private sector 
incentives to conduct the research due to a lack of near-term market demand, an inability 
to capture the rewards of innovation, or due to regulatory, demand, or technical 
uncertainties.  (Ref.:  Geller and McGaraghan 1998, Norberg-Bohm 2000, Wells 2001). 
 
Federal energy R&D projects benefit from rigorous oversight and review. 
 
A comprehensive process for evaluating and selecting projects can keep them relatively 
free of political influence and helps ensure the program’s integrity.  Oversight also allows 
for regular reassessment and redirection, including the canceling of programs mid-stream 
if performance is poor, conditions have changed, or if federal involvement becomes 
unnecessary.  To address problems of mismanaged projects plagued with fraud, waste, 
and abuse, USDOE began a series of reforms in the 1990s that were intended to 
strengthen USDOE’s contracting and project management practices, hold contractors 
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more accountable for their performance, and demonstrate progress in achieving the 
agency’s missions.   (Ref.:  Norberg-Bohm 2000, Wells 2001, Nazarro 2003). 
 
Smaller, more focused projects with smaller companies can be as or more successful 
than large, fractious programs. 
 
Smaller companies are often more enthusiastic and effective partners with USDOE in 
pursuing energy efficient innovations.  In contrast, large, well-established manufacturers 
are sometimes committed to conventional technologies and less interested in cost-shared 
R&D efforts on advanced, unproven energy technologies.  Large companies, however, 
often make technical refinements on innovations initially pursued by smaller firms, as 
well as achieve economies of scale and expand marketing.  (Ref.:  Geller and 
McGaraghan 1998) 
 
Large-scale federal energy demonstration projects have had a low success rate. 
 
Forced government introduction of new technologies has not been a successful strategy.  
Large federal energy projects have had a low success rate for a variety of reasons.  In the 
case of the breeder reactor and synthetic fuels programs initiated in response to oil 
shortages in the 1970s, market forces attenuated the high fuel prices that initially justified 
these programs to policymakers.  Moreover, because they were pursued simply to replace 
existing products, these technologies did not have new performance characteristics that 
markets would value.  Here the policymakers elected not to create a demand for the 
public benefit of greater domestic energy self-sufficiency but rather hoped that markets 
would create the demand as scarcity drove up prices.  Simply “riding down the learning 
curve” by subsidizing the initial cost of innovation is an unreliable strategy if there is no 
market demand for the new performance characteristics offered by the innovative 
technology.  Waste has occurred when government contracts to private industry created 
inflexible political inertia that prevented termination until long after the projects were 
considered uneconomical.  (Ref.:  Ahearne 1985, Cohen and Noll 1991, NRC 2001, Fri 
2003) 
 
Some energy programs have suffered from a lack of leadership and strong 
management. 
 
Certain programs, such as the Vision 21 Research Development Program and the Clean 
Coal Technology Program, have suffered from lack of leadership and insufficiently 
detailed objectives and milestones for evaluation due to having management structures 
relying on a process of cooperation and consensus.  (Ref.:  Wells 2001, NRC 2003). 
 
Although cooperation and cost-sharing with private industry is generally effective, 
excessive proprietary control by private actors creates drawbacks. 
 
Contracting out systems analysis and integration activities in piecemeal fashion to 
external, independent contractors sometimes prevents USDOE from having sufficient 
internal engineering capabilities and access to proprietary models and databases.  This 
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renders USDOE less capable of conducting its own process development and systems 
evaluation.  Also, policies that encourage greater commercialization of public research 
have caused the transfer of intellectual property ownership generated at national 
laboratories from the public to the private sector.  Under some circumstances, proprietary 
control of the majority of advances in basic energy research may hinder further R&D.  
(Ref.:  Margolis and Kammen 1999, NRC 2003) 
 
Over-commitment to narrow performance criteria rather than broader knowledge 
goals can cause basic energy research initiatives to suffer from isolation from the 
broader scientific community. 
 
For example, organizational structures and programmatic emphasis in USDOE’s Office 
of Fusion Sciences caused it to become too inward looking and intellectually isolated 
from the rest of the scientific community.  With scientists funded by the program less 
actively participating in the wider scientific culture, the flux of scientific information in 
and out of the field is weakened, new ideas and techniques developed in allied fields are 
slow to percolate into the program, and high quality science in the program is not 
appreciated outside the field.  Moreover, performance goals rather than overarching 
scientific goals continue to be the primary driver of strategic planning, inhibiting progress 
(Ref.:  NRC 2001a). 
 
Policymakers must guard against certain political forces that run counter to 
maximizing the benefits of R&D programs 
 
The government may be more likely to be willing to undertake programs oriented toward 
a concentrated industry than a competitive one, because it is usually easier to provide 
programmatic benefits to a few firms than to a large number. An R&D project may also 
be more politically attractive if it has a short time horizon and does not entail a radical 
change in the technological base of an industry, due to the impatience of the political 
process and the desire to avoid risks of damaging distributional consequences.  These 
motivations are inconsistent with the view that market failures in R&D are most likely for 
risky, long-term projects with dispersed benefits. Distributive political costs may also 
hamper attempts to terminate ineffective, high-cost programs. Programs that can be 
fragmented into many, largely independent components may also be more politically 
attractive because fragmentation allows greater flexibility for bringing more firms in 
support and because it is more likely to keep the distributive aspects of the program 
beneath the politically relevant threshold for members of Congress. 
 
(Ref: Cohen and Noll 1991) 
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5.  Summary of Recommendations for Future Approaches 
 
Federal funding for energy R&D should be tested against several consistent criteria. 
 
The Federal Government's energy R&D investment portfolio should be aimed at and 
consistently measured against several criteria: 

• Energy R&D investments should be designed to meet national needs, such as 
environment, energy security, knowledge, and dispersed economic benefits.  

• Funding should be focused on projects where industry cannot capture a major 
portion of the benefits from the project, or the risk is too high, to justify sufficient 
private R&D. 

• Federal R&D programs should be based and prioritized on the systematic 
application of measurable cost-benefit criteria tied to strategic economic or 
national goals. 

• Energy R&D should have potential for use in more than one industrial sector and 
be consistent with the evolving demands of private industry. 

(Ref.:  Ahearne 1985, NRC 1999, USDOE 1995)  
 
The federal government should restructure and increase funding for the five major 
elements of its energy-technology R&D portfolio:  energy efficiency, nuclear fission, 
nuclear fusion, fossil fuel technologies, and renewable energy technologies. 
 
The federal government should increase targeted spending on energy R&D, both in total 
and in selected technologies that aim to meet upcoming challenges. USDOE’s R&D 
portfolio should strive towards achieving national public good goals, such as economic, 
environmental, and security objectives, through a mix of technologies and strategies.  
With respect to the goal of reducing greenhouse gas (GHG) emissions, the federal 
government should clearly pursue energy R&D for reducing GHG emissions that would 
have other justifications even without concerns about global climate change.  The federal 
government should also pursue energy R&D that would be viable only in the presence of 
concerns about global climate change.  This R&D should be undertaken despite the fact 
that technologies are not cost competitive today compared to higher-GHG-emitting 
technologies. Investments in energy efficiency can often be the most cost-effective way 
to simultaneously reduce the risks of climate change, world oil-supply interruptions, local 
air pollution, and to improve the productivity of the economy. (Ref.: NRC 1990, PCAST 
1997, NRC 2001, WEC 2001, NEPD 2001, Fri 2003) 
 
Federal energy programs should ensure sufficient coordination between basic and 
applied R&D. 
 
The balance of government effort between long-term basic research and short-term 
applied technological development should be reviewed.  Additionally, effective 
integration of exploratory research results with applied R&D activities is important.  
Coordination between the Basic Energy Sciences program and the applied energy-
technology programs should be improved using mechanisms such as co-management and 
co-funding. (Ref.:  PCAST 1997, WEC 2001) 
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The federal government should strive to build flexibility into the structure of its 
energy R&D programs. 
 
The optimal management strategy for a government project is to be more flexible as the 
program proceeds from stage to stage.  Greater uncertainty in the latter stages leads to 
greater likelihood of the need for unanticipated changes in the expected performance of 
the program, and hence a greater likelihood of redirecting, canceling, or speeding up the 
program in relation to original expectations.  Federal energy R&D programs can enhance 
flexibility most importantly by maintaining a diverse portfolio of strategies and 
technologies.  Federal energy R&D should develop a range of technological options that 
would be useful if and when the demand finally emerges, under the expectation that when 
demand emerges the innovation process will benefit from a variety of ideas.  
 
Flexibility can also be increased through cooperative arrangements with academic and 
other institutions that have greater inherent flexibility and quality control, provided there 
are clear definitions of federal and nonfederal roles and responsibilities.  However, 
funding decisions should give preference to projects and people rather than institutions 
themselves.  Multiple, sequential solicitations for project proposals enable an agency to 
modify the program’s objectives to meet changing needs and to benefit from lessons 
learned.  An oversight mechanism should exist to manage risk and allow for regular 
reassessment and redirection in response to new opportunities and changing conditions, 
including the orderly termination of projects that no longer warrant funding.  (Ref.:  
Sutherland 1989, Cohen and Noll 1991, NRC 1995, NRC 1999, Norberg-Bohm 2000, 
NRC 2001, Wells 2001, Fri 2003) 
 
The federal energy R&D investment portfolio, as well as individual programs and 
projects, should undergo greater oversight and regular evaluation. 
 
A comprehensive process for evaluating and selecting projects helps to ensure the 
integrity of energy R&D and keep it relatively free of political influence.  USDOE should 
make a much more regular and systematic effort in integrated analysis of its entire energy 
R&D portfolio, with external peer review.  Overall responsibility for the USDOE energy 
R&D portfolio should be assigned to a single person reporting directly to the Secretary of 
Energy. Similarly, a single individual should be given the responsibility and authority for 
coordination of crosscutting programs between the applied-technology programs, 
reporting to the single person responsible for the overall R&D portfolio.  Non-economic 
effects and external benefits should play a significant role in the evaluation of 
government programs. (Ref.:  Cohen and Noll 1991, PCAST 1997, NEPD 2001, Wells 
2001) 
 
Because competition for funding is often vital to maintain high quality research, 
competitive merit review, especially that involving external reviewers, should be the 
preferred way to select firms, institutions, and projects to support.  USDOE should 
consider greater use of peer-reviewed competitions as a basis for awarding support in its 
applied energy R&D programs.  After projects are initiated, they should continue to 
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periodically undergo transparent outside expert review, as well as consistently provide 
budget and cost-sharing data to USDOE.  (Ref.:  NRC 1995, NRC 1999, NRC 2001, 
NRC 2001a, PCAST 1997, USDOE 1995) 
 
An independent and knowledgeable oversight body or institution would be useful as a 
force for buffering R&D spending from bias and political pressures and for ensuring its 
integration across specific program areas, particularly if its recommendations have some 
binding ability to direct or cancel projects.  Such a body would have oversight of 
comprehensive process for project selection and for technical, structural, and managerial 
evaluation.  The National Science Foundation may provide an institutional home for 
certain elements of such a program.  USDOE should also adopt a transparent analytic 
framework as a uniform methodology for assessing the costs and benefits of its R&D 
programs.  (Ref.:  Ahearne 1985, PCAST 1997, Norberg-Bohm 2000, NRC 1995, NRC 
2001). 
 
Individual projects should develop detailed intermediate milestones, each with high 
technical content and specified costs, and have the ability to self-evaluate against these 
milestones using in-house resources.  Energy R&D programs should also benchmark 
their own R&D management practices against "best practices" in the private sector and 
elsewhere in the government.  However, while R&D should be well managed and 
accountable, it should not be micromanaged or hobbled by rules and regulations that have 
little social benefit.  (Ref.:  USDOE 1995, NRC 1995, NRC 2003) 
 
The federal energy R&D program should adopt a greater international perspective. 
 
The federal government and government/national-laboratory/industry/university 
consortia should engage strongly in international energy technology R&D and 
demonstration and commercialization efforts, as well as encourage greater international 
cooperation in private R&D efforts.  The U.S. should pursue international cooperation to 
share costs and to tap into the world’s best science and technology.  Also, much of the 
global market growth for coal power will occur in coal-rich, rapidly developing China 
and India, while the market for small-scale, modular renewable energy technologies will 
take place in developing countries as well.  The U.S. must maintain technological 
leadership in these technologies by developing strong collaborative international 
programs.  This strategy will require a shift away from the current focus on the U.S. 
market and towards a focus on developing countries.   
 
Energy-related environmental problems are also global in scale and require global 
solutions.  Because the efforts by any single nation to reduce GHGs will fall far short 
without international cooperation, the U.S. should seek international partners to develop 
cleaner, proliferation-resistant nuclear technologies, alternatives to oil, and GHG 
mitigation technologies.  International cooperation in energy RD&D can be encouraged 
through governmental arrangements and by ad hoc agreements with energy producers.  
The U.S. should also help other nations develop the capacity to utilize knowledge 
produced by others in order to contribute to the world science system.  (Ref.:  NRC 1990, 
NRC 1995, PCAST 1997, NEPD 2001, Salter and Martin 2001, WEC 2001) 
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The federal government should facilitate demonstration and commercialization of 
new energy technologies undertaken by private industry, and enact policies that 
create demand for technologies where external benefits are otherwise undervalued. 
 
Although the federal role in demonstration and commercialization should be limited, 
targeted efforts can improve the prospects of commercialization of the fruits of publicly 
funded energy R&D.  Industry-led, private-public collaborations in demonstration and 
commercialization could appropriately address impediments to commercial deployment 
in ways that ensure that R&D programs are market relevant and that the benefits of the 
public investment in R&D are realized in market penetration rates commensurate with the 
sum of the resulting private and public benefits. Demand creation must occur alongside 
technology promotion and can be done in a variety of ways (e.g., taxes, emission caps, 
performance based regulation).  Increased communication of technical accomplishments 
with investors, business people, and other critical stakeholders in the supply chain 
through all stages of program development can also facilitate commercialization.  (Ref.:  
Ahearne 1985, PCAST 1997, NRC 1999, NRC 2001, Fri 2003, Jaffe et al. 2004, Fischer 
2004) 
 
Federal-sponsored energy R&D programs should enhance their positive spillovers. 
 
These spillovers result from the transfer of knowledge, methodologies, instrumentation, 
technologies, and trained individuals from the public to the private sector.  USDOE staff 
technical skills should be strengthened through training and systematically rotating 
external technical and managerial staff.  In most cases, industry/laboratory/university 
partnerships should conduct federal energy R&D in order to directly link R&D to 
education and training in science and engineering.  Publicly funded grants should include 
adequate resources for using and developing cutting-edge instrumentation and 
methodology, as well as for training technicians to use these tools.  Policies should ensure 
that basic research is closely integrated with the training of graduate students, and should 
encourage industrial recruitment of qualified scientists and engineers.  The national 
laboratories should be encouraged to perform work for clients other than DOE, inside and 
outside the government, as appropriate, and processes for doing this should be 
streamlined.  (Ref.:  NRC 1995, PCAST 1997, Salter and Martin 2001) 
 
The federal government should enhance public awareness of energy R&D. 
 
There needs to be more public discussion and understanding of why energy itself and 
energy R&D are important to the well-being of our nation and the world.  National 
leaders should increase efforts to communicate clearly to the public the importance of 
energy and of energy R&D to the nation’s future.  Education and information campaigns 
could raise awareness of the benefits of alternative forms of energy and the need for more 
public and private sector energy R&D expenditure.  The federal government should 
specify the public and private benefits of federal intervention, and the outputs of basic 
research should be readily accessible. (Ref.:  PCAST 1997, NEPD 2001, Salter and 
Martin 2001, WEC 2001, Fri 2003) 
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SUMMARIES, FINDINGS, AND RECOMMENDATIONS COMPILED FROM 
REVIEWED SOURCES 
 
1.  Presidential, National, and International Commissioned Reports 
 
National Energy Policy Development Group.  2001.  National Energy Policy:  
Reliable, Affordable, and Environmentally Sound Energy for America’s Future.  
Washington, DC.  May 2001. 
This report presents a national long-term energy policy that stresses modernization and 
energy security.  The report discusses the energy challenges facing the U.S., the impacts 
of high energy prices, relationships between energy enterprises and human health and the 
environment, energy conservation and efficiency, increasing domestic energy supplies, 
renewable and alterative energy, energy delivery infrastructure, and global alliances to 
enhance national security and international relationships. 
  
Key recommendations: 
The NEPD Group makes the following R&D-related recommendations: 

1) The President should direct the Secretary of Energy to conduct a review of current 
funding and historic performance of energy efficiency research and development 
programs in light of the recommendations of NEPD’s National Energy Policy 
report.  The Secretary should propose appropriate funding of those R&D 
programs that are performance-based and are modeled as public-private 
partnerships. 

2) The President should direct USDOE to continue to develop advanced clean coal 
technology by: 

a. Investing $2 billion over 10 years to fund research in clean coal 
technologies. 

b. Supporting a permanent extension of the existing R&D tax credit. 
c. Directing federal agencies to explore regulatory approaches that will 

encourage advancements in environmental technology. 
3) The U.S. should consider technologies, in collaboration with international 

partners, to develop nuclear reprocessing and fuel treatment technologies that are 
cleaner, more efficient, less waste-intensive, and more proliferation-resistant. 

4) The NEPD Group supports a $39.2 million increase in the FY2002 budget 
amendment for the USDOE’s Energy Supply account that would provide 
increased support for renewable energy R&D. 

5) The President should direct the Secretary of Energy to conduct a review of current 
funding and historic performance of renewable energy and alternative energy 
R&D programs in light of the recommendations of this report.  The Secretary 
should propose appropriate funding of those R&D programs that are performance-
based and are modeled as public-private partnerships. 

6) The President should direct the Secretary of Energy to develop next-generation 
technology—including hydrogen and fusion—by: 

a. Developing an education campaign that communicates the benefits of 
alternative forms of energy, including hydrogen and fusion. 
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b. Focusing R&D efforts on integrating current programs regarding 
hydrogen, fuel cells, and distributed energy. 

c. Supporting legislation reauthorizing the Hydrogen Energy Act. 
7) The President should direct the EPA Administrator to issue guidance to encourage 

development of well-designed combined heat and power units that are both highly 
efficient and have low emissions. 

8) The President should direct the Secretary of Energy to expand USDOE’s R&D on 
transmission reliability and superconductivity. 

9) The President should direct the Secretaries of Commerce, State, and Energy to 
explore collaborative international basic R&D in energy alternatives and energy-
efficient technologies. 

10) The President should direct federal agencies to support continued research into 
global climate change; continue efforts to identify environmentally and cost-
effective ways to use market mechanisms and incentives; continue development 
of new technologies; and cooperate with allies, including through international 
processes, to develop technologies, market-based incentives, and other innovative 
approaches to address the issue of global climate change. 

11) The President should seek to increase international cooperation on finding 
alternatives to oil, especially for the transportation sector. 

 
 
President’s Committee of Advisors on Science and Technology (PCAST) Panel on 
Energy Research and Development.  1997.  Report to the President on Federal 
Energy Research and Development for the Challenges of the Twenty-First Century. 
This report presents a definitive strategy on how to ensure that the U.S. has a national 
energy R&D program that addresses its energy and environmental needs for the next 
century.  It finds that the U.S.’s economic prosperity, environmental quality, national 
security, and world leadership in science and technology all require improving our energy 
technologies, and that an enhanced national R&D effort is especially acute in relation to 
the challenge of responding responsibly and cost-effectively to the risk of global climate 
change from society’s GHG emissions, in particular, CO2 from fossil fuel combustion. 
 
Key findings: 

1) Advanced energy technologies have high promise for relatively quick-starting and 
rapidly expanding contributions to several important societal goals, including 
cost-effective reductions in local air pollution and carbon dioxide emissions, 
diminished dependence on imported oil, and reductions in energy costs to 
households and firms. 

2) Improvements in energy efficiency reduced the energy intensity of economic 
activity in the U.S. by nearly 1/3 between 1975 and 1995, an improvement that is 
now saving consumers about $170 billion per year in energy expenditures and is 
keeping U.S. emissions of air pollutants and carbon dioxide about 1/3 lower than 
they would otherwise be. 

3) Renewable energy technologies have achieved rapid rates of cost reductions in 
recent years; have good prospects for further gains; and could make substantial 
contributions to improving environmental quality, reducing risk of climate 
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change, controlling oil-import growth, and promoting sustainable economic 
development in Africa, Asia, and Latin America. 

4) Increases in nuclear fusion R&D are justified because it would continue a very 
productive element of the country’s basic science portfolio and because the 
government should be making this sort of high-risk but potentially very-high-
yield energy option for society, in which the size and time horizon of the program 
essentially rule out private funding. 

5) Fission’s future expandability is in doubt in the U.S. due to concerns about high 
costs, reactor-accident risks, radioactive-waste management, and nuclear weapons 
proliferation.  However, its potential to reduce carbon dioxide emissions warrant a 
modest research initiative to determine whether and how improved technology 
could alleviate these concerns. 

6) Energy from fossil fuels currently contributes 85% of U.S. annual energy use.  
These fuels will continue to provide immense amounts of energy through the 
middle of the next century and beyond, under any plausible scenario.  USDOE’s 
current fossil energy R&D program is about the appropriate size in relation to the 
array of relevant needs, opportunities, and likely continuing private sector fossil-
energy R&D activities. 

7) There is a significant possibility that governments will decide, in light of the 
perceived risks of GHG-induced climate change and the perceived benefits of a 
mixed prevention/adaptation strategy, that emissions of GHGs from energy 
systems should be reduced substantially and soon.  Prudence requires having in 
place an adequate energy R&D effort designed to expand the array of 
technological options available for accomplishing this at the lowest possible 
economic, environmental, and social cost. 

8) The possibility of a mandate to significantly constrain GHG emissions is the most 
demanding of all looming energy challenges because of the large role of fossil 
fuel technologies in the current U.S. and world energy systems, the technical 
difficulty and cost of modifying these technologies to reduce their CO2 emissions, 
their long turnover times, their economic attractiveness compared to most of the 
currently available alternatives, and the long times typically required to develop 
new alternatives to the point of commercialization. 

9) Many of the energy-technology improvements that would be attractive for this 
purpose also could contribute importantly to addressing some of the other energy-
related challenges that lie ahead, including reducing dependence on imported oil; 
diversifying the U.S. domestic fuel- and electricity-supply systems; expanding 
U.S. exports of energy-supply and energy-end-use technologies and know-how; 
reducing air and water pollution from fossil fuel technologies; reducing the cost 
and safety and security risks of nuclear energy systems around the world; 
fostering sustainable and stabilizing economic development; and strengthening 
U.S. leadership in science and technology. 

10) Public and private sector funding for R&D has been falling in the U.S. and 
internationally, with a 3.4- to 4.8-fold decrease in USDOE basic energy sciences 
funding from 1978 to 1997.  Reasons for this decline include:  low fossil fuel 
prices; overall budgetary stringency; policymaker complacency attributable to low 
prices, no gasoline lines, and high confidence in the capacity of the U.S. to 
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preserve access to Middle East oil; criticism of “big government”; pressure from 
larger parts of USDOE’s budget (e.g., environmental cleanup and nuclear-
weapons programs); and the lack of any coherent voice from the energy 
community calling for a responsible portfolio approach to energy R&D. 

11) Investments in energy efficiency are generally the most cost-effective way to 
simultaneously reduce the risks of climate change, world oil-supply interruptions, 
and local air pollution, and to improve the productivity of the economy. 

12) Due to the growing preference for natural gas for power generation in the U.S., 
the major markets for advanced coal power and fuels technologies will not be in 
the U.S. but in coal-intensive developing countries such as China and India, 
where gas is not widely available.  The U.S. must maintain technological 
leadership in coal power technologies and develop a strong international program 
including collaborative R&D, development, and commercialization activities.  
This will require a paradigm shift away from the current focus on the U.S. market 
and toward a focus on coal-intensive developing countries. 

13) The present funding level for fusion energy of $230 million is too low; it allows 
no significant U.S. activity relating to participation in an international program to 
develop practical low-activation materials; reduces the level of funding for the 
design of the International Thermonuclear Experimental Reactor (ITER); forced 
an early shutdown for the largest U.S. fusion energy experiment; canceled the 
next major U.S. plasma science and fusion experiment; and limited the resources 
available to explore alternative fusion concepts. 

14) Although Renewable Energy Technologies (RETs) are still primarily challenged 
by high unit costs, costs of energy from RETs such as wind turbines and 
photovoltaics (PV) have come down by as much as 10 times.  By 2025 renewable 
energy sources could contribute to global energy one-half to two-thirds as much 
as fossil fuels do at present, with new renewable sources accounting for one-third 
to one-half of total renewables. 

15) Much of the global market growth for RETs will take place in developing 
countries, which would benefit from the small scale, modularity, and inherent 
cleanliness of most RETs that make it possible to reduce environmental problems 
without complex regulatory controls. 

16) The funding increases proposed for Federal energy R&D appear quite large when 
expressed as percentage increases in some of the affected programs.  However, 
the increase in annual spending is equal to less than a fifth of one percent of the 
sum that U.S. firms and consumers spent on energy in 1996; and it would only 
bring USDOE’s spending on applied energy-technology R&D back to where it 
was in 1992, in real terms. 

 
Key recommendations: 
The Panel recommends strengthening the USDOE applied energy-technology R&D 
portfolio by increasing funding for four of its major elements (energy end-use efficiency, 
nuclear fission, nuclear fusion, and renewable energy technologies) and restructuring part 
of the fifth (fossil fuel technologies).  The Panel also recommends better coordination 
between USDOE’s applied energy-technology programs and the fundamental research 
carried out in the program on Basic Energy Sciences; increased USDOE efforts in 
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integrated analysis of its entire energy R&D portfolio and the leverage the portfolio 
offers against the energy challenges of the next century; targeted efforts to improve the 
prospects of commercialization of the fruits of publicly funded energy R&D in specific 
areas; increased attention to certain international aspects of energy R&D; and changes in 
the prominence given to energy R&D in relation to the DOS’s other missions, coupled 
with changes in how this R&D is managed.  More specific recommendations are as 
follows. 
 
Recommendations for Applied Energy-Technology R&D: 

1) The Panel recommended an increase in spending on applied energy-technology 
R&D to $2.4 billion in 2003, in as-spent dollars.  In constant-dollar terms, the 
increase from 1997 through 2003 is 61%, amounting to an average real growth 
rate of 8.3%/year.  The proposed spending for 2003 would return USDOE’s real 
effort in this R&D to FY 1991-1992 levels.  The Panel proposed the following 
overall budgets for applied energy-technology R&D for the year 2003 (last 
column): 

 
Table ES. 1: Recommended USDOE Budget Authority for Applied Energy-
Technology R&D 

in millions of as-spent dollars 
 1997 

actual 
1998 

request 1999 2000 2001 2002 2003 

Efficiencya 373 454 615 690 770 820 880
Fission 42 46 66 86 101 116 119
Fossil 365 346 379 406 433 437 433
Fusion 232 225 250 270 290 320 328
Renewables 270 345 475 585 620 636 652
TOTAL 1282 1416 1785 2037 2214 2329 2412
 

in millions of constant 1997 dollars 
 1997 

actual 
1998 

request 1999 2000 2001 2002 2003 

Efficiency 373 442 584 638 695 721 755
Fission 42 45 63 80 91 102 102
Fossil 365 337 360 376 391 384 371
Fusion 232 219 237 250 262 281 281
Renewables 270 336 451 541 559 559 559
TOTAL 1282 1379 1695 1885 1998 2047 2068
 

a What is called “energy end-use efficiency” in this report and is abbreviated as “efficiency” in these tables 
appears as “conservation” in many budget documents. 
 

2) The Panel proposes phasing out USDOE’s R&D on near-term coal-power 
technologies and promptly ending the funding for direct coal liquefaction, while 
increasing USDOE’s R&D on advanced coal-power programs, carbon capture and 
sequestration, fuel cells and other hydrogen technology, and advanced oil and gas 
production and processing.  These changes would increase the responsiveness of 
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USDOE’s fossil energy R&D to carbon dioxide and oil-import challenges and to 
improve the program’s complementarity with R&D efforts in the private sector. 

 
Recommendations for Crosscutting Issues: 

1) Coordination between the Basic Energy Sciences program and the applied energy-
technology programs should be improved using mechanisms such as 
comanagement and cofunding. 

2) USDOE should make a much more systematic effort in R&D portfolio analysis:  
portraying the diverse characteristics of different energy options in a way that 
facilitates comparisons and the development of appropriate portfolio balance, in 
light of the challenges facing energy R&D and in light of the nature of private 
sector and international efforts and the interaction of U.S. government R&D with 
them. 

3) The nation should adopt a commercialization strategy in specific areas 
complementing its public investments in R&D.  This strategy should be designed 
to reduce the prices of the targeted technologies to competitive levels, and it 
should be limited in cost and duration. 

4) The government and government/national-laboratory/industry/university consortia 
should engage strongly in international energy technology R&D and, where 
appropriate, development and commercialization efforts to regain and/or maintain 
the scientific, technical, and market leadership of the U.S. in energy technology. 

5) Overall responsibility for the USDOE energy R&D portfolio should be assigned 
to a single person reporting directly to the Secretary of Energy, and, similarly, a 
single individual should be given the responsibility and authority for coordination 
of crosscutting programs between the applied-technology programs, reporting to 
the single person responsible for the overall R&D portfolio. 

6) Industry/national-laboratory/university oversight committees should work with 
USDOE to provide overall direction to energy R&D programs, with USDOE 
facilitating and administering the process; and we recommend that all USDOE 
energy R&D programs undergo outside technical peer review every 1-2 years, 
while interim internal process-oriented reviews are reduced to a minimum. 

 
Recommendations for End-Use-Efficiency Technology: 
The Panel recommends that the R&D components of the USDOE’s energy efficiency 
budget grow steadily over the next 5 years, from $373 million to $755 million (constant 
1997 dollars).  The Panel has identified the following goals for a variety of sectors: 

1) Buildings:  To fund and conduct research on equipment, materials, electronic and 
other related technologies and work in partnership with industry, universities, and 
state and local governments to enable by 2010:  (1) the construction of 1 million 
zero-net-energy buildings; and (2) the construction of all new buildings with an 
average 25% increase in energy efficiency as compared to a new building in 1996.  
Additional longer term research in advanced energy systems and components will 
enable all new construction to average 70% reductions and all renovations to 
average 50% reductions in GHG emissions by 2030.   

a. The buildings program needs high-profile leadership from within the 
Administration, closer links with industry, and better mechanisms to 
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distribute research results—perhaps via the “Buildings for the 21st Century 
Initiative”. 

2) Industry:  By 2005, develop with industry a more than 40% efficient microturbine 
(40-300 kW), and introduce a 50% efficient microturbine by 2010.  By 2005, 
develop with industry and commercially introduce advanced materials for 
combustion systems to reduce emissions of nitrogen oxides by 30-50% while 
increasing efficiency 5-10%.  By 2010, achieve a more than 25% improvement in 
energy intensity of the major energy-consuming industries (forest products, steel, 
aluminum, metal casting, chemicals, petroleum refining, and glass) and by 2020 a 
20% improvement in energy efficiency and emissions of the next generation of 
these industries.   

a. The industries program should be expanded to include more industries, 
and the crosscutting research should grow significantly. 

3) Transportation:  By 2004, develop with industry an 80-mile-per-gallon production 
prototype passenger car.  By 2005, introduce a 10-mpg heavy truck with ultra low 
emissions and the ability to use different fuels; and achieve 13 mpg by 2010.  By 
2010, achieve at least a tripling in the fuel economy of Class 1-2 trucks, and 
double the fuel economy of Class 3-6 trucks. 

a. The Partnership for a New Generation of Vehicles (PNGV) is 
insufficiently funded and cannot meet all its goals at current levels.  It 
should be complemented by a PNGV II to enhance efforts on long-term 
technologies, such as fuel cells, with extraordinary potential after 2005.  
PNGV also needs to give greater attention to air-quality issues, to ensure 
that technologies selected do not undermine national and state clean-air 
programs. 

b. The Administration must also develop new transportation policies that 
shift the auto fleet, over time, toward higher efficiency. 

c. Advanced vehicle development programs should be coordinated with 
alternative fuels programs to ensure they are complementary for 
transportation systems of the future. 

d. R&D in the Department of Transportation should be reorganized around 
clear public interest goals, and DOT’s energy and environmental pursuits 
should be consonant with USDOE’s goals.  DOT should pursue more 
multimodal research and system optimization and should increase its focus 
on developing integrated transit systems with improved efficiency, to 
reduce urban congestion and enhance air quality.  The Automated 
Highway System research needs to be thoroughly evaluated, key technical 
assumptions must be documented and peer-reviewed, and then the 
program should be reorganized around the public interest goals mentioned 
above. 

 
Recommendations for Fossil-Energy Technology: 
The Panel recommends that the Fossil Energy budget remain at about the current level in 
constant dollars but with a significant reorientation and new initiatives aimed at Vision 
21, natural gas as a transition fuel, and a comprehensive transportation fuel R&D 
strategy. 



19 

1) Coal and Gas Power and Fuels:  The Panel endorses Vision 21 as the long-term 
objective and recommends reorientation of USDOE R&D priorities toward it.  
This should include continued emphasis to improve efficiency of the combined 
cycle using high temperature fuel cells, development of advanced gasification 
technologies for the flexible production of power and clean transportation liquid 
fuels.  It should also include initiating a science-based CO2-sequestration program 
in cooperation with the USGS, industry, and universities, with an annual budget 
rising to $20 million dollars or more in 2003.  Hydrogen may prove to be the 
transportation fuel of the future if fuel cells become the power source of choice 
for vehicles, and fossil fuels are the likely least expensive route to hydrogen 
assuming sequestration is practical. 

2) Phaseouts:  The Panel recommends that USDOE terminate: (1) direct liquefaction 
of coal, because it does not fit Vision 21; (2) the solid fuels and feedstocks 
program, directing the funding instead toward a comprehensive, science-based 
program to reduce hazardous air emissions from existing and future coal power 
plants; and (3) the Low Emissions Boiler System program.  IT should phase out 
near-term clean-coal programs that do not contribute to Vision 21 or to providing 
much better low-CO2-emissions technology choices for developing countries. 

3) Oil and Gas Production and Processing:  The Panel recommends more intense 
effort on natural gas production and processing, including a major initiative for 
USDOE to work with USGS, the Naval Research Lab, Mineral Management 
Services, and the industry to evaluate the production potential of methane 
hydrates in US coastal waters and worldwide.  This research might well interface 
with hydrogen-production and CO2-sequestration efforts with CO2 hydrates as the 
sequestered state of the gas. 

4) Transportation Fuels Strategy:  The Panel recommends that USDOE develop a 
comprehensive transportation fuels strategy, beginning with an analysis of the 
potential for technologies to increase the price elasticity of oil supply and demand 
including the impact of substitutes.  This effort should include, for example, R&D 
focused on reducing the cost of producing transportation fuels from natural gas 
and work on indirect liquefaction of coal and biomass.  Such an effort is 
supportive of Vision 21 and may improve its flexibility for combined fuel and 
power generation, including eventually producing hydrogen for central or 
distributed use with CO2 sequestering. 

 
Recommendations for Nuclear Fission Energy Technology: 

1) Operating Reactors:  Extending the operation of nuclear plants will make it easier 
to meet GHG emission goals.  The Panel recommends that USDOE work with its 
laboratories and the utility industry to develop a program to address the problems 
that may prevent continued operation of current plants.  We recommend such a 
program be funded at $10 million per year, to be matched by industry. 

2) Nuclear Energy Research Initiative:  USDOE should establish a new program, 
funded initially at $50 million per year and increasing by FY 2002 to $100 million 
per year (as-spent dollars), which would competitively select among proposals by 
researchers from universities, national laboratories, and industry to address key 
issues affecting the future of fission energy including:  proliferation-resistant 
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reactors or fuel cycles; new reactor designs with higher efficiency, lower-cost, 
and improved safety to compete in the global market; lower-output reactors for 
use in settings where large reactors are not attractive; and new techniques for on-
site and surface storage and for permanent disposal of nuclear waste.  This 
approach is in contrast to the traditional style of directed research of the USDOE 
Nuclear Energy program and follows instead a model along the lines of the 
Environmental Management Science Program (EMSP). 

3) Coordination:  USDOE should improve coordination and integration among the 
eight USDOE program offices sponsoring R&D applicable to fission energy. 

 
Recommendations for Nuclear Fusion Technology: 

1) The Panel recommends that fusion R&D funding be increased from its annual 
budget of $232 million in the FY 1997 appropriation to reach $320 million per 
year by FY 2002 (as-spent dollars).  This would restore fusion R&D funding to 
the level which the 1995 PCAST study of fusion-energy R&D recommended be 
maintained from FY 1996 onward. 

2) The Panel reaffirms support for the 1995 PCAST recommendation that the 
program’s budget-constrained strategy be based on three key principles:  (1) a 
strong domestic core program in plasma science and fusion technology; (2) a 
collaboratively funded international fusion experiment focused on the key next-
step scientific issue of ignition and moderately sustained burn; and (3) 
participation in an international program to develop practical low-activation 
materials for fusion energy systems. 

3) International Collaborations:  The U.S. program should establish significant 
collaborations with both the JET program in Europe and the JT-60 program in 
Japan.  Such collaboration should provide experience in experiments that are 
prototypes for a burning plasma machine, such as ITER, and that can explore 
driven burning plasma discharges. 

4) ITER:  The Panel judges that the proposed 3-year transition between completion 
of the Engineering Design Activity and an international decision to construct is 
reasonable and that the ITER effort merits continued U.S. involvement.  ITER 
should offer a specific site for construction by the end of the 3-year period.  If the 
parties agree to move forward to construction, the U.S., with stakeholder input, 
should be prepared to determine the level and nature of its involvement.  
Continuing the international pursuit for fusion energy should continue even if no 
site is selected.  A more modestly scaled and priced device aimed at a mutually 
agreed upon set of scientific objectives focused on the key next-step issue of 
burning plasma physics may make it easier for all parties to come to an 
agreement. 

 
Recommendations for Renewable Energy Technologies: 
The Renewable Energy R&D Program should be substantially expanded, with the 
following goals: 

1) Wind:  Reduce by 2005 wind electricity costs to half of today’s costs, so that wind 
power can be widely competitive with fossil-fuel-based electricity in a 
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restructured electricity industry, through R&D on a variety of advanced wind 
turbine concepts and manufacturing technologies. 

2) Photovoltaics:  Pursue R&D that would lead to PV systems prices falling from the 
present price of $6000/kW to $3000/kW in 5 years, to $1500/kW by 2010, and to 
$1000/kW by 2020.  R&D activities should include assisting industry in 
developing manufacturing technologies, giving greater attention to balance of 
system issues, and expanding fundamental research on advanced materials. 

3) Solar Thermal Electric Systems:  Strengthen ongoing R&D for parabolic dish and 
heliostat/central-receiver technology with high temperature thermal storage, and 
develop high-temperature receivers combined with gas-turbine based power 
cycles; goals should be to make solar-only power (including baseload solar 
power) widely competitive with fossil fuel power by 2015. 

4) Biopower:  Enable commercialization, within ten years, of advanced energy-
efficient power-generating technologies that employ gas turbines and fuel cells 
integrated with biomass gasifiers, building on past and ongoing R&D for coal in 
such configurations, and exploiting the advantages of biomass over coal as a 
feedstock for gasification.  These technologies could be widely competitive in 
many developing country markets and in U.S. markets that use biomass residues 
or use energy crops in systems that derive coproducts from biomass. 

5) Geothermal Energy:  Continue work on hydrothermal systems and reactivate 
R&D on advanced concepts, giving top priority to high-grade hot dry-rock 
geothermal; this technology offers the long-term potential, with advanced drilling 
and reservoir exploitation technology, of providing heat and baseload electricity 
in most areas. 

6) Biofuels:  Accelerate core R&D on advanced enzymatic hydrolysis technology for 
making ethanol from cellulosic feedstocks, with the goal that, between 2010 and 
2015, ethanol produced from energy crops would be fully competitive with 
gasoline, in either internal combustion engines or fuel cell vehicles; coordinate 
this development with the biopower program so as to co-optimize the production 
of ethanol from the carbohydrate fractions of the biomass and electricity from the 
lignin using advanced biopower technology. 

7) Hydrogen:  Carry out R&D on hydrogen-using and –producing technologies; 
coordinate hydrogen-using technology development with proton-exchange-
membrane fuel-cell vehicle development activities in USDOE’s Energy 
Efficiency program.  Give priority in hydrogen-production R&D to co-optimizing 
the production of hydrogen from fossil fuels and sequestration of the CO2 
separated out during the production process, in collaboration with the Fossil 
Energy program. 

8) Hydropower:  To sustain and increase over 92,000MW of hydro capacity, 
additional R&D is needed to provide a new generation of turbine technologies 
that are less damaging to fish and aquatic ecosystems.  By deploying such 
technologies at existing dams and in new low-head, run-of-river applications, as 
much as an additional 50,000 MW could be possible by 2030. 

9) Crosscutting and Other Programs:  Crosscutting programs that should be strongly 
supported include Resource Assessment, International Programs, and Analysis.  
R&D is needed on energy storage, electric systems, and systems integration. 
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Further Recommendations: 

1) Crosscutting Issues:  In order to expand the portfolio of fundamental research 
activities within the limits of overall budget constraints, the Panel recommends 
that Basic Energy Sciences (BES) programs allocate additional resources to 
support fundamental research activities addressing needs of the technology  
programs.  This could be facilitated by mechanisms such as co-management and 
co-funding with—or budget sign-off by, or rerouting budgets through—the 
applied energy-technology programs. 

2) Portfolio Analysis:  USDOE should regularly and systematically conduct—with 
external peer review—a portfolio analysis across the breadth of R&D options and 
to use this as an input to overall program planning. 

3) Commercialization:  Industry-led, private-public collaborations in demonstration 
and commercialization of new energy technologies could appropriately address 
barriers to commercial deployment in ways that ensure that R&D programs are 
market relevant and that the benefits of the public investment in R&D are realized 
in market penetration rates commensurate with the sum of the private and public 
benefits of such penetration. 

4) Commercialization:  The nation should adopt a commercialization strategy in 
specific areas complementing its public investments in R&D.  This strategy 
should be designed to reduce the prices of the targeted technologies to 
competitive levels, and it should be limited in cost and duration. 

5) International Aspects:  The Panel recommends that the government and 
government/national-laboratory/industry/university consortia should engage 
strongly in international energy technology R&D and demonstration and 
commercialization efforts to regain and/or maintain the scientific, technical, and 
market leadership of the United States in energy technology.  This should include 
increased R&D—particularly in collaboration with developing countries, 
temporary support for D&C activities where appropriate, and responses to foreign 
export promotion activities where necessary. 

6) USDOE Program Management:  To increase the efficiency with which public 
dollars invested in energy R&D yield the results that the national interest requires, 
the Panel offers the following specific recommendations: 

a. USDOE staff technical skills should be strengthened by training, targeted 
hiring, and by systematically rotating external technical (and managerial) 
staff through USDOE as senior professionals with significant 
responsibilities for all aspects of program management. 

b. Lead laboratories should be named and laboratories should be treated by 
USDOE as integrated entities, not as collections of projects independently 
controlled from USDOE headquarters. 

c. Industry/laboratory/university partnerships should conduct the energy 
R&D that is funded by USDOE, in most cases. 

d. The national laboratories should be encouraged to perform work for 
clients other than USDOE, inside and outside the government, as 
appropriate, and processes for doing this should be streamlined. 
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e. USDOE staff procedures for energy technology programs should be 
reviewed in detail, and staff levels adjusted accordingly. 

 
Final Recommendations: 

1) There needs to be more public discussion and a growing public understanding of 
why energy itself and energy R&D are important to the well-being of our nation 
and the world. 

2) The President should increase his efforts to communicate clearly to the public the 
importance of energy and of energy R&D to the nation’s future, and that he 
should clearly designate the Secretary of Energy as the national leader and 
coordinator for developing and carrying out a sensible national energy strategy, 
which of course includes not only energy R&D but much else. 

 
 
World Energy Council.  2001.  Energy Technologies for the Twenty-First Century:  
Energy Research, Development and Demonstration Expenditure 1985-2000:  An 
International Comparison.  London. 
Spurred by reports of widespread declines in energy RD&D spending since the early 
1980s, this report evaluates trends in energy RD&D expenditures in countries for which 
comprehensive data was available.  WEC finds that worldwide energy RD&D 
expenditure has fallen between 1985 and 2000, particularly since US spending, which 
accounts for 40% of global energy RD&D, has fallen dramatically.  Given that RD&D 
expenditure is a precursor to technological advance, this is a disturbing trend. 
 
Key findings: 
The WEC Study Group presents the following findings related to public and private 
energy R&D in the US: 

1) There are significant definitional problems in private and public energy R&D 
expenditures.  An energy company’s mainstream RD&D function may be 
engaged in work which seems more closely related to improving corporate 
standing with the general public or the investment community, than with 
advancing scientific understanding or technology diffusion.  Federal RD&D 
expenditure is frequently simply defined as spending within a particular budget 
category.  The White House Office of Management and Budget defines energy 
RD&D as all activities contained within budget category 270.  Research 
organizations often define energy RD&D as simply their budgets. 

2) In constant 1995 US dollars, total energy RD&D expenditure steadily fell 50% 
between 1985 and 1999, to $3.7 billion.  11.5% took place between 1985 and 
1986.  Since the peak year of 1980, the fall has been 68%.  Spending stabilized 
over the period 1997-99, but at a 26-year low. 

3) Energy RD&D expenditure in 1999 represented 0.042% of GDP, down from 
0.128% in 1985 and 0.231% in 1980. 

4) Private sector RD&D expenditure fell 66%, to just under $1.4 billion, from 1985 
to 2000. 
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5) Public sector RD&D fell from US$3.3 billion in 1985 to just over US$2.3 billion 
in 1999, a fall in real terms of 29%.  There have been sizeable fluctuations, 
however. 

6) The 1990s saw a massive drop in private sector fossil fuel R&D spending, while 
spending on renewable energy RD&D more than halved, and there were some 
cuts in the nuclear RD&D component. 

7) After the private sector’s reduction of US$1.7 billion in spending on fossil fuel 
RD&D, the next biggest component was a US$820 million reduction in public 
sector spending on nuclear RD&D.  Public spending on fossil fuel RD&D fell 
particularly after 1992.  There have been increases in spending on energy 
conservation and “Other Energy R&D,” which PCAST describes as mostly “not 
very closely linked to advances in civilian energy technology or not really R&D 
at all.” 

8) It has been suggested that deregulation of the electricity supply industry was the 
main reason for the reduction in private sector energy RD&D in recent years, but 
that analysis needs to take account of a switch away from generic, longer term 
investment to shorter term, more customer-oriented RD&D spending. 

9) In parallel with federal budget cuts there has recently been an impressive inflow 
of venture capital and a broader opening of financial markets to energy-related 
RD&D processes. 

 
Key recommendations: 
The WEC Study Group makes the following recommendations that apply to all 
governments significantly involved in energy R&D: 

1) Countries must increase energy RD&D spending and technology transfer in order 
to meet the requirements of those without modern energy services more quickly, 
and to provide the efficient, reliable and clean energy-related technologies that are 
required everywhere.  Sustainable development needs a clearer strategic direction 
behind energy RD&D. 

2) RD&D effort should prioritize:  (1) increasing efficiency in energy provision and 
end-use; (2) promoting the faster deployment of locally appropriate renewable 
energy systems that do not themselves have serious adverse environmental 
effects; (3) respond to public concerns about the operational safety, waste 
disposal, proliferation risks and costs of nuclear power; and (4) allow carbon 
sequestration. 

3) Regional collaboration in energy RD&D effort should be encouraged. 
4) All governments engaged in energy RD&D should urgently produce detailed 

energy RD&D expenditure data in current prices and constant prices.  Distinctions 
should be made between basic and applied research, on development and 
commercialization, and on RD&D for conventional and advanced fossil fuel 
technologies.  Carbon sequestration, hydrogen and fuel cell RD&D should be 
identified.  Changes in definitions and their implications should be clearly stated 
as they occur. 

5) Governments should require relevant private sector organizations to provide 
annual records of their energy RD&D expenditures to appropriate national 
statistical authorities. 
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6) Governments that have reduced energy RD&D budgets in recent years should 
increase them, both in total and in selected components that aim to meet 
upcoming challenges.  Governments should review the balance of their R&D 
expenditures to ensure that energy efficiency, locally appropriate renewable 
energy sources and technologies, advanced fossil fuel technologies, and safe 
nuclear technologies receive the appropriate level of support. 

7) The balance of government effort between long-term basic research and short-
term applied technological development should be reviewed, with emphasis 
shifting to basic research if feasible. 

8) Governments should raise awareness, through education and information 
campaigns, of the need for more private sector energy RD&D expenditure. 

9) Governments should encourage greater international cooperation in energy 
RD&D efforts. 

10) Energy-related RD&D which supports energy quality, eco-efficiency and 
renewable energy, and market mechanisms that complement the existing and 
expected energy mix—such as energy set-asides—should be created in order to 
stimulate private and venture capital investment. 
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2.  National Academy of Sciences Reports and Publications 
 
Ahearne, J. F.  1985.  Energy Research and Development.  Papers Commissioned 
for a Workshop on the Federal Role in Research and Development.  National 
Academy of Sciences:  Washington, DC.  pp. 211-241. 
This paper addresses the economic value of federal investment in energy R&D.  The 
author describes the stages of R&D in progressing from idea to commercial product, 
reasons the federal government should fund any of these stages, and lessons learned from 
past federal funding efforts.  The Congressional Budget Office has described the stages of 
energy R&D as research, development, demonstration, and commercialization.  The 
funds spent at each stage increase substantially, with political pressures (e.g., to locate the 
project in a specific region, to maintain or add funding, or to reduce or end funding) also 
increasing as the project approaches the demonstration stage.  Failure is not necessarily in 
unfruitful results, which may still advance knowledge, but rather in funding poor 
experimental design, mediocre work, or publication for the sake of publication.  
Imprudent use of federal funds occurs when the early stages are not implemented 
carefully or examined rigorously, and when unfit projects advance. 
 
Key findings: 

1) Knowledge developed in basic research can take 20 to 30 years to become visible 
in successful commercial products or to have significant national impact. 

2) Basic research has strong anecdotal support; however, it is not amenable to 
standard quantitative economic analysis. 

3) Although the boundary between basic research and applied research is blurred, the 
latter in general has a more specific potential connection to application.  Applied 
research also can be labeled exploratory or even advanced development. 

4) Many relatively small projects have been funded in applied research.  However, 
little research has been done either to support or to criticize this generic category 
of R&D. 

5) Although basic research usually is inexpensive, applied research and advanced 
development can become expensive.  A technical success can be an economic 
failure. 

6) The largest dollar amounts per program go to engineering development projects, 
which also may be called demonstration projects.  These have the highest public 
visibility and have been studied more than any other energy R&D category. 

7) Large federal energy projects have a low success rate. 
 
Key recommendations: 

1) Federal funding for R&D should be tested against several criteria: 
a. The project should be designed to meet national needs.  A reasonable case 

must be made for how the project will help the nation.  For example, 
projects supporting federal programs such as environmental regulation are 
acceptable. 

b. Industry cannot capture enough of the benefits from the project, but a 
security premium makes it worthwhile for the nation. 
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c. The risk is too high for private funders because the project is very costly, 
and there are large technical, demand, or regulatory uncertainties. 

2) An independent oversight panel of knowledgeable people would be useful as an 
objective buffer against bias and pressure.  Individuals with industrial experience 
should be included.  The Health Effects Institute model would be useful here. 

3) Demonstration programs must be subject to economic analysis to estimate 
possible markets objectively and cast the harsh light of reality on favorite 
concepts. 

4) Industry participation should be required for demonstration projects, with the 
percentage of participation increasing with project duration. 

5) Federal management should be restricted to the R&D stages, with industry 
management for the demonstration projects.  The government is much better at 
establishing policy, than in determining how it should be implemented.  Thus, the 
government should begin to step out during development, and certainly should not 
be involved in demonstration.  The private sector is more likely to gather people 
who can handle large projects.  If Congress deems the absence of government 
involvement during development and demonstration not be prudent, then the 
government should at least contract out the management. 

6) For the demonstration stage, government should explore further such indirect 
funding mechanisms as tax incentives, regulatory exemptions, and antitrust 
waivers. 

7) The government should invest in understanding the problems of the past, to learn 
how better to address the future. 

 
 
National Research Council Committee on Alternative Energy Research and 
Development Strategies.  1990.  Confronting Climate Change:  Strategies for Energy 
Research and Development.  National Academy Press:  Washington, D.C. 
In 1989 Congress directed the Secretary of Energy to ask the National Academy of 
Sciences and the National Academy of Engineering to assess the current state of R&D in 
alternative energy sources in the U.S., to suggest R&D strategies for stabilizing the 
atmosphere concentrations of GHGs, to analyze what federal investments would 
encourage greater private investment in alternative energy sources.  This report presents 
the recommendations offered by the study committee. 
 
Key findings: 
The committee identifies no single technological fix that would significantly reduce GHG 
emissions during the next few decades because energy uses are too diverse.  Two broad, 
potentially complementary, technological pathways could lead to significant reductions 
by 2050: 

1) Increases in energy productivity through improvements in the efficiency of energy 
use and conversion technologies. 

2) Development of and shift to the use of low- or non-GHG-emitting energy 
technologies. 

Prevailing international economic competitiveness, domestic energy needs, and 
environmental concerns should set the pace at which the nation can pursue these 
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pathways.  Greater efficiency in energy production and use will reduce the burden on 
shifting to non-GHG-emitting technologies.   
 
Key recommendations: 
The committee recommends that the federal government pursue energy R&D that is 
aimed at reducing GHG emissions and that would make sense for other reasons even in 
the absence of concerns about global climate change.  The high priority energy R&D 
opportunities, enabling policies, and supplemental actions that should be addressed in this 
strategy are: 
FOSSIL ENERGY: 

1) Increase the efficiency of electricity generation using currently available high-
efficiency options such as the gas turbine/steam turbine combined cycle. 

2) Develop substantial improvements in the combined cycle and other advanced gas-
turbine-based technologies for firing with natural gas or a gaseous fuel derived 
from biomass. 

3) Achieve economic recovery of gas from known domestic reserves. 
4) Improve reservoir characterization through basic geoscience research to enable 

future resource recovery. 
5) Define GHG emissions as one criterion in evaluating new approaches to coal 

combustion. 
NUCLEAR ENERGY: 

1) Determine through social science research the conditions under which nuclear 
options would be publicly acceptable in the United States. 

2) Conduct an international study to establish criteria for globally acceptable nuclear 
reactors. 

CONSERVATION and RENEWABLE ENERGY: 
Utility Systems: 

1) Provide RD&D support to new and improved technology for electric storage and 
for alternating current and direct current systems components. 

2) Develop an efficient, flexible, and reliable network to operate the electric power 
system in the most environmentally acceptable way. 

Photovoltaics: 
1) Accelerate R&D on materials and module manufacturing to increase efficiency 

and reduce costs of photovoltaic systems. 
Transportation Technologies: 

1) Improve batteries for vehicle propulsion to achieve higher performance and 
durability and reduce costs. 

2) Adapt alternative fuels (e.g., alcohols) to engines and vehicles. 
3) Reduce emissions from efficient power plants such as the diesel. 
4) Evaluate vehicle systems to assure the safety of smaller cars built with lightweight 

structural materials. 
5) Investigate innovative electric transportation systems. 

Building Envelope/Superinsulation: 
1) Develop advanced insulation materials for building walls, windows, and roofs. 
2) Develop non-GHG foams and evacuated panel technology. 

Building Operating Practice: 
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1) Develop controls, expert systems, diagnostics, and feedback systems to minimize 
energy use in the construction, commissioning, and operation of buildings. 

Building Implementation R&D: 
1) Implement existing technologies with carefully planned and monitored 

demonstrations and research on motivation and decision making. 
Industrial Process Energy Efficiency: 

1) Continue industry-government cooperative programs such as the metals initiative 
(i.e., steel and aluminum). 

Recycling of Materials: 
1) Develop improved separation technologies. 
2) Create markets for postconsumer-recycled materials in the manufacture of high-

quality products. 
Biomass and Biofuel Systems: 

1) Expand through basic research, our understanding of the mechanisms of 
photosynthesis and genetic factors that influence plant growth. 

2) Perform systems analyses to define and prioritize infrastructure requirements with 
expanded use of biomass-derived fuels. 

3) Assess the potential environmental impacts of biomass production (e.g., through 
silviculture), including impacts on biodiversity and the availability of water 
resources. 

ELECTRIC POWER: 
1) Increase U.S. nuclear power plant availabilities to levels conforming to the best 

international practice. 
2) Facilitate greater environmental dispatch of generation facilities. 

TRANSPORTATION: 
1) Inform consumers and develop and implement policies to stimulate the market for 

cars and light trucks that are significantly more energy efficient than current 
models. 

2) Develop and implement policies to achieve higher productivity of transportation 
energy use. 

BUILDINGS: 
1) Enact substantial changes in the regulatory environment to allow electric and gas 

utilities to earn from investments in energy productivity as well as energy supply 
and to decouple utilities’ net revenues from their sales volumes. 

2) Stimulate, through competitive bidding, nonutility investments in energy supply 
and conservation that reduces GHG emissions. 

INDUSTRY: 
1) Encourage front-end separation of wastes through incentives or penalties. 
2) Eliminate regulations counterproductive to waste management and recycling. 
3) Encourage, in conjuction with the electric power sector, the installation of 

cogeneration units. 
 
The committee also recommends that the federal government also pursue energy R&D 
that would be viable only in the presence of concerns about global climate change.  This 
program would be considerably more costly to the government, and a greater fraction of 
the government’s R&D would be directed toward reducing the uncertainties associated 
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with the technology-adoption phase.  This strategy would incorporate the lessons of past 
failures with large R&D projects and envisions major outlays of federal funds to develop 
and demonstrate the viability of promising low- or non-GHG-emitting technology options 
for “insurance” purposes.  This RD&D would be undertaken despite that the technologies 
are certainly not cost competitive today compared to higher-GHG-emitting technologies, 
in order to understand their costs and impacts should they need to be deployed. 
FOSSIL ENERGY: 

1) Fund an exploratory study to ascertain if there are viable approaches 
(economically and environmentally) for removing and sequestering CO2. 

NUCLEAR ENERGY: 
1) On the strength of the public acceptability and global reactor studies performed 

under the Focused R&D Strategy, fund an industry-led or –managed program to 
develop and demonstrate an advanced reactor. 

CONSERVATION and RENEWABLE ENERGY: 
1) Stimulate production (at the rate of about 10 megawatts per year each) of the three 

to five most promising photovoltaic technologies; the same should be done in the 
areas of solar thermal and wind energy conversion. 

2) Demonstrate “new” projected storage systems such as compressed gas, battery 
arrays, and superconducting magnets. 

3) Develop approaches for federal cost-sharing and utility procurements of 
renewable energy technologies of electricity generated by them.  Such financing 
mechanisms should enable manufacturers to compete in niche markets (both 
domestic and export) to sustain production at levels sufficient to determine the 
ultimate potential of the technologies. 

4) Select a major metropolitan center at which to demonstrate higher productivity of 
transportation energy use. 

5) Demonstrate the efficacy of an electric transportation system in at least one major 
city. 

6) Develop and demonstrate photovoltaic electricity resources for buildings, 
including lighting and water heating. 

7) Develop and demonstrate advanced design, construction, and management 
practices in programs involving utilities, building authorities of local 
governments, and energy service companies. 

8) Reduce energy use in existing buildings through adoption of insulation retrofits, 
window replacement, and intensive use of diagnostic technologies over a 10-year 
period. 

RECYCLING MATERIALS: 
1) Conduct a major demonstration program to determine the feasibility of greatly 

increased recycling in several industrial processes. 
BIOMASS and BIOFUELS SYSTEMS: 

1) Develop and demonstrate promising biomass-to-fuels conversion processes, 
particularly for cellulose and hemicellulose. 

2) Select and demonstrate on a large scale the use of improved plant species to 
enhance biomass production. 

3) Develop strategies to mitigate environmental impacts of large-scale use of 
biomass. 
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Related recommendations: 

1) Fundamental basic research is needed to expand the knowledge base of science 
and engineering relevant to the technologies listed above.  Research in areas such 
as materials; plant physiology, biochemistry, and genetics; energy conservation 
devices and systems; and social, behavioral, and environmental sciences are 
especially important. 

2) The U.S. should lead in an international program to create the instrumentation and 
climate modeling capability necessary to monitor global climate change. 

3) The cost of the Focused R&D Strategy is estimated at 20% of the 1990 civilian 
energy R&D budget, or approximately $300 million (in 1990 dollars) per year.  
The committee recommends that USDOE initially obtain these funds by 
reprogramming its efforts in the fusion, fossil energy, and other programs and 
reallocating them to R&D in conservation and renewables.  Funds currently 
budgeted for the clean coal technology program and for the civilian nuclear 
reactor development program should be reallocated within those programs to 
achieve, respectively, high conversion efficiencies of coal to electricity and, with 
international collaboration, the definition of criteria for globally acceptable 
reactors.  The emphasis of magnetic fusion R&D in the U.S. should be on basic 
research and greater international cooperation. 

4) The Insurance Strategy could require federal expenditures from $100 million to 
$500 million per year for up to ten years in each of the end-use sectors and for 
each major technology option.  Federal expenditures would need to be 
supplemented with private sector funding. 

5) International cooperation in energy RD&D can be encouraged through 
governmental arrangements and by ad hoc agreements with energy producers.  
Without international cooperation to stabilize GHG emissions, the efforts by any 
single nation will fall far short of global needs. 

 
 
National Research Council Committee on Benefits of USDOE R&D on Energy 
Efficiency and Fossil Energy.  2001.  Energy Research at USDOE:  Was it Worth it?  
Energy Efficiency and Fossil Energy Research 1978 to 2001.  National Academy 
Press:  Washington, D.C. 
This report evaluates the benefits that have accrued to the nation from the R&D 
conducted since 1978 in USDOE’s energy efficiency and fossil energy programs.  These 
benefits include economic net benefits, environmental net benefits, and security net 
benefits determined from 22 case studies in the fossil energy program and 17 case studies 
in the energy efficiency program.  These two program areas have expended $22.3 billion 
in federal funds since 1978, or about 26% of the total USDOE energy R&D expenditure.  
Federal funding has swung between support of expensive demonstration projects and 
limited funding of basic research before largely settling into a preference for cost sharing 
through public-private partnerships.  Within the energy efficiency program, the 
transportation sector has always received the largest share of the budget, followed by 
buildings and industry.  The 17 case studies in the energy efficiency program represent 
$1.6 billion, about 20%, of the total $7.3 billion energy efficiency R&D expenditures.  
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The majority of funds in the fossil energy program has been devoted to coal utilization 
and conversion, with the balance filled by environmental characterization and control, 
electricity production programs, oil and gas programs, and shale oil programs.  The fossil 
energy case studies account for almost $11 billion, 73%, of the $15 billion appropriated 
for fossil energy R&D.  The committee finds that although USDOE’s RD&D programs 
have yielded significant benefits, important technological options, and important 
contributions to scientific and engineering knowledge, USDOE has not employed a 
consistent methodology for estimating and evaluating these benefits.   
 
Key findings: 

1) Net realized economic benefits have been in excess of the USDOE investment, 
mostly attributable to relatively modest projects in the building sector.   

2) The total net realized economic benefits associated with the energy efficiency 
programs reviewed were approximately $30 billion (1999 dollars), substantially 
exceeding the $7 billion (1999 dollars) in total energy efficiency RD&D 
investment over the 22-year life of the program. 

3) The realized economic benefits of the fossil energy programs instituted from 1986 
to 2000, $7.4 billion, exceeded the estimated $4.5 billion cost of the programs 
during that period.  However, the realized economic benefits from 1978 to 1986, 
$3.4 billion, were less than the costs of this period’s programs, $6.0 billion. 

4) Developed option technologies waiting for a favorable marketplace include 
advanced turbine systems and integrated gasification combined-cycle systems.  
The Partnership for a New Generation of Vehicles and Industries of the Future 
(forest products) have also produced option benefits. 

5) The environmental benefits from USDOE RD&D programs are conservatively 
estimated at $60 billion to $90 billion. 

6) USDOE’s research programs have been disappointing in providing national 
security benefits, particularly in terms of reducing the dependence on petroleum 
for transportation. 

7) By an order of magnitude, the largest apparent benefits were realized as (1) 
avoided energy costs in the buildings sector in energy efficiency and (2) avoided 
environmental costs from the NOx reductions achieved by a single program in 
fossil energy.  These large benefits accrued in areas where public funding would 
have considerable leverage.  The importance of standards pulling technological 
innovation also cannot be exaggerated. 

8) Smaller but important realized benefits were achieved in fossil energy’s oil and 
gas program and energy efficiency’s industry programs where USDOE took 
advantage of private sector activity. 

9) Forced government introduction of new technologies has not been a successful 
strategy. 

10) A balanced R&D portfolio is especially important since individual R&D projects 
may well fail to achieve their initial individual goals.  Project failures nonetheless 
generate considerable knowledge, and a well-designed R&D program will 
inevitably include failures.  A R&D portfolio lacking failures is overly 
conservative. 
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11) Cost sharing between USDOE and industrial collaborators frequently improved 
the performance of RD&D programs and enhanced the resulting level of 
economic and other benefits. 

 
Key recommendations: 
Program evaluation: 

1) USDOE should adopt an analytic framework similar to that used by this NRC 
committee as a uniform methodology for assessing the costs and benefits of its 
R&D programs.  USDOE should also use an analytic framework of this sort in 
reporting to Congress on its programs and goals under the terms of the 
Government Performance and Results Act. 

2) To implement this recommended analytic approach, USDOE should consider 
taking the following steps: 

a. Adopt and improve guidelines for benefits characterization and valuation.  
Convene a workshop of USDOE analysts, decision makers, and committee 
members to discuss the problems encountered in the application of the 
committee’s guidelines and to consider how to begin the improvement 
process. 

b. Adopt consistent assumptions to be used across programs. 
c. Adopt procedures to enhance the transparency of the process. 
d. Provide for external peer review of the application of the analytic 

framework to help ensure that it is applied consistently for all programs. 
e. Seek to include the views of all stakeholders in public reviews of its R&D 

programs. 
f. Report specifically the concrete results achieved by USDOE’s 

participation in programs relative to efforts of other investors. 
3) USDOE should consistently record historical budget and cost-sharing data for all 

RD&D projects.  Industry incurs significant costs to commercialize technology 
developed in USDOE programs, and—especially in the assessment of economic 
benefits—these costs should be documented where possible. 

Portfolio management: 
1) USDOE’s R&D portfolio in energy efficiency and fossil energy should focus first 

on USDOE national public good goals, and it should have (1) a mix of 
exploratory, applied, development, and demonstration research and related 
activities, (2) different time horizons for the deployment of any resulting 
technologies, (3) an array of different technologies for any programmatic goals, 
and (4) a mix of economic, environmental, and security objectives.  In addition, it 
is important to effectively integrate the results of exploratory research projects 
with applied RD&D activities within individual programs. 

2) USDOE should develop clear performance targets and milestones, including the 
establishment of intermediate performance targets and milestones, at the inception 
of demonstration and development programs (in cooperation with industry 
collaborators, where appropriate) and employ these targets and milestones as 
go/no-go criteria within individual projects and programs.   

3) Where its RD&D programs seek to develop technologies for near-term 
deployment, USDOE should consider combining support for RD&D with the 
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development of appropriate market incentives for the adoption of these 
technologies based on an understanding of market conditions and consumer 
needs.   Programs supporting the development of technologies for rapid 
deployment are more likely to be successful when the technological goals of these 
programs are consistent with the economic incentives of users to adopt such 
technologies, although RD&D to generate option and knowledge and benefits are 
appropriate as well. 

4) USDOE should expand its reliance on independent, regular, external reviews of 
RD&D in energy efficiency and fossil energy program goals and structure, 
enlisting the participation of technical experts who are not otherwise involved as 
contractors of R&D performers in these programs. 

5) USDOE should maintain its current policies encouraging industry cost sharing in 
RD&D programs.  In general, industry’s share of program costs should increase 
as a project moves from early-stage or exploratory R&D through development to 
demonstration.  Policy makers should ensure that an emphasis on collaboration 
with industry in the formation of R&D priorities and R&D performance does not 
result in an overemphasis on near-term technical objectives within the USDOE 
R&D portfolio or in neglect of public good objectives. 

6) USDOE should strive to build flexibility into the structure of its RD&D programs. 
 
 
National Research Council Committee on Criteria for Federal Support of Research 
and Development.  1995.  Allocating Federal Funds for Science and Technology.  
National Academy Press:  Washington, D.C. 
This study addresses the criteria that should be used in judging the appropriate allocation 
of funds to research and development activities, the appropriate balance among different 
types of institutions that conduct such research, and the means of assuring continued 
objectivity in the allocation process.  The Administration’s and Congress’s goal to reduce 
federal deficits has prompted proposals to cut programs, consolidate or abolish agencies, 
and even eliminate whole departments, including those involved in federal R&D.  The 
theme of this report is continuance in the face of change.  Continuance builds on the 
spectacularly successful results of postwar federal investments in research and 
development.  Change comes in acknowledging that the federal R&D enterprise must 
adapt to a new world.  This report proposes a new process for allocating and monitoring 
federal spending for science and technology across disciplines and government agencies. 
 
Key recommendations: 

1) The President should present an annual comprehensive Federal science and 
technology (FS&T) budget, including areas of increased and reduced emphasis.  
The budget should be sufficient to serve national priorities and foster a world-
class scientific and technical enterprise. 

2) Departments and agencies should make FS&T allocation decisions based on 
clearly articulated criteria that are congruent with those used by the Executive 
Office of the President and by Congress. 
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3) Congress should create a process that examines the entire FS&T budget before the 
total federal budget is disaggregated into allocations to appropriations committees 
and subcommittees. 

4) The President and Congress should ensure that the FS&T budget is sufficient to 
allow the United States to achieve preeminence in a select number of fields and to 
perform at a world-class level in other major fields. 

5) The U.S. should pursue international cooperation to share costs, to tap into the 
world’s best science and technology, and to meet national goals. 

6) R&D conducted in federal laboratories should focus on the objectives of the 
sponsoring agency and not expand beyond the assigned missions of the 
laboratories.  The size and activities of each laboratory should correspond to 
changes in mission requirements. 

7) FS&T funding should generally favor academic institutions because of their 
flexibility and inherent quality control, and because they directly link research to 
education and training in science and engineering. 

8) The federal government should encourage, but not directly fund, private-sector 
commercial technology development, with two limited exceptions: 

a. Development in pursuit of government missions, such as weapons 
development and spaceflight. 

b. Development of new enabling, or broadly applicable, technologies for 
which government is the only funder available. 

9) FS&T budget decisions should give preference to funding projects and people 
rather than institutions.  That approach will increase the flexibility in responding 
to new opportunities and changing conditions. 

10) Because competition for funding is vital to maintain the high quality of FS&T 
programs, competitive merit review, especially that involving external reviewers, 
should be the preferred way to make awards. 

11) Evaluations of R&D programs and of those performing and sponsoring the work 
also should incorporate the views of outside evaluators. 

12) R&D should be well managed and accountable but should not be micromanaged 
or hobbled by rules and regulations that have little social benefit. 

13) The federal government should retain the capacity to perform R&D within 
agencies whose missions require it.  The nation should maintain its resulting 
flexible and pluralistic system of support.  The executive and legislative branches 
should implement the procedures outlined in the committee’s Recommendations 1 
through 4 to ensure a more coherent FS&T budget process whether or not a 
Department of Science is established. 

 
 
National Research Council Committee on Industrial Technology Assessments.  1999.  
Industrial Technology Assessments:  An Evaluation of the Research Program of the 
Office of Industrial Technologies.  National Academy Press:  Washington, D.C. 
USDOE’s Office of Industrial Technology (OIT) was established in 1977 to play a key 
role in providing federal support for industrial R&D.  OIT recently transitioned to a new 
strategy, the Industries of the Future (IOF) Program, which identified a number of 
energy-intensive industries whose R&D goals could help OIT leverage the limited funds 
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available from government and private sources.  The objective of OIT’s research 
programs is to work with U.S. industry to improve energy efficiency, reduce waste, and 
increase productivity.  This study has three objectives:  (1) to evaluate the overall OIT 
program strategy; (2) to provide guidance during the transition to the new “market pull” 
IOF strategy; and (3) to assess the effects of the new strategy on crosscutting technology 
programs. 
 
Key recommendations: 

1) OIT should establish a rational, transparent process for allocating funds among 
IOF industries and allow the IOF industries to establish specific project directives. 

2) OIT should adhere to the IOF philosophy of working closely with industry to 
allow industry to guide processes and set priorities.  To maintain the positive 
momentum of the program, OIT should: 

a. Continue to provide significant funding for research to address identified 
industry needs. 

b. Utilize IOF industry representatives to monitor ongoing projects and 
evaluate planned projects. 

3) OIT should perform a “portfolio analysis” to evaluate the overall research 
program, including analyses on technical risk, potential payoff, and time frame.  
The evaluation should consider overall portfolio balance and prioritization of 
research projects.  Projects should be added or trimmed to balance the portfolio. 

4) OIT should complete its transition to the IOF strategy by shifting the balance of 
IOF-specific and crosscutting research to emphasize industry-specific research 
identified on industry road maps. 

5) Crosscutting programs that predate the IOF strategy (e.g., Advanced Turbine 
Systems Program, Continuous-Fiber Ceramic Composite Program, Advanced 
Industrial Materials Program) should either be managed separately from the IOF-
specific projects or re-evaluated and brought within the IOF framework. 

6) OIT should manage crosscutting programs using the following approach: 
a. Develop a consensus among the IOF industries that a certain percentage of 

R&D funds should be allocated for basic science and the development of 
crosscutting technologies. 

b. Using established management procedures, define and select a 
recommended list of basic/crosscutting technologies for development. 

c. Review these recommendations with the IOF industry groups and solicit 
their support and feedback. 

d. Collaborate with other USDOE offices, including Basic Energy Sciences, 
other applied program offices, and relevant national laboratories, in cross-
cutting research projects. 

e. Establish a coordination group in each crosscutting technology area to 
develop short-term and long-term goals and to monitor the progress and 
results of research. 

f. Facilitate communication between researchers and potential IOF users 
(e.g., technical progress reviews and technology workshops). 

7) OIT should adopt metrics compatible with USDOE’s and OIT’s organizational 
objectives for comparing and selecting crosscutting programs for the IOF 
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program.  These metrics should include (1) their potential for reducing the 
consumption of energy and raw materials and for reducing the generation of 
waste, (2) their consistency with the technology road maps of the IOF industries, 
(3) their commercial potential/market values, and (4) their potential for use in 
more than one industrial sector. 

8) Because it has no profit motive or profit-making capabilities, OIT or any other 
government agency cannot fully participate in the commercialization process.  
OIT should only participate directly in commercial insertion programs for the 
purpose of identifying additional technical hurdles. 

9) The following actions would facilitate commercialization: 
a. Maintain regular interactions with all critical stakeholders in the supply 

chain through all stages of program development, including raw material 
suppliers, parts makers, and systems integrators. 

b. Use popular trade meetings to publicize the technical accomplishments of 
the program and meet and network with technical and business people. 

c. Establish networks that include not just technical people, but also sales, 
marketing, and senior management personnel. 

d. Expose technical personnel to basic business principles, including cost 
estimation, value analysis, and market research.  Insist that rudimentary 
business plans, critically reviewed by industry stakeholders, accompany 
each later stage R&D program. 

e. Subsidize and participate with third-party practitioners of the technology 
in selected programs to demonstrate and de-bug the technology.  These 
activities should be limited to technologies that require additional 
technical development.  The government should not be the only supporter 
of ongoing insertion programs. 

10) OIT should establish technology access programs that are driven by IOF road map 
validation and commercialization plans established and planned from the onset of 
OIT participation. 

11) Industry should play a substantial role in the management of the entire OIT 
research portfolio, including IOF-specific and crosscutting programs. 

12) OIT should promote itself in the following ways: 
a. Describe technical successes in the trade literature, at technical society and 

industry trade meetings, in the popular press, and through other visibility 
communications media. 

b. Promote industry participation in programs to validate and implement 
technologies. 

c. Describe the program approach, objectives, and level of participation at 
high-level symposia or forums hosted by the secretary of energy to 
maintain the interest of industry executives in the program. 

13) OIT should consider the following metrics as a basis for comparing and selecting 
projects to support: 

a. Potential for energy conservation. 
b. Cost/benefit ratio (i.e., risk-adjusted return on investment). 
c. Consistency with IOF business objectives and technology road maps. 
d. Commercial potential/market value. 
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e. Potential for use by more than one industrial sector (crosscutting 
potential). 

14) OIT should develop a mechanism for the orderly termination of (1) projects that 
have met OIT objectives and have progressed to the market introduction stage of 
commercialization and (2) projects that do not have sufficient industrial interest to 
support demonstration, process development, and scale-up. 

 
 
National Research Council Committee to Review USDOE’s Vision 21 R&D 
Program—Phase I.  2003.  Review of USDOE’s Vision 21 Research and 
Development Program—Phase I.  National Academy Press:  Washington, D.C. 
This report contains the results of the second National Research Council (NRC) review of 
the Vision 21 R&D Program.  The Vision 21 Program is a relatively new R&D program 
funded through USDOE’s Office of Fossil Energy and its National Energy Technology 
Laboratory (NETL).  The Vision 21 Program aims to develop and demonstrate facilities 
that will be able to convert fossil fuels into electricity, process heat, fuels, and/or 
chemicals cost effectively, with very high efficiency and very low emissions of GHGs.  
Vision 21 aims to deploy these advanced technologies by 2015.  Vision 21 management 
estimates that about $50 million was expended in fiscal year 2002 on Vision 21 projects 
and activities.  Coordination of Vision 21 activities in USDOE and NETL programs is 
achieved through a matrix management structure at NETL, and the responsibility for 
managing Vision 21 is vested in a small steering committee. 
 
Key findings: 

1) The current management structure relies on a process of cooperation and 
consensus, but because the ultimate responsibility for ensuring the effectiveness 
of Vision 21 lies with the senior management of USDOE/NETL, the Vision 21 
Program lacks the level of control and accountability at the program level 
necessary for success.  The present management structure is weak and the Vision 
21 Program needs a more rigorous, integrated program management structure 
with leadership by a program manager who has overall authority and 
responsibility for meeting goals of the program. 

2) Systems analysis and integration activities are handled piecemeal, mainly by 
external, independent USDOE contractors.  The USDOE Vision 21 team does not 
have sufficient internal engineering capabilities to model, analyze, and evaluate 
the potential of alternative Vision 21 plant configurations.  USDOE/NETL does 
not currently have access to all of the proprietary models and databases developed 
and used by its contractors for process development and systems evaluation. 

3) Commercial-scale coal gasification-based power plants are not currently 
competitive with natural gas combined-cycle power plants at today’s relative 
natural gas and coal prices, and the pace of development and demonstration is too 
slow to meet the goal of having coal gasification technology qualified for the 
placement of commercial orders by 2015. 

4) Vision 21 programs for gas cleanup, fuel cells, and power production with 
advanced gas turbines do not currently include adequate testing of these 
technologies on actual coal-derived synthesis gas (syngas).  The most effective 
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way to accomplish this testing, installing slipstream units in existing coal-fueled 
gasification plants, is not being done. 

5) The objectives of the gas purification program are not stated quantitatively or with 
the required cost targets, and the milestones are insufficiently detailed to permit 
intermediate assessments of progress towards goals. 

6) In response to current industry needs, USDOE’s High Efficiency Engine 
Technology (HEET) program is focused on natural gas as a fuel to both gas 
turbines and gas turbine-fuel cell hybrids.  Additional information and data are 
required to develop cost-effective, reliable, emission-compliant systems for power 
generation in Vision 21 gasification-based plants. 

 
Key recommendations: 

1) The Vision 21 Program should sharpen its focus on the development of cost-
competitive, coal-fueled systems for electricity production on a large scale (200-
500 MW) using gasification-based technologies that produce sequestration-ready 
carbon dioxide and near-zero emissions of conventional pollutants. 

2) The Vision 21 Program needs a more rigorous management structure.  The 
program manager should be provided with the budget and overall responsibility 
and authority needed to manage the program, including appropriate staff 
responsible for program planning, implementation, and evaluation. 

3) USDOE and NETL should estimate the budget required to support the current 
Vision 21 Program goals and should reconcile these estimates with various 
funding scenarios.  USDOE/NETL should also estimate and articulate the benefits 
and costs to the U.S. of achieving or failing these goals. 

4) USDOE/NETL should create an independent systems analysis group to provide 
an independent view of the promise and value of various projects; develop the in-
house ability to use credible engineering performance and cost models; evaluate 
the reliability, availability, and maintainability of alternative designs; and identify 
key technical bottlenecks and integration issues.   

5) The Vision 21 Program leadership should develop detailed intermediate 
milestones, each with high technical content and specified costs, in the context of 
an overall technology roadmap.  There should be formal processes for 
independent technical audit and evaluation. 

6) USDOE should work cooperatively with industry on technology development 
programs to lower the cost and improve the reliability of the first few 
commercial-scale Vision 21 plants.  These plants should demonstrate and perfect 
the technology that will make coal gasification-based power plants suitable for 
deployment on normal commercial terms. 

7) USDOE should establish programs for the installation and operation of slipstream 
units to obtain data needed from commercial-scale gasification plants. 

8) The gas purification program needs rigorously defined objectives and milestones, 
with responsibility for accomplishing each milestone clearly assigned to a 
performing organization.  Intermediate milestones need to be incorporated into 
future review processes and into ongoing progress assessments.  Planning and 
execution of these programs need to incorporate cost-benefit analyses and cost 
targets. 
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9) Additional commitments should be made to develop, design, and test large-scale 
turbine and fuel cell power systems that can function successfully on both 
synthesis gas (syngas) and hydrogen, including the development of sophisticated 
thermal cycles involving intercooling, reheat, humidification, and recuperation.  
Improvements in current natural-gas-fueled power generation systems should be 
incorporated to the extent appropriate in syngas- and hydrogen-fueled Vision 21 
plants.  USDOE should establish programs for the installation of test articles and 
slipstream units. 

10) In addition to the current four milestones, which represent the construction and 
operation of a high-temperature fuel cell power-generation plant, the Vision 21 
fuel cell program plan and schedule also should these milestones: 

a. Removal of significant barriers to program success identified in the fuel 
cell roadmap 

b. Accomplishment of significant steps in preparation for plant construction 
and operation, including developments, tests, designs, and evaluations of 
performance and costs for both the demonstration plant and the projected 
commercial plant. 

 
 
National Research Council Fusion Science Assessment Committee.  2001a.  An 
Assessment of the Department of Energy’s Office of Fusion Energy Sciences 
Program.  National Academy Press:  Washington, D.C. 
This report evaluates the quality of the research program of USDOE’s Office of Fusion 
Energy Sciences (OFES) Program, focusing on magnetic fusion.  The committee finds 
that fusion research sponsored by OFES has made remarkable strides in developing major 
experimental and theoretical tools, which now are converging to produce a qualitative 
change in the program’s approach to scientific discovery.  The quality of the science 
funded by OFES to develop a practical source of power from fusion is easily on par with 
the quality in other leading areas of contemporary science.  However, serious 
demographic and sociological problems, caused partly by programmatic emphasis and 
partly by organizational structures, remain.  Increasing focus on the fusion energy goal 
caused the program to become too inward looking and intellectually isolated from the rest 
of science.  With scientists funded by the program less actively participating in the wider 
scientific culture, the flux of scientific information in and out of the field is weak, new 
ideas and techniques developed in allied fields are slow to percolate into the program, 
and high quality science in the program is not appreciated outside the field.  Moreover, 
performance goals rather than overarching scientific goals continue to be the primary 
driver of strategic planning, inhibiting progress. 
 
Key recommendations: 

1) Increasing our scientific understanding of fusion-relevant plasmas should become 
a central goal of the U.S. fusion program on a par with the goal of developing 
fusion energy technology, and decision-making should reflect these dual and 
related goals. 

2) A systematic effort to reduce the scientific isolation of the fusion research 
community from the rest of the scientific community is urgently needed. 
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3) The fusion science program should be broadened in terms of both its institutional 
base and its reach into the wider scientific community; it should also be open to 
evolution in its content and structure as it strengthens its research portfolio. 

4) Several new centers, selected through a competitive, peer-review process and 
devoted to exploring the frontiers of fusion science, are needed for both scientific 
and institutional reasons. 

5) Solid support should be developed within the broad scientific community for U.S. 
investment in a fusion burning experiment. 

6) The National Science Foundation should play a role in extending the reach of 
fusion science and in sponsoring general plasma science. 

7) There should be continuing broad assessments of the outlook for fusion energy 
and periodic external reviews of fusion energy science. 

 
 
 



42 

3.  U.S. Department of Energy Reports 
 
U.S. Department of Energy.  2000.  Energy Resources R&D Portfolio Analysis. 
Summary Report of the Vital Issues Panel Meetings: Washington, D.C. 
This report summarizes the conclusions of three panel-discussions on the appropriateness 
of the USDOE R&D portfolio.  Comprised of USDOE employees and researchers, 
industry, and non-governmental organizations, the panel was charged with first outlining 
key goals for the R&D program and then addressing the adequacy of the R&D portfolio 
in meeting those goals.  The panel was then to examine further gaps in USDOE R&D 
research.  The committee outlined 7 R&D goals: (1) increased energy supply economic 
efficiency, (2) decreased oil vulnerability, (3) increase energy reliability, (4) reduce 
health and environmental impacts, (5) stabilize greenhouse gases, (6) cooperate 
internationally on global issues, (7) and expand future energy choices.  The panel judged 
that only goals 1 and 2 were addressed adequately.  Goals 3,4, and 5 were viewed 
conditionally adequate and goals 6 and 7 were address inadequately under the USDOE 
R&D portfolio.  No discussion of funding nor budgets was addressed in this portfolio 
analysis this was purely a subjective qualitative analysis of the portfolio and what is 
being, and should be being, done.     
 
 
U.S. Department of Energy Office of Fossil Energy.  1997.  Investments in Fossil 
Energy Technology:  How the government’s fossil energy R&D program has made a 
difference. 
This report surveys and summarizes innovations in the energy industry that resulted from 
Federal fossil energy R&D programs.  Federal investment in R&D has become 
increasingly necessary due to the decline of private R&D expenditures resulting from 
restructuring of the natural gas and electric power industries, where corporate cost-cutting 
has discouraged farsighted R&D investments.  Continued low oil prices also discourage 
private investments into alternative energy sources.  Government investment in R&D has 
led to numerous technological breakthroughs in national gas and petroleum exploration 
and production, as well as clean electric power generation and industrial coal technology.  
These technologies have lowered production and pollution mitigation costs, have made 
fossil fuel reserves more productive, have increased efficiency in power generation, and 
have resulted in spinoff applications from medicine to metals recycling. 
 
 
U.S. Department of Energy Secretary of Energy Advisory Board.  1995.  Energy 
R&D: Shaping our Nation’s Future in a Competitive World:  Final Report of the 
Task Force on Strategic Energy Research and Development.  June 1995. 
This report describes the context of U.S. science and technology policy, U.S. R&D, the 
energy sector, and USDOE’s role in energy R&D, and then proceeds to make 
recommendations concerning federally subsidized R&D based on its findings.  Key 
findings include shifting priorities in private R&D towards low-risk, less innovative 
investments developed under shorter time horizons; decreased federally-funded R&D 
since the end of the Cold War; and the need for more energy R&D to bolster national 
energy security.  The task force also finds that public R&D investment could benefit from 
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cost-sharing with industry, integration of basic and applied research, and continuity 
beyond Congressional budget cycles.  Case studies of federally funded R&D ventures 
include polycrystalline diamond drill bits, energy-efficient windows, 3-D seismic 
imaging, photovoltaics, fusion science and plasma technologies, atmospheric fluidized 
bed combustion, rare isotopes, more efficient nuclear fuels, industrial technologies, 
toughened ceramics, and intermetallic alloys. 
 
Key findings: 
The Task Force finds that: 

1) Public and private R&D investment is a major driver of economic growth, job 
creation, future economic competitiveness and international leadership. 

2) Federal R&D expenditures must be subjected to serious scrutiny in light of efforts 
to reduce budget deficits. 

3) The U.S. R&D enterprise is changing due to the end of the Cold War, increasing 
competitiveness in the private sector, realignments at universities, and shifting 
priorities in federal spending away from R&D.  Long term investments in the 
private sector increasingly focus on shorter time horizons, as brief as 3 to 5 years. 

4) Widespread cutbacks, restructuring, and foreshortening of time horizons threaten 
U.S. R&D at a time when science and technology are of growing importance for 
meeting global challenges and may portend a potential R&D crisis. 

5) Federal energy R&D has been cut by 75% since the late 1970’s. 
6) Energy is fundamental to the ability of industrial societies to function, and 

demand will likely grow 40% in 15 years. 
7) Global energy markets are now less regulated and more market-oriented than 

before.  There is a continuing and critical security component to energy, 
particularly oil. 

8) Trends in world oil markets show growing stress and tension, precipitated by 
growing demand worldwide. 

9) The U.S. is a declining oil producer. 
10) The costs of U.S. vulnerability to oil price shocks are significant, with cumulative 

losses from price shocks of the 1970s and 1980s estimated in the trillions of 
dollars. 

11) Public and private energy R&D, including USDOE contributions, have 
contributed greatly to the energy successes of the last 15 years on both the supply 
and demand sides.  It contributes significantly to higher standards of living. 

12) Energy R&D constitutes less than 15% of USDOE’s budget.  Federal energy 
R&D is 0.5% of the U.S.’s annual energy expenditures. 

13) The Federal government should not perform R&D that the private sector can and 
should do on it own.  Federal support for R&D is most justified when the R&D 
serves national interests inadequately addressed by the market alone. 

14) Cost-sharing with industry leverages federal R&D spending, introduces market 
relevance into federal R&D decisionmaking, and accelerates the R&D process 
and transfer of results into the economy and the marketplace. 

15) The complexity of problems requires concurrent R&D, the interactivity between 
basic and applied R&D. 
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16) USDOE’s management of its energy R&D programs can be made more efficient 
and effective per taxpayer dollar. 

17) New, innovative financing mechanisms are needed to provide public investment 
in energy R&D with continuity and funding commitments that span time periods 
well beyond yearly Congressional budget cycles. 

 
Key recommendations: 
The Task Force makes a series of recommendations to meet these goals while 
maintaining fiscal restraint and enhancing efficiency of money invested:  

1) The Federal Government should continue to provide leadership, focus, and 
substantial financial support for energy R&D to ensure that the national goals of 
U.S. energy security, economic strength, environmental quality, and national 
leadership in science and technology are effectively achieved. 

2) USDOE should examine mechanisms for maintaining a strong energy R&D 
program, while cutting total costs. Within six months, USDOE should: 

1. Report to the Secretary of Energy Advisory Board on a process and 
implementation plan that will reduce total energy R&D costs by 15 
percent, accomplished over a one-year period, without reducing funds 
going directly to scientists and engineers actually engaged in research. 
These cuts will be directed at administrative, compliance, and other 
overhead costs.  

2. Continue to reform its procurement and administrative procedures and 
submit a legislative package to Congress (where legislative changes are 
required).  

3. Recommend opportunities for streamlining R&D management, 
eliminating overlapping management contracts, duplicative laboratory 
programs, marginal and overlapping research projects and facilities, and 
programs not directly related to strategic USDOE energy R&D missions.  

In its energy R&D activities, USDOE should seek to adopt systems of 
financial control used successfully by business. USDOE's R&D efforts should 
be aimed at meeting the R&D criteria, and not for other and varied purposes.  

USDOE should also:  
4. Benchmark its own R&D management practices against "best practices" in 

the private sector and elsewhere in the government.  
5. Adopt "best practices," insofar as practicable, and seek appropriate 

changes in legislation where such practices are legally restricted or 
precluded.  

3) USDOE should develop an integrated strategic plan and process for energy R&D, 
and use this process to determine funding priorities and manage a diverse energy 
R&D investment portfolio, through:  

1. A balance of basic research and applied R&D (including industry co-
funded demonstrations).  

2. Near- and long-term R&D to provide continuing return on investment and 
to contribute to the health and vitality of domestic energy industries.  



45 

3. A continuing commitment to support energy efficiency and renewable 
energy.  

The Federal Government's energy R&D investment portfolio should be aimed at 
and measured against the following criteria:  

1. Energy-related R&D investments should serve to promote strategic goals, 
including U.S. economic strength, energy security, environmental quality, 
and science and technology leadership.  

2. Federal R&D programs should be based and prioritized on the systematic 
application of measurable cost-benefit criteria tied to strategic economic 
or national goals. USDOE should evaluate the more widespread use of 
peer-reviewed competitions as a basis for awarding support in its more 
applied strategic energy R&D programs. 

Shared co-funding with industry should be the norm for near- to medium-term 
energy R&D programs, in order to leverage dollars.  

USDOE should continue to invest in energy-related research at universities, 
recognizing both the strategic value of the research and its contribution to the 
development of scientific and technological human resources for the future.  

Energy R&D programs that are presently dispersed through different USDOE 
laboratories should be reorganized and consolidated around defined strategic 
research foci (e.g., centers of excellence), with related activities moved to the 
main centers to avoid unnecessary duplication of effort and scattered management 
objectives. That overall responsibility for energy R&D portfolio strategy, 
budgeting, management, and integration over existing programmatic divisions be 
given to a single person reporting directly to the Secretary of Energy, at either the 
Under Secretary or Deputy Secretary level.  No new layers of management should 
be created.  In order to ensure these connections are made, an energy R&D 
standing advisory board should be reactivated, reporting to the USDOE Secretary 
and the person responsible for energy R&D. 

4) USDOE should, in cooperation with the Office of Management and Budget 
(OMB) and the relevant Congressional Committees, explore a two-year budget 
appropriation cycle, payback from operating revenue streams, royalty payments, 
user fees, and other innovative ways to leverage and improve continuity of current 
energy R&D programs.  USDOE should review more broadly a number of 
alternative methods of financing federally supported energy R&D, and report the 
results to the Secretary and Secretary of Energy Advisory Board within six 
months.  
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4.  U.S. General Accounting Office Reports and Testimony 
 
General Accounting Office.  1994.  National Laboratories:  Are Their R&D 
Activities Related to Commercial Product Development?  Report to Congressional 
Requesters GAO/PEMD-95-2.  Washington, DC. 
This report examines whether the balance of laboratories’ effort is in basic and applied 
research or research related to commercial product development, the distribution of the 
laboratories’ research outputs, and their potential for commercial application.  Findings 
were based on a cross-section of the laboratories’ R&D activities from 1989-92.  This 
assessment was done by surveying the 10 national laboratories’ research programs and 
the facilities and equipment that support them.  Laboratory outputs were considered in 
two categories:  publications and reports, and outputs related to commercial product 
development.  Three other indicators—the formation of cooperative R&D agreements, 
R&D effort devoted to critical technologies, and program managers’ assessments of their 
on-going research—to gauge the laboratories’ potential for commercial product 
development.  The national laboratories devoted slightly more than half of their R&D 
funds to research related to commercial product development during fiscal year 1992, but 
most development work was related to defense. 
 
Key findings: 

1) R&D-related activity was almost evenly divided between basic and applied 
research and research related to commercial product development.  The largest 
share of development research was performed in the defense and nuclear energy 
programs. 

2) From 1989-1992, most of the laboratories’ outputs were publications and reports 
because these are the primary mechanisms for diffusion of R&D findings.  
Product-related output, such as prototypes, algorithms, and software, were mostly 
produced at weapons laboratories and funded by USDOE’s defense program.  In 
fiscal year 1992, the largest proportion of expenditures in the defense and 
conservation and renewable energy programs was for development.  The defense 
and conservation and renewable energy programs supported more of the outputs 
specifically designated as commercial products and processes than the other 
research programs.  In energy research, which supports more commercial product- 
and process-related outputs than other programs, the largest proportion of 
expenditures was for basic research. 

3) The most frequently used indicator of the national laboratories’ potential for 
commercial product development is the formation of cooperative research and 
development agreements (CRADAs).  Sandia and Oak Ridge laboratories were 
most active in entering CRADAs, and most were sponsored by programs in the 
defense and conservation and renewable energy areas.  74.1 percent of R&D 
expenditures are devoted to work in critical technology areas, with the greatest 
concentration in energy technologies; pollution minimization, remediation, and 
waste management; computer simulation and modeling; and materials synthesis 
and processing.  Five laboratories—Argonne, Lawrence Berkeley, Oak Ridge, 
Idaho, and Lawrence Livermore—devoted 20-30% of their research funds to 
energy technologies. 
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General Accounting Office.  1997.  Department of Energy:  Solar and Renewable 
Resources Technology Program.  Report to the Chairman, Subcommittee on Energy 
and Water Development, Committee on Appropriations, House of Representatives.  
GAO/RCED-97-188.  Washington, DC. 
This testimony outlines USDOE’s fiscal year 1998 budget request for the Solar and 
Renewable Resources Technologies Program.  USDOE proposes to spend $331 million 
of the $345 million of the program’s budget for R&D projects.  The R&D projects range 
from experiments for increasing knowledge and understanding to full-scale engineering 
development.  $55 million will be spent for operational tests and field validations for 
technologies closest to commercialization.  USDOE leverages federal funds and 
encourages commercialization of renewable energy technologies by requiring industry 
and other partners to share the R&D costs.  Most of the funding agreements awarded 
during fiscal year 1996 and 1997 have been awarded on a competitive basis. 
 
 
General Accounting Office.  1998.  Department of Energy:  Fossil Energy Programs.  
Report to the Chairman, Committee on the Budget, House of Representatives.  
GAO/RCED-98-63.  Washington, DC. 
This report provides information on the R&D goals and technologies being developed by 
the Fossil Energy R&D and Clean Coal Technology Demonstration programs, the level 
of funding committed to R&D activities within these programs in fiscal years 1996 
through 1998, and the companies receiving R&D awards in which the government 
contributed more than $1 million.  USDOE’s overall goal for its Fossil Energy R&D and 
Clean Coal Technology Demonstration programs is to improve the efficiency and 
environmental performance of current methods for producing and using coal, natural gas, 
and petroleum.  The goal for coal is to develop and demonstrate technologies that 
efficiently remove potential environmental pollutants prior to its use, as well as increase 
efficiency in electricity generation.  For natural gas and petroleum, USDOE focuses on 
improving locating, drilling, storage, transportation, and combustion methods.  USDOE 
obligated or plans to obligate $1.3 billion for R&D programs for these two programs 
from 1996 through 1998.  USDOE’s fossil energy programs made or continued 162 R&D 
contracts and other types of assistance involving 112 companies in which the government 
committed more than $1 million.  The largest awards generally went to companies 
participating in the Clean Coal Technology Demonstration Program. 
 
 
General Accounting Office.  1999.  Renewable Energy:  USDOE’s Funding and 
Markets for Wind Energy and Solar Cell Technologies.  GAO/RCED-99-130. 
This report outlines, for wind and photovoltaic technologies, how much USDOE has 
spent on R&D, how USDOE’s objectives for its programs have changed over time, and 
the characteristics of the markets for these technologies.  From 1978 to 1998, USDOE 
has provided nearly $10.3 billion for renewable energy R&D ($967 million for wind, $2 
billion for photovoltaics) through programs now managed by its Office of Energy 
Efficiency and Renewable Energy.  Since the 1970s the objectives of the wind and 
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photovoltaic programs have expanded from fundamental research to include larger 
market shares for U.S. wind turbine companies and international sales by U.S. 
photovoltaic companies. 
 
Key findings for wind energy: 

1) Since the 1985, USDOE has expanded the objectives of the wind energy program 
from improving technology and examining wind energy as a potential energy 
supply option to include the expansion of the domestic wind industry in the 
domestic and international markets.  USDOE’s current program objectives 
include (1) enabling U.S. industry to capture 25% of worldwide markets for wind-
generating capacity and (2) achieving 10,000 megawatts (MW) of wind-
generating capacity in the U.S. by 2010. 

2) USDOE has funded R&D through the Next Generation Wind Turbine project, 
which seeks to improve the international competitiveness of the U.S. wind turbine 
industry. 

3) Sales of wind turbines are growing rapidly and are concentrated in Europe.  By 
1997, international sales of large-scale wind turbines reached 1542MW of 
capacity and about $1.5 billion.  From 1994 through 1997, the generating capacity 
of wind turbines installed worldwide grew at an average rate of 29% per year.  
Germany, Denmark, Spain, and India made over 77% of turbine capacity 
purchases in 1997. 

4) Europeans dominate the consolidating wind turbine manufacturing industry.  The 
four largest European wind turbine manufacturing companies accounted for two-
thirds of total worldwide sales in 1997. 

5) Cost of electricity generated by wind turbines remains high, but has decreased 
dramatically since the 1970s.  Costs have decreased from about $0.20 to $0.40 per 
kWh in 1980 to about $0.03 to $0.06 per kWh in 1998. 

 
Key findings for photovoltaics: 

1) USDOE’s objectives for photovoltaic energy technologies have expanded from an 
initial emphasis on fundamental research to explicitly include sales targets for 
U.S. industry. 

2) From 1978 through 1998, funding for photovoltaic technologies has exceeded $2 
billion, but funding has been uneven.  During fiscal year 1999, $72.2 million in 
funding for research in photovoltaic energy has been directed to three program 
areas:  Collector Research and Systems Development, Advanced Materials and 
Devices, and Fundamental Research. 

3) Initially, the objectives of the federal program included fundamental research and 
emphasized research that industry was unlikely to conduct due to the costs and 
risks.  Since that time, USDOE has expanded the objective to explicitly include 
increasing sales in international markets by U.S. industry.  USDOE’s current 
objectives are to:  (1) increase efficiency of commercial modules; (2) reduce the 
retail sales price of modules: (3) increase the lifetime of photovoltaic systems; and 
(4) increase the U.S. and international sales of photovoltaics made my U.S. 
industries. 
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4) Sales of photovoltaic technologies are large and growing.  From 1975 through 
1997, international sales increased 380-fold, with installed capacity growing at 
16% per year from 1985 through 1997.   

5) Large multinational companies increasingly dominate the photovoltaic industry. 
6) The market for photovoltaic technologies now consists of two distinct types of 

uses:  those that are connected to the local electricity grid (on-grid), and those that 
are not (off-grid).  For off-grid uses, photovoltaic technologies can provide 
electricity at a lower cost than the traditional option of extending an electrical line 
and purchasing power from an electric company or relying on remote generating 
equipment.  Several representatives of the photovoltaic industry stated that these 
markets would continue to grow without federal R&D assistance. 

 
 
Nazzaro, R. M.  2003.  Department of Energy:  Status of Contract and Project 
Management Reforms.  Testimony Before the Committee on Government Reform, 
House of Representatives.  GAO-03-570T.  Washington, DC. 
This testimony discusses the status of contract and project management reforms at 
USDOE.  USDOE spends more money on contracts than any other civilian federal 
agency because it relies primarily on contractors to operate its sites and carry out diverse 
missions.  To address problems of mismanaged projects plagued with fraud, waste, and 
abuse, USDOE began a series of reforms in the 1990s that were intended to strengthen 
USDOE’s contracting and project management practices, hold contractors more 
accountable for their performance, and demonstrate progress in achieving the agency’s 
missions.  Although USDOE changed its contracting rules to set competition as the 
standard approach for rewarding contracts, R&D centers are statutorily exempt from 
mandatory competition.  USDOE has thus far decided on noncompetitive extensions for 
these contracts, including some for contractors that have experienced performance 
problems.  USDOE has opted to address these performance problems with specific 
contract provisions, although the success of this approach remains to be seen.  One R&D 
site where performance problems continue to occur is the National Ignition Facility at 
Lawrence Livermore National Laboratory, where the estimated cost has increased from 
$2.1 billion to $3.3 billion and the scheduled completion data has been extended 6 years 
to 2008. 
 
 
Wells, J.  2001.  Fossil Fuel R&D:  Lessons Learned in the Clean Coal Technology 
Program.  Testimony Before the Subcommittee on Energy, Committee on Science, 
House of Representatives.  GAO-01-854T.  Washington, DC. 
This document contains testimony by Jim Wells, director of Natural Resources and 
Environment at USDOE to the House Subcommittee on Energy and Committee on 
Science concerning past work on the Clean Coal Technology program.  The Clean Coal 
Technology program was established in 1984 to explore technologies to obtain the 
benefits of the nation’s huge coal resources without the adverse environmental 
consequences.  In 2001, USDOE had contributed $1.8 billion to the program, with the 
private sector contributing $3.4 billion.  The White House National Energy Policy 
Development Group recommended that the administration invest $2 billion in a new 
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restructured clean coal program over the next 10 years.  The Clean Coal Technology 
program has numerous examples of successes in the program (i.e., technology 
commercialization), but also has experienced delays, cost overruns, bankruptcies, and 
performance problems. 
 
Key findings: 

1) USDOE finds the commercialized technology resulting from the program has 
yielded a return of over $9 for every $1 of USDOE’s investment.  These 
technologies also facilitate greater use of low-quality coal. 

2) There have been numerous management weaknesses in the program, including 
inadequate oversight of federal investments, as well as problems in meeting cost, 
schedule, and performance goals. 

 
Key recommendations: 
Lessons learned from the program that could be applied to other cost-share R&D 
programs include: 

1) Full funding (through advanced appropriations) to cover the total federal share of 
project costs increases participant confidence that federal funds will be available 
for multiyear projects. 

2) Cooperative agreements between the federal government and participants allow 
participants more flexibility in managing their projects, providing clear 
instructions on the roles and responsibilities of the government and the nonfederal 
participants. 

3) Federal cost-sharing limits help to insure the industry’s commitment. 
4) Early industry participation in developing solicitation documents helps the 

industry to structure responsive proposals. 
5) A comprehensive process for evaluating and selecting projects and keeping it free 

of political influence helps ensure the program’s integrity. 
6) Multiple, sequential solicitations for project proposals enable an agency to modify 

the program’s objectives to meet changing needs and to benefit from lessons 
learned. 
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5.  Peer-reviewed literature 
 
Dooley, J. J.  1998.  Unintended consequences:  energy R&D in a deregulated energy 
market.  Energy Policy 26 (7):  547-555. 
Dooley finds that from 1985 to 1995, support for public sector energy R&D programs 
declined precipitously in the key countries that perform such research due to trends in 
deregulating these nations’ energy sectors.  Changes in these nations’ public R&D 
programs equates to a real decline of 23% in their combined energy R&D effort.  Many 
of these government energy R&D programs are now focusing on very near-term projects, 
rather than long-term, high-risk, high-reward energy R&D.  In a deregulated market, one 
of the first effects is that utilities reduce their overall investment levels in energy R&D, in 
part of a general need to cut costs.  Utility R&D rapidly becomes explicitly tied to 
business needs as opposed to being driven by public policy considerations.  U.S. federal 
funding for energy R&D, mostly through USDOE, has declined 10% in real terms over 
1985-1994.  Private sector funding has decreased 42%, with US utilities redirecting their 
remaining R&D resources towards more proprietary technologies perceived to yield 
greater short-term payback and competitive advantage.  Efforts to balance the US federal 
budget deficit are likely to hinder USDOE’s ability to maintain its current investments in 
energy R&D, as well as prevent USDOE from increasing R&D investments to 
compensate for the increasing shortfall in the private sector.  Long-term energy R&D, 
particularly for cleaner, environmentally benign energy, is unlikely to be supported by 
individual utilities in a competitive, deregulated utility market.   
 
 
Fri, R. W.  2003.  The role of knowledge:  technological innovation in the energy 
system.  The Energy Journal 24 (4):  51-74. 
In this article, Fri evaluates the role of public policy intervention in fostering 
technological innovation and its adoption to market.  Fri describes the innovation process 
as typically incremental, cumulative, and assimilative, producing revolutionary outcomes 
through the accumulation of small steps.  Government may seek to intervene in the 
market when demand for the public good of innovation goes unmet, but, historically, 
government interventions to promote innovation have had mixed success.  Government 
intervention is necessary to overcome limits on innovation that occur in a free market.  
Producers’ focus on existing customer needs constrains progress because customers may 
not seek radical change and because leading market incumbents focus their innovation 
efforts on mainstream markets rather than small or emerging ones.  Innovative 
technology can successfully emerge in free market if it rapidly overtakes the cost and 
performance of existing technology and if its performance characteristics find value in 
the market.  Obstacles to innovation include those that prevent the innovator from reaping 
the benefit of innovation.  A greater obstacle to innovation occurs when there is no 
market demand for the benefits offered by innovative technology, such as, in the case of 
energy, environmental and national security benefits.  Ways to internalize the externality 
include technology-driven regulation (or vice versa) and market incentives to encourage 
the desired outcome.   
 



52 

Key recommendations: 
To be effective, public support for innovation needs to: 

1) Specify the public and private benefit of innovation.  The extent of public benefit 
is relevant to whether policy intervention is necessary.  The extent of private 
benefit is relevant because private benefit may sufficiently encourage innovation 
and render intervention unnecessary. 

2) Limit interventions to removing specific obstacles to the incremental advance of 
technological innovation.  Interventions should precisely target the specific 
problems faced by the innovator that reduce economic benefit or increase the risk 
of innovation. 

3) Prefer broadly-based incentive structures to create economic demand for 
innovations that produce public goods.  Demand creation must occur alongside 
technology promotion and can be done in a variety of ways (e.g., taxes, emission 
caps, performance based regulation). 

4)  Support basic scientific research, but not indiscriminately.  Policy should focus 
research on areas most likely to yield energy innovations that have public benefit. 

 
Other recommendations include: 

1) Develop a range of technological options that would be useful if and when the 
demand finally emerges, under the expectation that when demand emerges the 
innovation process will benefit from a variety of ideas. 

2) Track and respond to the fundamental forces shaping the future demand for 
energy services.   

3) Track the innovators that are already promoting technologies that offer new 
technologies with a bundle of new characteristics with the potential for disruptive, 
progressive change.  Also, identify the obstacles they encounter. 

 
Fri also identifies two potential reasons for why certain innovation policies have failed: 

1) The goal turns out to be ephemeral. 
2) Riding down the learning curve by subsidizing the initial cost of innovation is an 

unreliable strategy if there is no market demand for the new performance 
characteristics offered by the innovative technology. 

 
 
Geller, H., J. P. Harris, M. D. Levine, and A. H. Rosenfield.  1987.  The role of 
federal research and development in advancing energy efficiency:  a $50 billion 
contribution to the US economy.  Annual Review of Energy 12:  357-395. 
The authors assert that, with few exceptions, most energy conserving innovations 
originate in some way from federal R&D programs.  From seven case studies, the authors 
estimate that federal investments totaling $16 million generated eventual energy savings 
worth $68 billion, a taxpayer return of 4400 to 1.  Even if these seven projects had to 
justify the entire federal investment in energy conservation R&D in the decade up to 
1987, there would still be a 50 to 1 return.  These seven successful case studies, drawn 
from building components and equipment, include:  energy-efficient solid-state ballasts 
for fluorescent lighting, low-emissivity coatings for windows, residual absorption heat 
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pumps, advanced electric heat pumps, high-efficiency refrigerator compressors, high-
efficiency refrigerators/freezers, and heat pump water heaters.   
 
Key findings: 

1) Increased energy efficiency is an important national goal.  If energy use per unit 
of GNP were the same in 1984 as in 1973, the U.S. would be spending 35% more 
for energy.  Slower growth in energy demand has led to savings of 13 million 
barrels per day oil equivalent. 

2) Large increases in energy efficiency can still be achieved.  The best buildings, 
appliances, and cars in the market in 1987 were already 30-40% more efficient 
than the average stock.  However, the U.S. still uses 75% more energy than 
comparable nations like Japan or France, indicating that the U.S. is 
underachieving in making cost-effective energy saving investments. 

3) The federal energy conservation R&D program has achieved dramatic successes 
and holds the promise of continued success.  While some R&D projects have 
failed to work or have been slow in achieving commercial acceptance, these are 
the risks that justify federal involvement.  Failures in energy conservation R&D 
illustrate the need to diversify investments so that successes offset the failures. 

4) Advances in energy-efficient technologies are needed to ensure strong 
competitive position for U.S. industry in the world market.   European and 
Japanese firms are developing energy efficient technologies that could erode U.S. 
competitiveness. 

5) The federal government has an essential role in energy conservation research.  
Private firms often have limited incentive or resources to conduct their own 
research due to near-term pressures on market share and profitability, high up-
front research costs, risks of failure, and uncertain competitive advantage from a 
new advance.  Modest tax incentives for industrial R&D may not have significant 
impact.  The private sector also relies on the federal government to work on more 
fundamental, “technology base” activities that require long-term research, need 
highly specialized expertise, and lack directly marketable products.  Private firms 
build innovative, marketable new products from this technology base. 

6) Federal energy conservation R&D helps channel investment capital into industrial 
modernization.  Increased energy efficiency significantly contributes to increasing 
capital availability and lower inflation rates that would reduce the federal deficit.  
Cutting federal funds for energy conservation R&D therefore would be 
counterproductive to the goal of deficit reduction. 

 
 
Geller, H. and S. McGaraghan.  1998.  Successful government-Industry 
partnership: The US Department of Energy’s role in advancing energy-efficient 
technologies.  Energy Policy 26(3): 167-177.  
This paper examines the history and impacts of some successful energy-efficient 
technologies that USDOE has helped to develop and deploy.  Three of the most 
successful technologies are reviewed:  low-emissivity windows, electronic ballasts, and 
supermarket refrigeration systems.  The paper finds that the benefit to cost ratio for these 
three programs to be in the ballpark of 400 to 1 and increasing every year.   
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Key findings: 

1) USDOE has played a critical role in the development and widespread adoption of 
some important energy-efficient technologies, through USDOE initiatives, 
partnerships with private companies, provision of pre-venture capital, technical 
assistance, demonstration projects, and removal of barriers to adoption of 
innovation. 

2) Smaller companies are often more enthusiastic and effective partners with 
USDOE in pursuing energy efficient innovations.  In contrast, large, well-
established manufacturers are committed to conventional technologies and less 
interested in cost-shared R&D efforts on advanced, unproven energy-efficient 
technologies.  Large companies, however, often make technical refinements on 
innovations initially pursued by smaller firms, as well as achieve economies of 
scale and expand marketing. 

3) Energy-efficient technologies that USDOE advanced are providing large-scale 
benefits to manufacturers, consumers, and the nation.  Although not all USDOE 
projects are as successful as those described above, the overall benefits to the 
nation justify the costs. 

4) It can take many years for energy-efficient technologies to mature and achieve a 
substantial market share. 

5) Federal funding of energy-efficient technologies is not corporate welfare.  
USDOE spends limited amounts of money to perform specific, targeted functions 
that serve a catalytic function. 

 
 
Jaffe, A. B. and J. Lerner.  2001.  Reinventing public R&D:  patent policy and the 
commercialization of national laboratory technologies.  RAND Journal of 
Economics 32(1):  167-198. 
Jaffe and Lerner examine whether statutory changes in the 1980s have had a significant 
impact on technology transfer by the national laboratories, by assessing the quantity and 
quality of patents resulting from R&D at the USDOE national laboratories.  The authors 
also explore how heterogeneous characteristics, such as a facility’s technology, political 
situation, and geographical location, affect success in commercialization.  Jaffe and 
Lerner compile a database of 6500 U.S. patents resulting from USDOE sponsored 
research between 1978 and 1996.  Of these they find 3185 can be traced to particular 
Federally Funded R&D Centers (FFRDCs).  This study finds that, due to policy reforms 
since 1980, national laboratories today have increased to about the same number of 
patents per R&D dollar as the average university, and that the laboratories most 
successful in generating patents are those most focused, those with a turnover of 
contractors, and those affiliated with university licensing.  National laboratories have 
been able to produce more patents by reorienting their research towards new areas with 
greater commercial applicability, but political interference can still have a distorting 
effect.   
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Jaffe, A. B., R. G. Newell, and R. N. Stavins.  2004.  Technology Policy for Energy 
and the Environment. In Innovation Policy and the Economy, Vol. 4. MIT Press, 
Cambridge. 
 
The authors analyze the implications of the interaction of market failures associated with 
pollution and the environment, with market failures associated with the development and 
diffusion of new technology.  Private investment in pollution abatement technology is 
suboptimal due to a number of market failures, including environmental externalities, 
positive knowledge and adoption externalities generated by innovating firms, and 
incomplete information on the part of potential investors and purchasers. Because 
pollution represents a negative externality, and new technology generates positive 
externalities, new technology for pollution reduction is doubly underprovided by markets.  
Simultaneous policy for reducing pollution emissions, promoting information, and 
subsidizing environmental R&D may be suited to solving this joint market failure.    The 
optimal set of public policies likely also includes instruments designed explicitly to 
increase information and technology diffusion, such as incentives for the purchase of new 
efficient equipment and performing research in the public sector or through direct private 
research contracts.  Subsidizing research in the private sector has the advantage of 
utilizing private firms’ experience in assessing the commercial feasibility of new 
technologies.  Joint industry-government research combines this advantage with expertise 
at the National Labs. 
 
Mansfield, E. and L. Switzer.  1984.  Effects of federal support on company-financed 
R and D:  the case of energy.  Management Science 30 (5):  562-571. 
This study investigates the impact of changes in federal R&D support on company-
financed energy R&D expenditures.  The authors obtained careful estimates by senior 
R&D officials of the effects on private R&D investment of a 10% increase or a 10% 
decrease in federal funding.  They sampled 25 firms from four industries:  chemicals, 
petroleum, electrical equipment, and primary metals.  The results indicate that, on 
average, government-financed and company-financed R&D are complementary, though 
there is a considerable amount of interfirm variation in this regard.  In about one-third of 
the projects studied, federally-financed R&D projects suggested further R&D into which 
the firm invested its own funds.  Whether or not a government-financed R&D project 
results in such a spinoff depends on the extent to which the performing firm contributes 
to the formulation of the project’s goals and strategies. 
 
Key findings: 

1) Detailed estimates obtained from a large sample of firms, as well as aggregate 
statistical relationships, suggest that reductions in government-financed R&D are 
likely to cause a reduction in company-financed R&D. 

2) Results do not support the view that increases in government-financed R&D 
merely displace company-financed R&D.  Although some government-funded 
R&D projects would have been conducted in any event with company funds, 
some government-financed R&D projects also induce additional company-
financed R&D.  The latter effect outweighs the former effect. 
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3) Federally funded R&D should be viewed as a factor that facilitates and expands 
the profitability of privately-funded R&D. 

 
 
Margolis, R. M. and D. M. Kammen.  1999.  Evidence of under-investment in energy 
R&D in the United States and the impact of Federal policy.  Energy Policy 27(1999):  
575-584. 
The authors examine the relationship between R&D investments and innovation, using 
data on patent registrations as a proxy for successful innovation, with a particular focus 
on the energy sector.  The authors find that R&D spending and patents are highly 
correlated, and that R&D intensity of the US energy sector is extremely low when 
compared to other sectors.  A decline in energy R&D can be partly attributed to the 
restructuring of the electricity sector, where investor-owned utilities are more profit-
driven and less inclined towards long-term strategic planning.  The authors fail to find 
diminishing returns (in terms of patents) of observed energy R&D, suggesting that 
investment is far from saturation and that the US has persistently underinvested in R&D.  
However, while USDOE R&D investments have declined over the past two decades, the 
number of patents related to USDOE have increased due to technology-transfer policies 
put in place in the 1980s.  These policies have resulted in the transfer of ownership of 
intellectual property resulting from R&D at national laboratories from the public to the 
private sector.  The authors warn that proprietary control of the majority of advances in 
basic energy research many be a disincentive for further R&D. 
 
 
Norberg-Bohm, V.  2000.  Creating incentives for environmentally enhancing 
technological change:  lessons from 30 years of U.S. energy technology policy.  
Technological Forecasting and Social Change 65:  125-148. 
This paper draws lessons on how to effectively design policies to stimulate energy 
technology innovation by examining the role of the U.S. government in the development 
of four electricity generating technologies:  wind turbines, solar photovoltaics, 
atmosphere fluidized bed combustion (AFBC) boilers, and gas turbines.   For all four of 
these technologies, government-sponsored R&D played a key role in their initial 
development for power sector applications.  Gas turbines and solar photovoltaics were 
dual-use technologies with origins in the military and space programs, respectively, and 
these technologies benefited from government investments in both basic science and 
technological application.  Although both technologies have evolved technological paths 
within the civilian power generation sector, they still rely on government for research 
support and innovations.  For wind turbines, government investment has not yielded 
commercial success, but it has been responsible for about half of the key wind turbine 
component innovations.  In the case of AFBC, basic R&D was not necessary since the 
technology had already proven effective in the chemical industry.  The government 
initially sponsored pilot plants for electricity generation applications and later sponsored 
scale-ups for utility applications. 
 
Key recommendations: 
In R&D programs, components of effective policy include: 
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1) public-private partnerships, including private sector involvement in directing 
research and cost-sharing between the public and private sector; 

2) a proper division between basic technological R&D and demonstration, investing 
in demonstration only when necessary to verify the performance of the 
technologies and thus reduce the risk to potential developers and adopters, and 
when there is a likely private market; 

3) consistency in funding as well as a level of funding that matches the public 
interest in developing new energy technologies; 

4) oversight that allows for regular reassessment and redirection, including the 
canceling of programs mid-stream;  

5) a diverse portfolio pursuing multiple strategies for a single technology as well as 
multiple technologies. 

 
 
Salter, A. J. and B. R. Martin.  2001.  The economic benefits of publicly funded 
basic research:  a critical review.  Research Policy 30(2001):  509-532. 
Salter and Martin critically review the literature on the economic benefits of publicly 
funded basic research.  Virtually all econometric attempts to estimate the impact of 
research have found positive rates of return, although such estimates often consider 
research primarily as a source of useful information.  Surveys and case studies suggest 
that basic research has other economic benefits, including:  new instrumentation and 
methodologies; skills and codified and tacit knowledge developed by those conducting 
research (e.g., graduate students) who transfer to the private sector; access to national and 
international networks of experts and information; development of the ability to approach 
and solve complex problems; and the creation of ‘spin-off’ companies where academics 
transfer their capabilities directly into a commercial field.  Due to such heterogeneity in 
types of benefits, no simple model of the economic benefits from basic research is 
possible.   
 
Key recommendations: 
Salter and Martin derive the following policy lessons from their review: 

1) Policies must ensure that basic research is closely integrated with the training of 
graduate students, to be done in organizations at the forefront of their field. 

2) Publicly funded research grants should include adequate resources for using and 
developing cutting-edge instrumentation and methodology, as well as for 
technicians to use these tools. 

3) Policies should encourage industrial recruitment of qualified scientists and 
engineers, especially by firms that are not currently doing so. 

4) Nations need a portfolio-based approach to basic research, in terms of research 
fields, technologies, mechanisms, and institutions. 

5) Outputs of basic research ought to be readily accessible. 
6) Nations should develop the capacity to understand the knowledge produced by 

others by conducting research themselves, thus enabling them to contribute to the 
world science system. 
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Sutherland, R.  1989.  An Analysis of the U.S. Department of Energy’s Civilian 
R&D Budget.  The Energy Journal 10(1): 35-54. 
Following a discussion of historical energy R&D budgets, Sutherland provides a 
discussion of the optimality of federal energy R&D spending during the Carter and 
Reagan administrations.  With qualitative analysis, Sutherland finds that under both 
administrations investment was not optimally directed.  Under Carter, externalities and 
the insurance principle were emphasized, and electricity received the majority of funding 
whereas oil and oil-alternative energy sources would have been best suited.  Under 
Reagan long-term, high-risk programs were undertaken which could not be justified 
public good explanations alone. 
 
Key recommendations: 
Sutherland suggests that future U.S. science policy should reflect the appropriate 
emphasis of applied and basic research as well as the allocation of the budget across 
programs.  The Capital Asset Pricing Model could contribute to this goal by providing 
three concepts not historically reflected in energy R&D policy: 

1) an appropriate definition of risk based on a covariance with GNP and not on 
technical risk.   

2) a recognized methodology for obtaining a balanced portfolio. 
3) an appropriate risk-adjusted discount rate for estimating costs and benefits. 
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6.  Other reports, publications, and presentations 
 
Bournakis, A. and G. Pine. 2001.  Benefits of GRI R&D Results That Have Been 
Placed in Commercial Use in 1996 Through 2000.  GRI-01/0102.  Energy Resources 
Center, University of Illinois at Chicago:  Chicago, IL. 
Between 1996 and 2000 170 items that were developed by GRI R&D research were 
placed in commercial use.  This report analyzes the benefits of the deployment of 116 
with known significant economic impacts are analyzed.  The sectors in which the 
technologies were deployed include: Residential, Commercial, Industrial, Power 
Generation, Transportation, Distribution, Pipeline, and Exploration and Production.  An 
aggregation of the benefits indicate a 7.3 to 1 to 13.0 to 1 benefit cost ratio depending on 
the sensitivity analysis.  That is equivalent to present value economic benefits of $6.1 
billion to $11.0 billion divided by the 1996 through 2000 present value budgetary outlays 
of $842 million (applying a 5% discount rate).  The benefit cost ratio when applied only 
to gas customers was estimated at 9.4 to 1 during the same period.           
 
 
Brown, M. A., C. R. Wilson, C. A. Franchuk, S. M. Cohn, and D. Jones.  1994.  The 
Economic, Energy, and Environmental Impacts of the Energy-Relat4d Inventions 
Program.  ORNL/CON-381.  Oak Ridge National Laboratory:  Oak Ridge, 
Tennessee.  July 1994. 
This report evaluates the economic, energy, and environmental impacts of inventions 
supported by the Energy-Related Inventions Program (ERIP), a USDOE/National 
Institute of Standards and Technology (NIST) joint program that assists the development 
of nonnuclear energy-related inventions with outstanding potential for saving or 
producing energy.  The goal is to help individual and small company inventors with 
promising technologies develop their inventions to a stage of development that would 
attract the investment necessary for private sector companies.  From 1980 to 1992, 557 
inventions were recommended to USDOE by NIST.  At least 129 of these inventions had 
entered the market, generating total cumulative sales of $753 million (1992 dollars) and 
earning ERIP inventors $18.6 million over the lifetime of the program.  With $41 million 
in grants awarded from 1975 to 1992, and $106 million in program appropriations over 
the same period, ERIP has generated a 19:1 return in terms of sales values to grants, and 
a 7:1 return in sales versus program appropriations.  Thirty-six spinoff technologies have 
generated sales of $63 million.  With a flux of technologies entering and exiting the 
market, the total number of technologies in the marketplace in any one year has remained 
relatively stable around 57 to 64.  Involvement in ERIP also helped inventors obtain 
investment from other resources, with inventors raising $2.01 for every ERIP grant dollar 
following receipt of the grant.  Other benefits have included $2.7 million in ERIP-related 
tax revenues collected through 1992; $531 million of energy expenditures saved by three 
ERIP technologies; and carbon emissions reduced by almost 1.0 million metric tons as a 
result of three ERIP technologies. 
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Cohen, L. R. and R. G. Noll.  1991.  The Technology Pork Barrel.  The Brookings 
Institution:  Washington, D.C. 
This book addresses the success of major commercial R&D efforts supported by the 
federal government since World War II, while focusing on the importance of R&D to the 
national economy and the issue of whether the U.S. should implement a technology-
based policy that attempts to improve the nation’s international competitiveness in key 
industrial sectors.  The authors examine the codependency between technological 
progress and economic growth, why the private sector fails to adequately fund 
commercially applicable research, and why the government should focus support on 
some industries and not others.  In light of key decisions project managers face, as well as 
the political incentives affection project implementation and cancellation, the authors 
analyze six programs, three of which are energy-related:  the breeder reactor, 
photovoltaics, and synthetic fuels. 
 
Key findings: 
The authors present the following conclusions pertaining to all government sponsored 
R&D: 
Politics and R&D: 

1) The government is more likely to be willing to undertake programs oriented 
toward a concentrated industry than a competitive one, because it is usually easier 
to provide programmatic benefits to a few firms than to a large number. 

2) R&D projects will be more attractive if they address a broadly salient national 
response issue, so that they plausibly constitute an effective response to a concern 
of the citizenry at large. 

3) An R&D project will be more politically attractive if it has a short time horizon 
and does not entail a radical change in the technological base of an industry, due 
to the impatience of the political process and the desire to avoid risks of damaging 
distributional consequences.  These motivations are inconsistent with the view 
that market failures in R&D are most likely for risky, long-term projects. 

4) The net benefits of a program are likely to play an important role early in a 
program because there are only weak political reasons to undertake a program 
unless it is economically attractive.  As the program progresses, the expected net 
benefits of a program will have decreasing influence on its political success, as 
distributive political costs hamper attempts to terminate ineffective, high-cost 
programs. 

5) Programs that can be fragmented into many, largely independent components are 
usually more politically attractive because fragmentation allows greater flexibility 
for bringing more firms in support and because it is more likely to keep the 
distributive aspects of the program beneath the politically relevant threshold for 
members of Congress. 

6) Commercial R&D projects may tend to arrive in waves or cycles, as proponents 
of unattractive ongoing programs seek logrolls with advocates of new programs. 

 
Key recommendations: 
The authors highlight the following key features as benchmarks for the effective and 
efficient management of all federally-supported R&D program: 
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1) The projects generally should be more research intensive, more radical in concept, 
and take longer than similar types of projects in the private sector. 

2) The principal direct economic benefits of the program should accrue to the users 
of the product of the program, not to the firms contracting with the government 
and producing the innovation. 

3) Noneconomic effects and external economies should play a significant role in the 
evaluation of government programs. 

4) Government R&D projects should be subject to more uncertainty, in part because 
private R&D decisions are likely to be excessively risk-averse from a societal 
point of view, in part because of the greater measurement problems associated 
with estimating the benefits of government programs, and in part because of the 
problems associated with transferring information from private firms. 

5) The optimal management strategy for a government project is to be more flexible 
and unpredictable as the program proceeds from stage to stage:  greater 
uncertainty leads to greater likelihood of unanticipated changes in the expected 
performance of the program, and hence a greater likelihood of redirecting, 
canceling, or even speeding up the program in relation to original expectations. 

 
 
Fischer, Carolyn.  2004.  Emissions pricing, spillovers, and public investment in 
environmentally friendly technologies.  Resources for the Future Discussion Paper 
04-02.  January 2004. 
In this paper, Fischer uses a simple model to demonstrate the interaction between 
environmental policies, R&D externalities, and the social return to innovation.  Fischer 
notes that policymakers use innovation subsidies to solve environmental problems when 
political constraints prohibit policies that impose costs on businesses for polluting 
behavior.  However, innovation and diffusion are lengthy, costly processes, and gains to 
innovation are seldom large compared to current gains from internalizing a pollution 
externality.  Policymakers may also resist abatement subsidy programs that are too 
expensive, favoring lower-cost technology.  Fischer’s analysis suggests that strong public 
support for R&D is only justified if spillover effects are significant and at least a 
moderate emissions policy is in place to internalize the pollution externality into the 
price.  If emissions are unpriced and spillovers are complete, public support for R&D is 
not justified since the innovation will not be used.  If there are no spillovers and 
emissions are fully priced, then no market failure remains to justify public support. 
 
 
Garland, P.W. and R. W. Garland.  1997.  Research and energy efficiency:  selected 
success stories.  Presented at the Society of Women Engineers Convention. 
The authors survey and briefly describe the results of USDOE-sponsored research that 
have yielded applied technology with measurable commercial success.  Five examples of 
successes from the Building Technologies area of the USDOE Energy Efficiency 
program are discussed:  fluorescent lamp electronic ballasts, advanced energy-efficient 
windows, computerized analytical tools for energy efficient building design, high-
efficiency refrigerator/freezer compressors, and flame retention head oil burners.  While 
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the costs of USDOE investment into these technologies has numbered in the millions of 
dollars, the estimated energy cost savings has numbered in the billions. 
 
Morgan, M. G. and S. F. Tierney.  1998.  Research support for the power industry.  
Issues in Science and Technology 15 (1):  81-87. 
This article discusses the potential effects of structural changes occurring in the 
electricity generation sector on private R&D funding, and what the federal response 
should be.  These structural changes are due to deregulation, though cheap, plentiful 
fossil fuels and new technology also contribute.  New technologies on the horizon have 
the potential to further change the structure of the power industry, and the government 
has a role to play in the development of those technologies.  In the past, the basic 
technology underpinnings for civilian nuclear power, combustion turbines, FACTS 
technology, fuel cells, and photovoltaics have been the outgrowth of developments in 
government enterprises such as the civilian space program, intelligence, and defense.  
The authors assert that neither the electric equipment suppliers nor traditional power 
companies can be expected to support significant investments in basic technology 
research; they are more likely to do short-term applied research.  The consequences of 
underinvestment in basic technology R&D include opportunity costs of enjoying at an 
earlier time cheaper, more efficient, and more reliable electricity, negative environmental 
externalities generated by current generation technologies, and costs from suboptimal 
path dependencies. 
 
Key recommendations: 
Because of the difficulty that the U.S. has had in significantly investing in basic energy-
related and environmental technology research as part of the general federal discretionary 
budget and the obstacles to realigning agency agendas, the authors believe that strategies 
that facilitate collaborative nongovernmental approaches hold greater promise.  The 
authors offer the following mutually compatible strategies: 

1) Tax credits for basic energy technology and related environmental research, at 
qualified nonprofit research consortia, could create incentives for private firms to 
voluntarily support collaborative research with broad public benefits where the 
benefits and costs are shared equitably by consortia members, where there is no 
private capture of these benefits, and where the results of the research must be 
public. 

2) New legal requirements should be developed that require all players in the 
networked energy industry to make investments in basic technology research as a 
standard cost of doing business. 

3) A new mandate for investment in federal technology research could be imposed 
legislatively on all market participants in networked energy industries, including 
electricity and gas.  It should be designed to allocate most of the money through 
nongovernmental organizations without ever passing through the U.S. Treasury, 
such as through nonprofit research consortia.  Long term public interest focus 
would be ensured by setting statutory criteria for eligibility. 

4) Firms could also make their investment through a fund allocated to basic 
technology and environmental research programs at USDOE, NSF, and EPA. 
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5) Mandated research investment should be designed to be competitively neutral.  
Both suppliers of the commodity product (e.g., electricity or natural gas) and the 
providers of delivery services (e.g., transmission companies) should be required 
to make such investments. 

6) A presidentially-appointed board of technical experts draws from a wide cross-
section of fields, not just the energy sector, should oversee the program’s 
implementation, establish criteria for eligibility, and oversee operation.  To avoid 
the creation of a new federal agency, the board should receive administrative and 
other staff support from an existing federal R&D agency such as NSF. 
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I. Background/Overview 

 
Over the past two decades, a significant amount of research has been undertaken that describes 
the level of effort that will be required to stabilize concentrations of carbon dioxide (CO2) in the 
atmosphere. Stabilizing concentrations at a level that would prevent dangerous anthropogenic 
interference with the climate system is the long-term objective incorporated in the United 
Nations Framework Convention on Climate Change (UNFCCC).1 Achieving this objective will 
require far-reaching changes in the ways in which society produces, transforms, distributes and 
consumes energy.2,3 In recent years, analysis has been undertaken and continues in an attempt to 
quantify the role that technology can play in achieving the environmental objective of the FCCC 
and in reducing costs.4,5  
 
At the same time when the knowledge regarding the role and economic benefits of technology in 
addressing climate change is becoming clearer, Governments and private sector commitments to 
energy research and development (R&D) are not at a scale to facilitate the required 
breakthroughs in technology. Public resources committed by industrialized countries to energy 
R&D have declined by significant amounts since the first energy crises.6  Levels of public 
investment in energy R&D in the U.S. have been reduced considerably since 1980. Investment 
has also been volatile and inconsistent over the past 30 years— more correlated to energy prices 
than national need or informed by strategic decisions. Private sector investment in energy R&D 
has also declined in the U.S. during the same time period.7 This is the case even though billions 
of dollars in R&D investments may save trillions of dollars during the 21st century in the effort to 
address climate change while assisting in the achievement of other societal objectives including 
economic growth, environmental improvement and energy security.8,9     
 
                                            
1 United States Framework Convention on Climate Change, United Nations, 1992, 
http://unfccc.int/resource/docs/convkp/conveng.pdf 
2 Edmonds, Jae, T. Wilson and R. Rosenzweig, 2000.”Global Energy Technology Strategy Addressing Climate 
Change, Initial Findings From an International Public-Private Collaboration”, Global Energy Strategy Project.  
Battelle.    
3 Caldiera, Ken, A.K. Jain, M. I. Hoffert (2003). Climate Sensitivity Uncertainty and the Need for Energy Without 
CO2  Emission, Science, 299, 2052-2054.  
4 Op. Cit., Edmonds, et. al. 
5 Richels, R.G., A.S. Manne and T. L. Wigley, (2004). “Moving Beyond Concentrations: The Challenge of Limiting 
Temperature Change”, AEI-Brookings Joint Center for Regulatory Studies.  
6 Several studies have been completed in recent years that detail these trends. See The Presidents Council of 
Advisors on Science and Technology Report, “Federal Energy Research and Development For the Challenges of the 
Twenty-First Century, November, 1997, International Energy Agency, R&D Database. 
(http://www.iea.org/stats/files/rd.htm) December 2003. “Energy Technologies for the 21st Century, Energy 
Research, Development and Demonstration Expenditure 1985-2000: An International Comparison, World Energy 
Council and Dooley, James J., et. al, (2004) U.S. Investment in Energy R&D, A Commissioned Paper for the 
National Commission on Energy Policy.     
7 ibid 
8 National Research Council, 2003. “Energy Research at DOE: Was It Worth It, Energy Efficiency and Fossil 
Energy Research 1978 to 2000”.  National Academy of Sciences, National Academy Press.  
9 This analysis attempts to quantify the public benefits of DOE’s Energy Efficiency and Fossil Energy research 
programs. It concludes that several programs that received millions of dollars in resources created billions of dollars 
in benefits.  
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This paper is organized in the sections that follow. The first section describes the magnitude of 
the challenge in stabilizing atmospheric levels of CO2 in the atmosphere.  It describes the 
technological developments that must occur in midrange scenarios to stabilize concentrations at 
levels greater than two times pre-industrial levels. The section also identifies the technologies 
that are not yet widely deployed in the economy and which are required to stabilize at any 
concentration ceiling lower than 725 parts per million volume (ppmv). The second section of the 
paper reviews analyses attempting to quantify the economic and environmental benefits of 
technology in achieving long-term climate objectives.  The final section of the paper provides the 
rationale for the development of a dedicated funding mechanism to finance energy R&D into 
climate related technologies outside of the annual appropriations process in the U.S. It also 
describes the need to improve the existing mechanisms that provide incentives for the private 
sector to invest in such activities. 
 
II. Magnitude of the Technological Challenge in Stabilizing the Climate System 

 
Managing the risks associated with climate change will require a transformation of the global 
energy system. Improvements in the performance of existing technologies and the development 
and deployment of technologies that are not yet widely deployed in the economy are critical to 
achieving this transformation. Success in these efforts would significantly reduce the cost of 
achieving any concentration target that policy-makers may ultimately determine is required to 
achieve the objective of the FCCC.10  
 
Analyses have concluded that technology breakthroughs are essential to both stabilize 
greenhouse gas (GHG) concentrations and to control costs.  The Intergovernmental Panel on 
Climate Change (IPCC) in 1992 developed the IS92 scenarios for use in its second assessment 
report. These scenarios are descriptions of possible future emissions paths in a world without 
climate policies.11   They incorporate detailed assumptions regarding the four factors that 
influence GHG emissions and concentrations. These are: (1) population growth; (2) per capita 
economic growth; (3) reliance on increased energy use to support economic growth (energy 
intensity); and (4) the dominance of fossil fuels in providing this energy (carbon intensity). 
Expressing this concept as an equation yields the following: 
 

 

                                            
10 Op. Cit., Edmonds et. al., Op Cit., Richels et. al. 
11 Leggett, J., W.J. Pepper, R.J.Swartz, J. Edmonds, L.G. Miera Filho, I. Mintzer, M.X. Wang, and J. Wasson. 1992. 
“Emissions Scenarios for the IPCC: An Update.” In Climate Change 1992: The Supplementary Report to the IPCC 
Scientific Assessment, University Pres, Cambridge, UK. Change. Geneva, Switzerland. 

Population growth rate 
+ per capita economic growth rate 
+ energy intensity growth rate 
+ carbon intensity growth rate 
= growth rate in carbon dioxide (CO2) emissions 
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This equation was developed by Dr. Yoichi Kaya, director of the Research Institute of Innovative 
Technology for the Earth (RITE) in Japan.  The scenarios allow for the calculation of future 
emissions and concentrations levels during the century.  For example, if population was to 
double over the next century and the other three factors did not change, CO2 emissions would 
double.12 
 
One of the scenarios, IS92a has been utilized frequently as a reference case for analysis to 
determine emissions levels and concentrations without climate policy. It is assumed to be a 
middle range scenario with respect to the key factors driving emissions. More recently, the IPCC 
developed scenarios known as the Special Report on Emissions Scenarios (SRES) for use in its 
third assessment report. For the most part, the SRES incorporate many of the same technological 
assumptions as the IS92 scenarios.13   
 
Most scenarios of future emissions projections suggest that the expected increases in population 
and economic growth will overwhelm the continued improvements in energy and carbon 
intensity.  For example, some believe a plausible scenario to be a doubling of population over the 
next century combined with continued annual economic growth rates of 1.8 percent in per capita 
income, resulting in a global economy in 2100 that is 12 times the current size.  If the other two 
factors that affect emissions did not change, then a 12-fold increase in CO2 emissions would 
occur during the 21st century. The only way to stabilize concentrations in this scenario would be 
to reduce carbon emissions per dollar of economic output to less that one-twelfth of their current 
level. This represents a 92 percent reduction.14  Part of this reduction would be accomplished 
through improvements in the amount of energy used to create a dollar of economic output 
(energy intensity), and part through dramatically reducing carbon emissions from the energy 
sector (carbon intensity).  Simply put, population and economic growth will lead to rising 
emissions unless fundamental transformation of the energy system is achieved through 
technological breakthroughs.  
 
Important and ongoing research has been undertaken by Battelle in an attempt to determine the 
role and economic benefits of technology in stabilizing concentrations of CO2 in the 
atmosphere.15   The IS92a scenario used for analysis in the Battelle work assumes that population 
will double and moderate economic growth will continue, resulting in a 12-fold increase in the 
global economy during the 21st century.16  Combining this economic growth with the scenario’s 
assumed shift toward more efficient use of energy (declining energy intensity) and toward 
carbon-free energy sources yields a 3-fold rise in emissions and more than a doubling of 
concentrations from the pre-industrial levels of 275 parts per million volume.17 
 
The technological assumptions incorporated in the IS92a scenario assumes that significant 
progress is made in providing energy services to the economy with non-emitting fuel sources and 
                                            
12 Op. Cit., Edmonds, et. al. 
13 Nakicenovic, N., et. al., 1996, IPCC Special Report, A Special Report of IPCC Working Group III, Emissions 
Scenarios, Summary for Policy-makers, Cambridge University Press     
14 Op. Cit., Edmonds, et. al 
15 ibid 
16 ibid 
17 ibid 
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greater output is achieved using less energy. These assumptions are incorporated in the base-
case. Some of the technological assumptions incorporated in the base-case follow. 
 

• 75% of electricity in 2100 will be generated from non-emitting sources compared to 
roughly 33% in 1995; 

• 57% of energy needs in 2100 will be supplied by fossil fuels in 2100 – down from 88 
percent in 1995; 

• Biomass energy in 2100 will be used at a scale that exceeds total global energy use in 
1975; 

• End-use efficiency in all sectors and regions will improve at 1% per year.  This 
assumption implies a 45% improvement in energy efficiency in all sectors and regions 
by 2050; 

• Power plant efficiency will reach 66% on an global basis by 2050; and 
• The global transportation fleet will achieve 50 miles per gallon by 2050.18 

 
While it is not possible to determine the current status in achieving these levels of technological 
performance, it is safe to assume that great progress is required to achieve the technological 
assumptions incorporated in the base case.   However, achieving these levels of technological 
performance and deployment at such scale require significant research breakthroughs and a 
fundamental shift in the energy system towards carbon free fuels.  
 
What would happen to GHG emissions and associated concentrations by the end of the 21st 
century if these levels of technological performance were achieved?  Technology will allow for 
the creation of increased economic output with reduced levels of energy and improved carbon 
performance.  However, increases in population growth and economic activity overwhelm the 
improvements in energy and carbon intensity resulting in significantly higher emissions and 
concentrations by the end of the 21st century.  Global emissions increase from 10 billion tonnes 
of carbon in 2010 to over 20 billion tonnes by the end of the century with the technological 
improvements assumed in IS92a.  Concentrations of CO2 increase from approximately 400 parts 
ppmv in 2010 to approximately 725 ppmv in 2100. This represents an increase of more than 2 
times pre-industrial levels of 275 ppmv.19  
 
It is also important to understand levels of emissions and concentrations that would result under 
alternative levels of technological performance and assumptions regarding population growth 
and economic activity remained the same. A less ambitious set of assumptions, essentially 
holding technology levels of performance constant in 1990 was also utilized to determine 
emissions and concentrations during the 21st century.  A more ambitious set of assumptions 
called advanced technologies was also used for this purpose, assumes greater technological 
progress than that incorporated in the base case. The difference to the atmosphere between 1990 
and base-case technologies are approximately 1500 billion tonnes of carbon by the end of the 
century. This represents slightly less than double the current total carbon content of the 

                                            
18 ibid 
19 ibid 
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atmosphere.20 It is highly unlikely that improvements to 1990 technologies have not occurred 
and will not continue. However, comparing the results between these alternative levels of 
technological progress is striking and starkly illustrates the breakthroughs that are required to 
achieve the objective of the FCCC and just how critical technology will be in doing so.  
 
If base-case technological assumptions are achieved, a gap emerges between the technologies 
that are anticipated to come into use under the IS92a scenario and those required to achieve any 
concentration ceiling below 725 ppmv. Figure 1 below illustrates these projections. The graphic 
illustrates what concentrations would be at the end of the century based upon 1990 and base-case 
technologies and population trends and economic activity described above. Figure 1 also depicts 
the technological gap that emerges if policy-makers decide to stabilize at 550 ppmv. This ceiling 
is picked for illustrative purposes only.21          
Figure 1: Significant Improvements in Existing and Development of New Technologies Are Required to 
Stabilize Concentrations  

 
 
As Figure 1 illustrates, if concentrations ceilings below 725 ppmv are to be achieved, new 
technologies will need to be developed to fill the gap between the 725 ppmv ceiling and any 
ceiling below that level. The Battelle work called these “gap technologies” and identifies them 
as: (1) carbon capture and sequestration (cc&s); (2) hydrogen and advanced transportation; and 
(3) biotechnologies such as soils, bioenergy and biological energy.   Achieving the 550 ppmv 

                                            
20 Edmonds, J.A. and G.M. Stokes.  2004.  "Launching a Technology Revolution," in Climate Policy for the 21st 
Century: Meeting the Long-Term Challenge of Global Warming, The Brookings Institution, Washington DC. 
21 Op. Cit., Edmonds, et. al. 
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concentration ceiling is a massive undertaking.  Emissions in 2100 will need to be cut in half 
from 2010 levels and will have to remain at those levels if 550 is to be achieved.22  
 
In order to understand what will be required to stabilize at a 550 ppmv ceiling under IS92a, it is 
instructive to look at the growth that will be required in cc&s technologies. Many believe that 
this class of technologies will play a key role in any future climate regime. They allow for the 
continued use of fossil-fuels to provide energy services without emissions. To stabilize at 550 
ppmv, billions of tons of carbon will need to be sequestered by 2100. At the current time, 
millions of tons of carbon are sequestered.23 In order to achieve this growth, major technological 
breakthroughs, certainty that the gas is retained in underground formations and a regulatory 
framework to support such deployment is required. The assumption regarding the need to 
develop technologies that create energy with no emissions is not unique to the IS92a scenario. 
Many scenarios used to determine the magnitude of the technological advancement required to 
stabilize concentrations assume that emissions resulting from energy use must ultimately decline 
by 75-100% by the middle to the end of this century.24      
 
Developing and deploying “gap technologies” is a significant challenge.  It takes a significant 
amount of time to initiate major changes in the dominant fuels that drive the economy.  In the 
late 1800’s wood was the dominant fuel.  Since then, shifts have been made from wood to coal, 
coal to oil, and oil to natural gas.  These transitions that have led to improvements in carbon 
intensity take time.  Developing gap technologies will also take a significant amount of time.  
Some of the reasons that necessitate the long lead times to develop new technologies follow. 
 

• R&D Takes Time.  Innovation and demonstration can take decades before new 
technologies become widely accepted and economically competitive. 

• Energy Capital Stock is Long-Lived.  Deployment of new technology can be slowed by 
the rate at which existing equipment is retired.  Much of the technology and associated 
infrastructure that supplies the economy with energy services is long-lived.  It is not 
unusual for a power plant to be in service for more than 50 years and the transmission 
and distribution infrastructure may be even longer lived.  Retiring and replacing this 
capital equipment requires new capital expenditures. 

• It’s Not Just the Technology, It’s the Infrastructure.   It is not just a challenge in 
developing the gap technologies key to closing the gap between the 725 ppmv and 550 
ppmv concentration ceilings.  Deploying new technologies on a widespread basis also 
requires the necessary supporting infrastructure.  Hydrogen-based transportation 
technologies have also been identified as a “gap technologies” and are key to long-term 
climate objectives and in reducing U.S. oil use in transport.  Deploying such vehicles 
throughout the economy will require: (1) non or low emitting production sources to 
produce the hydrogen; (2) delivery of the hydrogen by truck, pipeline, ships and rail in a 
form that would be gas, liquids or solids; (3) storage of the hydrogen in tanks above or 
below the ground or in existing fueling stations; and (4) the vehicle technology would 
have to be a reformer, fuel cell vehicle, or stationary fuel cell.  The key point is that there 

                                            
22 ibid 
23 Op Cit., Edmonds, Stokes. 
24 OP. Cit., Caldiera, et. al. 
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are major infrastructure issues that must be addressed during all stages of the process.  
Each potential production source, and delivery and infrastructure option raises safety, 
cost and acceptability issues.  The infrastructure issues are separate from the issue of 
simply developing a new efficient technology.  Similar issues will require resolution to 
deploy cc&s and any other new technologies at scale.    

 
For these reasons, some believe it takes approximately 50 years for technologies to become 
dominant in the economy. Research concluded that it took 50 years for the automobile’s share of 
personal transport in France to increase from 1% to 50%. Its acceptability and penetration was 
limited by technology, social preferences, and the time required to developing a supporting 
infrastructure.25 
 
In cases where broad changes in infrastructure are not required, the effect of technological 
improvement can be much more rapid.  For example, fuel switching in certain power plants can 
occur rapidly because much of the basic infrastructure remains essentially in place and the same 
end users receive the power, regardless of fuel source.  This is also true of similar improvements 
in end use efficiency. 
 
Economic Benefits of Achieving the Base Case 

Achieving the objective of the FCCC is projected to cost trillions of dollars during the 21st 
century. Technology has a significant role to play in controlling the costs of stabilizing 
concentrations. As mentioned, three levels of technological assumptions have been used for 
purpose of analysis. Figure 2 below illustrates that moving from 1990 levels of technology to the 
base-case will save $11.5 trillion over the 21st century in a 550 ppmv ceiling. Similarly, the same 
level of technological improvement would save society over $9 trillion dollars during the 21st 
century in achieving a 650 ppmv program. 26 
 

                                            
25 Op. Cit., Edmonds, et. al. 
26 ibid. 
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Figure 2: Technological Breakthroughs Will Save Trillions of Dollars While Stabilizing Concentrations  

 
 

The Economic Benefit of Improving a Base Case Technology 

The base case includes many existing technologies including renewable energy sources. 
Improving the performance of solar technologies in producing power would enable major 
economic benefits. If solar technologies were able to produce power at 3.5 cents/kWh (a 
reduction of 3.5 cents/kWh from the reference case) $1 trillion dollars would be saved in 
achieving a 550 ppmv ceiling. If this improvement occurred, costs to stabilize at 550 ppmv 
would be reduced from $2 trillion to $1 trillion. Figure 3 below illustrates the economic benefit 
of improving the performance of solar technologies.27           

                                            
27 Op Cit, Edmonds, Wilson, Rosenzweig. Analysis by Kim.   
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Figure 3: Improvements in Solar Technologies Can Save Hundreds of Billions of Dollars in Stabilizing 
Concentrations 

 
 

The Economic Value of Improving a Gap Technology 

Developing and deploying cc&s technologies would provide major economic benefits in 
achieving the objective of the FCCC. As is illustrated in Figure 4 below, achieving a 550 ppmv 
ceiling with cc&s technologies in the power sector, producing hydrogen with fossil fuels and 
having technologies allowing for the use of soils to store carbon would save in excess of a $1 
trillion dollars during the course of the 21st century. Having these classes of technologies 
available would reduce the costs of stabilizing at 550 ppmv from $1.45 trillion to less than $400 
billion. Just having technologies available allowing for the use of soil sequestration would save 
over $400 billion during the 21st century.28  
 

                                            
28 Ibid. Analysis by Edmonds.  
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Figure 4: Developing Carbon Capture and Sequestration Technologies Can Save Hundreds of Billions of 
Dollars 

 
 

The analysis just described is but one view of the world. It represents one scenario and the use of 
a model that incorporates many assumptions regarding the interactions between the economy, 
energy use and technological development. However, other analyses draw the same conclusions 
regarding the economic benefits of technological development and, indirectly, the large benefits 
created by energy R&D.  
 
Rich Richels, Alan Manne and Tom Wigley have undertaken new research that attempts to 
illustrate the cost of imposing a cap on temperature increases. Capping temperature increases is a 
different metric than stabilizing concentrations. Richels, et. al., argue that this is a more 
appropriate metric for policy-makers to consider in the development of climate policy. The 
purpose of this paper is not to argue which is more appropriate. However, to be successful in 
capping temperature increases, concentrations and emissions must be limited. The research 
incorporated two views of the world with respect to technological development. They are 
directionally consistent with the technological assumptions incorporated in the IS92a scenario. 
They categorize these technology sets as pessimistic and optimistic. They estimate there would 
be $9 trillion in consumption losses during the 21st century if temperature increases were capped 
at a stringent level and the pessimistic technologies were available. If the technologies 
incorporated in the optimistic scenario were available, losses would be reduced to $3.5 trillion 
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during the 21st century. There is a $5.5 trillion dollar benefit from having the more advanced sets 
of technologies.29              
 

Environmental Benefits of Improving Energy Intensity and Developing Gap Technologies 

Improving base case technologies and developing gap technologies would also provide society 
with major environmental benefits in efforts designed to stabilize concentrations. Figure 5 below 
illustrates that improving energy intensity by .25% more than the assumptions incorporated in 
the base case would save an addition 5 billion tonnes of carbon by 2100. This would also assist 
in the achievement of other economic, environmental and energy objectives.30 
 

Figure 5: Improvements in Energy Intensity Achieve Significant Emission Reductions 

 
 

III. The Policy Imperative: The Need For a Dedicated Funding Mechanism(s) and New 
Incentives to Stimulate Increased Investment in Energy Research & Development 

 
This paper describes the magnitude of the technological challenge required to stabilize CO2 
concentrations at 725ppmv in the atmosphere. Achieving a ceiling lower than 725 ppmv will 
require the development of technologies and associated infrastructures that are not yet deployed 

                                            
29 Op Cit. Richels, et. al.  
30 Edmonds, Jae, 2004. Presentation to the Annual Meeting of the Global Energy Technology Strategy Project.  
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in the economy on a wide-scale basis.  The paper also describes the enormous economic and 
environmental benefits if success is achieved. However, the investment in R&D necessary to 
facilitate the technological improvement to achieve the long-term objective incorporated in the 
FCCC is not adequate. Investments in energy R&D in the U.S. by both the Government and 
private sector have declined significantly over the past 30 years. Combined Government and 
private sector support of energy R&D has declined by approximately 70% from 1980 to 1999. 
This level of resources devoted to R&D in 1999 correlates to 0.042% of GDP compared with 
0.231% of GDP in 1980. Governmental support declined by approximately 30% and it has also 
been volatile. Private sector investment has declined by over 60% from 1985-1999.31 Research 
and development into energy technology is at an extremely low level considering the importance 
of energy in achieving climate and other important societal objectives.    
 
Recent efforts by groups of prominent individuals have identified the need for devoting greater 
resources to energy R&D.32 Increased investment in energy R&D will be necessary to address 
the climate issue. In addition to the level of resources that are available, sustained certain funding 
over the longer-term is necessary to achieve the technological transformation that is required. 
Securing such resources is extremely difficult in the annual appropriations process. Long-term 
societal needs often get short shrift in the appropriations process. Because of this, it is necessary 
to develop a dedicated funding mechanism that is capable of financing energy R&D over the 
long-term and outside of the annual appropriations process. There are several rationales for such 
a mechanism.         
        

1) Investment in Energy R&D Has Been Inconsistent and Is More Dependant on Energy 
Prices than National Need  

 
National investment in energy R&D has been extremely volatile and inconsistent over the past 
three decades. Expenditures in energy R&D have been tied to energy prices and not national 
need. Higher energy prices have led to large expenditures in R&D. The Government’s R&D 
infrastructure was initiated in 1973 with the establishment of the Energy Research and 
Development Administration (ERDA) in direct response to the first energy crisis. Subsequent 
price increases in the 1970’s kept energy on the public agenda. Low and stable prices for the 
most part had the affect of reducing the impetus for R&D. The inconsistent resources provided to 
R&D in the annual process over the past 30 years is in contrast to the sustained effort that is 
required over the long-term to address the climate issue.         
 

2) Long-term Challenges Often Get Inadequate Priority in the Annual Appropriations 
Process 

   
The annual appropriations process in the United States focuses predominantly on short-term 
priorities.  It is difficult for policy-makers to focus on the long term given changes that take place 
in the nation’s fiscal situation and other priorities that arise. For example, as the federal budget 
has moved from surplus to large deficits over the past 5 years, and has to accommodate new 
priorities such as homeland security, fewer resources are available to finance energy R&D. Since 
                                            
31 Op. Cit., PCAST, et. al. Specific numbers cited from World Energy Council Report. 
32 ibid 
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climate change is a century scale problem that may be displaced in the near-term by more 
immediate crises and policy challenges, new mechanisms are required to increase the resources 
available to energy R&D and to sustain the level of effort over the long-term.  It is hoped that a 
dedicated funding mechanism(s) would provide necessary resources to address the challenge. 
 

3) Resources Devoted to Energy R&D Are Dependant on the Priorities of Administrations 
 
Funding levels for energy R&D are dependant upon the views of Administrations in office.  
Administrations come to office with views on issues that are often in stark contrast from those of 
their predecessors. This can lead to situations in which research efforts are increased or 
decreased at pivotal times. Differing views in the executive branch on such issues as the role of 
markets in delivering energy services to the economy and on the roles of various fuels in the 
energy portfolio has led to the inconsistent and volatile R&D funding since the first energy crisis. 
A dedicated funding mechanism outside of the annual process would increase the potential for 
sustained investment over the longer-term.   
 

4) Earmarking of Resources By Lawmakers to Favored Local Projects Detracts From 
Resources Available to Energy Research & Development    

 
In recent years, members of Congress have increased the number of specific earmarks in 
individual appropriations bills.  Lawmakers often earmark a specified level of resources to 
individual projects in their district and States.  This reduces the resources available to more 
generic functions as all appropriations committees are provided a fixed allocation of resources to 
finance the governmental activities for which they have jurisdiction.  Resources secured for 
specific projects necessarily detract from resources that might have been available for other 
purposes. 
 
Private sector investment in R&D has also declined for several reasons.  A major cause for the 
reduction in private sector R&D is the restructuring of energy markets in the U.S. There have 
been major changes in the way in which the power and gas sectors are regulated when compared 
to 30 years ago. Even though the industries utilized technically different mechanisms to finance 
their R&D investments prior to the onset of competition, the resources they devoted to these 
purposes were passed through in rates charged to their customers. 
 
The power industry founded the Electric Power Research Institution in 1973.  Resources 
provided to EPRI grew to $600 million in 1994. The companies’ contributions to EPRI were 
passed through to customers in state retail rates. The advent of competition has reduced the 
ability of power companies to pass through their R&D contributions in rates. As firms seek to 
maintain their competitive position in the market place, fewer resources are available for such 
purposes. As a result, EPRI’s budget has declined significantly. Although regulated primarily at 
the federal level, the Gas industry also passed through its contributions made to the Gas Research 
Institute (GRI) in rates. Similar to EPRI, the budget of the Gas Technology Institute (GTI), the 
follow-on entity to GRI, has also declined. As a result of these dynamics, it is necessary to 
improve the workability of existing incentives that industry can use to invest in energy R&D. 
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IV. Conclusions 

 
Achieving the magnitude of emission reductions required too stabilize concentrations of CO2 in 
the atmosphere is a significant challenge. To be successful, a technological transformation is 
required that allows for less energy to be used in producing a unit of GDP and non-emitting 
sources must be developed to provide energy services to the economy. Improvements in the suite 
of existing technologies and the development and deployment of technologies that are not yet 
widely deployed in the economy are essential. An enormous amount of carbon free energy will 
need to be deployed if climate change is to be addressed effectively. The cost savings that 
technological advancement can facilitate are in the trillions of dollars. At the same time that 
major technology breakthroughs in energy technologies are required, both Government and 
private sector investments in energy R&D have declined significantly over the past 30 years. If 
this trend continues, achieving the required reductions necessary to stabilize concentrations of 
CO2 at an acceptable cost will be out of reach. Governmental policies are required to increase the 
level of resources that are provided to such activities and to ensure that they will be available on 
a sustained long-term basis necessary to achieve the technology transformation that is required.                            
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Appendix 1 

 
The executive and legislative branches of Government provide adequate resources to activities 
that are well understood by the public. Programs perceived to be important to maintaining and 
improving the nation’s economic and national security usually receive consistent levels of 
support. Examples of such programs include education and defense. Programs not understood by 
the public such as energy R&D often receive inadequate and inconsistent levels of funding. 
Many believed that the Super Conducting Super Collider (SSC) was a critical high-energy 
physics project that would provide the nation with many important benefits in key disciplines. 
Pre-eminent scientists from around the world moved to Texas to participate in the effort. After 
several years of cost overruns and perceived mismanagement, Congress terminated the program 
in the 1990’s. Serving as a senior DOE official at the time, the author believes that the lack of 
public understanding of the program’s potential benefits was the primary cause of termination. 
The SSC was a large basic science project that was easy to depict as a pork barrel program that 
should be eliminated. Its benefits were far more difficult to describe. 
 
As illustrated in this paper, increased levels of R&D into energy technologies will be critical to 
addressing the issue of global climate change. Building the base of support for increases in 
resources for energy R&D will require educating the public and Congress regarding the benefits 
that such investments provide. A recent analysis undertaken by the National Research Council of 
the Department of Energy’s Energy Efficiency (EE) and Fossil Energy (FE) R&D programs 
illustrates the successes of these programs and their importance in achieving economic, energy 
and environmental objectives.33  
 
The council was charged with assessing the programs costs and benefits.34 This is an 
exceptionally difficult undertaking given that R&D’s benefits are often difficult to quantify. 
Expenditures often do not prove fruitful for many years and inquiries undertaken for one purpose 
often lead to benefits in other areas. An example of this is the gas turbine. Research & 
Development originally undertaken to improve the performance of jet engines, has had the effect 
of improving the performance of gas turbines that are now widely used in power generation. 
Similarly, the benefits of research into nuclear activities for military purposes were transferred to 
the energy sector and assisted in the growth of the civilian nuclear power industry. 
 
The council was charged with assessing the EE and FE programs because the subcommittee with 
jurisdiction over these programmatic activities at DOE requested the analysis. As a consequence, 
the department’s renewable and nuclear R&D programs were not subject to analysis. The 
analysis devised and utilized a conservative methodology allowing for an assessment of the 
programs economic, environmental and security benefits. The analytical framework also 
attempted to incorporate variables into its framework in recognition that the benefits of R&D 
programs are not easily quantified. The analytical framework that was developed to conduct the 
analysis recognized that R&D efforts provides value in addition to the economic benefits that 
were already realized. The framework incorporated a metric, “options value”, in recognition that 

                                            
33 Op Cit, National Research Council.  
34 ibid 
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economic and policy conditions can serve as barriers to technology deployment. However, the 
technologies may ultimately prove to be valuable if the economic and policy conditions change.  
The framework also recognized the value of R&D programs diffusing knowledge into the 
economy.35  
 
The EE and FE programs spent approximately $22 billion out of the $85 billion or 26% of funds 
that DOE has spent on Energy R&D from 1978 to 2000.36  The committee undertaking the 
analysis evaluated 17 EE programs and 22 FE programs.37 What follows are important findings 
of the councils work. Importantly, the analysis concludes that although far from perfect, the 
R&D efforts have contributed to the achievement of important national objectives and could 
make a major contribution to addressing climate change. 
 
Energy Efficiency 
 
Energy efficiency improvements have been important components of national energy policy 
since the first energy crises. They have allowed the nation to produce far higher levels of 
economic output while using less energy. Energy efficiency enhances national competitiveness 
by reducing national energy expenditures, increasing productivity, improves national 
environmental performance through the reduction of fuel use that contributes to air and water 
quality problems, and enhances national security through reduced imports of petroleum.   
 
The EE programs that were analyzed represented approximately 20% of the funds that have been 
devoted to such purposes from 1978-2000.38 It was determined that the EE programs that were 
assessed provided $30 billion in economic benefits in comparison to the $1.7 billion in 
expenditures.39  The programs also facilitated major environmental benefits through the 
reductions of pollutants that are precursors of acid rain and smog. The programs also contributed 
to reductions of GHGs. These emission reductions facilitated by EE R&D programs were valued 
at billions of dollars in the analysis.40 Last, EE research into “gap technologies” such as fuel 
cells that has not yet made contributions to the nation may play a key role if the U.S. seeks to 
lessen national import dependence and address climate change. The committee determined that 
the few programs that follow provided enormous national benefits when compared to the 
resources that they received. As follows. 
 
Advanced Refrigerator 
 
This program received $1.6 million and provided $7 billion in national economic benefits.41 
 
Electronic ballasts for fluorescent lamps 
 
                                            
35 ibid  
36 ibid 
37 ibid 
38 ibid 
39 ibid 
40 ibid 
41 ibid 
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This program received $7 million and provided $15 billion in national economic benefits.42 
 
Low-e glass  
 
This program received $4 million and provided $8 billion in national economic benefits.43     
 
These three programs that were analyzed provide benefits far in excess of the expenditures that 
were made. The benefits resulting from these three programs alone far exceeded the expenditures 
that have been made in all of EE’s R&D programs from 1978-2000. It is important to note that if 
the council devised a less conservative methodology, the assessed benefits may have been $50 
billion higher.44 
 
Fossil Energy 
 
The nation has significant levels of domestic coal reserves. Coal is used to produce 
approximately 50% of national power supply. Concerns with the environmental impacts of coal 
use have increased due to pollutant emissions that contribute to acid rain and smog. It is also the 
fuel with the highest carbon content. As a result emissions from combustion are a major 
contributor to climate change. Given the level of domestic reserves that are available and coals 
importance to maintaining reliable power supplies at low cost, research into technologies that 
minimize CO2 emissions must be a national research priority. FE will play a major role in this 
effort. In addition to maintaining coal’s key role in power generation, cc&s technologies would 
also allow coal to be a key feedstock for hydrogen production. The Department of Energy’s FE 
R&D programs also contribute to oil and gas production and reducing emissions of pollutants 
that contribute to acid rain and smog.   
 
The council assessed the performance of 22 programs that comprised $11 billion of the $15 
billion spent on FE R&D programs during the period that was assessed.45 FE programs received 
$11 billion and provided a similar level of benefits.46 However, from 1986-2000, FE’s research 
programs provided $7.4 billion in benefits and received $4.5 billion.47 Programs that contributed 
to oil and gas production achieved the majority of the benefits.48 The council concluded that FE 
programs made major contributions to environmental protection. FE technologies assisted in the 
reductions of millions of tons of pollutants responsible for acid rain and smog.49 Similar to the 
EE program, a benefit characterized as an option may be FE’s most important future 
contribution. Successful development of Integrated Gasification Combined Cycle (IGCC) 
technology may allow for the continued use of coal in a more environmentally benign fashion. 
Such technology will be essential if policy-makers ultimately decide to address the climate issue. 

                                            
42 ibid 
43 ibid 
44 ibid 
45 ibid 
46 ibid 
47 ibid 
48 ibid 
49 ibid 
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FE has also begun to expand its activities into key gap technologies such as cc&s technologies 
since this inquiry was undertaken.                       
                               
The Department of Energy’s R&D programs have made a major contribution to key national 
priorities. The DOE’s research into renewable energy technologies not subject to the council’s 
analysis, has greatly improved the economic performance of these technologies. The 
Department’s R&D programs will play a major role in the long-term effort to address climate 
change. If structured properly, the investments have the ability to make a major contribution to 
the technological breakthroughs necessary to achieve environmental and economic objectives.     
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Executive Summary 

A climate policy must cope with two kinds of failures in unfettered markets.  The first is 
the degree to which private actors fail to internalize the full costs of their energy-related 
decisions, including the potential climate damages from emissions.  The second is the extent to 
which innovators cannot reap for themselves the full benefits to society of their advances.  The 
second problem—“spillovers”—reduces the private inducement to engage in climate-friendly 
innovation.  The first failure reduces the motivation for engaging in mitigation activities.  That 
lack of motivation further implies insufficient incentives for innovating and adopting more 
climate-friendly technologies.  Consequently, the degree to which a mitigation policy signals the 
true costs of carbon to private markets will affect the need for and success of a climate 
technology policy.   

Public support for innovation in energy technologies is more likely to be justified when 
some spillover effects are present and at least a moderate share of the social costs is reflected in 
the price of energy.  In the absence of clear incentives to reduce carbon emissions—or the 
expectation of such incentives—public investments in improving abatement technologies offer 
low returns, since new innovations will not be utilized.  On the other hand, even without a carbon 
price, the cost of energy reflects a significant but incomplete share of the total social costs, 
creating some incentive to employ energy-saving technologies and reduce the use of costly fossil 
fuel inputs.  The combination implies a reasonable scope for public investment in energy-saving 
innovations, particularly those with significant spillovers.  It also implies greater scope for 
increasing the effectiveness of such investments by more fully pricing carbon emissions. 

Mitigation policy works best when accompanied by appropriate technology policy, and 
vice-versa.  If the ultimate goal is to reduce greenhouse gases, policies that more directly target 
carbon achieve the goal most cost effectively.  Commercialization incentives, which support 
uptake of new technologies but do not encourage emissions reductions from traditional energy 
sources, are a relatively costly way to promote emissions reductions.  Nor do they encourage 
conservation, which offers opportunities for promoting energy security, as well as emissions 
reductions.  R&D support by itself is even more indirect for these policy goals.  In the absence of 
incentives for abatement, conservation, and renewables uptake, the entire burden is placed on 
R&D to lower future costs sufficiently to make the required reductions, including those deferred 
while the R&D takes place.  Thus, technology policy cannot be viewed as a substitute for 
mitigation policy.   

Understanding the private incentives to innovate and mitigate can help us identify which 
kinds of public investments are most likely to pay off.  The deciding factors—which include the 
potential spillover effects, the likelihood of utilization, and the scope for cost reductions—may 
vary between nearly commercial technologies and emerging ones, generation and demand-
related technologies, and energy inputs versus emissions outputs.  Another factor is whether a 



technology presents a valuable option in a future scenario in which more dramatic reductions 
could be needed.  The uncertainty of future mitigation needs adds to the value of backstop 
technologies compared to improving conventional mitigation techniques.  Finally, if 
technological progress can help stakeholders accept an even higher emissions price, closer to the 
damage costs, public investments in climate-friendly R&D can be yet more worthwhile.  
Ultimately, climate policy is the engine for reaching stabilization goals; technology policy helps 
that engine run faster and more efficiently, but it only helps if the engine is running. 

Key Results 

• To the extent carbon is not fully priced, improvements in energy efficiency create 
extra benefits from reducing excess emissions, but they also may be less useful 
since there are fewer economic incentives to use improved technologies.  
Consequently, sufficient utilization incentives—or the expectation of incentives—
must exist to justify aggressive support for a technology, regardless of spillovers.   

• The return to public investments in climate-friendly technologies increases as 
carbon is priced more fully; i.e., the value of technology policies increases with 
mitigation policies in place.  

• The optimal technology portfolio mix is influenced by mitigation policies, and 
vice-versa.  For example, 

o The role for publicly supported innovation in technologies to displace or 
reduce the use of energy is strongest when some spillover effects are 
present and at least a moderate share of the social costs is reflected in 
energy prices.   

o The role for public investment in pure abatement-related technologies 
(like carbon capture, storage, and sequestration) is only present if 
significant carbon pricing can be expected. 

o For nearly commercial technologies (e.g., wind), utilization subsidies are 
much more cost-effective than R&D subsidies to achieve emissions 
reductions (although carbon pricing would be better).   

• When the goal is emissions reductions, as opposed to technological success, there 
are significant costs to postponing mitigation and focusing on technology.  Less 
R&D may actually be needed if we take advantage of broad mitigation options. 

• The burden of public R&D costs is broad, while the dislocation costs of carbon 
pricing are targeted. From a political standpoint, then, a technology policy may be 
easier to implement than a strong mitigation policy. From an effectiveness 
standpoint, however, it is not a substitute. But to the extent that technological 
improvement can enable more efficient mitigation policies, strengthening the 
technology policy can be justified. 
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 Balancing Mitigation and Technology Incentives  
in a Climate Policy Framework1 

Carolyn Fischer∗ 

Introduction 

A climate policy must cope with two kinds of failures in unfettered markets.  The first is 
the fact that the potential climate-related damages from burning fossil fuels are not reflected in 
the market-driven prices for those fuels.  Nor do private markets generate financial rewards 
commensurate with the benefits to society of engaging in activities that capture and sequester 
carbon dioxide. This “unpriced externality”—the degree to which private actors fail to 
internalize the full costs of their energy-related decisions, including the potential damages from 
emissions—reduces the motivation for engaging in mitigation activities.   

The second failure is that the social value of innovation often surpasses what the 
innovators themselves can appropriate through the use, patenting and licensing of their advances.  
Studies of commercial innovations suggest that, on average, only about half of the gains to R&D 
return to the originator, although appropriation rates vary considerably over different types of 
innovations.2  These unappropriated gains—“spillovers”—reduce the private inducement to 
engage in innovation, relative to what society would demand.   

For climate-friendly technologies, both market failures tend to reduce private sector 
incentives to engage in research, development, diffusion, and innovation activities more 
generally. While spillovers reduce the gains to innovation that can be captured, the degree to 
which the externality remains unpriced reduces the market value of those gains. In other words, 
insufficient motivation to adopt and use more climate-friendly technologies also implies 
insufficient incentives for innovating them.  The question at hand is how to balance climate 
mitigation and technology policies to respond to both of these market failures.   

                                                 
1 This paper was prepared for the consideration of the National Commission on Energy Policy (NCEP) and 
benefited from their support.  However, it does not necessarily reflect the views of the NCEP or RFF;  
∗ Resources for the Future, Washington, D.C. 
2 See Griliches (1992) and Nadiri (1993), as well as Hall (1996). 
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Greater deregulation and competition in energy markets have arguably made the returns 
to innovation more difficult to appropriate and industry R&D investment costs harder to 
recapture, as noted by Dooley and Runci (2004).  They also document how energy-related R&D 
spending has also fallen with the decline in real energy prices and in the energy intensity of the 
increasingly services-oriented US economy.  However, considering that other sectors are as 
likely to have spillover problems as the energy sector, a drop off in energy R&D in response to 
lower prices may be a natural adjustment and little cause for alarm.  Of greater concern, when 
comparing the relative value of different opportunities for public investments in technological 
innovation, is then the externality problem.  Current energy prices may be significantly lower 
than their true social costs.  While strides have been made with respect to providing market-
based and regulatory incentives to reduce conventional pollutants, the costs related to energy 
security and climate change threats are not to any great extent borne by energy markets.   

Together, these two kinds of market failures combine to imply that private actors in US 
energy markets do not have sufficient incentive to invest in energy-saving and carbon-reducing 
innovations.  Public R&D support for climate-friendly technologies can then play an important 
role in filling some of this critical gap, but the fact remains that innovation is only an indirect 
means to achieving reductions in greenhouse gas (GHG) emissions.  Consequently, in focusing 
on energy technology policy, it is important not to lose sight of direct opportunities for 
mitigation.  Indeed, the degree to which a mitigation policy signals the true costs of carbon to 
private markets will affect the need for and success of a climate technology policy. 

This paper explores, from an economics perspective, the linkage between mitigation 
policies and technology policies for reducing carbon emissions and fossil-fuel reliance.3  Since 
we take a conceptual approach, we abstract from many of the specific policy and technology 
details that are well documented in other NCEP reports.  For our purposes, “innovation” 
represents technical progress that reduces the costs of carbon abatement, and “R&D” is intended 
to span the range of innovation-promoting activities, including investments in demonstration and 
uneconomic deployment for learning, as well as research and development narrowly speaking.4  
By “technology policies” we primarily mean direct support for innovation in environmentally 
friendly technologies—or “supply-push” policies—including such tools as direct subsidies, tax 

                                                 
3 This paper relies heavily on (and may borrow liberally from) Fischer (2004) and Fischer and Newell (2004). 
4 For details on demonstration and deployment and the complementarities with energy research and development, 
see Sagar and Gallagher (2004). 
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credits, and public-private partnerships.  “Demand-pull” policies—like technology forcing 
regulation, commercialization subsidies, and price or market share guarantees for the use of 
particular technologies—are often more similar to mitigation strategies, since they rely on 
utilization incentives, although they may not directly target emissions reductions.5  For the most 
part, however, we will use the term “mitigation policies” to convey an attempt to signal to 
markets the environmental costs of emissions or the benefits of conservation.  We will refer 
generally to market-based incentives, but the paper will not go into detail about differences 
among environmental policies in terms of the private and social incentives for innovation, as a 
long line of research in environmental economics is available.6   

While there is a growing awareness that pricing carbon creates private incentives for 
climate-friendly innovation, it is not well understood how limitations to full emissions pricing 
affect the social premium to such innovation—the excess of the social return over the private 
return.  When the price of carbon lies below the marginal social value of abatement, the public 
return to carbon-reducing R&D may actually be greater or smaller.  On the one hand, there are 
excess benefits of increasing abatement; on the other hand, private actors will not have the 
incentives to take full advantage of the new technologies that are developed.  There are also 
important tradeoffs in between the timing of mitigation and technical progress.  On the one hand, 
innovation allows more cost-effective abatement to occur in the future, allowing less early effort 
to reach a cumulative emissions target, as for greenhouse gases.  On the other hand, more early 
mitigation lessens future abatement requirements, and thereby lessens some of the need for 
innovation and costly R&D. 

                                                 
5 Many of these examples have been used to promote renewable energy sources and low- or zero-emissions 
vehicles. 
6 For an overview, see, e.g., Kemp (1997) and Ulph (1998).  Stavins (1998) and Bohm and Russell (1985) recognize 
that innovation incentives are important criteria for policy selection, and several studies reveal that market-based 
environmental policies tend to perform better than command-and-control regulation (Downing and White 1986, 
Magat 1978, and Zerbe 1970).  Another set of papers—Milliman and Prince (1989), Biglaiser and Horowitz (1995), 
Jung et al. (1996), Fischer et al. (2003), and Requate and Unold (2002)—compare innovation and adoption 
incentives among different market-based instruments, like emissions taxes and auctioned or grandfathered permits. 
Typically in this literature, the tax or emissions price is typically assumed to achieve some level of optimality with 
respect to pollution abatement, at least in some (often pre-innovation) sense.  Some dynamic problems are addressed 
in Petrakis and Xepapadeas (1999) and in Kennedy and Laplante (1999).  Overall, the question of how an optimal 
environmental policy should respond to imperfect innovation incentives has been widely recognized and answered; 
less well understood is the question of how technology policy should respond to limitations to environmental policy.   
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This paper describes the interaction between environmental policies, spillovers, and the 
social return to innovation and addresses the following questions:   

• When is technology policy an appropriate tool for promoting mitigation?  

• Can technology policy improve expectations of stronger mitigation policies?   

• Can technology policy substitute for mitigation policy? 

• Can technology policy allow us to postpone mitigation? 

When is Technology Policy an Appropriate Tool for Promoting Mitigation? 

The public role for R&D in GHG emissions-reducing technologies is highly sensitive to 
two factors: (1) the degree to which private markets internalize the full costs of energy—
including emissions damages, and (2) the extent to which “spillovers” prevent private actors 
from reaping the full benefits of their innovations.  Let us define the “social premium” to 
innovation as the additional social return above and beyond the private return, given a rate of 
social cost pricing and of spillovers.  This metric serves as an indicator of the scope for 
government support of innovation in a certain technology—society’s extra willingness to pay for 
an innovation over the private innovator’s.  We can depict these added gains to innovation in the 
following figures, using a simple example of linear benefits and marginal costs of carbon 
abatement.   

Figure 1: Gains to Abatement-Related Innovation with Full Emissions Pricing 
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First, consider the case in which carbon is priced at a level that reflects the marginal 
benefits of reductions, as depicted in Figure 1.  The social gains to innovation then equal the total 
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private gains, both those that are appropriated and those that spill over to other actors in the 
market for emissions reduction.  With the carbon price fixed over the scope of this innovation, 
the gains represent the full savings from lower abatement costs, including the benefits from 
expanding the cost-effective level of abatement.   

Next, consider the case in which the price of carbon (or energy more generally) only 
partially represents the full social costs, shown in Figure 2.  The marginal social gains to 
innovation now include not only the private gains (inclusive of spillovers), but also the value of 
the marginal benefits in excess of the price of abatement for the additional abatement that occurs 
with lower costs.   

Figure 2: Gains to Abatement-Related Innovation with Low Mitigation Incentives 
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The private and spillover gains are smaller the less fully priced are carbon emissions—
and thereby the less fully priced are fossil fuels, electricity, etc.  In effect, the spillover argument 
for public R&D then also shrinks with fewer mitigation incentives.  However, the social value of 
additional abatement grows larger the farther is the carbon price below its optimal level.  The 
combination of these effects means the social premium for abatement-related innovation peaks 
with moderate mitigation incentives. 

We explore this relationship in the next series of figures, which portray how the social 
premium—expressed as the percentage of the marginal social value of innovation when the 
marginal cost of the externality is fully internalized—varies with the two parameters of concern: 
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the rate at which the true social costs are reflected in the price, and the spillover rate.7  Full social 
cost pricing depends in part or in whole on the share of marginal damages represented in the 
carbon price: in part for energy-saving activities and alternative energy supplies, and in whole 
for pure abatement activities like sequestration.  Initially, we will discuss the incentives in terms 
of pure abatement activities; subsequently, we will apply the analysis to different types of 
carbon-reducing activities. 

When innovators in the private market can capture all the returns to their R&D, the social 
premium displays an inverse U-shaped function with respect to the rate of internalization of the 
externality, as shown in Figure 3.  Logically, if emissions are free, any abatement innovation 
offered to the markets will not be utilized, so investment is not worthwhile.  Meanwhile, if 
emissions are fully priced, the private market has sufficient incentive to utilize all worthwhile 
innovations, so no additional social value exists in excess of spillovers.  Correspondingly, the 
social premium remains small when the carbon price is very far or very close to the marginal 
damages, and it is highest when the carbon price is about half of marginal damages. 

Figure 3: Social Premium for Cost Reductions (No Spillovers) 
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On the other hand, if the private market has no incentives of its own to innovate, since 
spillovers are complete, the social premium increases monotonically as carbon emissions are 
more fully priced.  Furthermore, if about a third of the social costs are priced, the marginal 
benefits of reducing costs are at least half those with full emissions pricing (see Figure 4). 

                                                 
7 The underlying technical model is presented in Fischer (2004). 
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Figure 4:  Social Premium for Cost Reductions (Complete Spillovers) 
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In an in-between case, let us suppose that half of the returns to cost reductions are 
captured by private innovators, as is the estimated average for commercial innovations.  As in all 
cases, at low rates of emissions pricing, little social premium exists for reducing abatement costs.  
However, once a third of the social value is priced, the social premium is over half the returns 
under optimal pricing.  This remains true, even as the premium declines from its peak as full 
pricing is reached, due to the fact that innovators can only capture half the private gains to 
abatement cost reductions. 

Figure 5:  Social Premium for Cost Reductions (50% Spillovers) 
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Together, these cases indicate that strong support for innovation is only justified if at 
least a moderate share of the social costs are reflected in the market price and spillover effects 
are significant.  This point is illustrated in Figure 6, which shows how the social premium varies 
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in response to different combinations of spillover shares and degrees of social cost pricing.  
Expressed as a share of the optimal social value of additional innovation—the marginal social 
value of innovation when the marginal cost of the externality is fully internalized—the social 
premium is shown to be darker when it is smaller, while the lighter areas indicate greater 
opportunities for public support of innovation.   

Figure 6: Social Premium for Cost Reductions 
(All Combinations of Price and Spillover Shares) 
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Figure 6 shows clearly that, for any degree of spillovers, if prices do not reflect a 
significant share of the social costs, little is gained from reducing abatement costs.  On the other 
hand, if prices reflect substantial portions of the full social costs (like 70%), spillover effects 
must be quite large for the social premium to be significant.  We see that the lighter areas with 
the greater social premium begin where moderate shares of both social cost pricing and 
spillovers are present, and they intensify as those shares are increased together.  Taken another 
way, the more significant the spillover problem is, the more the social gains to public R&D in 
climate-friendly technologies can be enhanced by more complete carbon pricing. 

The relevant price share need not always be the share of emissions damages reflected in 
the price of carbon, but rather the share of social costs that are reflected in the price of the 
carbon-intense activity or input.  To consider some examples, suppose the marginal damages 
from greenhouse gas emissions were $25 per ton of carbon.  Compared to the total social costs—
including the costs of carbon emissions—the current market price of electricity then reflects 
about 93% of the social costs; the price of coal to electric utilities reflects roughly two thirds of 
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the social costs; and the price for capture and sequestration activities reflects none of the costs.  
In this case, there would be additional social benefit from innovation to lower the cost of 
renewable energy, improve energy efficiency, and reduce reliance on coal, above the private 
savings from reduced input use.  Furthermore, spillovers from fuel-saving techniques or 
technologies would add to the social premium.  On the other hand, from the point of view of 
reducing the carbon emissions from the use of coal (i.e., “end-of-pipe” technologies like carbon 
capture and storage, or emissions-reducing processes that do not offer other cost-effective 
efficiency improvements), without any incentive to use them, little is to be gained from 
innovation.   

Table 1: Change in R&D Spending Compared to Optimal Climate and Technology Policies 

Example with 50% Spillover Rate Renewable 
Electricity and 
Conservation8

Reducing  
Coal Inputs9 

Carbon 
Sequestration

Social Value with $25/tonC $ 0.075  $ 1.84 $ 25 
   unit of measurement / kWh / million Btu10 / ton
  
Market Price without Climate Policy $ 0.070  $ 1.17 $   0 
Percentage of Social Value Priced  93% 64% 0%
Ratio of R&D spending to optimal policies 113% 133% 0%
  
Price with $15/tonC $ 0.073  $ 1.57 $ 15 
Percentage of Social Value Priced 97% 86% 60%
Ratio of R&D spending to optimal policies 105% 123% 132%

Table 1 illustrates this case, using two additional assumptions.  First, spillovers are 
assumed to be half of the social value to innovation,11 and second, current R&D policy optimally 
accounts for these spillovers, if we ignore climate damages.  The ratio of R&D spending to 
optimal policies then reflects how much public support for R&D should increase with the 
discovery of the climate damages—given a $0 or $15 carbon price—relative to how much it 

                                                 
8 Price figures are taken from Fischer and Newell (2004). 
9 Coal input prices reflect those delivered to electric utilities. Production-weighted average emissions factors were 
derived from “Table FE4: Average Carbon Dioxide Emission Factors for Coal by Rank and State of Origin,” Hong 
and E. R. Slatick (1994) and  “Table 10. Coal Production by State, Coal Rank, and Group, 2000,” EIA (2000).  
Average Btu per short ton of coal were obtained from “Table C6 Gross Heat Content of Coal, 1992-2001,” EIA 
(2001).  The price per short ton is from “Table 34: Average Price of Coal Delivered to End Use Sector by Census 
Division and State, 2002, 2001” EIA (2002). 
10 The Btu measure reflects gross heat content of coal. 
11 This corresponds to rough estimates in the literature: Griliches (1992) and Nadiri (1993), as well as Hall (1996). 
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should increase if we could simultaneously price carbon at the full $25/ton.12  In other words, if 
we think our current suite of technology policies reflects a reasonable response to the tradeoffs 
posed by other societal problems, how much more should we increase energy-related technology 
spending to respond to climate change, given the mitigation policy we choose?   For example, 
suppose we would want to increase technology support by 100% with full carbon pricing.13  
Then in the absence of an explicit carbon price, we would increase efforts to reduce the cost of 
displacing fossil energy generation by another 13%, and increase by another 33% efforts to 
improve the efficiency of or reliance on coal inputs.  Since electricity and coal inputs have 
significant costs already, there is a good amount of incentive to use alternatives or improve 
efficiency, so public investment is worthwhile.  With a moderate price of $15, private innovation 
incentives improve, as do abatement incentives, so technology policy does not need to 
overcompensate as much.  On the other hand, sequestration only occurs if carbon reduction has a 
value, so a $15 price means that public R&D spending in this area is 32% more valuable than 
with full pricing, but with no emissions price, it is useless. 

Of course, assessing the appropriate time horizons of the innovation and the policies is 
also important here.  For innovations that improve current technologies—like commercializing 
wind power and other renewable energies and promoting energy efficiency—the emissions 
policies of the near term are the determining factors.  However, for technological advances that 
have longer-term implications—or might replace current technologies—what matters are 
expectations about the policies that will be in place when the invention can be commercialized.  
Thus, even without carbon pricing now, the expectation of prices in the future can make current 
public R&D support worthwhile.  Furthermore, it may be that those policies will be influenced 
by the future state of abatement costs. 

                                                 
12 Spillovers then have the opposite effect on this ratio as on the absolute return to public R&D support.  With lower 
spillovers, baseline public support is lower, making the ratio of second-best technology policy higher.  With 
complete spillovers, the government always pays for all research, so a low emissions price undermines the return to 
any innovation and reduces the desired spending on R&D.   
13 This example is not completely unfounded; in Fischer and Newell (2004), the effect of a $25/tonC price is to 
roughly double optimal R&D spending. 
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Can Technology Policy Improve Expectations of Stronger Mitigation Policies? 

Another argument for public investment in climate-friendly technologies when carbon 
prices are low is that it could make more stringent regulation politically viable.  Stakeholders are 
likely to resist policies that are too costly, so if abatement becomes cheaper, they may accept 
harder targets.  Similarly, policymakers may resist mitigation subsidy programs that cost too 
much in public funds; lower-cost abatement technology can in such cases enable those limited 
funds to purchase more abatement. 

While the dislocation costs of carbon pricing are targeted, the burden of public R&D 
costs is broad. From a political standpoint, then, a technology policy may be easier to implement 
than a strong mitigation policy.  The previous discussion revealed that the desirability of that 
technology policy depends on the scope of the mitigation policy.  However, if technological 
improvement can enable more efficient mitigation policies, the current scope for technology 
policy is expanded, reflecting not only the gains to utilizing the technology under better carbon 
pricing conditions, but also the benefits from improving the mitigation incentives.   

A question is then whether the improved credibility of significant mitigation incentives 
will spur private innovation as well.  In part, the answer depends on how those policy 
expectations are formed—and why a credible mitigation policy is limited in its current 
implementation.  If the industry realizes that policy makers will respond to cost reductions by 
ratcheting abatement targets, it will have less incentive to innovate, preferring instead to avoid 
regulation.  In another sense, if the government does not want to impose costs beyond some set 
amount, the gains arise not from reducing abatement costs, but from increasing abatement.  Since 
increasing abatement benefits the public, not the industry, private incentives for innovation are 
diminished by letting the mitigation policy depend on technical advances. 

Of course, energy market actors may not be so coordinated.  If energy innovators are 
naïve about their influence on future policy, expecting greater emissions pricing will induce 
more private innovation, although public support may crowd that out to some extent.  
Alternatively, individual innovators may not expect their R&D to have sufficiently widespread 
impacts as to lower industry abatement costs and induce a significant climate policy response.  
Then, enhanced policy credibility can spur private R&D.  The choice of the environmental policy 
that will be adjusted can also be important;14 for example, if the mitigation target follows the 

                                                 
14 See also Footnote 6. 
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Best Available Control Technology (BACT), the possibility of creating a captive market for the 
technology could spur competition to develop the next BACT.   

For whatever reason, if innovation does allow regulators to raise prices closer to the full 
social costs, additional public support for environmental R&D can indeed be called for.  For 
example, if initiating a mitigation policy involves significant fixed costs, one might want to delay 
implementation until innovation enables sufficiently significant abatement benefits.  Private 
incentives to delay the regulation then can reduce their incentives to innovate, although the 
increased likelihood of a significant mitigation policy may encourage some to prepare.  The 
social premium can then be bolstered by the lack of private innovation and the desire to 
implement the policy.   

Can Technology Policy Substitute for Mitigation Incentives? 

A critical observation is that if the end policy goal is the reduction of greenhouse gas 
emissions and climate stabilization, technology is not the means to that end, but an aid to the real 
means—mitigation.  (One can make the same observation about energy security and portfolio 
diversification).  Consequently, technology policy is a poor substitute for mitigation policy. 

Consider the example of policies to promote renewable energy generation, as analyzed by 
Fischer and Newell (2004).  For an equivalent goal of reducing carbon emissions, policies that 
also create incentives for the fossil fuel generators to reduce emissions intensity and for 
consumers to conserve energy perform much better than those that rely on incentives for 
renewable energy producers alone.  For example, in their model, to achieve the same emissions 
reductions as a $25/ton price for carbon dioxide, a renewable energy production subsidy must 
expand renewable generation by 12 times the increase with the emissions price, since no 
disincentive for carbon-intensive generation or conservation is present.  Furthermore, R&D 
expansion must be 24 times greater, and significantly more reductions occur in later periods.  
Consumers are held harmless, but the cost to taxpayers is more than 50% greater than the gain to 
renewable energy producers, and the welfare costs are 12 times those of the emissions price 
policy.   

While significant efficiency losses are sacrificed going from a direct emissions policy to 
an indirect commercialization incentive, the losses from switching to a policy that only supports 
research in renewable energy innovation are on another order of magnitude.  With an R&D 
subsidy alone, all of the onus is placed on making renewables sufficiently competitive in the 
future; furthermore, public support must make up for the lack of private incentives for R&D, 
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since the main driver—higher prices for renewable energy—is absent.  The result is a 600-fold 
increase in the costs of reducing emissions.  The results, which do not appear to be sensitive to 
the process of technical change, suggest the importance of “demand-pull” and the frailty of 
“technology-push” policies in encouraging cost-effective emissions reductions. This case is 
reinforced where technology policies are directed at a small share of overall current electricity 
production. It simply becomes extremely expensive to try to reduce overall emissions by pushing 
on a small piece of the portfolio, and without any direct incentive for reducing emissions 
intensity or overall energy use. 

Ultimately, the total gains to innovation are naturally limited to the costs of abatement 
and the benefits from eliminating the remaining emissions (Parry et al. 2003).  These potential 
gains are further reduced by the fact that innovation and diffusion are lengthy—and costly—
processes, and future benefits are discounted.  Thus, in few situations are the gains to innovation 
large compared to the current gains from internalizing the pollution costs.  Of course, those 
relative gains can be quite different when policies do not take advantage of all the current gains 
from abatement, as noted in the preceding sections.  But to the extent that the gains to abatement 
are limited by policy realities, the absolute gains to innovation are likewise limited.  Effective 
technology policy is much more a closely linked complement to mitigation policy than a 
potential substitute. 

Can Technology Policy Allow Us to Postpone Mitigation? 

Since technology policy cannot be a permanent substitute for mitigation policy, to what 
extent can it substitute for early and more targeted mitigation efforts?  In particular, given 
uncertainties about an ultimate stabilization target, why not postpone mitigation efforts and 
concentrate on preparing technological options? 

In the case of carbon dioxide, a long-lived accumulative greenhouse gas, the timing of 
abatement is less important than cumulative reductions for reaching stabilization targets.  
Consequently, it is not unreasonable to assume the marginal benefits of emissions reduction—or 
at least our expectations of them—are fairly constant in the level of annual reductions and over 
time (Pizer 1999).  The cost-effective path for reducing such emissions then balances discounted 
marginal abatement costs over time, implying that as innovation lowers costs over time, more 
abatement is naturally performed in the future.  How costly is it to further tilt that path and 
postpone additional abatement? 
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Two factors are important.  First of all, taking no early action implies foregoing many 
cost-effective opportunities for abatement.  This postponement increases the abatement 
requirements in the future, and although the overall cost function is lower in future periods, the 
marginal cost of more abatement is higher compared to a little early action.  Ignoring current 
opportunities in favor of future ones is akin to the previous example of ignoring conservation and 
decarbonization opportunities in favor of renewable energy commercialization. 

Second, innovation takes time to succeed and be adopted, with both the timing and 
degree of success themselves subject to uncertainty—meanwhile the costs are incurred now.  
Furthermore, more costly innovation will be needed, given the larger abatement task left for 
future periods.  Thus, postponing cost-effective mitigation opportunities can be quite costly. 

This same intuition holds when the ultimate abatement target is uncertain.  Early 
mitigation reduces future abatement costs, whatever that target may reveal itself to be, by 
reducing abatement requirements.  Innovation lowers the costs of achieving any level of 
abatement.  When the future target is uncertain, both activities help reduce the expected costs of 
future abatement, but R&D also helps to reduce the degree of uncertainty.  In this sense, 
uncertainty adds an extra impetus to technology policy—particularly for carbon-free backstop 
technologies, which can serve to limit the costs of reaching an unexpectedly stringent climate 
target.   

Related to this question of potential long-term needs is the possibility of technological 
lock-in.  The private market response to moderate, short-term carbon pricing for mitigation 
would focus on using and improving currently cost-effective technologies, such as natural gas 
and conservation.  However, the capacity of these options is likely to be limited.  Since energy 
assets are long-lived, rapid shifts in infrastructure can be quite costly.  An important public 
policy role is to maintain options for long-run (carbon-free) solutions, and to recognize important 
transition costs.  For example, at some carbon prices it may be cost-effective to mothball coal-
fired power plants, but at higher prices coal generation with carbon capture and sequestration 
could be cost effective; however, restarting the coal industry could involve important costs.  In 
another example, establishing the necessary infrastructure for widespread hydrogen refueling 
stations will involve large costs, so it may pay to postpone that transition by taking greater 
advantage of mitigation opportunities that use the current infrastructure, like hybrid technologies.  
In general, uncertainty about future mitigation needs raises the value of exploring carbon-free 
options, but it does not remove the rationale for current mitigation policies, which remains as 
long as the expected marginal costs of abatement in the future are positive. 
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Conclusion 

A good deal of emphasis in environmental policy is often placed on promoting 
technological solutions that reduce the costs of emissions abatement, and climate policy is no 
exception.  While the true costs and benefits of reducing carbon emissions determine the scope 
of the gains from lowering abatement costs, the actual returns to investments depend as much on 
the climate policy environment. This simple discussion reveals that the relative importance of a 
public role for climate-friendly energy R&D is highly sensitive to both the degree to which the 
carbon emissions externality is internalized for private markets and the extent to which spillovers 
prevent private actors from reaping the full benefits of their innovations. 

Private incentives to reduce abatement costs depend on how expensive carbon emissions 
are and to what extent they can capture the gains to their innovations.  If the price of additional 
emissions does not reflect the full social cost, less abatement will be performed, creating less 
incentive to reduce abatement costs.  Spillover effects further reduce the private incentive to 
innovate.  From a social perspective, insufficient abatement means that more is to be gained from 
cost reductions that expand abatement, since the marginal benefits outweigh the costs; however, 
since a cost reduction will have less of an impact when carbon prices are low, there is also less 
scope for cost savings. 

As a result, the role for publicly supported innovation is strongest when some spillover 
effects are present and at least a moderate share of the social costs—including the marginal 
damages of emissions—is reflected in the price.  At the extremes, if emissions are unpriced, even 
if spillovers are complete, no public support for R&D to reduce the costs of pure abatement 
technologies is justified, since the innovations will not be used.  If emissions are fully priced and 
there are no spillovers, then no market failure remains to justify public support.  However, the 
case for most climate-friendly technologies will tend to fall somewhere in between, and these 
principles can help us identify which kinds of public investments are most likely to pay off.   

Among the key tradeoffs for technology policies are not only the degree of potential 
spillover effects and the likelihood of utilization, but also the scope for cost reductions, and 
option values for backstop technologies.  For example, emerging technologies are more likely to 
suffer from spillover effects and uncertain returns, but they may provide a useful backstop 
technology.  On the other hand, it may be easier to assess the likely utilization of nearly 
commercial technologies.  In the absence of significant emissions pricing, carbon capture 
technologies may only have option values.  However, the cost of electricity and energy inputs 
still reflects a significant, though incomplete, share of the total social costs, inclusive of the 
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estimated marginal damages.  Furthermore, there are likely to be significant spillovers in energy-
saving technologies.  The combination implies a reasonable scope for public investment in 
energy-saving innovations.  It also implies greater scope for increasing the effectiveness of such 
investments by more fully pricing the externality.   

If technological progress can help stakeholders accept an even higher emissions price, 
closer to the damage costs, public support for mitigation-related R&D can be yet more 
worthwhile.  Ultimately, it is the pricing of emissions and energy to reflect the environmental 
burden that improves welfare and determines the utilization of innovations.  The more direct that 
price signal is, the better are the private incentives for both mitigation and innovation: policies 
that also create incentives for the fossil fuel users to reduce emissions intensity and for 
consumers to conserve energy perform much better than those that rely solely on incentives for 
renewable energy alternatives.  Technology policy is no substitute for mitigation incentives for 
reducing emissions, since it postpones the vast majority of the effort until after costs are brought 
down, requiring huge investments and forgoing many cost-effective opportunities to reduce 
emissions.  Nonetheless, technology policy can play an important role in enabling us to meet 
uncertain future challenges.  But, ultimately, climate policy must be the engine for reaching 
stabilization goals; technology policy can help that engine run faster and more efficiently, but it 
only helps if the engine is running. 
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ENERGY R&D FUNDING 
 
 
RESTRUCTURING ENERGY R&D 
 
The Need 
 
An aggressive program of research, development and demonstration of new energy 
technologies (“energy R&D”) is essential to the realization of virtually every national 
energy and environmental objective the Commission is addressing.  Current energy R&D 
programs (both public and private) do not appear capable of generating the technological 
advances that will be required to meet these objectives.  A number of studies (including 
one funded by the Commission) lay these issues out in some detail.1  The key issues are 
summarized below in the discussion of criteria for restructuring energy R&D. 
 
Criteria for Restructuring Energy R&D – A restructured federal energy R&D program 
should be consistent with the following criteria: 
 

(1) Adequate, Predictable and Sustained Funding:  U.S. energy R&D is 
systematically underfunded, compared to other industries and other advanced 
economies.  Federal funding, as well as funding for EPRI and the Gas Technology 
Institute (GTI), has dropped dramatically in the last decade.  Federal funding, 
however inadequate, is also unpredictable in amount and subject to seemingly 
capricious stops and starts.  Moreover, much of the federal energy R&D budget is 
subject to Congressional “earmarks” that divert R&D funds to politically favored 
but not necessarily promising R&D projects.  (The Department of Energy (DOE) 
asserts, for example, that about 50% of hydrogen R&D funding is consumed by 
earmarked projects, leaving DOE’s core hydrogen programs even more seriously 
underfunded than would appear from the overall levels of appropriations.)  A 
successful energy R&D program needs adequate, predictable and sustained levels 
of funding, eliminating insofar as possible current earmarking practices. 
 
(2) Support for Basic Research:  Current R&D tax credits and industry funding 
for EPRI and GTI are largely focused on R&D that has near-term commercial 
application.  A significant component of a restructured energy R&D program 
must focus on properly directed basic research. 
 
(3) Effective Applied Research:  Much of the Federal energy R&D dollar 
produces results that are incapable of practical application by business and 
consumers.  Projects need to be screened not only for technical merit, but also for 
their ultimate commercial relevance.  In addition, even when government or non-
profit organizations develop potentially useful technologies, they lack the means 
to ensure prompt deployment of these technologies into the energy sector.  An 
effective R&D program must be able to attain prompt deployment of successful 
technologies once they are developed and demonstrated. 
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(4) Cost-effectiveness:  Earmarks, tax credits that reward R&D that will happen 
anyway, and federal agencies pursuit of what turns out to be “dead-end” 
technologies – all raise issues of cost-effectiveness of existing energy R&D 
practices.  A restructuring of energy R&D must give careful consideration to cost-
effectiveness. 
 
(5) Political Viability:  A number of otherwise promising approaches to energy 
R&D – such as use of new energy taxes to finance the program – may not be 
politically acceptable to Congress and the public.  Political viability must be 
factored into any recommendations the Commission makes. 
 

OPTIONS FOR RESTRUCTURING ENERGY R&D 
 
A program to restructure energy R&D must address three major issues:  (1) what is the 
revenue source, (2) how are revenues disbursed, and (3) who decides what R&D gets 
funded?  Options for addressing each of these issues are laid out below. 
 
OPTIONS EXPLANATION 
I.  Revenue Options 
 

Options for the revenue source for the 
R&D program.  (“What is the revenue 
source?”) 

 Direct Federal Funding Direct expenditures from the U.S. Treasury 
  1. General Revenues R&D funded by general revenues 
  2. Dedicated Tax or Fee The program is funded by a dedicated tax 

or fee collected from energy producers or 
consumers  

 Tax Expenditures Tax incentives, such as federal tax credits, 
fund a portion of private R&D costs 

 Regulatory Incentives or 
 Mandates 

Environmental or utility regulatory 
requirements or incentives generate the 
necessary revenues 

  1. Utility Rates R&D is funded by (i) a pass-through of 
utility R&D expenses in utility rates, or (ii) 
wires and pipe charges that are included in 
utility rates 

  2. Allowance Revenues R&D is funded by revenues from an 
allowance auction under a greenhouse gas 
(GHG) cap-and trade program, or from sale 
of allowances allocated to support energy 
R&D 
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OPTIONS EXPLANATION 
II.  Disbursement Options Options for disbursement of revenues for 

program purposes.  (“How are revenues 
disbursed?”) 

 Direct Federal Funding Disbursement is subject to federal budget 
and appropriations process, requiring some 
form of appropriation 

  1. Annual Appropriations Funds for program are appropriated on an 
annual basis 

  2. Multi-year  
  Appropriations 

Funds for program are appropriated on an 
advance or lump sum basis 

  3. Advance Obligational 
  Authority 

This is the Highway Trust Fund model, 
under which the Department of 
Transportation (DOT) is given advance 
obligational authority to make contract 
commitments up to projected revenues 
from the dedicated revenue source (i.e., 
fuel tax) 

  4. Fee-linked   
  Appropriations 

The agency assesses an R&D fee set at a 
level to recover amounts appropriated to 
carry out its R&D programs. (The Federal 
Energy Regulatory Commission (FERC) 
and the Nuclear Regulatory Commission 
(NRC) are funded in this manner) 

 R&D Tax Credit Disbursement is in the form of reductions 
of tax liability otherwise due 

 Regulatory Mandate or Incentive  R&D costs are recovered through funding 
regulatory mandates or incentives 

  1. Utility Pass-through Utility R&D expenditures or voluntary 
contributions to research organizations are 
passed through to customers in wholesale 
or retail rates subject to prudence review by 
utility regulators 

  2. Wires/Pipe Charges Non-bypassable component of transmission 
or distribution rate recovers mandatory 
R&D charge which is disbursed at the 
direction of federal or state agency or other 
entity.  (Under a “check-off”, an industry 
referendum sets levels of wire/pipe 
charges) 

  3. Allowance-based Funding Limited number of allowances (or portion 
of proceeds of allowance sales) are 
allocated to energy R&D 
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III. Program Direction Options Options for direction and management of 
R&D program.  (“Who decides what R&D 
to fund?”) 

 Federal Agency A federal agency can direct the R&D 
program 

  1. Executive Agency Federal agency is subject to the direction of 
the President 

  2. Independent Agency or 
  Government Corporation 

Agency is directed by independent 
presidentially-appointed board 

 Taxpayer The taxpayer, in response to tax credits or 
other tax incentives, decides what R&D to 
fund 

 State Agency State R&D agency acting under state law 
or federal grant-in-aid program 

 Non-Profit Program direction is by non-governmental 
organization 

  1. Existing Non-Profit An existing research organization such as 
EPRI or GTI receives funds and 
administers program 

  2. Newly-Chartered Non-
  Profit 

A new federally-chartered organization 
directed by an independent board runs the 
R&D program 
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EVALUATION OF SELECTED OPTIONS FOR RESTRUCTURING ENERGY 
R&D 
 
Table I, below, evaluates the principal revenue, disbursement and program direction 
options using the criteria discussed above.  A detailed discussion of each option appears 
in the background and analysis section.  To simplify presentation, a number of less viable 
options are not shown in the table. 

BACKGROUND AND ANALYSIS2 
 
An effective energy R&D program couples (1) adequate and predictable funding with (2) 
informed choices on what to fund.  Neither is provided by the existing system for funding 
energy R&D, which is an amalgam of direct federal funding, regulatory incentives and 
tax incentives.  Any effort to reform the existing system will have to address three major 
questions: 

• What is the revenue source?  An R&D program can be funded from the 
U.S. Treasury; it can come from the pockets of businesses or consumers; 
or it can be shared by all three. 

• How are the revenues disbursed?  Disbursements for the program can be 
provided under the Federal appropriations process (either under annual 
appropriations or under a mechanism that permits longer-term funding 
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decisions).  Alternatively, disbursements can be made entirely outside the 
Federal budget and appropriations process. 

• Who decides what R&D gets funded and under what criteria?  R&D that is 
funded through the federal appropriations process leaves these decisions 
largely in the hands of Federal agencies, subject to frequent incursions by 
Congressional committees in the form of “earmarks” or other mandates.  
Tax incentives, once established by law, put these choices in private 
hands.  The regulatory mechanisms discussed below have a range of 
options for dealing with this question. 

 
The following sections discuss three revenue options – direct federal funding, regulatory 
mechanisms, and tax incentives – and outlines with respect to each option the different 
approaches for disbursing and directing the use of revenues. 
 
A. Direct Federal Funding 
Funding an R&D program directly out of the Federal treasury subjects the program to the 
Federal appropriations and budget process, a complex set of statutory and parliamentary 
rules the cumulative effect of which is to significantly impede the practical ability to 
provide stable long-term funding for energy R&D.  (See Appendix A)  Federal funding 
options are described below. 

 
1. Appropriations from General Revenues 

 
a. Annual appropriations. 

Most Federal appropriations are made on a year-to-year basis to fund programs during 
the fiscal year for which the appropriation is made.  This is the way much of the Federal 
energy R&D is currently funded.  Under an annual appropriations process, agencies can 
enter into multi-year contractual obligations, but only up to the amount of the 
appropriation for the fiscal year in which the contract is entered into.  (Thus, an agency 
that has an appropriation of $20 million can enter into a 20-year contract under which it 
could obligate this $20 million in the first fiscal year, even if it disbursed only $1 million 
each year.)  The annual appropriations process gives the Office of Management and 
Budget (OMB), the Congressional authorizing committees, and the Congressional 
Appropriations Committees an annual opportunity to modify funding amounts or redirect 
the R&D programs.  This opportunity maximizes OMB and Congressional committee 
control of the program, but it also minimizes certainty, and frustrates long-term planning. 

 
b. Advance appropriations. 

Another option for energy R&D funding is through advance appropriations – that is, the 
appropriations legislation for a specific year will contain an appropriation not only for the 
year in question, but specific amounts for future fiscal years.3  The Appropriations 
Committees are generally reluctant to provide advance appropriations because they 
provide favorable treatment to certain programs over others, and constrain the 
committees’ options when the time comes to balance their funding priorities in future 
years.   Where they are used, advance appropriations can provide a modest level of 
certainty of funding for an R&D program beyond what is available from annual 
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appropriations.  But it should be noted that Congress retains the ability to rescind any 
unobligated advance appropriations.  This authority adds an element of uncertainty even 
to advance appropriations. 

 
c. Lump-Sum Appropriations 

A “lump-sum appropriation” differs from an “advance appropriation”, even if the same 
total amount of funding is provided.  Under the “lump sum” approach all of the 
appropriation is available, and scored, in the year it is enacted.  By contrast, under the 
“advance appropriation” approach, the appropriations are spread out over a number of 
years, and a particular appropriation is not available until the beginning of a particular 
fiscal year.4 
 
Lump sum appropriations would provide more stability than advance appropriations, but 
they, too, are vulnerable to being mined for funding other programs or for earmarks.  For 
example, any unobligated funds that were expected to be carried over into a future fiscal 
year would be vulnerable to legislative diversion in that year’s appropriations bill.  The 
Appropriations Committee need only approve language in the new appropriations bill 
terminating the old use of the money and replace it with a new use.5 
 

2. Appropriations from dedicated revenue sources. 
 
A significant part of the Federal budget is funded from dedicated revenue sources, such 
as user taxes or user fees.  Familiar examples include the taxes that support the Highway 
Trust Fund and the Airport and Airways Trust Fund, as well as the fee that supports the 
Nuclear Waste Fund.  User tax or user fees could be attractive Federal funding options 
for energy R&D if (i) a politically acceptable revenue source can be found, and (ii) 
Congress sets up the program in a way that ensures that funds collected are actually 
disbursed for the program.  Both issues are discussed below: 

 
a. Potential revenue sources 

 
(i) Dedicated taxes 

Most dedicated taxes are “user taxes,” imposed in an amount fixed by statute.  User taxes 
are imposed on the businesses or individuals that will benefit from the program financed 
by the tax or, alternatively, on the businesses or individuals whose “use” of a resource 
gives rise to the problem that the program is designed to address.  For example, highway 
users pay gasoline taxes, the revenue from which is dedicated to transportation 
improvements.  Under the user tax rationale, a tax for financing energy R&D would be 
imposed directly or indirectly on energy companies and/or energy consumers.  Options 
for such a tax could include a BTU tax (levied on the BTU content of fuel) or a carbon 
tax (based on the carbon content of fuel). 
 
The recent history of attempts to impose new energy taxes indicates that any substantial 
tax is likely to meet stiff resistance in Congress6 unless those on whom the tax is imposed 
perceive that they will enjoy substantial individualized benefits from the program that the 
tax finances. 
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(ii) User fees 

An alternative to dedicated taxes is an “R&D” fee that is authorized by statute and set by 
the administering agency in an amount that is designed to recover the anticipated costs of 
the R&D program.  This option would be similar to user fees set by agencies like FERC 
and the NRC to recover the cost of the regulatory programs they administer.7  As 
described in greater detail below, this approach has significant advantages under the 
Congressional budget process because it gives appropriators little incentive to reduce 
funding for the R&D program in order to divert receipts to other uses.   

 
(iii) Allowance Auction or Safety Valve Proceeds 

If future domestic GHG regulation entails a cap-and-trade program with either an 
allowance auction or a “safety valve” mechanism (which allows emitters to buy 
allowances from the government at a fixed price), a portion of the Treasury’s proceeds 
can be dedicated to energy R&D.  But, like other Treasury receipts, they require an 
appropriation for their disbursement.  In addition, safety valve revenues can be highly 
variable (depending on whether or not the market clearing price for allowances reaches 
the safety valve price), so that they may not provide a predictable source of revenue.  
(See below for discussion of allowance-based funding outside of the budget and 
appropriations process). 
 

3. Disbursement Mechanisms 
As noted above, for dedicated taxes or fees to be a workable revenue source, Congress 
needs not only to provide for the collection of the tax or fee, it must also ensure that 
amounts collected are actually made available for program purposes.  The disbursement 
mechanisms described below achieve this end with varying degrees of success. 

a. Nuclear Waste Fund Model.  

The simplest, most common, and least satisfactory disbursement mechanism for a 
dedicated tax is a trust fund, the disbursements from which are made pursuant to annual 
appropriations.  In theory, the proceeds of the dedicated tax or fee are available only for 
the statutorily-prescribed purposes (e.g., nuclear waste disposal under the Nuclear Waste 
Fund8) and remain in the Treasury until expended.  However, because these revenues are 
scored as part of the general revenue base of the Federal government, when they are 
appropriated from the Treasury they count as spending, as if they had come from the 
General Fund.  Thus, if appropriators appropriate less than the entire proceeds of the 
dedicated tax or fee, the shortfall is available for other purposes.  The net result (as the 
nuclear power industry found with the Nuclear Waste Fund) can be chronic underfunding 
of the program. 

b. Highway Trust Fund model. 

A more useful alternative to the Nuclear Waste Fund model is the mechanism used in the 
Highway Trust Fund.9  Under the latter, the Federal Highway Administration (FHA) is 
authorized each year to obligate the estimated receipts into the Trust Fund, subject only 
to limitations that may be imposed by the Appropriations Committees in that year’s 
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Appropriations Act.  By obligating the funds, the FHA commits the Federal Government 
by contract to pay its share of the program.  Any appropriations that are made to liquidate 
these obligations are not scored in the year in which they are made, since they are only 
“liquidating” debts that had been legally permitted in an earlier statute (e.g., the 5-year 
highway authorization legislation). 

The Highway Trust Fund is a useful model for purposes of funding energy R&D because 
it establishes a dedicated funding source that the administering agency can draw down by 
contract unless constrained by the Appropriations Committees.  Procedural points of 
order enforce “budgetary firewalls” against any bill that causes funding to fall below the 
levels provided in the authorizing legislation.10  These scoring rules thus prevent the 
Appropriations Committees from constraining highway spending to levels below receipts 
in order to use the shortfalls for other purposes.  However, the Appropriations 
Committees still retain the ability to earmark funds available under the program for 
particular projects.11 

c. User Fee Model  

A third approach is a variant of the statutory user fees that certain agencies (such as 
FERC and the NRC) have statutory authority to assess.  Under these programs, the 
agency receives an annual appropriation to cover its operations.  It is authorized to assess 
entities it regulates user fees to recover the amount so appropriated.  Appropriators 
cannot free up spending authority for other purposes by holding program appropriations 
below receipts (since the agency cannot recover in fees more than the amount 
appropriated).  Importantly, when such a fee is enacted, the fee – as well as any later 
appropriations made pursuant to it – is scored as creating zero budget authority, since 
whatever was “spent” would be “paid for” under the “Paygo” rules. 

The user fee model could be used to fund an energy R&D program.  An annual 
appropriation would be provided (and scored as zero by OMB and CBO), and the 
administering agency would assess a “research fee” to recover the amount of the 
appropriation.  (The particular fee could be levied on the same base as any of the taxes 
described above, i.e., it could be a BTU fee, a carbon fee, etc.)  This approach, because it 
is self-financing and links revenues to expenditures, does not provide appropriators with 
an incentive to constrain spending in order to comply with scoring rules.  However, it 
does not insulate the program from the other vagaries of the appropriations process.  
There is no necessary assurance of year-to-year stability in funding, and the committees 
could still provide earmarks. 

B. Regulatory Mechanisms 
 
Direct Federal funding and tax incentives (which are discussed below) use the Federal 
treasury, directly or indirectly, to finance an energy R&D program.  Regulatory 
mechanisms, on the other hand, use regulatory incentives or a regulatory mandate to fund 
the program outside of the Federal budget process. 
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These regulatory mechanisms are not scored under the Congressional budget process 
because the budget scorekeeping system is set up to track Congressional spending and tax 
activity, not regulatory mandates. 

1. Regulatory Incentives 

Federal and state regulators since the early 1970’s have sought to encourage energy R&D 
efforts of companies they regulate by permitting energy R&D costs to be passed through 
to utilities’ customers as an operating expense.  Much of the current funding for the 
Electric Power Research Institute (EPRI) and the Gas Technology Institute (GTI) is 
facilitated by these policies.12 

Restructuring of the gas and electric industries since the mid-1980s has resulted in 
structural changes in those industries that have made these sales pass-through mechanism 
infeasible.  Gas pipelines are largely out of the gas commodity sales business and 
wholesale natural gas prices are largely deregulated, wholesale electric cost-of-service 
regulation has been replaced by competitive markets, and in about half of the States some 
form of retail electric competition or retail rate cap exists.  Where gas or electric prices 
(either at wholesale or retail) are competitively determined, authority to pass through 
R&D expenses does not ensure these expenses will be in fact recovered. 

2. Regulatory Mandate 

Rather than rely on regulatory incentives to elicit the funding necessary to finance an 
energy R&D program, Congress could provide for funding through one of the wires and 
pipe charge, “check-off” or allowance-based funding (if a GHG cap-and-trade program is 
enacted).  These mechanisms have the advantages of providing a revenue stream that is 
outside the Federal budget process.  However, they present separate legal and political 
issues that must be addressed. 

a. Wires and Pipe Charges 

Because restructuring of the gas and electric industries has made the sales pass-through 
mechanism unworkable, utilities and regulators have developed as an alternative “wires 
charges” that recover these costs in electric transmission or distribution rates, or “pipe 
charges” that recover them in gas transportation rates. 

Some states, such as California and New York, have mandated surcharges collected by 
distribution utilities from retail electric customers.  The revenues are used to fund energy 
R&D and other programs.13 

Wires and pipe charges set by regulators or Congress can provide a long-term stable 
source of funding for energy R&D.  For example, a $5 billion per year program 
recovered equally in gas and electric transmission surcharges would require about a 0.7 
mill surcharge on electric transmission rates and 10¢/mmBTU surcharge on gas 
transmission rates.  Such charges, if mandated, would be competitively neutral within the 
gas and electric industries, and would not be large enough to have any effect on inter-fuel 
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competition between gas and electricity.  Similar charges could be added to oil pipeline 
rates.14 

Mandated wire and pipe charges will require resolving a key issue:  Who receives the 
revenues and decides how they are disbursed?  If Congress were to adopt a mandatory 
wires and pipe charge program, Congress would likely create new institutional 
arrangements for disbursing the revenues raised in the program.  Candidates include: 

(1) A Federal agency, such as DOE (which is responsible for the direction of 
much current Federal energy R&D). 

(2) State agencies under an allocation formula.  Currently, a number of state 
agencies such as the California Energy Commission and the New York State 
Energy Research and Development Administration run energy R&D programs. 

(3) A government corporation, such as the 1980s Synthetic Fuels Corporation. 

(4) A Federal-State joint board, modeled on the Federal-State Joint Board that sets 
policy for the Universal Service Fund under the Telecommunications Act of 
1996.15 

(5) A Federally-chartered non-profit entity outside the federal government, similar 
in some respects to the Corporation for Public Broadcasting or the National 
Academy of Sciences. 

 
It is unlikely that the government would direct that new proceeds for R&D be turned over 
to the existing private non-profit institutions that currently receive most gas and electric 
industry funding, EPRI and GTI – at least in their current form.  On the other hand, 
giving EPRI and GRI authority to disburse new R&D funds might be acceptable if the 
boards of those institutions – which currently are composed almost entirely of energy 
industry entities – were modified to include representatives from a broader range of 
stakeholders.   
 
The particular institutional arrangements that are adopted will have important 
consequences for the efficacy of the energy R&D program.  The state allocation option 
could result in a severely balkanized program with little direction or focus.  A program 
administered by a Federal agency could replicate much of the inefficiency of current 
Federal energy R&D.  Government corporations raise similar issues.  Joint boards or an 
organization similar to the Corporation for Public Broadcasting could present a more 
workable alternative.16 

 
b. Check-off 

 
A variant of wires and pipe charges would be a “check off” program under which 
Congress would direct FERC by statute to impose wires and pipe charges the industry 
participants have agreed to by referendum (subject to an upper limit on the amount).17  
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Examples of surcharges authorized by statute include the various commodity boards 
established under the nation’s agricultural laws.18 

 
c. Allowance-based Funding 

 
A GHG cap-and-trade program – were it to be enacted – could provide a substantial and 
stable funding source for energy R&D that is outside the federal budget and 
appropriations process.  There are two potential mechanisms for doing this.  First, the 
cap-and-trade system can provide for allocation of allowances directly to a non-
governmental energy R&D organization.  The organization can finance its R&D program 
out of the sale of allowances.  Second, the cap-and-trade system can allocate allowances 
directly to companies (or other entities) that undertake energy R&D activities under a 
formula that is similar to that for R&D tax credits. 

C. Tax Incentives 
 
The Internal Revenue Code (the “Code”) provides tax incentives for research and 
development which could be expanded and targeted toward energy R&D.  Section 41 of 
the Code provides a research and experimentation tax credit (“usually called the R&D 
credit”) under which a firm can claim a credit against its federal income tax liability for a 
portion of its increased expenditures on certain kinds of research and development.19  The 
R&D credit generally equals 20 percent of the amount by which a firm’s research 
expenses for a taxable year exceeds its historical level of such expenses.  The R&D credit 
is a temporary provision of the Code, but has been extended 10 times since its inception 
in 1981. 
 
The Code places several limitations on the ability of firms to earn the credit.  These 
limitations include restrictions on the kinds of research that are considered “qualified 
research” for purposes of the credit.  In general, “qualified research” must be: (1) 
undertaken for the purpose of discovering information that is technological in nature; (2) 
intended to be useful in a new or improved business component of the firm; and (3) 
consist of activities that constitute elements of a process of experimentation. 
 
Only certain types of qualified research expenditures may be credited.  These include 
wages and salaries of employees undertaking qualifying research, the cost of materials 
and supplies used in research, 75 percent of payment for qualified research conducted 
under contract by nonprofit scientific research organizations, and 65 percent of payments 
for research conducted under contract by certain other organizations.  No credit is 
available for overhead expenses, the cost of structures and equipment used in qualified 
research, or any expenditures outside the United States.  
 
To promote collaboration between the private sector and universities on research with 
broad public benefits, section 41 provides a similar 20 percent credit for increases in 
payments under contract for “basic research.”  The definition of “basic research” 
excludes research that has a specific business objective.  To qualify, the taxpayer must 
make its payments to “eligible” organizations, which consist of educational institutions, 
non-profit scientific research organizations that are not private foundations, and certain 
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grant-giving organizations.  “Basic research” must be implemented through eligible 
organizations; “in-house” basic research is not credited. 
 
The R&D credit in its present form has a number of features that limit its general 
effectiveness as an R&D incentive and its specific effectiveness as an incentive for 
energy R&D.20  First, the temporary character of the provision diminishes the ability of 
firms or research organizations to rely on the subsidy as an element of long-term 
planning.  Indeed, because the R&D credit requires periodic extensions, it is nearly as 
vulnerable to the whims of Congress as are funding mechanisms that are subject to the 
annual appropriations process.  Second, only an entity that pays taxes can make use of the 
credit.  As a result, a non-profit or firm with little or no taxable income in a particular 
year cannot take advantage of the credit, even if it made significant payments for research 
in that year. 

Critics further assert that the R&D credit has not kept up with dramatic changes in the 
R&D business environment in the past few years.  Increasingly, research partnerships are 
taking forms that cannot take advantage of the credit.  For example, the credit available 
for “basic research” is perceived as marginal and the provision has been little used.  Some 
observers assert that the prohibition on credits for research that has a “business objective” 
unreasonably withholds funding for research performed by industry-university 
partnerships that, while partially motivated by the business objectives of the industry 
funders, also has significant public benefits.  Such partnerships make up an increasing 
portion of the R&D landscape.21 
 
Policy-makers could take a number of steps to enhance the effectiveness of the R&E 
credit as a financial incentive for energy R&D.  First, it could be made permanent.  
Second, Congress could increase the credit available for “qualified research” on energy 
technologies from 20 percent to 30 or 35 percent.  Third, policy-makers could adjust the 
R&D credit to reflect the fact that much of the most promising energy R&D is being done 
through industry partnerships with research consortia, universities, and federal 
laboratories.  Options include:  (1) providing that payments to “qualified research 
consortia” for energy R&D receive the same treatment as “in-house” payments (i.e., 100 
percent of such payments may be considered “qualified research expenditures”); (2) 
increase the credit available for “basic research” on energy; and (3) allow energy research 
that has a degree of business motivation to qualify for the “basic research” credit so long 
as the research has the potential to result in substantial public benefits. 
 
CONCLUSION 
 
Restructuring U.S. energy R&D requires adequate, predictable, and sustained funding in 
an institutional framework that is able to make informed choices on what to fund.  A 
system that relies on direct federal funding is necessarily subject to the federal budget and 
appropriations process, which presents significant obstacles to the adequate and 
predictable funding objective because of the institutional bias toward annual 
appropriations.  Even if the level of funding is adequate and reasonably predictable, the 
“informed choices” objective is likely to be undercut by earmarks.  Accordingly, if at all 
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possible, a funding mechanism should be outside the Federal budget and appropriations.  
Two candidates could be considered: 

 
(1) If Congress adopts a GHG cap-and-trade system, allowances could be 
allocated directly to a national R&D organization, which could fund its R&D 
activities from the revenues from the sale of the allowances.  (If substantial 
volatility in allowance prices is anticipated, a variable allocation designed to 
provide a fixed revenue stream can be used.) 
 
(2) In the absence of a cap-and-trade, or while we await its implementation, wires 
and pipe charges can be used to finance the program.  A wires charge of 
0.7mill/KWH plus a pipe charge of 10¢/mmBTU would generate about $5 billion 
per year. 
 

A second element of a restructured energy R&D program is the institutional framework 
for choosing what R&D to fund.  Funding an executive agency such as DOE outside the 
budget and appropriations process is problematic because of likely objections from OMB 
and the Appropriations Committees.  Having individual states run the program risks a 
balkanization of what needs to be a national effort.  EPRI and GTI have technical 
expertise and a national perspective but with their member-dominated boards they may 
not be acceptable to state regulators and the environmental community.  The Commission 
should consider recommending a federally-chartered foundation similar to the 
Corporation for Public Broadcasting, but with a board appointed by the President from 
federal agencies, states, industry, academia and NGOs.  The foundation’s mandate would 
be to finance both basic and applied research and to finance commercial demonstration 
where appropriate. 

 
The third element would be an enhanced federal tax credit for energy R&D that would 
provide significant impetus to applied research and product development.  It would 
increase the credit from 20 percent to 30-35 percent and remove some of the limitations 
on basic and collaborative research.  Tax-exempt entities could receive the equivalent of 
the tax credit through a direct funding mechanism. 
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APPENDIX A 

 
 
FEDERAL BUDGET AND APPROPRIATIONS PROCESS 

Under the Constitution, any disbursement by the Executive Branch from the Treasury 
first requires an appropriation by Congress.  (U.S. Const. art. I § 9, cl. 7.)  The 
Congressional Budget Control and Impoundment Act of 1974 (Pub. L. No. 93-344 
(codified as amended in scattered sections of the U.S. Code), as well as the parliamentary 
practices of the House and Senate, overlay this constitutional requirement with a complex 
set of rules that has important implications for the design of a long-term energy R&D 
program.  The program must either comply with these rules, if it relies on direct Federal 
funding, or be designed so as to side-step them by using funding from a source other than 
the Federal treasury. 
 
The key requirements of the Federal budget and appropriations process are summarized 
below:   

• Division of labor:  The rules of the House and Senate prohibit authorizing 
committees (such as the House Science and Senate Energy Committees) from 
reporting appropriations measures to their respective houses and prohibit the 
Appropriations Committees from reporting authorizing legislation.  In 
addition, the House and Senate Budget Committees set spending and budget 
authority ceilings for the Appropriations Committees, and give direction to the 
authorizing committees on revenue and spending measures within their 
jurisdictions. 

 
• Authorization Requirement:  Under House and Senate rules, appropriations 

may be made only for purposes authorized by law.  Absent a waiver, the 
Appropriations Committees cannot appropriate funds for an R&D program 
unless legislation authorizing the program has already been enacted. 

 
• Timing:  Appropriations generally cover a single fiscal year, although 

appropriations can be made available until expended.  On occasion, 
appropriators will permit advance appropriations, i.e., appropriations that 
become available to be used in a later fiscal year.  (See discussion below.) 

 
• Limitations on agency commitments.  The Anti-deficiency Act (31 U.S.C. §§ 

1341, 1342, 1349-1351, 1511-1519) prohibits Federal agencies not only from 
spending Federal funds not appropriated by Congress, but also from entering 
into any contracts the disbursements for which have not already been 
appropriated.  However, there have been frequent statutory exceptions to this 
contracting limitation.  Both authorizing and appropriations legislation can 
permit agencies to enter into contracts in advance of appropriations, subject to 
specific dollar limitations.  At present, the Congressional Budget Act has 
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enacted House and Senate rules that preclude authorizing committees from 
reporting such exceptions.   

 
• Budget ceilings, Pay-go, and scoring.  The Congressional Budget Act 

provides that each year the Congress will set overall fiscal policy by enacting 
a Budget Resolution which provides the committees of Congress with their 
individual “budgets” to spend – these are called 302 (a) allocations, after the 
section of the Congressional Budget Act that requires them to be made.  In 
addition, the Appropriations Committees are required to subdivide their 302 
(a) allocations among their subcommittees.  These are called the 302 (b) 
allocations.  The Congressional Budget Act also provides that the Budget 
Resolution may require Congress to enact a so-called Reconciliation Bill to 
change permanent law (such as entitlements, or existing taxes or fees) with 
extraordinary procedural advantages in the Senate (it requires only a majority 
vote to pass, thus it cannot be filibustered).  To implement the Congressional 
budget process, Congress also created the Congressional scorekeeping system 
to determine whether costs and revenues under legislative proposals are 
consistent with budget ceilings.  The first thing to note about the 
Congressional scorekeeping system is that it is designed to control 
Congressional action – and not to control whatever Executive discretion might 
be available under existing law.   Second, the Congressional scorekeeping 
system uses the Congressional Budget Office (CBO) as the analyst, but defers 
to both Budget Committees for final scoring decisions.  Finally, certain 
procedural safeguards were adopted – such as “Paygo” – that require that any 
losses in tax receipts, or increases in entitlement spending, would be “paid 
for” by corresponding increases in tax receipts or cuts in spending.  Some of 
these safeguards were set to expire in the Spring of 2003.  As of June 2004, 
Congress had not come to an agreement as to whether to reinstate the pay-go 
requirements. 
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program with a $350 million appropriation in fiscal year 1988 and advanced appropriations of $500 million 
for each of fiscal years 1989 through 1992.  The Appropriations Committees did not accede to this 
approach.  Congress ultimately adopted an approach that relied on annual appropriations; it appropriated 
$190 million for fiscal year 1988 until expended, $135 million for fiscal year 1989 until expended, and 
$200 million for fiscal year 1990 until expended.  See Pub. L. 100-446, 102 Stat. 1774, 100th Cong. (1988) 
(modifying Pub. L. 100-202, 101 Stat. 1329-1, 100th Cong. (1987). 
 
4 For example, the original Clean Coal Technology appropriation was made in 1984 in the form of a lump 
sum appropriation.  See Joint Resolution Making Continuing Appropriation for Fiscal Year 1985 and Other 
Purposes, Pub. L. 98-473, Tit. I.  Congress appropriated money to the Clean Coal Technology Reserve 
from balances available to the Synfuels Corporation, which received nearly $19 billion in (lump sum) 
appropriations in 1980. 
 
5 For some purposes that are central to the operation of the government – such as payment of the public 
debt and judgments against the United States – Congress has provided permanent indefinite appropriations, 
i.e., appropriations that are unlimited in amount or duration.  This is not an option for energy R&D; it is 
highly unlikely that Congress would allow this degree of latitude with the Federal fisc for this purpose. 
 
6 For example, even at the height of the energy crisis of the 1970s, Congress refused to enact energy taxes 
proposed by President Carter.  The 1993 BTU tax proposed by President Clinton suffered a similar fate.  In 
1977, President Carter proposed an omnibus energy program incorporating various taxes on crude oil, “gas-
guzzler” cars, and business and industrial users of oil and natural gas.  See President James E. Carter, 
National Energy Plan (April 29, 1977).  The tax elements of the Carter plan were not enacted into law.  See 
Congressional Quarterly, Energy Policy 87-A (April 1979) (See Congressional Quarterly, Congressional 
Quarterly Almanac 1993 107-9 (1993)) 
 
7 See 42 U.S.C. §7178 (authorizing FERC to collect fees in any fiscal year in amounts equal to all of the 
costs incurred by the Commission in that fiscal year); 42 U.S.C. §2213 (authorizing the NRC to collect 
charges from its licensees in any fiscal year up to an amount equal to 33 percent of the costs incurred by the 
NRC in that fiscal year). 
 
8 See 42 U.S.C. §10222 (2003). 
 
9 The Highway Trust Fund is set forth in the Internal Revenue Code at 26 U.S.C. §9503 (2003). 
 
10 See id., §8101(e). 
 
11 See, e.g., Department of Transportation and Related Agencies Appropriations Act of 2002 (Enrolled as 
Agreed to or Passed by both the House and the Senate), H.R. 2299 (earmarking Highway Trust Funds for 
72 specifically-named transportation projects listed in alphabetical order – ranging from “$10,296,000 for 
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Alaska or Hawaii ferry projects” to “$400,000 for the Yosemite, CA area regional transportation system 
project”). 
 

12 Electric utilities founded EPRI in 1973 as an alternative to the proposed establishment of a government 
trust fund for energy R&D, which would have been financed by a tax on electricity.  Over time, support for 
EPRI – though entirely voluntary – became an industry-wide effort.  Funding peaked just above $600 
million in 1994.  Public utility commissions generally have allowed utilities to pass through all or a part of 
their EPRI member dues to their customers.  This has been a key element of EPRI’s support.  

GTI’s predecessor, the Gas Research Institute (GRI), was founded in 1976 and relied on contributions from 
firms in the gas industry.  Until the 1990s, FERC adopted a somewhat different pass-through policy with 
regard to GRI funding.  Instead of requiring each interstate pipeline to apply for approval of its GRI dues, 
the Commission allowed GRI to submit its R&D plan and budget along with a single application on behalf 
of all pipelines.  Before the early 1990s, nearly all interstate pipelines belonged to GRI, so FERC approval 
of the GRI budget had the character of a mandatory surcharge on pipeline customers. 
 
13 California Assembly Bill AB 1890 (1996) – in addition to deregulating the state’s electricity industry – 
mandated the collection of $540 million from existing investor-owned utility rate-payers from 1998-2002 
to support renewable energy technologies.  Legislation passed in 2002 updated the California program.  See 
SB 1038 (2002), available at http://www.energy.ca.gov/renewables/index.html.  The New York State 
Energy Research and Development Agency (NYSERDA) was established by law in 1975 as a public 
benefit corporation for funding research into energy supply and efficiency, as well as energy-related 
environmental issues.  NYSERDA derives its basic research revenues from an assessment on intrastate 
sales of New York’s investor-owned electric and gas utilities, federal grants, and voluntary annual 
contributions by the New York Power Authority and the Long Island Power Authority.  Additional money 
comes from limited corporate funds.  See http://www.nyserda.org. 

14 These surcharges present some design issues.  First, wires and pipe charges miss a portion of petroleum 
use.  Some petroleum never sees a pipeline.  If all end-use energy consumption is to be assessed a 
surcharge, the petroleum component may need to be collected as a refiner and importer charge rather than a 
pipeline charge.  Second, allocation of the surcharge among energy sources needs to be addressed 
(alternative bases for allocation are BTU, ad valorem, carbon).  Third, policy-makers will need to address 
whether these surcharges to be assessed at the distribution level – on end-users – or upstream at the 
transmission level.  Because current Federal regulation leaves retail rates and local distribution largely in 
State hands, a Federal distribution charge could engender opposition from State regulators. Transmission 
charges, on the other hand, have their own complications.  Gas and oil used in power generation has to be 
exempted from the surcharge in order to avoid double charging electric users.  Similar adjustments would 
need to be made to avoid “pancaking” – multiple surcharges imposed on transmission by successive 
utilities or pipelines. 
 
15 See 47 C.F.R. part 54 (2003). 
 
16 See 47 U.S.C. § 396 (2004) (establishing the Corporation for Public Broadcasting). 
 
17 In 2002, the American Gas Association (AGA) proposed a check-off concept for gas research.  Under the 
proposal, Congress by statute would set up a program that would provide for a referendum within the gas 
distribution industry on a R&D fee.  The fee, which would equal 1 cent/Mcf, would become mandatory for 
all firm customers if an R&D funding plan were ratified by a 2/3 majority of interested parties.  All local 
distribution companies then would collect the fee, which would correspond to approximately $1 per year 
per residential customer.  For large-volume users, the fee would be capped at $250 per year.  The AGA 
proposed that the R&D program would be administered by a board of directors made up of local 
distribution companies and industry experts, with input from state regulators and oversight by the 
Department of Energy.  See “NARUC Endorses R&D Funding Partnership for Natural Gas Distributors to 

http://www.energy.ca.gov/renewables/index.html
http://www.nyserda.org/
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Succeed GRI Funding Mechanism,” Foster Natural Gas Report (March 7, 2002).  This could be a model for 
a more general funding mechanism. 
 
18 U.S. agricultural laws authorize the establishment of “commodity boards” for various agricultural 
products ranging from cotton to peanuts.  The authorizing statutes allow the boards to impose a mandatory 
assessment on producers with the funds to be used for collective marketing efforts, as well as research and 
development.  See, for example, “The Mushroom Promotion Research, and Consumer Information Act,” 
104 Stat. 3854, 7 U.S.C. §6101 et seq.  The Act authorizes the Secretary of Agriculture to appoint a 
Mushroom Council.  To fund its programs, the Act allows the Council to impose mandatory assessments 
upon handlers of fresh mushrooms in an amount not to exceed one cent per pound of mushrooms produced 
or imported.  The assessments can be used for “projects of mushroom promotion, research, consumer 
information, and industry information.”  Id. §6104(c)(4).  Most monies raised by the assessments are spent 
for generic advertising to promote mushroom sales. 
 
19 The Code also allows expensing of R&D expenditures pursuant to section 174.  Section 174 provides that 
a taxpayer may treat research or experimental expenditures that are paid or incurred by him during the 
taxable year in connection with his trade or business as expenses that are not chargeable to a capital 
account.  This treatment provides two benefits.  First, these payments can be deducted from taxable 
income.  Second, as an expense, all of the payments for a particular year can be deducted in the year that 
they are incurred.  Capital expenditures, by contrast, must be amortized over time.  The types of research 
for which payments may be expensed pursuant to section 174 essentially correspond to what constitutes 
“qualified research” for purposes of the R&D credit under section 41.  The incentive provided by section 
174 is characterized by some of the same drawbacks as the R& D credit.  For example, only entities that 
have taxable income can take advantage of the provision.  In addition, section 174 is even more limited 
than the R&E credit in promoting partnerships between industry and universities or research consortia.  A 
taxpayer currently is not entitled to deduct payments for research if the taxpayer does not himself direct or 
control the research.  Also, a requirement that the funding contribute to research that could be exploited in 
the taxpayer’s trade or business implies that payments for “basic research” may not be expensed.  Policy-
makers could improve section 41 as energy R&D subsidy by relaxing these requirements.   

Such modifications to section 174 could be particularly important because, in any given year, many 
potential industry funders of energy R&D will not be able to take advantage of the R&E credit, e.g., 
because (1) they already have reached their “general business credit” cap, or (2) their outlays for R&D 
(relative to gross receipts) have not increased from the previous year. 
 
20 See generally Gary Guenther, Congressional Research Service, Research Tax Credit:  Policy Issues for 
the 107th Congress (Nov. 9, 2001). 
 
21 See Kenneth C. Whang, Fixing the Research Credit, Issues in Science and Technology Online (Winter 
1998), available at http://www.nap.edu/issues/15.2/whang.htm. 

http://www.nap.edu/issues/15.2/whang.htm


U.S. Government Policies Relating to 
International Cooperation on Energy 

 
Kelly Sims Gallagher and John P. Holdren 

 
Energy Technology Innovation Project 

Belfer Center for Science and International Affairs 
John F. Kennedy School of Government 

Harvard University 
 

12 November 2004 
 
1.0 Introduction 
 
 U.S. citizens have important interests at stake not only in energy developments and 
choices in this country but in those occurring around the world: 
 

• World investments in energy-supply technology are in the range of $400 billion per year 
and rising, and most of those purchases are made outside the United States -- an 
increasing fraction of them in developing countries.  This is an immense market for U.S. 
energy-technology firms and, thus, an opportunity for the U.S. economy.    

 
• The macroeconomic, environmental, and national-security risks to the United States in 

the energy domain – which correctly preoccupy us in the pursuit of Federal energy 
policies to address them -- cannot in fact be successfully addressed by U.S. actions alone.  
Oil is a global market and natural gas is becoming so, meaning that global demand in 
relation to supply governs the world price. Air pollutants cross not just national 
boundaries but oceans -- to an extent that will make it impossible for parts of the United 
States to meet air-pollution goals unless emissions are controlled in Asia.   A nuclear-
energy accident or diversion of nuclear-explosive materials anywhere is potentially a 
disaster for everyone everywhere.  And greenhouse-gas emissions will need to fall below 
their business-as-usual trajectories all over the world, not just in the United States and 
other industrial nations, if the risks of global climate change are to be acceptably reduced.   

 
• Energy choices made in developing countries will be important determinants of the pace, 

extent, and sustainability of economic development there, which in turn will influence the 
political stability of those regions as well as their potential as markets for U.S. goods, 
services, and technology.   Conversely, energy decisions (or the lack of them) that create 
or perpetuate economic or environmental impoverishment -- including failure to provide 
the energy essential for meeting basic human needs -- must be regarded as contributors to 
the conditions of frustration and despair that can breed instability, conflict, and terrorism.  

 
 These important U.S. interests in energy decisions and energy markets abroad are the 
primary motivation for a significant dimension of U.S. energy policy focused on facilitating and 
in some instances implementing bilateral and multilateral cooperation in energy technology and 
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policy.  Additional benefits of international cooperation on energy research, development, and 
demonstration are the sharing thus achieved in the costs and economic risks of this activity, as 
well as the accelerated pace of energy-technology advances deployable in the United States 
resulting from improved access to insights and experience from the energy sectors of other 
countries.  
 
 International cooperation on energy technology and policy may have any of a number of 
focuses, including: 
 

• endorsing international energy cooperation through statements of intent or memoranda of 
understanding 

• information/data collection and sharing 
• education, training, and technical exchanges 
• cooperation in energy-technology research, development, and demonstration 
• financing for accelerated deployment of energy options with transboundary public 

benefits 
• implementation of project-based energy efficiency or air-pollution reduction efforts 
• joint ventures in commercial-scale energy production and distribution 
• licensing agreements for energy technology 
• creation of joint strategic reserves and shortage-sharing arrangements 
• joint development, coordination, or harmonization of regulatory and other policies  

 
 The indicated cooperative activities will sometimes be of a government-to-government, 
firm-to-firm, university-to-university, or NGO-to-NGO nature, but they can also include cross-
sector partnerships in all combinations.  Governments are not – and need not be – directly 
involved in all of these activities, but the availability of resources for many of them (and, to at 
least some extent, the incentives and disincentives for all of them) are matters of government 
policy.    
 

In the United States government, the relevant determinations are made in a wide variety 
of agencies at the federal level – for example in the White House, the State Department, the 
Treasury Department, the Commerce Department, the Energy Department, the Justice 
Department, the Department of Homeland Security, the Trade and Development Agency, the 
Environmental Protection Agency, the Agency for International Development, and the National 
Science Foundation – as well as in the Congress and, to a lesser extent, at state and local levels.  
U.S. government facilitation (or inhibition) of international cooperation on energy occurs not 
only through the actions and policies of these and other entities acting on their own or in concert, 
but also through U.S. participation in international agencies such as the World Bank, the 
International Energy Agency, the International Atomic Energy Agency, the UN Environment 
Program, and the UN Development Program.   
 
 The diversity of government activities included in or affecting international energy 
cooperation and the large number of government-entity roles and relationships involved make it 
difficult to accurately map this terrain.  So does the fuzziness of the boundary between energy 
and non-energy cooperation, in some instances, and the boundary between national and 
international activity, in others.  Sometimes agencies compound these difficulties by being 

2 
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deliberately ambiguous, in their budget and program documents, about which activities relate to 
international cooperation, because these activities are sometimes regarded as conspicuous targets 
for budget-cutters in the OMB or the Congress.  For all of these reasons, it is difficult to estimate 
accurately how much money the U.S. government spends on international energy cooperation.  
But to give some idea of the overall size of the effort, the 1999 report of the President’s 
Committee of Advisors on Science and Technology on international cooperation in energy-
technology innovation (PCAST 1999) identified $235 million in federal expenditures on the 
technology-innovation dimension of international energy cooperation in FY1997, 57% of this 
sum in the DOE budget, 40% in the USAID budget, and 3% in other agencies. 
 
 In this paper, we: (1)  provide an updated typology of  U.S. federal government activities 
in support of bilateral and multilateral cooperation on energy technology and policy, with 
examples of some of the more visible and/or successful mechanisms and specific programs of 
different types;  (2) summarize briefly the findings of other recent studies of this subject;  and (3) 
offer our own recommendations about upgrading the international-cooperation dimension of U.S. 
government energy policy to better reflect the leverage of this set of activities in addressing the 
energy challenges and opportunities that confront this country.   
 
2.0 Types of Cooperation  
 
 This paper focuses primarily on U.S. government-led international energy cooperation, 
but, as noted above, much additional international energy collaboration occurs among private 
sector actors (between firms and within multinationals), and among universities, research 
institutes, and non-governmental organizations.  In the government-led category, there are at 
least four major types of cooperation, which we describe briefly here..   
 
Cooperation on Energy-Technology Innovation  
 
 Cooperation on energy-technology innovation encompasses joint activities that build 
capacity for or carry out research, development, demonstration, and early-deployment of 
improved energy technologies.1  International collaboration in this domain allows the United 
States to gain access to diverse R&D capabilities (such as facilities and expertise), to share costs 
of pre-competitive R&D, to reduce the costs of emerging technologies through accelerated 
learning, to enhance U.S. firms’ understanding of, and access to, large commercial markets, and 
to accelerate the development and deployment of technologies whose use elsewhere improves 
regional or global economic, environmental, or political conditions. 
 
Cooperative Initiatives Supporting Energy-Sector Financing and Management 
 
 

                                                

There is a wide variety of collaborative policy initiatives that are being or could be  
explored and implemented in the areas of energy sector privatization and/or restructuring, 
technical codes and standards, environmental standards, and security-related measures.  To 
provide just two examples, the U.S. government works with foreign governments on opening up 

 
1 By “early deployment” we mean pre-competitive deployment programs that help emerging technologies that could 
have significant public benefits break through the institutional and market barriers that often prevent new 
technologies from reaching widespread application.   

3 
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their energy sectors to trade and investment by implementing policy measures that would 
improve transparency and remove regulatory barriers to foreign investment; and it undertakes 
environmental policy initiatives such as harmonization of emission and fuel-quality standards.   
 
Cooperation in Managing International Energy Flows, Interactions, and Shortages 
 
 The U.S. energy-supply infrastructure is linked to and must be coordinated with that of 
countries to which it is linked in international trade in fuels and electricity.   The issues involved 
include management of international  pipelines, international electricity-grid connectivity, plans 
for the amelioration and allocation of shortages,  measures to ensure the safety of  LNG 
shipments and terminals against accidents and terrorist attack, and, for the longer term, 
exploration of the international dimensions of challenges associated with the emergence of 
hydrogen as a major energy carrier.   
 
Cross-Cutting Initiatives in Information-Sharing, Education, and Training 
 
 Information-sharing, education, and training activities encompass a wide range of 
activities including:  the organization of conferences, workshops, study tours, and informal 
meetings among government officials, experts, academics, NGOs, and private industry; the 
provision of in-country technical assistance by U.S. experts; education of foreign students in 
U.S. universities and vice versa; and support for U.S. researchers who are studying energy topics 
in other countries.   A number of the intergovernmental organizations also play information-
sharing roles, such as the International Energy Agency, which collects, compiles, and analyzes 
energy-related data, and publishes reports on relevant topics.  At the governmental level, 
interactions between officials of the US and other countries allow for discussions and 
information-sharing on a range of topics.  Efforts that promote greater transparency on energy 
topics are especially important because they enhance understanding about the energy challenges 
and opportunities in the other country. 
 
3.0   Avenues for U.S. Government-Led International Energy Collaboration  
 
Government Support to the Private Sector, Universities, NGOs, and National Labs 
 
 U.S. government support for international energy collaboration projects among the 
private sector, universities, non-governmental organizations (NGOs), and national labs is 
essential, because it is in this realm that much of the implementation work actually occurs.  Not 
only do these organizations conduct much of actual work of international energy collaboration, 
but these projects foster significantly greater understanding within civil society across borders 
about the nature of energy problems and ideas for creative solutions.  Although some 
governments (especially the European Union and Japan) offer significant levels of support for 
these kinds of activities, the U.S. government traditionally has provided more limited support, 
often tying it to efforts to expand markets for U.S. private industry.  Promotion of public-private 
partnerships in this realm can reinforce the goals of both government and industry.   
 
 One example of this kind of public-private collaboration is the U.S. Energy Association 
(USEA), which is the U.S. member committee of the World Energy Council.  The USEA 
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comprises public and private energy-related organizations, corporations, and government 
agencies. USEA has organized over 75 cooperative partnerships between U.S. organizations and 
counterparts in developing and transitional economies.  Through these partnerships, U.S. 
organizations have conveyed U.S. experiences, and business and regulatory practices to other 
nation in Latin America, Africa, Asia, the former Soviet Union and Central & Eastern Europe.  
Focus areas have included petroleum exploration, production and transportation; natural gas 
distribution; and electric power production, transmission, distribution and utilization (USEA 
2004). 
 
 Another example is the India-U.S. National Academies Committee on Energy and 
Environmental Cooperation.  This committee, composed of senior energy-policy leaders and 
experts from national laboratories, industry, and academia from both countries, meets regularly 
to discuss energy-related issues of concern to both sides, and is currently working on a study to 
explore possibilities for enhanced energy and environmental cooperation between the two 
countries.  It has chosen five high-priority foci for this study: clean fossil fuels (including clean 
coal technologies and the potential of gas hydrates); realistic applications of renewable energy 
sources; approaches to reducing greenhouse-gas emissions (including use of the Clean 
Development Mechanism and other "win-win" approaches); reducing electrical power shortfalls 
(including improvements in generation, transmission, and distribution); and clean-vehicle 
technologies.   A similar U.S.-China National Academies Committee completed its work in 2000 
with publication of a blueprint for future U.S.-China cooperation in energy-technology 
innovation (NRC 2000). 
 
U.S. Agency for International Development (USAID) 
 
 The U.S. Agency for International Development engages in many international energy 
collaboration activities in its efforts to promote economic development and alleviate poverty in 
developing countries.  Energy services such as electricity and heating are essential contributors 
to human well-being.   
 
 One example of USAID’s work on energy is its rural electrification program in 
Bangladesh, where only 20 percent of the population has access to electricity.   USAID, working 
with the National Rural Electric Cooperative Association (NRECA), pioneered the Rural 
Electrification Program, which now brings electricity to over 20 million people across rural 
Bangladesh. This program promoted the establishment of the Rural Electrification Board as a 
semi-autonomous agency under the government of Bangladesh, using rural electric cooperatives 
for service delivery.  Since Bangladesh is primarily an agricultural country, the main 
beneficiaries of rural electrification are farmers. The availability of electricity in rural areas has 
made possible the use of over 110,000 electric irrigation pumps. As a result, farmers now have 
expanded access to low-cost, dry-season irrigation, contributing to increased agricultural 
production and improved food security. There have also been many secondary benefits related to 
power generation such as improved literacy, better family planning, and enhanced incomes 
(USAID 2004). 
 
 A major limitation for USAID’s energy-related work is that it is not permitted to fund 
efforts in China, the second-largest energy consumer in the world, because of China’s political 
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system.  The logic of this prohibition on publicly-funded efforts to help alleviate poverty is 
seriously flawed in light of the fact that U.S. firms are not only allowed, but are actually 
encouraged to invest in profit-gaining activities in China.   
 
U.S. Trade & Development Agency (TDA) 
 
 The U.S. Trade and Development Agency’s (TDA) mission is to advance economic 
development and U.S. commercial interests in developing and middle-income countries.  The 
agency funds various forms of technical assistance, feasibility studies, training, orientation visits, 
and business workshops that support the development of modern infrastructure and trade 
practices.  TDA uses foreign assistance funds to support sound investment policies in host 
countries to create an enabling environment for trade, U.S. investment, and sustainable economic 
development.  TDA gives emphasis to economic sectors that would benefit from U.S. exports of 
goods and services (USTDA 2004).   One example of TDA’s work in an energy-related example 
is a technical assistance and capacity building project in Mexico that was approved in 2003 to 
work on Intelligent Transportation Systems with Mexico’s Secretariat for Communication and 
Transportation at the level of $431,000 (USTDA Latin America 2003).   
 
 In January 2001, TDA was re-authorized to operate in China after an eleven-year ban.  
TDA had been prohibited to work there before then, but is now prioritizing projects involving 
environmental protection, energy development, and aviation safety and navigation (Gallagher 
2001).  
 
Export-Import Bank  
 
 The Export-Import Bank of the United States (ExIm Bank) is the official export credit 
agency of the United States. ExIm Bank's mission is to assist in financing the export of U.S. 
goods and services to international markets.  ExIm Bank provides working capital guarantees 
(pre-export financing); export credit insurance (post-export financing); and loan guarantees and 
direct loans (buyer financing).  On average, 85 percent of ExIm Bank activities directly benefit 
U.S. small businesses. With nearly 70 years of experience, ExIm Bank has supported more than 
$400 billion of U.S. exports, primarily devoted to developing markets worldwide (ExIm Bank 
2004). 

 The ExIm Bank has supported many firms in the energy sector, and it has also developed 
special initiatives to focus on the deployment of environmental technologies, including cleaner 
energy technologies.  For example, in 1999 a memorandum of understanding was signed 
between the ExIm Bank, U.S. Department of Energy, China Development Bank, and China State 
Development Planning Commission to establish a program to encourage U.S. firms to speed the 
deployment of clean energy technologies in China.  In 2002, it established a Renewable Energy 
Exports Advisory Committee to assist the Bank in expanding its support for U.S. exporters in 
renewable energy industries, including solar, wind, geothermal, hydroelectric, and biomass 
sectors.  In the natural gas arena, the ExIm Bank supported $2.8 billion in projects involving 
natural gas exploration, pipelines, and liquid natural gas (LNG) facilities.  Two major natural gas 
projects are the Sakhalin II project in Russia and a project related to the expansion of the LNG 
plant in Qatar (Merrill 2003).  
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Overseas Private Investment Corporation (OPIC) 

 Like the Export-Import Bank, the Overseas Private Investment Corporation (OPIC) 
provides support for U.S. firms who are investing in foreign countries.  OPIC charges user-fees 
for its services, and thus it currently operates at no net cost to the American taxpayer.  It provides 
political risk insurance, project finance, and investment funds to U.S. businesses.  Since its 
inception in 1971, OPIC has supported approximately $145 billion worth of investments.  

 A significant amount of OPIC funding goes into the energy sector.  OPIC is beginning to 
consider how its energy investments might be affecting the global environment, and it conducted 
a review of its activities with respect to their impact on global climate change in 2000.  This 
review concluded that CO2 emissions from OPIC-supported projects represent 0.24 percent of 
cumulative greenhouse-gas emissions.  In terms of OPIC’s investments in power plant projects, 
45 percent are gas-fired, 24 percent hydro, 21 percent coal-fired, 7 oil-fired, and 3 percent 
geothermal.  Many of these projects are reported to be highly efficient, with 43 percent utilizing 
combined-cycle technologies (OPIC 2000). 

Bilateral Initiatives and Agreements 
 
 Bilateral agreements are used by the U.S. government to formalize collaboration on 
energy-related issues. Two prominent examples of existing bilateral agreements are the two 
scientific-cooperation agreements between the European Commission and the United States on 
energy research (fusion and non-nuclear energy) and the U.S.-China Protocols on Cooperation in 
the Fields of Fossil Energy and Energy Efficiency and Renewable Energy, which are part of the 
overall 1979 Framework Agreement on Cooperation in Science and Technology.   
 
 These bilateral agreements are often expressions of broad intent, and actual activities are 
specified later in the form of annexes or informal arrangements.  The bilateral agreements serve a 
critical purpose in providing official endorsement of inter-governmental activities at the agency 
level, and in providing forums for high-level officials to exchange views and deepen their 
understanding about the conditions and challenges in the other country.  A limitation is that the 
bilateral agreements often lack the specificity to result in actual project-based activities.  To the 
extent that priorities and goals are explicitly articulated, funding is not always provided by the 
United States to implement the agreement.   
 
International Energy Agency (IEA) 
 
 The International Energy Agency (IEA) was established in November 1974 by the 
Organization for Economic Cooperation and Development (OECD) to implement a program of 
energy cooperation among member countries.2  The basic aims of the IEA are to reduce 
excessive dependence on oil through energy conservation, to work on the development of 
alternative energy sources, and to conduct energy research and development.  IEA also maintains 
an information system on international oil markets, and cooperates with oil-producing countries 
                                                 
2 IEA member countries are: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, 
Ireland, Italy, Japan, Luxembourg, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, 
Turkey, the UK, and the United States of America.  
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to develop a stable system of international energy trade.  The IEA is funded by its members, 
voluntary contributions, and from income from sales of publications.  As of 1993, the United 
States provided a quarter of the agency’s budget (Scott 1994).   
 
Other Multilateral Agreements and Initiatives  
 
 Multilateral energy agreements encompass a wide range of topics, including security and 
environment, that are of common interest to the United States and other countries.  They often 
serve to create international norms for behavior, but are difficult to enforce.  Examples of 
intergovernmental agreements include the Kyoto Protocol to the 1992 U.N Framework 
Convention on Climate Change, the 2001 International Convention on Civil Liability for Bunker 
Oil Pollution Damage, and the Nuclear Non-Proliferation Treaty.  Initiatives less formal and 
binding than treaties and conventions also abound;  an example is the US-initiated International 
Carbon Sequestration Leadership Forum. 
 
4.0  Examples of International Energy Collaboration Projects and Programs 
 
Greenhouse Gas Technology Information Exchange (GREENTIE) 
 
 GREENTIE was formed by the International Energy Agency in October 1993, and its 
aim is to identify greenhouse gas mitigation technologies that could be deployed internationally, 
and then publicize the availability of these technological options.  Currently 19 countries 
participate in this collaboration, including the United States.  GREENTIE’s main product is a 
directory of information about suppliers of products, technologies, and information related to the 
mitigation of greenhouse gases (Brown et. al 1995).  
 
Carbon Sequestration Leadership Program 

 The Carbon Sequestration Leadership Forum is an ongoing international climate change 
initiative that is focusing on development of carbon capture and storage technologies as a means 
to accomplishing long-term stabilization of greenhouse gas levels in the atmosphere. This 
initiative is designed to improve carbon capture and storage technologies through coordinated 
research and development with international partners and private industry. 

ITER 

 ITER is an international research collaboration to develop fusion nuclear power.  This 
collaboration includes scientists and engineers from China, Europe, Japan, Korea, Russia, and 
the United States.   According to ITER, its mission is to, “demonstrate the scientific and 
technological feasibility of fusion energy for peaceful purposes.”  It plans to demonstrate 
essential fusion energy technologies in a system integrating the appropriate physics and 
technology, and test key elements required to use fusion as a practical energy source. ITER also 
aims to eventually demonstrate fusion power in an actual power plant (ITER 2004).   
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International Partnership for a Hydrogen Economy 

 The International Partnership for a Hydrogen Economy (IPHE) was initiated by the 
United States in 2003 to focus on the development of hydrogen-powered vehicles.  Because a 
hydrogen-based energy system would require a world-wide infrastructure for the production, 
storage, transportation, distribution, and use of hydrogen, it makes sense to conduct research, 
development, and demonstration activities in a multilateral setting.   

 The U.S. Department of Energy states that the Partnership will encompass, “collaborative 
and cooperative efforts to advance research, development and deployment of hydrogen 
production, storage, transport and distribution, fuel cell technologies, common codes and 
standards for hydrogen fuel utilization, and coordination of international efforts to develop a 
global hydrogen economy.”  From DOE’s perspective, the ultimate goal of the IPHE is to create 
a competitively priced hydrogen-powered vehicle that can be refueled near people’s homes and 
places of work (U.S. State Department 2003). 

Energy-Efficiency Centers in Eastern Europe, the Former Soviet Union, and China 

 In 1990, the U.S. government began creating energy-efficiency centers in the centrally-
planned economies of the former Soviet Union and China.  The centers were each provided with 
three years of funding by the U.S. government, World Wildlife Fund, the MacArthur Foundation, 
and the C.S. Mott Foundation, staffed with in-country experts, and required to become self-
financing after three years.  The centers provide policy analysis for reform and efficiency, 
business development through market conditioning and assistance to private firms, training in 
finance and demonstrations of new technologies, and public education and outreach (PCAST 
1999).   

5.0 Findings of Previous Studies 

 There have been few studies of U.S. international energy cooperation in its broadest 
sense, but many have focused on particular aspects of global energy needs that in turn have 
implications for U.S. energy cooperation with individual countries.  The most recent 
comprehensive study on this topic was conducted by the President’s Council of Advisors on 
Science & Technology (PCAST) in 1999 entitled, “Powerful Partnerships: The Federal Role in 
International Cooperation on Energy Innovation.”    This study concluded that there were four 
main foundations for energy-technology innovation and related cooperation that would enable 
more collaborative activities to occur: capacity building, energy sector reform, demonstration 
and cost buy-downs, and financing mechanisms.  The panel recommended that more focus be 
placed on cooperation for improving the end-use efficiency of many technologies, cooperation 
on technologies for energy supply, and improved management of the U.S. federal government’s 
activities in energy-technology innovation cooperation (PCAST 1999).  

 The 2000 World Energy Assessment argues that the first priority of energy policy should 
be to provide modern energy services to the one-third of the world’s people who subsist on 
traditional and inefficient sources of energy.  The WEA thus recommends improving access to 
efficient cooking fuel, making electricity available to satisfy both basic needs and to support 

9 



Gallagher/Holdren on International Energy Cooperation / 12November 2004 

local economic development, and to develop new structures and partnerships for the provision of 
rural energy services.  The WEA also encourages greater international energy cooperation and 
through the transfer of technology and the building human and institutional capabilities in 
developing countries (WEA 2000). 

 The 2001 World Energy Council report recommended that energy-technology spending 
and technology transfer needed to be increased in nearly every country and internationally.  The 
WEC recommended that priorities should be to increase energy efficiency, accelerate the 
deployment of locally appropriate renewable energy-technologies, respond to public concerns 
about nuclear energy, and to allow carbon sequestration (WEC 2001).   

 The 2004 World Energy Assessment Update reiterated many of the concerns about rural 
energy development, and also highlighted the particular importance of harnessing rising energy 
consumption in the transportation sector.  For most industrialized countries including the United 
States, transportation is the largest and fastest-growing consumer of energy.  The 2004 WEA 
argues that the growing dependence on oil is even more serious in developing countries where 
transportation energy demand is growing three times faster than in industrialized countries.  
Again, the WEA encourages enhanced international cooperation to address these and other 
energy challenges.  Particular areas of focus recommended by this study include joint 
government procurement of renewable energy technologies, harmonization of environmental 
taxes, international greenhouse gas emissions trading, and common energy efficiency standards 
and codes.  The authors also argue for “concerted action” to implement the various international 
energy and environmental agreements that have been negotiated in recent years (WEA 2004). 

 In the category of analyses of international energy cooperation between particular 
countries, a recent study of note was the study on “Cooperation in the Energy Futures of the 
United States and China” conducted by the U.S. and Chinese Academies of Sciences (NRC 
2000).  This report explored the similarities and differences between the energy systems of the 
United States and China, and concluded that there was ample scope for greater energy 
cooperation between the two countries given many common challenges.   

7.0  Conclusions and Recommendations 

 In our judgment, the scope and scale of U.S. government international energy 
cooperation is not commensurate with U.S. interests, needs, and opportunities in this area.  U.S. 
economic and political interests in affordable and reliable energy supplies for itself and for the 
rest of the world are immense.  In addition, this country and the world are highly vulnerable to 
energy-induced environmental problems that cross national boundaries (including the global 
problem of climatic disruption by greenhouse gases), as well to global consequences from 
accidents and sabotage at energy-supply facilities and from diversion of nuclear materials from 
civilian (as well as military) stockpiles.   These interests and liabilities are not now and will not 
soon be captured in energy prices so they are not (and will not soon be) fully addressed in the 
energy marketplace.   This situation warrants government investments not only in domestic 
efforts to close the gap between public and private interests in energy choices, but also in 
international cooperation to address the dimensions of these issues that cannot be addressed by 
domestic initiatives alone.   Our specific recommendations follow.   
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FUNDING-RELATED RECOMMENDATIONS 

Increase the Scale of Funding for International Cooperation on Energy-Technology Innovation 

 We concur with the conclusion of the 1999 PCAST study that U.S. investments in 
international cooperation on energy-technology innovation (research, development, 
demonstration, and early deployment) should at least be tripled from their late 1990s level -- that 
is, from circa $250 million per year to circa $750 million per year.  The greatest emphasis in this 
expanded effort should go to cooperation with those countries that offer the highest leverage in 
addressing the major energy-related challenges of the twenty-first century.   

Energy efficiency is usually the cheapest and cleanest new “source” of energy in any 
context.  More technical and policy assistance is needed for the development and implementation 
of efficiency standards and design software that helps to minimize energy use.  Also, measures 
are needed to help reduce the energy intensity of the industrial sector in many developing 
countries as well as in the electricity sector where technologies such as co-generation (or 
combined heat and power) can be deployed.   
 
 The transportation sector is becoming a huge source of increasing demand for oil supplies 
in many developing countries, and it is also a huge increasing source of air pollution and 
greenhouse gases.  Automobile sales in China, for example, have recently been increasing at a 
rate of 40-60 percent annually.  Many developing countries need technical assistance with 
respect to managing the environmental side-effects of automobiles (such as designing and 
implementing emissions standards, fuel quality standards, fuel-efficiency standards, and 
inspection and maintenance programs).  These countries also need help with urban design and 
transportation planning in order to provide alterative forms of transportation.  Many countries are 
especially eager to cooperate on energy innovation activities for transportation, and the U.S. 
government should support cooperative RD3 on low-cost, clean, and efficient power sources for 
transportation.  USAID and EPA have a special role to play in technical assistance, in 
coordination or support of civil society actors (such as universities and research institutes) who 
are already working in these areas with partners in developing countries. 
 
 Nuclear energy may have to play a role in addressing climate change and other energy-
related challenges, so it is important to maintain U.S. government support for international 
collaboration on nuclear energy, especially with respect to securing nuclear materials and 
minimizing the risks associated with nuclear proliferation.  Cooperative international R&D for 
fusion energy is essential because this allows the U.S. to share costs related to fusion energy 
development, a technology that remains far from commercially viable.  It is also important to 
strengthen collaborative efforts with other countries that house commercial nuclear reactors 
regarding geological disposal of spent fuel and high-level wastes (PCAST 1999).   

 China and India are the largest consumers of coal in the world aside from the United 
States, and so it will be particularly difficult for them to reduce conventional air pollution and 
greenhouse-gas emissions while they are in a phase of rapid coal-based industrialization.  China 
is the fastest-growing consumer of oil in the world, and like the United States China is likely to 
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become ever more dependent on Persian Gulf oil supplies unless alternatives are aggressively 
developed.  

 Although the largest part of  U.S. government investment in demonstration and early 
deployment of energy technologies should and will take place in the United States, it is in the 
U.S. interest to support demonstration activities abroad as well. Conditions in other countries 
may be quite different from U.S. conditions, so demonstration of a technology in the United 
States does not necessarily mean that the technology will work elsewhere.   
 
 A perfect illustration of this problem is in the area of clean coal.  Coal properties in China 
vary substantially from U.S. coal properties particularly with respect to ash and sulfur content 
where Chinese coal has higher percentages of both.  The average sulfur content of Chinese coal 
is 1.1% versus 0.93% in the United States, and the average ash content of Chinese coal is 23.4% 
compared with 8.8% in the United States.  In the case of mercury, the average mercury content 
of coal in China is actually less than it is in the United States.  When considering coal 
gasification, the high ash content of Chinese coal will affect the gasification process 
significantly, rendering some U.S. gasification technologies ineffective without modification.  In 
other words, it will not be possible do develop and demonstrate clean coal technologies in the 
United States and simply export them to other countries without demonstrating them in the other 
countries first. 
 
 There is a strong need in many developing countries to provide sources of financing for 
clean and energy-efficient technologies.  In many cases, financing is not available in these 
developing countries because banks are unfamiliar with the technologies, or because the levels of 
financing required are either too small or too large.  More financing mechanisms need to be 
designed and deployed, at competitive rates, for developing countries.  In most, if not all cases, 
these mechanisms should be self-sustaining once a pool of money has been allocated for this 
purpose.  
     
Increase Financial Support for Civil-Society Energy Collaboration Projects 
 
 The U.S. government has tended to support private sector and government-to-government 
energy collaboration activities more than it has supported activities initiated by members of civil 
society, such as research institutes, non-governmental organizations, and universities.  More 
resources are needed both for the governmental activities, and also for these civil-society 
activities.  
 
Invest in Gaining a Better Understanding of International Energy Cooperation 
 
 As has been mentioned already, it is not exactly clear how much money the U.S. 
government spends on international energy cooperation activities, so an updated study of this 
nature is badly needed.  In addition, there have been few systematic analyses of U.S. 
international energy cooperation programs and activities.  More attention is needed to 
understanding the processes of technology transfer, international deployment of energy 
technologies, and the linkages between the public and private sector in collaborative activities.  
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We recommend that a modest but crucial $5 million be allocated per year for the purpose of 
increasing our understanding of U.S. international energy cooperation. 
 
INSTITUTIONAL RECOMMENDATIONS 
 
Form an Interagency Working Group on Strategic Energy Cooperation 
 
 U.S. international energy cooperation is not coordinated among the U.S. government 
agencies in any systematic way.  An inter-agency working group should be established to create 
a coherent strategy with respect to energy cooperation, implement it, and evaluate the successes 
and failures. 
 
CROSS-CUTTING RECOMMENDATIONS 
 
Bring More Political Leadership to Bear on International Energy Collaboration 
 
 Because the rationales for international energy collaboration require an understanding 
about how other countries’ policies and development might affect U.S. interests, political 
leadership is required to garner public support for these types of activities.   
 
Reform U.S. Visa Policies 
 
 One more newly-formed barrier to international technical and policy-related exchanges is 
that foreign experts are unable to get visas to visit the United States even for basic conferences 
and workshops.  Undergraduate, graduate, and post-graduate students are being denied visas 
even in the face of strong support of U.S. universities.  This practice is generating frustration and 
humiliation at the least, and animosity at the most, among those with whom we will need to 
cooperate on energy matters into the future.  
 
Stress  International Energy Collaboration as a Key Ingredient of Climate-Change Policy 
 
 International energy collaboration is essential to reduce the risks of climate change.  
Many developing countries lack the knowledge or resources to significantly reduce greenhouse-
gas emissions.  Per capita income in India and China, for example, is only $2,840 and $4,020 
respectively (UNDP 2003).3  U.S. leadership in establishing cooperative programs with these 
types of developing countries could go a long way towards improving intergovernmental policy 
on climate change because the United States would be perceived to be trying to help the less-
advantaged countries cope with the dual problems of economic development and environmental 
protection. 
 
 

                                                

Relevant in this connection is not only international collaboration on innovation in low-
carbon technologies but also helping developing countries build capacity for reducing 
greenhouse-gas emissions (through policy analysis and implementation, training, and 
information-sharing).   On the technology-innovation side, programs should be established to 
focus on technologies that reduce greenhouse-gas emissions (through, e.g., increased end-use 

 
3 Purchasing-power parity adjusted gross domestic product, in U.S. dollars.  
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efficiency, renewable energy, and advanced coal-fired generation technologies with carbon 
capture and sequestration), on policies that will help deploy these low-carbon technologies, and 
on technical assistance for actually implementing the policies and programs.   
 
Assist with Energy Sector Reforms in Developing Countries 
 
 A major barrier for expanding markets for U.S. energy goods and services is the slow 
pace of energy sector reforms in many developing and former Soviet Union countries.  Most of 
these countries need assistance in moving towards open competitive markets 
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 The management of energy-technology-innovation programs at the Department of Energy has a 
mixed record.  There are several prominent “failures” such as the Synfuels and Clinch Breeder Reactor 
programs, and also a number of famous and notable successes.  On balance, however, the National 
Research Council concluded in 2001 that, in the case of the fossil-fuel and energy-efficiency R&D programs 
the NRC study reviewed, the “benefits of these programs substantially exceed the programs’ costs and 
contribute to improvements in the economy, the environment, and national security” (NRC 2001, 63). 
 
 Problems identified in the past with DOE's energy-technology-innovation activities include the 
narrowness of programs, inability to stop non-performing programs, poor coordination of activities across 
program boundaries (“stovepiping”), weak coordination of fundamental and applied RD&D, congressional 
earmarking, lack of clear leadership and authority, and limited technical skills among staff members.  
Significant progress has been made in recent years on many of these problems, particularly in the 
development of criteria for starting, continuing, and stopping projects; developing performance metrics for 
mid-stream review; soliciting external peer review; and establishing partnerships with the private sector and 
academia (including for cost-sharing arrangements).   
 
 The energy-efficiency and renewable-energy (EERE) program, for example, recently put more than 
two-thirds of its R&D funding through competitive solicitations, terminated more than 60 projects, and 
conducted more than 20 external peer reviews (SPR 2002).  While such progress is commendable, the 
Commission suggests that further management reforms are both possible and necessary.  In what follows 
here, we review briefly the recommendations of recent studies that have addressed management issues, 
discuss some major successes and failures and the lessons learned from them, and then offer our own 
conclusions on DOE management of the federal govenment's energy-technology-innovation efforts. 
 
MANAGEMENT RECOMMENDATIONS OF PREVIOUS STUDIES 
 
 In its 1997 report on Federal Energy Research and Development for the Challenges of the 21st 
Century (PCAST 1997), the President's Committee of Advisors on Science and Technology addressed DOE 
management of energy R&D as well as budgets and opportunities.  In 2001 the National Research Council 
likewise addressed management issues, along with its analysis of cost-benefit ratios, in Energy Research at 
DOE: Was It Worth It? (NRC 2001).  In 2003, a task force of the Secretary of Energy’s Advisory Board 
released a report, The Future of Science Programs at the Department of Energy (SEAB 2003), which 
likewise addressed management as well as other issues.  The management recommendations of all of 
these reports were generally consistent and mutually reinforcing, although differing in  in emphasis in certain 
respects.   
 
 The recommendations of these three reports are summarized in Figure 1 in a form that facilitates 
comparisons.  Two common themes from the reports that deserve some elaboration here, before we turn to 
our own recommendations, are balancing of risks across an innovation portfolio and evaluating costs versus 
benefits of investments in energy-technology innovation. 
 
Balancing Risk in Energy Innovation Portfolios 
 
 Managing innovation entails the management of a portfolio of investments in options at different 
stages of development, with different time horizons for potential commercialization, addressing different 
applications and challenges.  Successes usually occur in the form of a few 'big hits' amidst many results 
whose value is uncertain at the time (and may turn out to be small, or even negligible) and some (sometimes 
spectacular) failures.  Many R&D projects produce results that may appear to have little or no significance 



by themselves but are important because, when they are brought together with the results of other R&D 
efforts, they permit significant advances and even breakthroughs. A portfolio and its management should be 
judged in terms of the results from the whole portfolio over time...and the appropriate time may be long.  
Anecdotal lists of past failures tell us little nothing about the value of the overall portfolio. If one insists that 
there be no failures, one only ensures that there no risks will be taken and, accordingly, that no big 
successes will result. 
 
 A common error in R&D management is the undertaking and continuing of projects and programs 
whose purpose (whether it be curiosity satisfaction, knowledge expansion, proof-of-concept, development, 
demonstration or test) is not really clear or is muddled by other motives. The challenge is to establish 
systems to encourage sound and transparent program assessments and feedback loops to ensure that 
lessons from prior successes and failures are taken into account. Ultimately, success will depend upon the 
skilled judgment of government officials.  An important value of explicit decision criteria is to enable outside 
review and critique of ultimate decisions. It has been noted that, "The most important event in research is 
the prompt recognition of a dead horse, and its decent burial."  
 
 This is true, but, unfortunately for managers trying to apply the dictum, many a research horse given 
up for dead has turned out to be a race winner in the hands of a persevering trainer.  A famous example is 
Alexander Graham Bell’s telephone.  Western Union rejected it because the company thought that anything 
that needed to be sent could be sent by telegraph, and, besides, no one would pay $5 just to talk to their 
grandmother in Indianapolis.  It was only by an accident of publicity at the Chicago World’s Fair a European 
dignitary visited Bell’s booth and was interviewed there by reporters that set it on a useful road. There are 
failures of both kinds: going on too long and stopping too soon. Neither can be entirely prevented by even 
the best trainer; it’s the trainer's total track record that counts (Frosch 2004). 
 
Evaluating the Costs and Benefits of Past Efforts  
 
 The 2001 NRC report concluded that, as might have been expected, a relatively small number of 
DOE research programs in energy efficiency and fossil energy accounted for the majority of the economic 
and environmental benefits (NRC 2001, p 63):  
 

"This characteristic of RD&D programs, in which a few “home runs” are responsible for the majority 
of returns on investments, is shared by industrial R&D programs and underscores the importance of 
maintaining a diversified portfolio of investments.  The areas in which these benefits were greatest 
relative to program expenditures include residential and commercial construction, an industry that 
historically was not particularly innovative, and technologies to reduce environmentally harmful 
pollution.  These are precisely the areas in which one would anticipate that public R&D programs 
are most likely to prove most effective.  By contrast, DOE efforts to push the technology to 
commercial application in large, accelerated RD&D programs such as coal liquefaction have been 
extremely risky and prone to cost overruns and generally have yielded relatively small benefits 
relative to their high costs."   
 

The report estimated that total realized economic benefits associated with the energy-efficiency programs 
that it reviewed were in the $30 billion range, substantially exceeding the roughly $7 billion investment for 
energy-efficiency RD&D over the 22-year life of the programs (both in 1999 dollars).  For fossil programs, 
the benefits exceeded costs in the 1986-2000 period (benefits of $7.4 billion and costs of $3.4 billion in 1999 
dollars), but costs exceeded benefits in the earlier 1978-1986 period (benefits of $3.4 billion compared with 
$6 billion in costs in 1999 dollars).   
 
 We note that the period in which the DOE's fossil-energy programs "lost money" coincided with the 
unsuccessful SynFuels Corporation experiment.  More importantly, perhaps, is that all of the NRC study's 
cost-benefit calculations were based on the highly conservative assumption (where "conservative" here 
means tending to understate the benefits) that all of the innovations resulting from DOE investments would 
have materialized from private-sector-funded efforts an average of five years later  The NRC study itself 
emphasized, moreover, that "mechanical" cost-benefit analyses of R&D investments are inherently 
problematic, for several reasons: 



 
• many of the benefits may be difficult to monetize (as is the case for many types of environmental 

benefits, for example); 
 
• benefits often will not have fully materialized at the time of any retrospective study; 
 
• R&D investments often yield results that have "option value" that cannot be accurately 

evaluated.without the benefit of a degree of predictive accuracy that no analyst can claim; 
 
• R&D investments -- even those in efforts later judged as "failures" -- may contribute to the aggregate 

stock of scientific and engineering knowledge, with unknowable future benefits.  
 
 
PROMINENT FAILURES AND SUCCESS -- AND LESSONS LEARNED 
 
 
Clinch River Breeder Reactor1 
 
 The Clinch River Breeder Reactor (CRBR) was announced by the Atomic Energy Commission in 
1972 as the nation’s first demonstration of liquid-metal fast breeder reactor plant.  The CRBR was estimated 
to cost about half a billion dollars, with private industry paying for approximately 37 percent of the total cost.  
Justification for the CRBR was based on projected increases in the price of uranium fuel for the nation’s 
existing light water reactor fleet that would cause the price of nuclear electric power to become prohibitive. 
By “breeding” more fissionable fuel (plutonium) than it consumed, the pilot reactor would become the 
technological guarantor of economical nuclear electric power far into the future.   
 
 

                                                

At the project's initiation, however, the AEC’s own cost-benefit analysis was not favorable to the 
CRBR project as a commercial demonstration program. To get a positive net present value, the CRBR 
would have to be the first step leading to a large program of commercial breeder reactors.  This outcome 
would require a very high rate of electricity demand, no competing technologies, and the disappearance of 
cheap uranium.  The validity of these projects was soon called into question as the growth rate of electric 
power demand declined and cheap uranium did not disappear.  With cheap uranium, there was no need for 
the CRBR project.  By the late 1970s, controversy about the project had risen substantially, in part because 
of debates over the proliferation of nuclear weapons and the prospect of a domestic “plutonium economy.”  
Escalation of the CRBR costs led to even more controversy because by the end of the 1970s an additional 
$1.7 billion was estimated to be required for the CRBR to achieve commercialization.  The Senate killed the 
project in 1983 after $1.6 billion had been spent, with an estimated cost to completion of at least another 
$2.5 billion. 
 
Lessons Learned:  
 

1. The federal government should not be the primary source of funding for energy technology 
commercialization demonstration projects. Funding should be dominated by the potential industrial 
beneficiaries of the demonstrated technology. Massive federal funding of megaprojects galvanizes 
legislative, bureaucratic, and regional champions of the projects to a level beyond the point of 
productivity or economic justification and invites federal interference in project management. 

2. Before a project begins, the proposing industrial team must produce realistic cost, performance, and 
schedule estimates, including commitment to its portion (majority) of the cost of the project. These 
estimates must be reviewed by an independent and knowledgeable team before project approval. 

3. Before a project begins, clear mutually agreed to technical cost, performance, and schedule goals 
must be established, along with sound criteria for changing or canceling the project if reasonable 
progress toward those goals is not met. 

 
1 Excerpted from PCAST 1999, pg. 2-17. 



4. As a corollary to number 3, an oversight process should be established to provide a periodic 
independent evaluation of project management, performance, schedule, and cost control. 

5. Although federally funded projects cannot be insulated from political interference and “second-
guessing,” the government should resist making politically determined decisions that compromise 
the justified continuation or cancellation of energy projects. 

 
Magnetohydrodynamics2 
 
This program in the fossil energy division of DOE was targeted at using electromagnetic induction to 
produce electric power from coal.  After the creation of DOE in 1977, MHD quickly became one of its major 
technology programs.  DOE’s MHD program was focused on the development of two major test facilities: the 
Component Development and Integration Facility (CDIF) and the Coal-Fired Flow Facility (CFFF).  Between 
1978 and 1993, DOE expenditures for the MHD program totaled $1 billion (1999 dollars).  Over this same 
period, private industry cost sharing totaled about $61 million.  Cost sharing began in 1986 when private 
industry was required by legislation to cost share, initially at 10 percent, but increasing to 35 percent by the 
end of the proof-of-concept program in 1993.  Almost half of the DOE expenditures for MHD R&D occurred 
in the first 4 years from 1978 to 1981, during design and construction of the test facilities.  After 1982, Doe 
did not request any funds for the MHD program from 1982 to 1993, when the program was finally 
terminated.  In those years, the funding came from direct congressional line item additions to the DOE 
budget.  While the MHD program was modestly successful in the proof-of-concept phases, system 
evaluation studies were indicating that the cost to design, construct, and operate a central station MHD 
power generation facility was much higher than the corresponding costs for other coal-fired power 
generation options.  In addition to the high costs, the claim for high-cycle efficiencies was questionable.  This 
raised real doubts that the MHD system could compete on an efficiency basis with the advanced gas turbine 
combined cycles used by the utility industry.  These doubts ultimately led to program termination.  
 
Lessons Learned: 
 

1. Substantial funds continued to be spent after 1981 to prove the MHD concept in the face of data that 
were showing significant technical barriers to the successful development of the concept.  At the 
same time, studies indicated that even if developed, the MHD power generation system would not 
be competitive on an efficiency or cost basis with alternatives that were already in use by the utility 
industry.  The data suggest that this information led to DOE’s decision not to request funding after 
1981, except for 1985.  Congress continued to fund this program through 1993, however, an 
indication of the strength of congressional support for MHD. 

2. Private sector interest in developing a technology, as evidenced by a willingness to cost share in the 
demonstration process, must be considered.  There was no cost-sharing in the design, construction, 
and early operation of the costly large-scale facilities.  

3. Difficult decisions to terminate programs must be made as early as possible and available funds 
redirected to the areas of greatest potential.  

 
Advanced Efficient Refrigeration Program3 
 
In 1977, DOE initiated an appliance product development program that included emphasis on refrigerator-
freezers and supermarket refrigeration systems.  Manufacturer involvement was substantial from the outset.  
DOE targeted both improved components, starting with the electricity-intensive refrigerator compressor, and 
computer tools for analyzing refrigerator design options.  Early successes included a compressor system 
that achieved 44 percent efficiency improvement over the technology commonly used in refrigerators of the 
late 1970s.  The total funding from 1978-1981 for refrigerator compressor R&D was $1.56 million (1999 
dollars). The research was cost-shared with industry through a competitive solicitation.  The winning 
contractor, Columbus Products Company, contributed $550,000 (1999 dollars).  Since then, the average 
electricity consumption of refrigerators has been reduced by more than two-thirds, even as average unit 
sizes increased, performance improved, and ozone-depleting substances were removed.  DOE was an early 
                                                 
2 Excerpted from NRC 2001, pg. 190-193. 
3 Excerpted from NRC 2001, pg. 95-99. 



and effective leader starting with its 1977 launch of product development.  DOE’s initial investment helped 
demonstrate that a full-featured refrigerator could use 60 percent less electricity than comparable 
conventional units.  These successes strongly influenced the enactment of increasingly demanding 
efficiency standards, first in California and ultimately by DOE itself, under authority of the National Appliance 
Energy Conservation Act of 1987.  Total economic benefits deriving from this program are estimated at $7 
billion (1999 dollars).  Other benefits include substantial emissions reductions, reduction in energy 
consumption, improved electric system reliability, and knowledge benefits related to system optimization, 
R&D on energy-saving components and features, and application to air conditioners.   
 
Lessons Learned: 

1. This case study underscores the value to society of integrating RD&D and minimum efficiency 
standards as an instrument for accelerating technological innovation. 

2. Competitive solicitation for cost-sharing can be very useful in public-private partnerships. 
 

Oil and Gas Drilling, Completion, and Stimulation Program4 
 
This program began as the drilling research program initiated in 1975 following the Arab oil embargo.  The 
program focused on developing drilling technology to increase domestic oil and gas production.  In 1993 it 
was separated into oil and gas subsections.  The current program is targeted at the development of 
technology to reduce drilling costs, minimize formation damage, reduce environmental risks, reduce surface 
footprint of onshore and offshore drilling, and improve access to culturally and environmentally sensitive 
areas.  The program has consisted of a very large number of small projects covering almost every facet of 
the various drilling, completion, and stimulation technologies.  Historically, much of the technology is utilized 
in the oil industry by service companies.  The technologies are developed primarily by the oil service 
companies and oil companies.  Industry has indicated its interest in these programs by funding 29 percent of 
the total expenditures from 1978 to 1999.  The cumulative cost to DOE of the oil program from 1978 to 1999 
was $48 million and the cumulative cost of the gas program was $31 million, for a total of $79 million.  The 
economic benefits from the oil programs alone are assessed at $2.2 billion.  The total economic value of the 
gas program has not been assessed, but two projects alone (underbalanced drilling technologies and high-
temperature measurement while drilling/logging while drilling) realized a benefit of $252 million.  Significant 
environmental benefits have accrued from this program including smaller footprints, reduced noise, lower 
toxicity of discharges, reduced fuel use, and better protection of sensitive environments.  Since these 
programs are all directed at increasing the production of oil and gas in the United States, they directly 
contribute to national security.   
 
Lessons Learned: 

1. Many small and medium-size firms (such as those in the oil service industry) have limited R&D 
budgets so government can play an effective role with a relatively small investment in high risk 
projects to stimulate advances in technologies that can have large positive impact on the industry 
and benefit the nation. Also, in the oil industry, technology disperses quickly, making it difficult to 
capitalize on R&D investments without government assistant. 

2. The key to an effective program is interaction with and feedback from the industry. 
 
COMMISSION ASSESSMENT 
 
Management Improvements at DOE 
 
 

                                                

Considerable effort has been devoted to implementing the recommendations from the NRC and 
PCAST and other assessments.  In particular, progress has been made in: 
 

• Creating explicit goals and strategic plans for the programs within the broad divisions of Fossil 
Energy and Energy Efficiency and Renewable Energy; 

 
• Establishing criteria for investment, ongoing performance review, and disinvestment; and 

 
4 Excerpted from the NRC 2001 study, pg. 193-198. 



 
• Creating mechanisms for internal and external peer review and advice.  
 

Remaining challenges relate primarily to  
 

• better linking of 'stovepipes' in DOE's  Divisions and Sections;  
 
• truly coordinating the energy innovation programs of the Department at a high-level;  
 
• setting up stronger systems for review and evaluation; 
 
• compelling more coordination between fundamental and applied energy technology research; 
 
• increasing the investment in science and technology training of current and future staff; and 
 
•  fostering more cooperation with other government agencies to make sure that R&D programs are 

consistent with energy-technology deployment policies.  
 

Much of  what is required in these respects will follow if DOE extends and re-energizes its efforts to 
implement the recommendations of the earlier studies summarized above in Figure 1. 
 
 It is, of course, up to the Secretary and the Congress to organize and manage the Department.  
Recognizing the heavy burden carried by the Deputy Secretary for Energy, the Commission encourages the 
Secretary and Congress to consider establishing an Under Secretary for each of the core missions of the 
department: nuclear security, nuclear waste management, energy innovation and policy, and management.  
An organization diagram incorporating these suggestions is depicted in Fig. 2.  Grouping all of the energy 
innovation activities together is intended to enhance overall coordination as recommended by all three 
recent reports.5  Note that in this new organizational formulation, the offices of counterintelligence, 
intelligence, and security report directly to the Secretary, as proposed to Congress by the Bush 
Administration earlier this year. 
 
Congressional Earmarking 
 
Although Congress is unquestionably responsible for appropriations, the current practice of non-competitive 
earmarks that bear little connection to the research goals or plans is harmful and raises questions regarding 
the public value of funds spent for energy innovation.  So-called 'pork-barrel' projects are likely to be 
undertaken for the wrong (or unclear) reasons, in the wrong place, by the wrong people, with results that are 
often, at best, unclear.  For some energy R&D programs, half of their budget is being earmarked.  The 
Commission recommends that Congressional Leadership seek to ensure that earmarks are consistent with 
the specific strategic objectives of the affected program. 
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Figure 1 
 
Category 

PCAST 1997, Federal Energy Research 
and Development for the Challenges of the 
21st Century (pgs. 7-24 to 7-33) 

NRC 2001, Energy Research at DOE: 
Was It Worth It? (pgs. 62-69) 

SEAB 2003, Critical Choices: Science, Energy, 
and Security. Task Force on The Future of 
Science Programs at the Department of Energy  
(pgs. 18-25) 
 

Leadership and 
Organizational Structure 

One person should be in charge of energy 
innovation activities at the Under Secretary 
level 

Need for more flexibility in the structure 
of programs 

DOE should have an Undersecretary for Science  to 
serve as steward for basic research and connect with 
applied research programs 

Strategic Planning Create a long-term strategic plan and vision, 
then define programs, create partnerships, 
etc. 

Develop clear performance targets and 
milestones, including intermediate 
performance targets (go/no-go criteria) 

Focus on outcomes; more merit-based competition; 
embark on 3 major, highly-visible research initiatives 
to promote leadership 

Review and Evaluation Review and evaluation are crucial; minimize 
inside agency and maximize use of outside 
advisory bodies.  Figure out how to terminate 
consistently unpromising projects (in PCAST 
1999) 

Main recommendation of study: Develop 
and adopt analytic framework to better 
evaluate existing programs uniformly.  
Requires better data collection. 

Use merit-based decision making 

Partnerships Cultivate more and stronger partnerships 
with firms, labs, and universities  

Continue cost-sharing projects with 
industry and other partners; try to 
quantify costs that are shared 

More partnerships with industry and academia 

Technical Oversight 
Committees 

Use technical oversight committees for each 
program (including outside experts) 

Ongoing evaluation relies on regular peer 
review by panels of outside technical 
experts 

Regular reviews are necessary 

External Peer Review Do more external peer review of overall 
strategy and plans 

Regular external review is needed, 
particularly regarding application of 
analytic framework 

Undersecretary for Science should have high-level 
Science Advisory Board 

Coordination Within DOE More coordination between fundamental and 
applied technology RD&D through co-
funding and co-management of basic and 
applied research  More coordination among 
technical programs (less “stovepiping”) 

More coordination with other policies 
that might promote deployment of 
advanced technologies 

Science programs have historic reputation of being 
badly managed, fragmented and politically 
unresponsive 

Coordination Outside DOE  More coordination with other 
government agencies, esp. EPA 

 

Portfolio Management Use strategic criteria to determine DOE 
energy technology portfolio (economic, 
enviro., security, diversity) 

Allocation of RD&D funds requires the 
application of priorities based on stated 
policy as well as the exercise of judgment 
rather than mechanical application of 
cost-benefit techniques 

Focus on three areas: energy production, storage, 
distribution, management; adv. Computation and 
simulation for basic science; frontier research facility 
for basic science 

Role of Congress  Many management problems begin with 
congressional micromanagement of programs, 
earmarking, and dramatic shifts in budget 
levels and directives 

 Congress has not given DOE science budgets the 
priority merited by their importance; improve 
outreach capability to Congress, public, and other 
agencies 

Staffing and Technical 
Skills 

DOE staff technical skills should be 
strengthened through training, targeted 
hiring, and through staff rotations. 

 More federal invest. in physical sciences and adv. 
engineer.; DOE should work to educating future 
scientists and engineers for careers in DOE-related 
fields (K-12, undergrad through post-co) 

Deferred Maintenance    Program should be established to renew labs because 
facilities and infrastructure are in a state of decay. 
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MEMORANDUM

July 30, 2004

TO: Jason Grumet and Drew Kodjak, National Commission on Energy Policy

FROM: Doug Koplow, Earth Track, Inc.

SUBJECT: Federal Subsidies to Energy in 2003 - A First Look

Scope of Work

Value is shifted from the federal government to energy producers and consumers in
complex and varied ways across scores of federal programs.  Identifying and valuing these
subsidies normally takes many months of intense work.  This is one reason that highly detailed,
multi-fuel subsidy assessments are conducted only very infrequently.  

Because NCEP was interested in getting a general sense of how big energy subsidies are
today, this memo and associated table were produced in roughly 45 hours of effort.  While the
programs to include, the valuation methods, and sometimes even the estimates themselves have
all been informed by my earlier work, it was not possible to provide the level of detail in the
analysis and valuations that a full subsidy assessment would provide.  Data refinements, such as
evaluating the portion of subsidies flowing to particular types of energy, were not possible.
Some program areas, such as credit subsidies (discussed below) were too complicated to update
in the available time frame.  These caveats aside, the attached table evaluates more than 75
federal subsidies to energy, and provides a good overview of how the federal government
subsidizes the sector and how much these programs are worth to the private sector.

Findings

Subsidies to energy for the government interventions evaluated were between $37 and
$64 billion in 2003.  This is higher than past estimates because none of the earlier studies (mine
or others) have included both multiple fuels and oil defense costs.
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As there are many ways to group programs, readers are encouraged to review the line
items on the table to identify the programs of greatest interest to them.  Among the largest
sources of subsidy:  defending oil shipping lanes in the Persian Gulf; improper accounting for
inventory holding costs at the Strategic Petroleum Reserve; construction and maintenance of
water infrastructure heavily used by coal and oil; federal spending on energy R&D; accelerated
depreciation of energy-related capital assets; underaccrual for reclamation/remediation at coal
mines and oil and gas wells; the energy share of federal spending on climate change research; the
ethanol exemption from the excise fuel tax; and payments to deal with black lung problems in
coal miners.  

The last portion of the table also highlights two areas where large subsidies can
encourage increased demand for energy:  subsidies to driving and to construction.  Identified
subsidies to road infrastructure, usage, and parking were roughly $7 billion in 2003, though
actual levels would be much higher if a comprehensive assessment were to be done.  These
subsidies allow users to pay less to drive.  Since roads are mostly financed through excise taxes
on gasoline, subsidies allow gasoline prices to be lower than they would otherwise be.  On the
construction side, a host of tax breaks worth more than $100 billion per year, help individuals
and businesses acquire larger spaces than they otherwise could afford.  Subsidies to second and
third homes also contributes to sprawl, increased driving, and habitat loss.  These subsidies do
not subsidize energy as directly as those included in the main section of the table, they are big
enough to affect energy demand in a material way.

Exclusions

A number of important elements are missing from the table, and would further increase
annual subsidies to energy were they to be included.

• Credit Subsidies.  The federal government subsidizes or guarantees credit for many types of
energy-related activities.  Agencies involved with these include the Rural Utility Service,  the
Power Marketing Administrations, the Export-Import Bank, and US contributions to a host of
multi-lateral lending agencies often under the auspices of the World Bank.  These subsidies
are important, as energy portfolios have historically comprised a significant portion of the
total credit portfolio.  Koplow 1993 estimated credit subsidies at more than $3 billion per
year (adjusted to 2003$).  Lower interest rates today mean that the gaps between statutory
interest rates and the actual costs of funds would be smaller, bring down the credit subsidies.
Nonetheless, these programs probably confer well over $1 billion per year in additional
subsidies, mostly flowing to conventional forms of energy (oil, coal, large scale hydro).

Although federal credit reform has made agencies much more accountable for estimating and
tracking credit subsidies, piecing together a realistic picture of these programs remains
difficult.  First, each annual budget tracks the estimated subsidies for a specific cohort of
loans or guarantees:  those to be made during the year being budgeted.  Assembling a picture
of the total subsidies for the institutions' outstanding loan and credit portfolio remains a time
consuming task.  Furthermore, reported credit subsidies do not include the costs of
administering the loans; nor do they measure the intermediation benefit of the lending
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activity.  The intermediation benefit measures the value of the subsidy to the recipient, and is
equal to the difference between the private market interest rate and the rate the borrower is
actually being charged in the federal program.  Both of these factors result in subsidy levels
that are higher than are being reported to OMB.

• Energy Related Externalities.  Energy systems generate wide ranging environmental and
health effects.  Proper pricing of these energy services would shift these costs to the fuels via
taxes.  The absence of these taxes constitutes a subsidy to polluting fuels.  However, the
attached table focuses on fiscal subsidies.  External costs show up only when damages are
being addressed through current federal outlays -- as with black lung payments and
remediation of DOE uranium enrichment facilities.  Were externalities included, subsidies to
oil and coal would be much higher.  Subsidies to hydro and nuclear would also rise.

• New Energy Subsidies.  New legislation often contains new energy subsidies, or expansions
to existing ones.  With comprehensive energy legislation under consideration by Congress,
there are tens of billions of new subsidies on the table.  Many of these are poorly
characterized.  Inclusion of the programs was not possible within the available time frame.

Interpreting the Subsidy Table

All values are shown in 2003 dollars.  Estimates from earlier years were scaled to 2003
using the GDP implicit price deflator.  The most important columns for viewing subsidy
magnitudes are those on the right side of the table showing the subsidy per year.  Below is a
quick description of each column.

Intervention.  "Intervention" is a generic term for any government activity affecting the
rights/responsibility of producers or consumers.  Interventions can act as a tax or as a subsidy,
depending on their specifics.  The interventions are grouped by their stage in a generic fuel cycle.
Interventions that act as taxes (excise fees, for example) tend to be included within the activity
they are funding.  For example, the assessment of shortfalls in the Black Lung Trust Fund will
net out any collections of excise taxes on current coal mining activity.  

Anticipated Major Beneficiary Energy Type(s).  First approximation of which groups will benefit
most from the particular subsidy line item.  To generate estimates allocating subsidies back from
electricity to source fuels, for example, more analysis and data collection would be needed.

Pro-rate factor.  Many interventions are not targeted directly at energy even though the energy
sector is a major beneficiary.  To ensure only a portion of the total subsidy is allocated to energy,
an appropriate pro-rate factor is chosen.  While the factors vary by subsidy type, they are
generally metrics of the energy sector's intensity of usage of the subsidized program.  For
example, subsidies to water transit have been allocated using the oil and coal shares of total
tonnage using those systems.  Pro-rate factors involve judgments and approximations, but
provide much greater accuracy in estimates than would be possible by simply ignoring any
federal program not targeting only energy.
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Policy type.  There are a variety of ways to subsidize activities in the economy, such as grants,
tax breaks, credit subsidies, and indemnification.  Time constraints precluded completing this
column for all subsidies.

Status.  The table should include only interventions active or believed to be active.  In one or two
cases, programs were in the process of being discontinued, but still had market impacts in 2003.

Trends/Issues.  Catch-all column for descriptions of the intervention and for mentioning issues
affecting the subsidy value or beneficiaries.

Low/High Subsidy Values.  To more effectively bound the uncertainty in the valuation of energy
subsidies, a range rather than a point estimate has been used.  Low and high values differ for a
variety of reasons.  Different sources may have come up views on subsidy magnitude.  There
may be more than one reasonable pro-rate factor, or a range for that input.  For tax subsidies, the
high estimate often includes the incremental subsidy associated with the fact that the tax break
itself is tax-exempt.  This "outlay equivalent" measure is used by the US Treasury in their annual
tax expenditure budget, but not by the Joint Committee on Taxation.  For credit subsidies (had
they been included), the low estimate normally measures the direct cost to the Treasury, while
the high estimate includes the intermediation benefit to assess the value of the credit subsidy
(and associated market distortion) to the recipient.

Subsidy Per Year.  Estimates for multi-year periods help to generate a more level picture of the
subsidy.  Where a multi-year range was used, the subsidy per year column converts these to an
average annual value.  Where subsidies are in the form of underaccruals for future or present
liabilities (e.g., abandoned coal mine lands), the annualized value represents how much more
would need to be collected each year (growing at a 2% real interest rate) to achieve solvency
over a specified number of years.

Source(s):  Abbreviated sources.  Full listings can be found at the back of the table.
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LOW - Current Value ($mils) HIGH - Current Value ($mils)   Per Year ($mils)

Intervention

Anticipated Major 
Benefiary Energy 

Type(s) Pro-rate Factor Policy Type Status Trend/Issues  Low Period
# Yrs in 
period  High Period

# Yrs in 
period  Low  High Source(s)

1.  Preproduction
1.1  Research and Development

> Expensing of long-term R&D costs
Energy share of private
R&D Tax 420          2004-08 5 469         2005-09 5 84              94               

JCS-8-03, 20; PNL (see detailed 
calcs); Treasury (high est).

> R&D tax credit
Energy share of private
R&D Tax 98            2005-09 5 127         2004-08 5 20              25               

JCS-8-03, 20; PNL (see detailed 
calcs); Treasury (low est).

Expensing of contributions to industry 
research consortia

Natural gas, electric 
power, alternative-fuel 
vehicles.

Some energy research is financed by multi-firm consortia
(e.g., the Electric Power Research Institute).  Evaluating 
the amounts, and whether the pooled contributions are 
missing from other R&D numbers would require additional 
research. -             

>
Government energy R&D support 
through DOE, other agencies

Nuclear fission (17.7%); 
Nuclear fusion (16.2%); 
fossil (32.6%); all 
renewables plus 
conservation (30.2%); 
power systems (3.4%) None. Grant Active 11,840     1998-2003 6 11,840    1998-2003 6 1,973         1,973          

Derived from DOE, BA hist by approp 
1978-2004 wksheet

> Energy new technology credi None. Tax Active 1,850       2005-09 5 2,470      2005-09 5 370            494             Treasury, 287 and 296

> USDA research into bioenergy Biomass

Assume 50% of USDA 
spending linked to 
energy, 50% to food. Active Pro-rate factor of 50% energy is a guess. 143          2003 1 143         2003 1 143            143             

Budget data from Duncan, p. 198.  Pro
rate factor is a guess.

Allowance of foreign research 
expenditures to offset domestic 
income -             

1.2  Resource Location/Characterization -             

>
US Geological Survey minerals 
assessment work Oil, gas, coal Agency

Believed to 
be active.

Represents USGS spending on oil only; inclusion of other 
fuels would result in a higher number. 23            1995 1 49           1995 1 23              49               Koplow/Martin 1998, 3-2. 

USGS evaluation of earthquake, 
other risks for power plant siting NQ NQ -             

>
Resource, market characterization, 
Energy Information Administration Multi-fuels None.

Gov't 
owned/provided 
services Active 80            2003 1 80           2003 1 80              80               BA hist by approp 1978-2004 wksheet

-             
2.  Production -             
2.1  Extraction of Energy Resources -             
2.1.1  Accessing Publicly Owned Energy Resources -             

Competitiveness of bidding

Major US auctions appeared to be competitive 
(Koplow/Martin, 1998).  Many smaller sales are not 
competed, as are some lease extensions, expansions.  
Proposed energy legislation contains language that could 
greatly worsen the problem of non-competitive awards. NQ NQ -             

Bonding requirements

Plugging and abandonement coverage is inadequate.  This 
is addressed in section 4.1.  Historical problems with 
allowing continued access to federal leases to firms with 
bond defaults in the past; current status would need to be 
researched.  Also, concerns over coal mine bonding also 
need verification. NQ NQ -             

Royalty undercollections or reductions -             

>
Oil recoveries: improper reporting of 
oil royalties due Oil Access

Litigation may 
be complete.

Hard to gauge withouth detailed research whether 
settlements still continuing; full range of period of damage; 
or amount awards have been reduced on appeal. 445          1990-02 13 445         1990-02 13 34              34               POGO, oil, 2002.

>
Natural gas recoveries: improper 
reporting of oil royalties due Gas Access

Litigation may 
be complete.

Hard to gauge withouth detailed research whether 
settlements still continuing; full range of period of damage; 
or amount awards have been reduced on appeal. 11,489     1990-02 13 11,489    1990-02 13 884            884             POGO, gas, 2002.

> Lapses in BLM royalty auditing Oil and gas None. Access

Unknown 
whether past 
weaknesses 
corrected. 59            1994 1 88           1994 1 59              88               

House Committee on Nat. Resources, 
1994.

Doug Koplow, Earth Track, Inc. (www.earthtrack.net) Summary, Energy Subsidy Update - 7/30/2004

NQ = "Not Quantified"
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LOW - Current Value ($mils) HIGH - Current Value ($mils)   Per Year ($mils)

Intervention

Anticipated Major 
Benefiary Energy 

Type(s) Pro-rate Factor Policy Type Status Trend/Issues  Low Period
# Yrs in 
period  High Period

# Yrs in 
period  Low  High Source(s)

> Royalty relief, deep water drilling Oil and gas Access Active
Estimate appears to include only oil; oil and gas value 
would be higher. 14            

ann. avg. 
from est., 

1996-2020 1 14           

ann. avg. 
from est., 

1996-2020 1 14              14               
Koplow/Martin 1998, 6-14; CBO, 
11/2/95.

Royalty relief: Gulf Coast, Alaska -             
Losses on public resource sales -             

Forest Service losses, timber sales,
fuelwood fraction Biomass Active 72            2004-08 5 72           2004-08 5 14              14               CBO, budget options, 2003.

2.1.2  Promoting Extraction Activities
Substantial state-level
subsidies as well. -             

>
Capital gains treatment, certain
timber income, fuelwood fraction Biomass Fuelwood fraction Tax Active 110          2005-09 5 146         2005-09 5 22              29               Treasury, 287, 297.

> Capital gains treatment, coal royaltiesCoal  Tax Active 640          2005-09 5 850         2005-09 5 128            170             Treasury, 287, 296.

>
Expensing exploration and
development costs: oil and gas Oil and gas Tax Active 2,000       2004-08 5 2,000      2004-08 5 400            400             JCS-8-03, 20.

>
Expensing exploration and
development costs: other fuels

Coal, geothermal, 
uranium Tax Active 200          2004-08 5 460         2005-09 5 40              92               JCS-8-03, 20; Treasury (high est.)

> Expensing tertiary injectants -             

>
Tax credit, enhanced oil recovery
costs Oil and gas Tax Active 1,500       2004-08 5 3,410      2005-08 5 300            682             

JCS-8-03, 21; Treasury, 296 (high
est).

>
Expensing multi-period timber 
growing costs Biomass Tax Active 172          2004-08 5 2,470      2005-09 5 34              494             

JCS-8-03, 21; pro-rate from detailed 
calcs page.  Treasury, 297 (high est).

>
Excess of percentage over cost 
depletion: oil and gas Oil and gas Tax Active 2,400       2004-08 5 3,860      2005-09 5 480            772             JCS-8-03, 20; Treasury, 29, high est.

>
Excess of percentage over cost 
depletion: other fuels

Coal, geothermal, 
uranium Tax Active 100          2004-08 5 160         2005-09 5 20              32               

JCS-8-03, 20.; Treasury, 296 (high
est.)

>
Gas/Oil exception to passive loss
limitation Oil and gas Tax Active 100          2005-09 5 100         2005-09 5 20              20               Treasury, 287 and 297.
Alternative minimum tax relief for oil
and gas producers -             
Special treatment, Alaskan Native 
Corporation losses -             

>
Subsidies to agricultural production
used for fuels: corn Ethanol

Share of corn used to 
make ethanol (9.3%) Mixed Active 3,225       1995-02 8 3,225      1995-02 8 403            403             

EWG, Corn; prorate from USDA 2004, 
p. 38.

>
Deferral of income from controlled 
foreign corporations Oil

Oil share of foreign pre-
tax income x JCT ests. 
for this tax expenditure 
for all industries. Tax

WTO case; 
being 
replaced

This tax subsidy has been declared illegal by the World 
Trade Organization.  It is being replaced by new tax breaks 
for industry in legislation now before Congress.  The effect 
of the replacement on the ultimate size of subsidies to the 
energy industry remain unclear. 71            1995 1 346         1995 1 71              346             Koplow/Martin, 1998, p. 2-7.

-             
2.2  Conversion -             
2.2.1  Capital subsidies -             

>

Accelerated depreciation for energy 
infrastructure (buildings, equipment) - 
energy share

Oil, natural gas, coal-
electric, gas-electric.  
Historically, fission also 
large beneficiary. Tax Active

Note use of single year value for Treasury (high) estimate.  
Treasury shows large negative numbers in later years for 
these, indicative of expiring provisions or phase-out of 
recent increases in highly accelerated schedules.  This may
not happen; plus, subsidy value today remains large. 25,977     2004-08 5 10,633    2003 1 5,195         10,633        

Low: JCS-8-03, 23; High: Treasury, 
297; Pro-rate: Koplow'93 (see detailed 
calcs).

>
Tax-exempt private activity bonds:
energy facilities Coal, natural gas. Tax Active 870          2005-09 5 900         2004-08 5 174            180             JCS-8-03, 21; Treasury, 296 (low est.)

> Tax-exempt bonds, public power Tax

IRS release data does not break out utility use-of-proceeds 
to show energy (including distribution networks) alone.  
Value here includes water, wastewater as well. 3,511       2004-08 5 5,140      2004-08 5 702            1,028          See munic bond calc page

>
Tax-exempt private activity bonds: 
solid waste/waste-to-energy facilities 1,294       2004-08 5 1,520      2004-08 5 259            304             See munic bond calc page

Interest-rate subsidies, public power -             
No required rate of return, public
power -             
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# Yrs in 
period  Low  High Source(s)

Subsidized credit, Rural Utility
Service -             
Subsidized credit, Power Marketing 
Administration -             
Subsidized credit, multi-lateral
development banks -             
Subsidized credit, Export-Import
Bank -             

>
Tax credits for investment in solar,
geothermal facilities Solar, geothermal Tax Active 100          2004-08 5 100         2004-08 5 20              20               JCS-8-03, 21.

-             
-             

2.2.2  Tax Credits and Exclusions -             
> Alcohol fuel blenders Ethanol Tax Active 25            2004-08 5 150         2005-09 5 5                30               JCS-8-03, 21; Treasury, 296

>
PTC, existing: wind, closed loop
biomass, poultry

Primarily wind; other two 
categories neglible Tax Active 1,100       2004-08 5 1,100      2004-08 5 220            220             JCS-8-03, 21.

PTC, proposed Biomass, etc. -             
Oil and gas enhanced recovery -             

> PTC, "non-conventional" fuels Oil, gas, coal Tax Active 2,600       2004-08 5 4,020      2005-09 5 520            804             
JCS-8-03, 21; Treasury, 296 (high
est).

Foreign tax credits in excess of 
standard (non-oil) baseline Oil Tax Active

Historically between $0.5 and $1.0 billion per year.  
Complicated area; insufficient time to update. NQ NQ -             

Koplow/Martin, 1998, p. 2-6; Wahl, 
1996.

>
Tax exemption, certain mutual and 
cooperatives income. Electricity

Energy share of total 
cooperatives, 
estimated in Koplow 
1993 at 56%. Tax Active 196          2005-09 5 230         2005-09 5 39              46               

High: Treasury, 297; Low: Treasury, 
288; pro-rate: Koplow 1993, p. B2-35.

> Tax exemption, public power Electricity Tax Active

Estimated by applying average tax rate of private utilities to
net income of publicly-owned utilities.  Scaled from Koplow 
1993; then reduced by 25% to estimate reductions in 
corporate tax rates and possible privatizations since that 
time period. 286          1989 1 286         1989 1 286            286             Koplow 1993, B2-36.

Tax-exemption, government-owned 
power and energy lending entities Electricity

As with municipally-owned energy operations, federally-
owned entities are also able to deliver energy at a lower 
price in part because they are exempt from taxation.  This 
includes Power Marketing Administrations, TVA, the Rural 
Utility Service, and even lending institutions such as the 
Export-Import Bank. NQ NQ -             

-             
2.2.3  Purchase mandates -             

Ethanol purchase mandates Purchase mandate

Believed to 
be proposal 
only at fed. 
level. NQ NQ -             

>
Renewable energy portfolio 
standards

Depending on state, may 
include all types of 
biomass, landfill gas, 
WTE, even waste coal 
piles -- as well as wind, 
solar, closed loop 
biomass. Purchase mandate

Active, but 
only at the 
state level.

This is currently a state-level subsidy only, though there are 
attempts at a national standard. NQ NQ NQ NQ

-             
2.3  Transportation and Distribution -             

>
Tax-exempt private activity bonds: 
docks, wharves, seaports, harbors 113          

annual avg., 
1996-2000 1 155         

annual avg., 
1996-2000 1 113            155             Muni Bond calc. page

>

Army Corps operating and capital 
subsidies, commercial harbors, 
energy share Oil, coal

Oil and coal share of 
total tonnage shipped. Agency 770          2004-08 5 770         2004-08 5 154            154             CBO 2003; USAC for pro-rate

>

Army Corp unreimbursed costs, 
infrastructure development, energy 
share Oil, coal

Oil and coal share of 
total tonnage shipped. Agency 530          2004-08 5 530         2004-08 5 106            106             CBO 2003; USAC for pro-rate
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# Yrs in 
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No rate-of-return on Army Corp 
provision of insfrastructure services

Provision of engineering services by a government entity 
not subject to taxation or to earning a reasonable return on 
invested capital contributes to a reduced need for cost 
recovery from users of the water infrastructure.  Competing
energy services reliant on transmission, private pipelines, o
end use efficiency are disadvantaged. NQ NQ -             

>

Tax deferral on shipping companies
that are US flag carriers (via US 
Maritime Administration) Primarily oil; some coal.

Energy share of total 
cargo capacity, US flag
carriers Tax Active 75            2005-09 5 300         2004-08 5 15              60               

JCS-8-03, 24; Koplow '93 (detailed 
calcs page).  Treasury, 297 (low est).

>
US Coast Guard maintenance of 
shipping lanes Oil, coal

Oil and coal share of 
coastal tonnage 
shipped. Agency Active

Current values may differ from these as a result of new 
Coast Guard activities for homeland security.  Values 
represent oil shipping only; coal would increase energy 
share of subsidies somewhat. 522          1995 1 522         1995 1 522            522             Koplow/Martin, 1998, p. 3-2.

-             
-             

2.4  Accident Risks/Known worker safety risks -             
2.4.1  Nuclear accident liability/plant safety -             

> Price Anderson Act - reactor liability Nuclear fission Indemnification Active
Value shown here is for reactors only; excludes federal fuel 
cycle facilities, disposal sites, transporters, contractors. 356          2002 1 356         2002 1 356            356             Heyes, 2002.

>
Price Anderson Act - fuel cycle, 
contractor, transporter liability Nuclear fission Indemnification Active Never seen this quantified. NQ NQ

> Nuclear LLCs and P-A 2nd tier Nuclear fission Indemnification Derivative

Ownership of plants by single asset LLCs increases the 
likelihood of default on tier 2 coverage (retrospective 
premiums) under the P-A act.  This increases the total 
subsidy to commercial plants that the Act provides. NQ NQ -             

>
Nuclear Regulatory Commission, net 
of offsets Nuclear fission Active

After 2005, cost recovery from industry slated to drop from 
90% to 33%.  Based on total outlays in 2003 of $576m, 
total subsidy would rise to more than $380m/year. 50            2003 1 50           2003 1 50              50               

OMB FY05 Budget, Indep. Agencies 
excel file, line 1058, 1062.

2.4.2  Oil spills -             

Uncovered liability risks shifted to 
public Oil Indemnification Active

Damage from large oil spills have historically, and are 
expected to in the future, exceed mandated caps for private
insurance plus maximum payouts from the Oil Spill Liability 
trust fund.  Lower than necessary bonding requirements 
generate a subsidy to oil shippers. NQ NQ -             

Koplow/Martin, 1998, pp. 5-10 - 5-14; 
Koplow 2004, p. 757.

>

Access to Navy Supervisor of 
Salvage oil spill equipment at zero 
reserve price Oil Agency

Believed to 
be active -           1995 1 21           1995 1 -             21               Koplow/Martin, 1998, p. 3-2.

>
US EPA oil spill response, net of 
offsetting collections Oil Agency Active Possibly reimbursed by some other trust fund. 13            2003 1 13           2003 1 13              13               

OMB, FY05 Budget, EPA excel table, 
line 112.

-             
2.4.3  Catastrophic dam failure -             
2.4.4  Mining -             

Subsidence -             

>
Tax-exemption, payments to disabled
coal workers Coal Tax Active 230          2005-09 5 300         2004-08 5 46              60               

Low: Treasury, 298; High: JCS-8-03, 
p. 28.

>

Black Lung Disability Trust fund 
shortfalls (Employment Standards 
Admin. of the Dept. of Labor) Coal Active

Fund deficit as of 9/03 was $8.2 billion.  Excise fees too low
to cover.  Increases needed to pay down deficit over 15 
years (2% real interest rate) are shown. 623          

Annualized 
payment for 

15 year 
payoff 1 623         

Annualized 
payment for 
15 yr payoff 1 623            623             

Shortfall from DOL 2003 Annual 
report:  
http://www.dol.gov/_sec/media/reports
/annual2003/principal_financial_statem
ent-10.htm ; Earth Track calculations.

>

Supplemental benefits to disabled
coal miners (ESA of the Dept. of 
Labor) Coal Active

Annual appropriations from general fund to support workers
harmed in the coal industry.  Not supported by coal excise 
taxes. 421          2003 1 421         2003 1 421            421             

OMB, FY05 Budget, DOL Excel table, 
line 207.

>
Mine Safety and Health 
Administration (Dept. of Labor)

Mainly coal; some 
benefits to uranium 
mines.

72% to energy (Koplow
1993), based on 
shares of enforcement 
budget. Active

Pro-rate factors based on old data; current spending mix 
may differ. 191          2003 1 191         2003 1 191            191             

OMB, FY05 Budget, DOL Excel table, 
line 263; pro-rate from Koplow 1993, 
App. B, after B4-118.
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> 
Occupational Safety and Health 
Administration (Dept. of Labor) Coal, oil, gas. Share of inspections Active Unable to quantify at this time. NQ NQ -             

2.4.4  Worker Health, Nuclear Fuel Cycle -             

>
Energy employees occupational 
illness compensation fund Nuclear fission, fusion

Adjusted commercial 
share of DOE 
enrichment D&D 
expenses. Active

Pro-rate factor needs adjustment.  Excludes fusion 
research (understating energy sector share), but based on 
enrichment activities only (overstating energy sector share)
Funding all from Treasury; no excise on commercial 
contributors. 321          2003 1 321         2003 1 321            321             

OMB, FY05 Budget, DOL Excel table, 
line 198; pro-rate from Koplow 1993, 
App. B.  

-             
3.  Consumption -             
3.1  Poverty alleviation -             

>

Low income home energy assistance 
program (LIHEAP) [Admin. for 
Children and Families in Dept. of 
Health & Human Services]

Mostly oil, gas, electricity; 
some DSM. Grant Active 2,030       2003 1 2,030      2003 1 2,030         2,030          

OMB, FY05 Budget, HHS Excel table, 
line 414.

3.2  General subsidies to consumption -             

"Postage stamp" pricing of electricity Cross-subsidy Active

This pricing approach generates the same average price 
across fairly wide geographic regions.  The result is a cross-
subsidy between areas of high density/close proximity to 
generation to those far away and/or with low populations 
(often rural).  This cross-subsidy destroys important niche 
markets for renewable and decentralized energy, and end-
use efficiency -- markets that would be competitive at 
today's prices with pricing transparency. NQ NQ -             

>

Power Marketing Administrations:
WAPA, SWPA, SEPA, below-
market pricing of power Mostly hydroelectricity

Government-
owned enterprise Active

PMAs often have large historical, financing subsidies as 
well.  640          2004-08 5 640         2004-08 5 128            128             CBO 2003 budget

>
TVA pricing below what is needed for
debt service Electricity Active 1,080       2004-08 1,080      2004-08 -             CBO 2003 budget

-             
3.3  Targeted exemptions/tax benefits -             

>
Ethanol partial exemption from motor 
fuels tax Ethanol Tax Active 4,400       2004-08 5 8,590      2004-08 5 880            1,718          

Low estimate:  
http://www.cbo.gov/bo2003/bo2003_s
howhit1.cfm?index=REV-25; High 
estimate: Treasury, 289.  For some 
reason, rev. loss est. higher than outlay
equiv. on this one.

> Electric/alternative fueled vehicles

Electricity, LNG, LPG, 
hydrogen, methanol, 
ethanol, other alcohols. Tax Active 90            2003 1 500         2004-08 5 90              100             JCS-8-03, 24; Treasury, 296 (low est.)

>
Exclusion of utility demand reduction 
payments from income tax End-use efficiency Tax Active 100          2004-08 5 520         2005-09 5 20              104             

JCS-8-03, 21; Treasury, 296 (high 
est.)

-             
4.  Post-production activities -             
4.1  Long-term Management/Site Decommissioning -             
Funding for nuclear decommissioning, decontaminating nuclear fuel cycle sites -             

>

Reduced tax rate on income earned
by qualified nuclear decommissioning
trusts Nuclear fission Tax Active 1,800       2004-08 1,800      2004-08 -             JCS-8-03, 21.

Tax-exempt transfers of 
decommissioning trust funds Nuclear fission

A variety of complex rules allow transfer, pre-funding of
decommissioning trust funds.  They have large potential 
avoided taxes (billions of dollars), but would require 
additional analysis to evaluate properly.  Key issue is 
whether utilities retain access/control/influence on funds or 
not. NQ NQ -             

>
Decontamination and 
Decommissioning Fund shortfalls Nuclear fission -             
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>
-Underallocation of current funding to 
commercial sector Nuclear fission

DOE funding split is 
30% commercial, 70% 
defense.  Seems too 
low based on other 
data (Koplow, 1993).  
Subsidy rate is 47% - 
30%, or 17%. Liability Active

When I looked at the defense/commercial split in detail in 
the early 1990s, the commercial share came up much 
higher than 30%.  Shipments of separative work units from 
1969-89 were 88% commercial.  Prior period probably had 
more defense.  But DOE pegged the commercial share in 
1989 at nearly 47% (UEE ann. report, 1989, p. 35).  More 
research would be needed to vet these various figures. 130          2004-05 2 130         2004-05 2 65              65               

OMB, FY05 Budget, DOE Excel table, 
line 164; pro-rate from Koplow 1993, 
App. B, after B4-74.

>
-Long-term uncovered liabilities in the
fund, commercial share Nuclear fission

Commercial subsidy 
would be 47% of the 
annualized shortfall. Liability Active

GAO projects most likely collection shortfall of $3.5-$5.7
billion by 2044, of which $1.65-$2.68b should fall on the 
commercial sector.  Value shown is annual payment 
needed to accrue this shortfall over 40 yrs. at a 2% real 
interest rate. 27            

annualized 
payment for 
2005-2044 1 44           

annualized 
payment for 
2005-2044 1 27              44               

Shortfall from GAO-04-692, 4; 
annualization based on Earth Track 
assumptions.

-             
Post-closure care, landfills -             
Reforestation -             

Tax credit and rapid amortization,
reforestation expenses -             

-             
Oil & gas well plugging and abandonment; pipeline removal -             

>
Underbonding for current operations, 
increase in annual premium cost Oil and gas

Total wells pro-rated by
est. likelihood of ending
up in public domain. Liability Active

Current coverage requirements, bonding availability, and 
bond prices would affect total estimates. 253          1995 1 961         1995 1 253            961             

Koplow/Martin, 1998 & supporting data
workbooks.

>
Backlog - improperly closed oil and 
gas wells Oil and gas

Total wells pro-rated by
est. likelihood of ending
up in public domain. Liability Active

Values assume relatively small fraction of total portfolio end
up requiring public bailout.  Actual value probably 
substantially higher. 1,214       

Backlog; 
assume 10-
yr workoff 10 3,060      

Backlog; 
assume 10-
yr workoff 10 121            306             

Koplow/Martin, 1998 & supporting data
workbooks.

Mine closure -             

>
Special rules for mine closure and
reclamation reserves Predominantly coal. Tax Active 200          2004-08 200         2004-08 -             JCS-8-03, 21.

-             
4.2  Waste Management -             

Shortfall in collections, federal
nuclear waste fund -             
Nuclear Waste Technical Review 
Board Nuclear fission Active 3              2003 1 3             2003 1 3                3                 

OMB FY05 budget, Indep. Agencies
Excel table, line 1069.

-             
4.3  Reclamation and remediation -             

Abandoned coal mine lands Coal Active

Excise fees currently fund about $280m/yr in coal site 
remediation.  However, there is a huge and poorly 
characterized backlog estimated at $30b, with only $1.6b in
the trust fund.  Coal excise fees are slated to expire in 
2015.  Even allowing for excise fee renewal, and 25 years 
to clear the site backlog, collections still lag need by roughl
1 billion per year. 1,174       

Annualized 
payment, 

2004-2029 1 1,174      

Annualized 
payment, 

2004-2029 1 1,174         1,174          See sources on detailed calcs page.

Expensing of environmental 
remediation costs Not known

Should be pro-rated by 
energy share of 
facilities. Tax Active 80            2003 1 110         2003 1 80              110             

High: Treasury, 297; Low: Treasury, 
288.

-             
5.  Energy externalities -             
5.1  Energy security -             
5.1.1  Protection of assets and supply links -             

>
Defending Persian Gulf oil shipments
(DOD)

Estimate by Jaffe (p. 5) uses $20b/yr (2004$); falls w/in
Koplow/Martin range. 12,047     2003 1 26,733    2003 1 12,047       26,733        Koplow/Martin

Domestic nuclear power assets -             

>
Domestic oil production (Dept. 
Homeland Security) Oil None Grants Active 38            2004 1 38           2004 1 38               

http://pogo.org/p/environment/el
040501-oil.html
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Benefiary Energy 
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period  High Period

# Yrs in 
period  Low  High Source(s)

Trans Alaskan Pipeline System Oil

TAPS is clearly and important asset, and the military has 
conducted drills simulating an attack on the line.  However, 
Koplow/Martin were unable to find any information on 
defense spending related to the line.  Spending is likely to 
have increased since 9/11/01. NQ NQ -             Koplow/Martin, 4-14.

>
Foreign pipelines, production fields 
(e.g., Columbia) Oil

Unknown if 
funding is 
recurring.

There may be allocations like this for many parts of the
world, buried in the defense and homeland security 
budgets.   Assume (arbitrarily) that the funding noted 
supported three years of effort. 98            2003 3 98           2003 3 33              33               Reeker, 2002; 

Domestic pipeline security, 
Department of Homeland Security Oil, natural gas

Energy pipeline share 
of all activities 
undertaken by DHS 
"Transportation 
Security Enterprise." Active

No budget detail to assess pipeline share.  Assume 10% as
a placeholder. 15            2005 1 15           2005 1 15              15               Parfomak, 18.

Maritime Adminstration (DOT) 
security program

Likely benefits oil 
shipments Active

Funding in 2003 was $97million.  Insufficient data to
determine energy sector portion; use 10% as a 
placeholder. 10            2003 1 10           2003 1 10              10               

OMB, 2005 Budget, DOT excel table, 
line 593.

-             
5.1.2  Stockpiling -             

>
Improper costing/cost recovery for 
Strategic Petroleum Reserve Oil Agency Active

Costs driven by financing capital and inventory.  Declining 
interest rates have halved this subsidy since the late 1990s
Will rise again with rates.  High/low spread driven by 
compounding of past unpaid financing costs. 840          2003 1 3,000      2003 1 840            3,000          Koplow, Oil & Gas, 11/17/03, p. 1

> Northeast Heating oil reserve Oil Agency Active
Similar issues as with SPR.  May displace rather than 
expand private storage, mitigating buffering benefits. 20            2003 1 20           2003 1 20              20               Koplow, Oil & Gas, 11/17/03, p. 2

-             
5.2  Environmental, health, and safety externalities -             

-             
Nuclear Proliferation -             

International Atomic Energy Agency -             
-             

Oversight and analysis by federal agencies related to energy systems -             
US Fish and Wildlife Service -             
US National Oceanic and 
Atmospheric Administration -             

>

Office of Surface Mining Reclamation
and Enforcement (DOI) - Regulation 
and technology Coal None Agency Active

OSMRE oversees regulation of new mines, reclamation of 
old mines.  This program was not historically financed by 
coal fees, though this may have changed. 104          2003 1 104         2003 1 104            104             

OMB, FY05 Budget, DOI Excel table, 
line 167.

-             
Targeted exemptions to environmental laws -             

Mining waste -             
-             

Windfall grants of pollution credits -             
GHG credits for existing practice,
nuclear plants -             

US Climate Change Science Program

>
Funding across 13 federal agencies 
on climate change-related problems

Coal, oil, biomass, landfill 
gas

Energy-related share 
of total human 
contribution to radiative
forcing. Grants Active

Not yet pro-rated to energy sector only.  Indications of 
funding cuts in more recent fiscal years. 3,062       2003 1 3,062      2003 1 3,062         3,062          

http://www.climatescience.gov/Library/i
nventory/Inventory_budgetsummary_2
6Aug02.pdf

-             
6.  Cross-cutting -             

Incremental reduction in state taxes 
due to federal tax breaks to energy All energy sources. -             

-           

7.  Total Estimated Energy Subsidies/Year 36,967    63,692    
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Federal Subsidies to Energy, 2003 -- A First Look
*This document represents a rough estimate  of federal programs supporting energy.  It is a work-in-process, assembled for NCEP to a general view of the current subsidies
picture.  The document is not meant for distribution or citation, as much additional work is needed to update and refine subsidy allocation factors and supporting data.

LOW - Current Value ($mils) HIGH - Current Value ($mils)   Per Year ($mils)

Intervention

Anticipated Major 
Benefiary Energy 

Type(s) Pro-rate Factor Policy Type Status Trend/Issues  Low Period
# Yrs in 
period  High Period

# Yrs in 
period  Low  High Source(s)

Fuel Royalty Offsets and Additional Subsidies Affecting Energy Demand

8.  Subsidies to Activities that Promote Increased Energy Consumptio

a.  Support for Road Infrastructure and Usage

Public subsidies to road infrastructure reduce the visible 
cost of driving to road users.  Road use constitutes by far 
the largest use of oil, and user fees are primarily collected 
through fuel taxes.  Road subsidies allow lower fuel costs 
than would otherwise be possible.

>
Tax-exempt bonds: roads and 
highways Oil, road users. Tax Active 3,299       

annual avg., 
1996-2000 1 4,830      

annual avg., 
1996-2000 1 3,299         4,830          Muni Bond calc. page

Direct federal funds for roads not 
recovered through taxes on users

Gas taxes at all levels of government cover most, but not 
all, the costs of highway construction and maintenance.  
However, once one adjusts to remove baseline commodity 
sales taxes on gasoline from attribution to roads (to make 
neutral w/ state taxation of all other products), the deficit 
rises to tens of billions per year. NQ NQ

Backlog of road maintenance, 
deferring true cost of road network

Poor maintenance acts to suppress real cost of road
infrastructure and driving.

Exemption of roadways from 
property tax or payments in lieu of 
taxes Oil, road users. Tax Active

Even federal forests pay states for tying up land in a
particular use.  Roads generally pay nothing.  Lots more on 
this at www.vtpi.org.

>
Tax exclusion, employer-paid 
transportation benefits

Primarily oil 
(consumption). Tax Active

Supports driving, oil consumption; does not directly 
subsidize oil though.  Treasury attributes 18% of total cost 
to subsidized mass transit, 82% to parking. 19,200     2004-08 5 20,560    2005-09 5 3,840         4,112          

JCS-8-03, 24; Treasury, 297 (high 
est).

Total direct subsidies to roads and
driving 7,139         

b.  Support for General Housing/Building Infrastructure

Tax breaks for commercial & residential real estate

Subsidies to construction have been shown to contribute to 
larger square footage per person, driving up energy use.  
Subsidies to second homes encourage sprawl and habitat 
destruction as well as higher baseline energy demand. -             

> Mortgage interest rate deduction
Pro-rate based on home 
energy consumption. Tax Active 372,200   2004-08 5 393,910  2005-09 5 74,440       78,782        

JCS-8-03, pp. 22, 23; Treasury, 297 
(high est.)

> Property tax deduction
Pro-rate based on home 
energy consumption. Tax Active 76,850     2005-09 5 76,850    2004-08 5 15,370       15,370        

JCS-8-03, pp. 22, 23; Treasury, 297 
(low est.)

>
Capital gains exemptions on sale of
principal residence

Pro-rate based on home 
energy consumption. Tax Active 91,400     2004-08 5 149,655  2005-09 5 18,280       29,931        

JCS-8-03, pp. 22, 23; Treasury, 297 
(high est.)

>
Tax-exempt bonds for construction of
rental & owner-occupied housing.

Pro-rate based on home 
energy consumption. Tax Active 7,300       2004-08 5 11,430    2005-09 5 1,460         2,286          

JCS-8-03, pp. 22, 23; Treasury, 297 
(high est.)

Tax exemption of public purpose
debt, housing Tax Active 151          

Average, 
2004-08 1 222         

Average, 
2005-09 1 151            222             See Muni Bond calc page

Total subsidies to construction 109,701     126,591      

9.  Subsidies to Energy related pollution
Public purpose debt, environmental
purposes Tax Active

Likely that substantial share of environmental spending
linked to energy fuel cycles. 1,963       

Avg., 2005-
09 1 2,874      

Avg., 2005-
09 1 See Muni Bond Calcs page.

10.  Offsets to Programs Supporting Energy, or to Royalties from Energy -             
a.  Cost to oversee minerals royalties

Bureau of Land Management (DOI), 
management of lands and resources Oil, gas, coal

Energy share of total 
land management 
costs Agency Active

Costs not added to total; would reduce gross royalties from 
resource sales. 837          2003 837         2003

OMB, FY1995 budget, DOI Excel 
table, line 21.

Minerals Management Service (DOI),
offshore royalty and minerals 
management. Oil, gas All to energy Agency Active

Costs not added to total; would reduce gross royalties from 
resource sales. 1,161       2003 1,161      2003

OMB, FY1995 budget, DOI Excel 
table, line 116.
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LOW - Current Value ($mils) HIGH - Current Value ($mils)   Per Year ($mils)

Intervention

Anticipated Major 
Benefiary Energy 

Type(s) Pro-rate Factor Policy Type Status Trend/Issues  Low Period
# Yrs in 
period  High Period

# Yrs in 
period  Low  High Source(s)

b.  Energy-related Trust Funds

The many energy-related trust funds are picked up as 
offsets to other subsidies.  There are none that are running 
above the expected long-term cost of the energy-related 
liabilities the funds were created to address.  Where there 
are long-term shortfalls, these have been included above.
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