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Appendix 1: 

Budget details 
 

This appendix was developed under the guidance of Maxine Savitz, chair 

of the Technical Review Committee for the American Energy Innovation 

Council.  It is designed to support the AEIC’s deliberations, but is not part 

of the council’s report. 
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Budget Details 

 

Overview 
 

The American Energy Innovation Council has called on the federal government to invest 

in clean energy innovation at a minimum level of $16 billion per year, a three-fold 

increase over today’s investment in basic energy science and applied RD&D.  This level of 

investment would put energy research, development, commercial demonstration and early 

deployment (RD&D) investments closer to (although still well short of) other technology-

intensive national priorities. 

 

Many other expert panels and respected studies have called for sustained increases in federal 

investment in energy innovation: 

 

 Last year, more than 30 Nobel laureates called the president’s attention to the need for 

a sustained increase in federal clean energy innovation spending and recommended 

that the federal government spend $15 billion per year on clean energy research and 

development. 

 

U.S. Department of Energy FY 2008 - FY 2011 Request 
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 The Brookings Institute has called for $20 billion to $30 billion in annual energy 

innovation spending. 

 

 The President’s Council of Advisors on Science and Technology and the National 

Commission on Energy Policy in 1997 and 2005 recommended a doubling of spending. 

 

 The International Energy Agency in 2009 recommended a three- to sixfold increase for 

all countries in the Major Economies Forum 

 

 The Intergovernmental Panel on Climate Change recommended in 2000 a six- to 

ninefold global increase. 

 

Budget details 
 

The table below provides an illustration of how a research, development, demonstration and 

early large-scale deployment budget for clean energy could be allocated.  In the model budget 

below, investments in the Office of Basic Energy Sciences would increase by $1 billion to fund 

an expansion of “centers of excellence,” including the U.S. Energy Department’s Innovation 

Hubs and Energy Frontier Research Centers (EFRCs).  Spending on critically important areas 

like energy efficiency and renewables would triple.  Funding for nuclear fusion would remain at 

historical levels while investments in nuclear fission would double.  Given that decarbonization 

of fossil fuels must be a top priority, the budget for fossil energy would more than double, 

primarily to fund carbon capture and storage programs (CCS).  Electricity transmission and 

distribution funding would increase sixfold, focusing equally on transmission, smart grids and 

electricity storage.  The Advanced Research Projects Agency Energy’s (ARPA-E) budget would 

increase to $1 billion annually.  Each programmatic area would include funding for applied R&D 

as well as for pilot-scale demonstration activities.  

 

Additionally, the council’s budget envisions that a new institution — the New Energy Challenge 

Program — will be charged with demonstrating large-scale, first-of-a-kind advanced energy 

projects.  In order to ensure that the New Energy Challenge Program has the ability to 

successfully demonstrate a range of technologies, it would be supported with a budget of $2 

billion per year.  Furthermore, the model budget below also includes the Clean Energy 

Deployment Administration (CEDA) — a legislatively proposed entity that would be responsible 

for providing creative and effective financing options for a wide-range of commercial energy and 

efficiency technologies.  The council’s budget recommends that CEDA be supported at $2 

billion per year. 
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In total, the model budget below amounts to more than a threefold increase in annual federal 

energy innovation investment, bringing the total to approximately $16 billion dollars annually, or 

$11 billion more than America currently spends.1  

 

Model RD&D Budget2 (millions 2005$)     

 2009 
2009 

ARRA 
2010 

2011 

Request 

Model budget 

in 5 years 

Basic Energy Sciences (with increases 

directed to EFRCs, Energy Innovation 

Hubs, and other centers of excellence) 

1,390 502 1,468 1,627 2,600 

Nuclear Fission (advanced reactor 

technologies, fuel cycles, new modeling 

and simulation capabilities, and waste 

management) 

508 0 464 502 1,000 

Nuclear Fusion 357 82 382 337 400 

Efficiency (includes buildings, 

transportation3, and industrial sectors) 
716 648 844 823 2,100 

Renewables (includes solar, wind, 

bioenergy, geothermal, and 

hydropower) 

763 1,450 891 846 2,400 

Fossil Energy (includes CCS, clean 

coal, natural gas, and hydrates) 
771 3,075 577 511 1,300 

Electricity Transmission and 

Distribution (includes electricity 

storage, smart grid, and transmission 

and distribution) 

111 654 143 154 1,200 

ARPA-E 8 352 0 266 1,000 

RD&D Subtotal 4,624 6,763 4,769 5,066 12,000 

New Energy Challenge Program4 NA NA NA NA 2,000 

Clean Energy Deployment 

Administration (CEDA)5 
NA NA NA NA 2,000 

Grand total     16,000 

                                                      

 

1
 As compared to the current budget request, including basic energy science investments. 

2 Historical and FY2011 request data come from: Gallagher, K.S. and L.D. Anadon, "DOE Budget Authority for Energy Research, Development, 
and Demonstration Database," Energy Technology Innovation Policy, John F. Kennedy School of Government, Harvard. March 22, 2010. 
3 This includes hydrogen fuel cell research within the transportation category. 
4 We don't envision this funding to cover other widely used deployment incentives—such as the PTC, ITC, conservation block grants, the 
weatherization program, appliance rebates, etc.—which currently receive significant funding.  The Council believes these deployment policies 
should be assessed in the context of broader energy policies.   
5 Although the Council did not focus on CEDA in its report to Congress and the Administration, the Council is supportive of the creation of such 
an institution and believes it will become law as versions of it have already passed out of the House of Representatives and Senate Energy and 
Natural Resources Committee with strong bipartisan support.    
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Budget rationale 
 

1. Basic Energy Sciences – $2.6 billion 

Where we are today: The Office of Basic Energy Sciences (BES) is responsible for funding the 

Department of Energy’s core research program, including material science and other basic 

science work related to energy.  BES also funds two of the Energy’s Department Energy 

Innovation Hubs and Energy Frontier Research Centers.  Three hubs have now been 

established — fuels from sunlight, modeling and simulation for nuclear energy, and energy 

efficient building systems design.  A new hub is proposed for batteries and energy storage this 

fiscal year.  The Department of Energy also has established three bioenergy research centers. 

Last fiscal year, BES received almost $1.5 billion (2005 USD).  

 

Scalability: Basic science is the bedrock of future technology transformations.  Sustained 

advances in basic science enable the continued development of applied technologies.  With 

increased investment and a well-educated workforce, the national labs, universities and other 

research facilities have significant capacity to expand basic energy science research and 

development.  

 

Investment Focus: With stimulus funding, the Department of Energy has built the infrastructure 

to spend nearly $2 billion through existing programs.  The majority of the funding increase the 

council recommends for BES — approximately $1 billion — should be dedicated to Energy 

Innovation Hubs, Energy Frontier Research Centers, or other “centers of excellence.”  Such an 

increase would suggest expanding existing centers and funding the Energy Department’s four 

hubs (and possibly additional centers of excellence or other types of consortia) at roughly $150 

million — $200 million per year (compared to the $25 million that is currently requested).6 

 

2. Nuclear Fission — $1 billion 

Where we are today: Nuclear power from fission reactors powers one-fifth of all U.S. electricity 

and 15 percent of global electricity.  Currently, fission power is the only large-scale technology 

that can provide baseload, GHG emission-free power generation.  

 

U.S. fission RD&D programs are funded at more than $460 million. 

 

Scalability: Several important scientific studies believe that, although challenges remain 

regarding cost, safety, waste management and proliferation, nuclear power can be scaled 

widely, both in the United States and around the world.7  At least 44 nuclear plants are under 

construction around the world, although none are being built in the United States.  Safe, reliable 

nuclear power technologies are widely available today and will continue to advance in both 

                                                      

 

6
 Funding for DOE’s Hubs are currently comes through DOE’s Office of Basic Energy Science and DOE’s applied programs.  

Future investments could come from DOE’s basic and/or applied programs.  In either case, stove-piping research funding and 
programs should be avoided. 
7
 MIT. Update to the Future of Nuclear Power. 2009. 
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evolutionary and revolutionary steps in the future.  Likewise, uranium supplies are likely to be 

sufficient to fuel thousands of reactors over the coming century.8  In short, over the next several 

years, nuclear power is likely to remain the only large-scale, baseload power source that emits 

almost no CO2.  Finally, the U.S. nuclear fleet’s short-term spent fuel storage options are 

sufficient to provide safe storage options for several decades until a long-term strategy is 

adopted.  

 

Energy Security: Nuclear power is an important component of our diverse, domestic electricity 

portfolio.  Still, there is widespread agreement that any global expansion of nuclear power must 

not exacerbate international proliferation dangers.  Advancements in fuel cycles and strong 

international engagement make these challenges manageable.  

 

Affordability: The nuclear fleet in the United States provides some of the cheapest electricity in 

the country.  Going forward, however, the costs of new nuclear reactors are highly uncertain, 

with costs likely to be quite high for the first new plants constructed in the United States.  Even 

so, as manufacturing supply chains grow and as America gains experience with new reactors, 

prices have the potential to decline. Increasingly advanced reactors could lower costs even 

more.  

 

Reliability: Today, the U.S. nuclear fleet operates at an average capacity factor of more than 

90 percent and is among the most reliable power sources in the country.  

 

Investment Focus: Fission RD&D would likely focus on advanced reactor technologies (Gen 

III+, Gen IV and modular reactors), fuel cycles, new modeling and simulation capabilities and 

waste management. 

 

3. Nuclear Fusion – $400 million 

Where we are today: Although promising advances have been made at small scales in the lab, 

nuclear fusion likely remains decades away.  The fusion program is funded at $382 million per 

year, which supports the International Thermonuclear Experimental Reactor (ITER) project.   

 

Scalability: If successful, nuclear fusion has enormous potential to supply vast amounts of 

clean, cheap, safe electricity.  

 

Investment Focus: The fusion program represents both pure science and applied, longer-term 

R&D, and should continue its funding at roughly historical levels.  

 

4. Efficiency – $2.1 billion 

Where we are today: Residential and commercial buildings consume approximately 41 percent 

of all U.S. energy, the transportation sector consumes less than 30 percent, and the industrial 

sector consumes the remaining 29 percent.  Although the United States has experienced 

                                                      

 

8
 Ibid. 
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decades of declining energy intensity — that is, energy use per unit of GDP — total energy 

consumption continues to rise.  Investments in efficiency innovation programs stand at $700 

million per year.   

 

Scalability: Several studies suggest that energy efficiency in buildings, industry and 

transportation each have the ability to scale significantly — many at small or even negative 

costs based on the energy savings such investment produces.9  For instance, the National 

Academies of Science found that “the potential energy savings available from the accelerated 

deployment of existing energy efficiency technologies in the buildings, transportation, and 

industrial sectors could more than offset projected increases in energy consumption through 

2030.”10  The same study found that the building sector could save more than a quarter of its 

energy over the next few decades with efficiency measures, and several advanced technologies 

are under development or emerging that could contribute even greater energy savings gains.11  

Continued efficiency gains by the U.S. transportation fleet represent a near-term option to 

decrease oil consumption over the next decade.  Beyond that, plug-in hybrid vehicles, battery-

electric vehicles and hydrogen fuel-cell vehicles offer opportunities to drastically reduce oil 

consumption.  The National Academies of Sciences also found that several studies estimate 

that 14 to 22 percent of energy use in the industrial sector could be cost-effectively saved by 

2020.  After 2020, advanced combined heat and power platforms and other technologies will 

offer even greater energy saving opportunities. 

 

Security: Electricity savings in buildings and the industrial sector have the potential to 

significantly reduce electricity demands across the country, thereby buffering our current 

electricity portfolio from demand shocks and rapid growth.  Advances in transportation sector 

technologies have the potential to diversify the energy demands of the transportation sector — 

currently 95 percent dependent on crude oil — and reduce the U.S. trade deficit. 

 

Affordability: Advances in energy efficiency will lower energy costs for end-use and industrial 

consumers.  Several studies have documented that energy efficiency gains can be had at low or 

negative costs to consumers. 

 

Investment Focus: Of the increase in RD&D for energy efficiency in the model budget above: 

 

$800 million would be devoted to building efficiency technologies and system integration (i.e., 

appliances, new heating, cooling, lighting, whole building design, retrofit approaches for 

residential and commercial buildings and science research). 

 

$500 million would be dedicated to industrial efficiency (i.e., cross-cutting technologies to 

improved efficiency in the industrial sector such as combined heat and power, high temperature 

                                                      

 

9
 NAS – America’s Energy Future. 2009; McKinsey & Company, 2009. Unlocking Energy Efficiency in the U.S. Economy. 

10
 NAS – America’s Energy Future. 2009. 

11
 NAS – America’s Energy Future. 2009. 
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and separation processes, fabrication and materials, sensors and process controls, steam and 

process heat, and motors; and industry-specific efficiency R&D such as new feedstocks for the 

chemical industry, new technologies for reprocessing steel, pulp and paper and cement). 

 

$800 million would support transportation efficiency (including light- and heavy-duty efficiency 

gains, plug-in electric hybrids, electric vehicles, fuel cells and hydrogen).  

 

5. Renewables – $2.4 billion 

Where we are today: Although renewable electricity sources and biofuels have experienced 

high growth rates over past two decades, they still represent a small portion of total energy 

production in the United States.  Non-hydro renewable electricity accounts for about 2.5 percent 

of all electricity generated.  Moreover, high costs, as compared to their conventional 

counterparts, remain a significant challenge to wider deployment.  

 

Scalability: Each non-hydro renewable source — wind, solar, geothermal and biomass — has 

the potential to scale significantly.  The National Academies of Science found that renewable 

energy sources, including hydropower, could fulfill a quarter of U.S. electricity demand over the 

coming decades.12  Similarly, advanced biofuels, such as cellulosic ethanol and biomass-to-

liquid fuels, could contribute about 12 to18 percent of current liquid fuel consumption over the 

coming decades.  Last fiscal year, renewables received nearly $900 million, but there is 

significant potential to scale U.S. programs. 

 

Security: Renewable power will be an increasingly important component of our domestic 

electricity portfolio, and many renewable electricity sources have the ability to create distributed 

power generation, making America’s energy infrastructure more efficient and less vulnerable to 

widespread outages.  Meanwhile, the continued commercialization and deployment of biofuels 

is one of the only options to replace liquid petroleum fuels in the transportation sector.  Unlike 

petroleum based products, many of which are imported, biofuels can be produced at significant 

scale domestically.  

 

Affordability: Although both renewable power and biofuels have historically been more 

expensive than their conventional energy counterparts, costs have decreased considerably over 

the past few decades, and they continue to drop.  All indications signal that there are significant 

opportunities for continued cost reductions as these technologies move down the learning curve 

and reach greater economies of scale.  

 

Reliability: Renewable energy sources — like wind and solar power — are intermittent, 

meaning they only provide power when the sun is shining or wind is blowing.  Nevertheless, this 

variability in supply could be managed to some extent through transmission planning or 

advanced energy storage.  Further, renewable sources continue to run more of the time to 

                                                      

 

12
 NAS – America’s Energy Future. 2009. 
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produce electricity as technologies advance and siting takes advantage of better resources 

(e.g., higher altitude wind).  

 

Investment Focus: Of the increase in RD&D for renewable energy in the model budget above, 

$1 billion would be devoted to solar energy technologies (including photovoltaics and 

concentrated solar power), $300 million would be dedicated to wind, $400 million to geothermal, 

$500 million to bioenergy (including biofuels and biomass power) and $200 million would go to 

hydropower. 

  

6. Fossil Energy – $1.3 billion 

Where we are today: Fossil energy — petroleum, natural gas and coal — supply almost 85 

percent of all energy consumed in the United States.  Coal alone generates more than half of all 

U.S. electricity, and produces almost 40 percent of energy-related CO2 emissions.  Although 

new technologies like carbon capture and storage (CCS) have the potential to reduce 

significantly CO2 emissions from fossil fuels, no commercial-scale plants are operating in the 

United States.  The fossil energy innovation program is currently funded at $511 million per 

year. 

 

Scalability: The United States is endowed with significant coal and natural gas resources and 

is likely to exploit these for decades to come, as will countries like China and India.  Indeed, our 

coal-fired power plants will likely continue to run for many years, and nine out of ten new power 

plants built in the next twenty years in the United States are likely to be natural gas plants.  

Because there will be inevitable lags in the transformation of our energy system, producing 

economic technologies that enable the United States and the world to use existing fossil energy 

sources and infrastructure while reducing greenhouse gas emissions is critical to meet our 

shared climate objectives.  In fact, most forecasts indicate that CCS technologies are likely to be 

one of the least costly options available for decarbonizing baseload power production over the 

next few decades.13  On the path to realizing global emissions targets, decarbonizing 

technologies like CCS have the potential to scale widely around the world. 

 

Security: Natural gas and coal power play an immensely important role in our domestic energy 

portfolio, producing most of the electricity in this country.  Developing technologies to make 

fossil fuels more environmentally sustainable will enable the continued use of our existing 

domestic energy resources.  

 

Affordability: Electricity generated from coal has historically been some of this country’s 

cheapest energy.  Natural gas prices have fluctuated over the past several decades but also 

supply affordable energy for heating and electricity.  With newfound domestic gas shale 

discoveries, natural gas supplies will likely play an increasingly important role in our energy 

portfolio.  While technologies like CCS will inevitably add to the cost of fossil-based energy 

                                                      

 

13
 U.S. EIA: http://www.eia.doe.gov/oiaf/servicerpt/hr2454/execsummary.html and U.S. EPA: 

http://www.epa.gov/climatechange/economics/pdfs/WM-Analysis.pdf 
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production, these costs are likely to decline over time as technologies mature and experience is 

gained.  

 

Reliability: Although CCS technologies have yet to be demonstrated at-scale in an integrated 

power system, all indications suggest that capture and storage technologies will maintain the 

reliability record of fossil fuels. 

 

Investment Focus: The increase in fossil energy innovation investment in the model budget 

above would focus primarily on CCS but would also include RD&D for other clean coal 

technology, natural gas and hydrates.  

 

7. Electricity Transmission and Distribution – $1.2 billion 

Where we are today: Our  transmission and distribution system, which links generating 

plants and end-use consumers, is aging and increasingly strained.  Grid improvements 

and capacity expansions are needed to ensure the adequacy and reliability of existing 

infrastructure.  For instance, the North American Electric Reliability Corporation estimates that 

as much as half of the U.S. transmission and distribution network is at least 40 years old and 

may require upgrades.14  The transmission and distribution program is funded at just over $150 

million per year. 

 

Scalability: Modernizing and expanding America’s electrical transmission system will be crucial 

to the large-scale deployment of low-carbon energy and advanced efficiency technologies that 

require “smart meters.”  Smart grid and meter technologies will continue to scale throughout the 

country, making new transmission systems an enabling factor for continued growth, especially 

in the case of renewables.  

 

Security: Advanced transmission and distribution systems will improve the overall security of 

the U.S. transmission system and decrease the likelihood of disturbances from both human 

causes and natural disasters.  

 

Affordability: An expanded and smarter transmission system will enable an expanded 

generation base as well as smarter, more efficient use of electricity; both of these have the 

potential to lower electricity costs.  

 

Reliability: Modernizing the grid will improve operating reliability and dampen the effects of 

system disturbances.  

 

Investment Focus: Of the increase in RD&D for renewable energy in the model budget above, 

$400 million would be devoted to transmission and distribution improvements (e.g., power 

electronics, upgrading transmission lines, integrated communication, sensors, etc.), $400 million 

to “smart grid” capabilities and $400 million to grid-scale energy storage.  

                                                      

 

14
 North American Electric Reliability Corporation (NERC). 2008 Long-Term Reliability Assessment. October 2008.  
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Scaling America’s energy innovation budget 
 

This budget represents a significant increase in total expenditures over pre-stimulus 

levels. That said, energy innovation investments total nearly $17 billion per year between FY 

2009 - 2011 (if we assume stimulus funding is combined with DOE’s annual budget and spread 

evenly over that three year period15).  This suggests that the American Energy Innovation 

Council’s recommended investment would sustain the built-up programmatic infrastructure 

already catalyzed by the stimulus funds, fostering confidence that the recommended budget can 

be invested effectively.  

 

In expanding the budget, we have paid careful attention to provide funding to sew together each 

stage of technology development.  Most of the new entities (Energy Frontier Research Centers, 

Energy Innovation Hubs, ARPA-E, New Energy Challenge Program and the Clean Energy 

Deployment Administration) are designed to fill institutional gaps and to bring functions together 

both within the Department of Energy and across the full development cycle for new 

technologies.  For instance, Energy Frontier Research Centers bridge the gap between Basic 

Energy Sciences and the applied programs.  ARPA-E is designed to span the whole range of 

innovation activities from basic research to early demonstration for relatively small but risky 

projects.  Energy Innovation Hubs encompass every stage of innovation for specific 

technologies.  The New Energy Challenge Program aims to address gaps in large-scale 

demonstration and early commercialization, while the Clean Energy Deployment Administration 

fills later-stage deployment and commercialization financing gaps.  This aggressive focus on 

functional coordination in addition to technology-specific programs should give further 

confidence that increased investments can produce meaningful results.  

 

Regardless of how an energy innovation budget is ultimately allocated, any budget’s paramount 

characteristic will be consistent funding over time.  Volatile budgets weaken the pipeline of 

innovation, strand good ideas and prevent promising technologies from developing quickly.  

Investments in energy innovation should increase systematically over a set timeframe and allow 

projects to plan for multiple years. 

 

The Business Plan for America’s Energy Future suggests a National Energy Plan to provide 

high-level investment guidance.  The budget described here should be measured against a well-

coordinated, strategic vision that links all stages of innovation — basic research, applied 

research, demonstration and deployment — in order to encourage the highest return on 

taxpayer investments.  As technical developments hit performance gates, energy innovation 

investment priorities can— and should— shift.  Federal investments should periodically 

                                                      

 

15
 This figure excludes tax-based deployment incentives but includes other DOE managed deployment activities.  Anadon, Laura 

Diaz, et al. DOE FY 2011 Budget Request for Energy Research, Development, Demonstration, and Deployment: Analysis and 
Recommendations. Cambridge, Mass.: Report for Energy Technology Innovation Policy research group, Belfer Center for 
Science and International Affairs, Harvard Kennedy School, April 2010. 
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reassess the energy innovation investment portfolio using transparent methodology to measure 

against a set of established criteria, including carbon intensity, scalability, manufacturability, 

resource requirements and costs.  

 

The staff of the American Energy Innovation Council and the chair of the Technical Review 

Committee emphatically believe that investments in line with the budget described above would 

create high returns, delivering broad benefits for the environment, national security and 

American global competitiveness. 

 



 

 

Appendix 2: 

Energy technology demonstration 
 

This appendix was written by staff for the American Energy Innovation 

Council.  It is designed to support the AEIC’s deliberations, but is not part 

of the council’s report. 
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Energy Technology Demonstration: A critical 

step in the development of new energy options  
 

Developing and demonstrating breakthrough technologies in the energy industry will 

require innovations in core technologies, institutions and business models.  In particular, 

both the public and the private sectors need to accelerate large-scale innovation, and must do 

so in concert with each other.  This appendix provides background on the technology 

demonstration problem, lays out the available policy tools and suggests a structure for a new 

institution to take on the task. 

 

Why do we need a new public commitment to energy technology 

demonstration? 
 

The national energy equation is dominated by two distinct segments: electricity and 

transportation fuels.  These markets both suffer from challenges that hinder development of 

important technologies.  

 

Electricity 

The backbone of the American energy system is its electricity sector.  Reliable and affordable 

electricity was a central ingredient in our last century of robust economic growth.  The build-out 

of the electrical system was largely possible because of a social contract between the utility 

industry and its customers.  Put simply, the utilities agreed to make substantial investments in 

emerging energy technologies and build large energy facilities, and the American people agreed 

to pay for them.  While the imperfections of this model, including mismanagement and cost 

overruns, eventually undermined its viability, it was nonetheless a powerful force for 

deployment.  The ability to spread costs over many households and businesses, and to 

amortize investments over decades, led to serious technology investment and improvement, 

affordable power and big power plants.  The large generating stations that power our economy 

today – the hydroelectric dams, the nuclear fleet, most  of our coal plants – were built through 

explicit public-private partnerships, ratified both in federal power programs (such as TVA, 

Bonneville and WAPA) and in thousands of rulings by state public utility commissions allowing 

utilities to recover costs from ratepayers. 

 

This background is important for several reasons.  First, the electric utilities are the nature 

leaders for today’s new power technologies.  If they operate under a social compact that allows 

them to engage in product development, assume technology risk and invest in unproven 

technologies, they will become the engines of the new energy economy.  But America’s utilities 

now operate in a world in which that social compact has unraveled: The wave of utility 

deregulation of the 1990s weakened their ability to recover costs and share risks, and the 

consequence is that utility R&D has essentially been stopped.  Utilities have become some of 
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the business world’s most risk-averse organizations.  The process of deregulation has also 

disaggregated many of the vertically integrated utilities, and thus disconnected project 

development from the ratepayers.  Regulated utility companies simply won’t build advanced 

baseload power generation absent a mandate or a cost recovery agreement.  The electricity 

market will not push the technology envelope on its own.  The blend of regulated and 

deregulated utility markets left in the wake of the 2000-2001 California energy crisis and the 

collapse of Enron has left an industry sector without a clear business model, and the nation 

without a force to develop new large-scale electricity technologies. 

 

Transportation  

The world’s transportation sector is almost entirely dependent on oil, with increasing 

implications for national security, economic stability and balance of trade.16  Each day, 

Americans consume approximately 20 million barrels of oil — nearly one-fourth of the world 

total.  In 2008, the United States imported 60 percent of the crude oil and refined product that 

the nation consumed at a cost of more than $350 billion – 41 percent of the total U.S. trade 

deficit.  

 

The transportation sector accounts for nearly 70 percent of the total oil consumed by the United 

States. Oil fuels 96 percent of U.S. transportation needs no readily available substitutes.  Much 

of this oil is imported from unstable or even hostile regimes. 

 

Oil companies and oil service companies naturally spend a good deal of money on R&D to 

discover and extract more oil.  But they are not motivated nor structured to invest in alternative 

energy sources.  As a result, advanced biofuels and electric-powered vehicles have developed 

slowly, receiving tiny increments of support each year.  In short, the oil and oil service industries 

ignore serious efforts to develop transportation alternatives.  

 

Auto companies, likewise, innovate within the confines of traditional auto design, basically 

refining and extrapolating the technologies embodied in the Model T.  When prodded by public 

standards, they will often make important changes— hence modern pollution control equipment, 

safety systems and hybrid designs.  But more advanced technologies, such as materials for 

lightweighting, languish.  

 

The electricity and transportation sectors share several symptoms: 

 

1. Unit costs are large.  It takes billions of dollars to develop new technologies, and their 

deployment takes many billions more.  Often the success of these new platforms 

depends on enormous infrastructure changes that individual companies cannot 

implement.  This translates into serious risk and technology lock-in. 

 

                                                      

 

16 
See oil dependence threat at http://www.secureenergy.org/site/page.php?node=358 
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2. Turnover in these industries is very slow.  Two-thirds of the coal-fired power plants in 

America are more than 30 years old and are some of the industry’s most profitable 

assets. 

 

3. Traditional research engines — national labs, universities, venture capitalists — have 

not historically managed billion-dollar scale commitments.  

 

4. It is not anyone’s core business to capture and store carbon, nor sell advanced biomass 

at scale.  

 

5. Without new policies steering the movement to a low-carbon energy economy, the 

rewards of success are nebulous.  There is no market premium for low-carbon electrons 

or low-carbon fuel, for example. 

 

The result of these market conditions is that we have very little innovation and slow technology 

adoption in the core of our electricity and transportation systems.  

 

How do we remedy these problems? 

As argued in AEIC’s report materials, a more robust and coordinated energy innovation effort 

will require aggressive action on many fronts, from basic science to end markets.  In many 

instances, work is underway.  The Advanced Research Projects Agency-Energy ARPA-E was 

recently created with a new institutional approach that allows for unprecedented autonomy 

within the U.S. Energy Department.  This includes an attempt to insulate the agency from 

political and other bureaucratic burdens, granting explicit flexible hiring authority, and a direct 

report to the secretary of energy.  Similarly, the push to create a national ―green bank‖ or Clean 

Energy Deployment Administration (CEDA), an agency that would have the financial tools to 

back widespread deployment of clean energy technologies, has garnered bipartisan support in 

the House and Senate (such a proposal has already been passed in the House).  All signs 

indicate that CEDA would be implemented in a similar manner to ARPA-E, with independence 

and flexibility.  These new institutional additions to the federal energy innovation ecosystem are 

worthwhile and should be encouraged.  

 

A gap remains, however, in the translation of advanced ideas or prototypes into deployment.  

Testing and demonstrating integrated, commercial-scale systems falls between the capabilities 

and jurisdictions of both existing institutions and ARPA-E and CEDA.  In many respects, 

commercial-scale technology demonstration is the most politically fraught in the public energy 

innovation realm.  Individual projects can cost billions of dollars with no guaranties of success.  

 

This scale and risk makes for an unhappy combination of high visibility, intense scrutiny and 

political interference.  

 

These factors have historically led to risk aversion and project designs that ultimately fail.  The 

Department of Energy’s past efforts — for example, the Synfuels Corporation, the Clinch River 

Breeder Reactor and the FutureGen Alliance — are evidence of this conundrum.  Other sincere 
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attempts to demonstrate large-scale, first-of-a-kind technologies have moved slowly, if at all.  

Simply put, our nation does not have the capacity to rapidly demonstrate large-scale, capital-

intensive energy technologies.  The nation needs to fill this gap or it will not develop the energy 

options that our system urgently needs.  

 

What kinds of projects would benefit from “demonstration?” 

In general, technologies in need of demonstration assistance are those that are simply too big, 

expensive or risky to go forward on a competitive basis.  Individual projects can easily cost $1 

billion for just one facility and sometimes much more than that.  Examples of technologies that 

would benefit from commercial-scale testing are: 

 

• Carbon capture and storage (CCS) from advanced coal gasification, steam boilers and 

ambient air 

• Advanced nuclear reactors 

• Large-scale solar (PV arrays and solar thermal) 

• Deepwater offshore wind farms 

• Algae-based and other alternative biofuels refineries 

• Super-lightweight vehicle manufacturing 

• Large volume battery manufacturing and grid-scale energy storage 

• High-voltage and superconducting power lines 

 

What are the policy tools at our disposal? 

Within the realm of demonstration there is a spectrum of challenges and a complementary suite 

of policy options.  

 

Some technologies are close to commercial viability, but need public policy support to nudge 

them into the market (where higher volumes can drive down price).  Others require more 

fundamental development, including demonstration-of-concept.  Building first-of-a-kind, 

commercial scale CCS and advanced nuclear pilot projects are clear examples.  Different 

stages of technology naturally need different public policies to accelerate development.  This 

chart summarizes the options. 

 

Public policies to accelerate technology development 

Policy Category Specific Tools 

Useful when 

Technology 

Readiness is… 

Low Medium High 

Financial assistance 

Loan guarantee    

Tax credit    

Direct payment    

Assured markets 

Portfolio standard    

Feed-in tariff    

Procurement (direct government purchase or    
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utility via PPAs, etc) 

Cost recovery in rate base    

Direct government 

involvement 

Public – Private collaboration (e.g., 

FutureGen) 
   

Government-run corporations (e.g., 

Synfuels, TVA) 
   

Non-financial assistance (land grants, siting 

assistance, regulatory flexibility) 
   

Indirect regulation 
Emissions rules    

Technology standards    

 

What will it take to make this effort successful? 

Advancing innovative, first-of-a-kind energy technologies will require several of these policy 

mechanisms, some alone and others in concert.  There is growing consensus that because 

technology demonstration is a critical element to a successful innovation program, a new 

institution focused on solely this activity is needed in the United States.  Any such new 

institution should be structured with the following design elements: 

 

Independence and flexibility: A new institution must have autonomy and decision-making 

authority so that it can effectively assess the viability of new technologies and support those 

that are most promising.  This means the institution must be supported by the government but 

insulated from politics.  There are some successful models to consider.  Two of the most 

promising ideas are suggested below. 

 

Strong, high level-support: Any new institution needs the backing of powerful leaders in 

government and industry who can maintain commitment while keeping external interference to 

a minimum.  Without a consistent, powerful support network, a new institution would be 

vulnerable to political cycles, risk aversion and interference.  

 

Acceptance of risk: There are inherent risks in developing new technologies, especially at the 

scale of commercial energy projects.  Such risks must be methodically assessed and, to the 

extent possible, minimized.  But they should also be embraced. Innovation does not occur 

without risk.  

 

Clearly defined projects: Clear direction and objectives must be defined for each project.  

Without concrete objectives, including performance gates,17 it is difficult to employ pointed 

strategies and project development plans that foster success.  

 

                                                      

 

17
 Funding risk can be minimized through periodic check-ins, or “performance gates,” in which well-defined milestones must be 

met or the project gets shut down.  
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Many see past efforts by the federal government in developing big new technologies as iconic, 

expensive failures.  The Clinch River Breeder Reactor and the Synthetic Fuels Corporation are 

oft-cited examples.  The response to this criticism is not that we should halt this work — indeed, 

the Energy Department has not, although it has become significantly less ambitious — but that 

better approaches should be devised.  

 

Adhering closely to the principles stated above would greatly enhance the outcomes of a new 

enterprise charged with demonstrating commercial-scale, nationally significant energy 

technologies.  Furthermore, such an institution would bring the United States in line with what 

other leading nations are doing on this front. Most notably, China’s National Development and 

Reform Commission (NDRC) is deeply engaged in demonstrating large-scale, advanced energy 

technologies.  The NDRC has wide authority that allows it to organize and fund ambitious 

technology demonstration projects, including advanced coal gasification projects, many nuclear 

power stations, and utility scale solar and wind demonstrations.  

 

By no means should the United States aspire to become a federally-managed economy or 

model its demonstration program on the NDRC approach.  But America would do well to 

similarly develop mechanisms that allow it to foster large-scale technology demonstrations.  The 

AEIC report and this appendix outline the need for a national energy plan and an organization 

empowered to demonstrate new large-scale energy technologies.  

 

The AEIC recommendations on technology demonstration 
 

Strengthening our national effort to improve energy technology development will 

require ambitious new programs and partnerships between the federal 

government and the private sector.  The AEIC has put forward two ideas for new 

institutions to tackle some of the most difficult challenges.  These recommendations are, in 

summary, the United States should (1) create a national Energy Strategy Board and (2) launch 

a New Energy Challenge Program to demonstrate large-scale energy technologies.  These 

recommendations are described in the main report.  The purpose of the discussion in this 

appendix is to offer illustrative detail on how these two organizations would be structured. 

 

The Energy Strategy Board (ESB), an independent organization external to the U.S. 

government, should comprise top energy experts from the private sector and academia.  The 

Energy Strategy Board’s mission should be two-fold:  First, it should develop and oversee a 

coherent, comprehensive national energy plan for the country.  Second, it should serve as the 

board of directors for a new organization — the New Energy Challenge Program (NECP) — 

designed to explore the most promising energy technology options and build-out first-of-a-kind 

commercial demonstration facilities.  

 

The following chart illustrates the relationship between these two organizations: 
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The New Energy Challenge Program — a subsidiary organization of the Energy Strategy Board, 

with its own executive management authority — should have flexibility to employ a range of 

tools to succeed.  These tools would include: 

 

Financial: NECP will have of the necessary financial tools, but it should prioritize direct equity 

investments negotiated on a case-specific basis with private-sector partners for demonstration 

projects.  

 

Contractual and procurement: NECP will have strong, explicit support from the White House 

and Congress to seek partnership opportunities within the government and industry.  

Specifically, NECP should have the ability to establish cost and performance goals that, if 

achieved, trigger a series of new orders by the marketplace end-users.  For example, it could 

arrange for utility customers or government end-users (such as the military) to place orders 

following a successful technology demonstration.  This will be a powerful tool. 
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Engineering and project management: NECP will help accelerate and improve the design 

and construction of facilities.  It will offer project management services and would serve as a 

technical resource if unforeseen engineering challenges emerge.  It will have the ability to draw 

on expertise elsewhere within the Department of Energy (e.g., the Clean Coal Power Initiative) 

and the Department of Defense. 

 

Siting: NECP will work to find host sites within utilities or public power agencies (e.g., TVA) for 

electricity projects.  The ability to guarantee grid dispatch and help cover associated cost 

premiums will accelerate project deployment.  NECP could also help secure access to federal 

and military lands or engage international partners for fast-track siting and construction 

opportunities.  

 

Authority to create a Clean Energy Fund: NECP would also have a strategic partnership with 

CEDA to ensure bridge financing is available to promising technologies as they transition from 

the demonstration phase into the commercial marketplace.  The Clean Energy Fund should be 

designed as a direct program of CEDA to focus on the hand-off from demonstration to 

commercial deployment where warranted.  This fund could also be set up separately by NECP, 

if necessary, if CEDA is not established or is strategically focused on a different set of financing 

challenges.  The Clean Energy Fund will ensure that the first few successful facilities emerging 

from the New Energy Challenge Program have access to capital to move forward quickly if 

warranted.  The charter of the Clean Energy Fund would be to develop the architecture for a 

new investment vehicle that blends patient capital and market-oriented capital.  It will offer low-

cost financing for deployment of a small set of pioneer facilities using financing tools or novel 

insurance products.  This fund would, by nature, be a risky enterprise that would only support 

efforts that the private markets could not otherwise undertake.  The fund would be designed to 

ensure that it supports the existing energy capital markets (i.e., it does not crowd out private 

investors) and complements the NECP and CEDA programs. 



 

 

Appendix 3: 

Technical notes 
 

This appendix was written by staff for the American Energy Innovation 

Council.  It is designed to support the AEIC’s deliberations, but is not part 

of the council’s report. 
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Technical Notes 
 

The notes below are intended to provide more detail on the calculations behind all 

quantitative charts used in the American Energy Innovation Council’s Business Plan for 

America’s Energy Future. 
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Figure 1. Research and Development spending as a share of sales 

 

This chart shows United States R&D spending 

as a share of net sales for pharmaceuticals, 

aerospace and defense, computers and 

electronics, automotive industry and energy in 

2007. 

 

The R&D spending as a share of sales for a 

given industry, as plotted in Figure 1, is 

calculated as the total private and federal 

investment in R&D in the United States divided 

by the domestic net sales for each industry. 

 

The data for aerospace and defense 

manufacturing, computers and electronics and 

the automotive industry are from Table 4-5 

(Business R&D and domestic net sales by 

industry: 2006 and 2007) of Science and 

Engineering Indicators 2010, published by the 

National Science Board 

(http://www.nsf.gov/statistics/seind10/). 

 

The ratio for the pharmaceuticals industry, 

cited in the same Science and Engineering 

Indicators 2010 report, originates from the Pharmaceutical Industry Profile 2008 published by 

the Pharmaceutical Research and Manufacturers of America 

(http://www.phrma.org/files/attachments/2008%20Profile.pdf).   
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The total R&D spending in the energy industry is calculated as the sum of public and private 

R&D investment.  The private R&D investment estimate, $1.6 billion in 2007, is from G.F. Nemet 

and D.M. Kammen’s paper in Energy Policy 35 (2007), “U.S. energy research and development: 

Declining investment, increasing need, and the feasibility of expansion.”  The public R&D figure, 

$1.9 billion in 2007, is from the National Science Foundation 

(http://www.nsf.gov/statistics/nsf08315/).  The total energy revenue in the United States in 2007, 

$1.2 trillion, is calculated as the sum of the revenue from electricity, natural gas, coal, petroleum 

and renewables.  The revenue from each energy source is calculated as the product of average 

end-use unit price and consumption by end-users.  The energy consumption and price data are 

from the Energy Information Administration (http://www.eia.doe.gov/). 

 

Figure 2. U.S. trade balance for goods and services  
 

Figure 2 plots the U.S. trade balance in 2008 for 

petroleum products, other goods (excluding military) and 

services.  The trade balance is calculated as exports 

less imports for goods or services within each of the 

three categories.  It is defined as a surplus if the value is 

positive, and as a deficit if the value is negative.  The 

imports and exports data, shown in 2008 USD, are from 

the U.S. International Transaction Accounts Data 

published by the Bureau of Economic Analysis  

(http://www.bea.gov/international/bp_web/simple.cfm?an

on=90730&table_id=20&area_id=3). 
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Figure 3. Cost reduction of silicon solar 

 

 
 

Silicon-based photovoltaic module costs have come down by about 22 percent with each 

doubling of cumulative capacity.  This cost reduction chart was originally published by the 

European Photovoltaic Industry Association, based on data from the European Commission’s 

Joint Research Center, the Energy Information Agency, the National Renewable Energy 

Laboratory, and A.T. Kearney (http://www.setfor2020.eu/en/media/graphs). 
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Figure 4a. Public energy R&D spending, 1978-2007  

 

 
Figure 4b. Federal R&D spending in energy, health and national defense 
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Public R&D expenditures for energy, health and national defense from 1978 to 2007 were taken 

from Table 36 (“Federal research and development obligations, budget authority, and budget 

authority for basic research, by budget function: FY 1955–2009”) of the data tables published by 

National Science Foundation’s Division of Science Resources Statistics 

(http://www.nsf.gov/statistics/nsf08315/content.cfm?pub_id=3880&id=2).  The numbers were 

converted into 2005 USD, and plotted into Figures 4a and 4b.  

 

The National Science Foundation’s estimates of federal energy R&D expenditures are not 

identical to the International Energy Agency estimates or the Department of Energy’s budget. 

Detailed descriptions of the science foundation’s methodology, including definitions, budget 

functions and data sources, are available at 

http://www.nsf.gov/statistics/nsf08315/content.cfm?pub_id=3880&id=1.  

 

Note that the National Science Foundation reclassified many Department of Energy programs 

into general science and basic research, and thus did not include them in the energy R&D 

spending in FY1998 and onwards.  This change in methodology resulted in an effective 

decrease in energy R&D by more than $1 billion in FY 1998, and explains some of the 

difference between the science foundation’s estimates and the Department of Energy’s RD&D 

budgets in FY 1998 and later years. 

 

Figure 5.  Public energy R&D spending as a share of GDP, 2007 
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The public R&D spending as a share of GDP, plotted in Figure 5, is calculated as a country’s 

public R&D investment in 2007 divided by its GDP in the same year.  Data used in the 

calculations are in purchasing power parity. 

 

Public R&D spending in energy 

Public energy R&D spending data for Japan, Korea, France and the United States are from the 

International Energy Agency database (http://wds.iea.org).  

 

The public energy R&D spending for China is from Table 5-8 (Input of Projects of National 

Mandatory Program by Socio-economic Objective) of the China Statistical Yearbook on Science 

and Technology, 2008.  The amount is listed as the “Funds arranged in the promotion of energy 

generation, distribution, and rational use” and is allocated to three programs: 3 percent to the 

National Basic Research Program, 22 percent to the National High-tech R&D Program, and 75 

percent to the National Key Technologies R&D Program.  

 

GDP 

GDP data for Japan, Korea, France and United States are from the International Energy Agency 

database (http://wds.iea.org).  The GDP for China is from the Central Intelligence Agency’s 

World Factbook (https://www.cia.gov/library/publications/the-world-factbook), and is converted 

from 2009 USD to 2007 USD.   

 

http://wds.iea.org/
http://wds.iea.org/
https://www.cia.gov/library/publications/the-world-factbook/geos/in.html



