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Ida Green Professor of Physics and
Engineering Systems and Director
of the Energy Initiative at the Mas-
sachusetts Institute of Technolo-
gy. He served as Under Secretary
of the Department of Energy and
as Associate Director for Science
in the Of½ce of Science and Tech-
nology Policy in the Executive
Of½ce of the President during the
Clinton administration. He cur-
rently serves on the President’s
Council of Advisors on Science
and Technology.

The U.S. economy was the engine for twentieth-
century global development. The key role of R&D
in driving productivity growth has been document-
ed extensively, and American serial innovation was
instrumental in producing not just improved prod-
ucts but new technology-based industries. The
world’s preeminent research university system, a
magnet for attracting top talent globally, proved
central to these developments. A recent study1 of
the entrepreneurial impact of mit alone found
more than twenty-½ve thousand alumni-founded
companies generating $2 trillion in sales and more
than three million jobs worldwide. The local effect
is strong, with Massachusetts-based ½rms produc-
ing more than $150 billion in sales and nearly a mil-
lion jobs worldwide. 

Societal features such as a mobile workforce and
acceptance of business and investment risk support
a culture of innovation. Natural advantages, includ-
ing a continental scale, an immense natural resource
base, the world’s third largest population, and the
biggest market for new products and services, are
also important for U.S. performance. Together, all
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of these factors facilitate the capture of
invention for domestic economic activity
and for building an export base.

While this U.S. model remains strong,
its very success is changing the game in
an age of globalization. Many countries
have invested heavily in their research
universities, stemming the loss of scien-
ti½c and engineering talent to other
nations and encouraging start-up compa-
nies. Further, the fastest-growing mar-
kets are in the large emerging economies,
which attract not only manufacturing
but also global industry R&D. With the
largest markets for new energy infra-
structure located outside the United
States, concerns about the competitive-
ness of the American economy over time
have elevated the importance of retain-
ing an innovation edge.

This brings us to the innovation system.
My discussion draws on the report of the
President’s Council of Advisors on Sci-
ence and Technology (pcast), Accelerat-
ing the Pace of Change in Energy Technologies
through an Integrated Federal Energy Policy,2
which adapts a description put forward
by Edward Rubin.3 The report views the
development and use of energy technolo-
gies as an integrated system, comprised
of four interrelated components:

•    Invention: discovery, creation of knowl-
edge, and generation of prototypes;

• Translation: creation of a commercial
product or process;

• Adoption: deployment and initial use of
a new technology; and

• Diffusion: increasing adoption and use
of a technology.

Importantly, these components cannot
be viewed as a linear progression; multi-
ple feedbacks occur all along the chain.
That is, while invention is certainly driven

by R&D, it is also propelled by the experi-
ences that accompany commercialization,
use, and diffusion. Similarly, translation
emerges from R&D and may be revisited
following adoption. Adoption and diffu-
sion are the stages at which materiality of
products and processes are realized (or
not). Innovation, as I use it here, refers to the
end-to-end system including market diffusion,
not front-end R&D alone.

Today, clean energy is considered a key
area for innovation. The reasons for this
view include an anticipated doubling of
global energy use and tripling of electricity
demand by mid-century, and the atten-
dant major build-out of energy supply,
delivery, and use infrastructure. The driv-
ers include economic growth in the devel-
oping world, continuing concerns about
energy security, and the need to mitigate
the risks of climate change. Addressing
climate change, in particular, will call for
a major transformation of the current fos-
sil fuel–based energy system and inspires
a vision of trillion-dollar markets for the
leaders in clean-energy technology.

Yet energy technology was largely passed by
in the last decades of innovation relative to
areas such as information and communi-
cations technology and biotechnology.
Jeff Immelt, the ceo of ge, has observed
that during his career with the company,
medical technologies have turned over
several times while core energy technolo-
gies are easily recognized as improved
versions of product lines from a quarter-
century ago. There was, and is, a great deal
of clean-energy activity at the stages of
invention and translation to commercial
products, often driven by an enhanced
participation by venture capital ½rms. The
level of activity at these stages reached
unprecedented heights in recent years,
boosted somewhat by the stimulus pack-
ages put in place in the United States and
elsewhere. There have been substantial
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product improvements to core technolo-
gies (for example, increased ef½ciency of
energy supply and end-use technology),
but the scale-up of novel technologies
across the entire innovation chain, from
invention to diffusion with large market
share, is modest. Arguably, wind turbines
and biofuels are counter-examples; but
these technologies have required substan-
tial subsidies and/or mandates to reach
their current levels of penetration, raising
questions about their further scalability in
the marketplace absent a societal willing-
ness to foot a growing bill and/or pricing
of externalities such as carbon emissions. 

What is it about the energy system that
slows innovation? Multiple characteris-
tics should be kept in mind to address
this question:

• multitrillion-dollar annual revenues;

• often, large capital needs to reach even
the demonstration phase;

• a commodity business, with attendant
cost sensitivity;

• well-established ef½cient supply chains,
delivery infrastructure, and customer
bases;

• provision of essential services for all 
activities;

• an emphasis on reliability over innova-
tion;

• a high degree of regulation; and

• complex policy and politics, often driv-
en by regional considerations.

None of these characteristics provides a
nimble platform for end-to-end innova-
tion. Rather, they suggest a business with
high barriers to displacement of incumbents.

Several of the points require elaboration.
Energy can be characterized as a commodi-
ty business in the sense that even novel tech-
nologies generally provide the same ser-

vices as incumbent ones, such as produc-
ing electricity (for example, photovoltaics
and coal plants) or providing mobility
from point A to point B (for example, bio-
fuels and gasoline). Consequently, rather
than create novel consumer services, as
numerous communication/information
technologies have done, new energy tech-
nologies inherently must displace incumbent
market share. This fact diminishes the op-
portunity for market entry of disruptive
technologies unless they meet stringent
cost tests early in their deployment. As a
result, early adoption of energy technolo-
gy is highly sensitive to policies and sub-
sidies that help create the initial market. 

Conversely, cost reduction must be a
principal criterion for new energy tech-
nologies, lowering the barriers to new
policy introduction. In particular, mak-
ing zero-carbon technologies more cost
competitive would facilitate acceptance of
strong policies to limit greenhouse gas
emissions. State utility commissions are
generally required to provide lowest-cost
options for consumers. Alternatively, the
technologies may need to address multi-
ple objectives to enhance political palata-
bility. In the case of zero carbon, technolo-
gies addressing climate risk mitigation will
also strengthen energy security by limit-
ing dependence on fossil fuels, especially
oil. However, these considerations gener-
ally apply to national policy rather than at
the state level, where many energy tech-
nology deployment decisions are made.

An exception to the rule is the rapid
scale-up of shale gas production in the
United States, resulting from the introduc-
tion of hydraulic fracturing combined
with horizontal drilling. Production has
grown remarkably from a very small share
of natural gas supply to about one-quarter,
propelling the United States back into the
global lead for annual natural gas produc-
tion and driving down domestic prices
dramatically. The shale gas “revolution”
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is the biggest story for U.S. energy in a
long time. However, this is a case where
incumbent hydrocarbon producers scaled
up a business in which they already dom-
inate the supply chains and have the pro-
cessing and delivery infrastructure. These
producers decide on which assets to pro-
duce as they have done for decades. It is
true that intermediate-sized companies
played a central role in scaling the tech-
nology before the supermajors, but signi½-
cant capital availability allowed the latter
to move easily into the business. 

For new substitutional energy technol-
ogies, it remains to be seen how effectively
the entrepreneurial culture of the start-up
world can scale when incumbent energy
producers are not familiar with the tech-
nology or with the risk-taking paradigm.
“Impedance matching” is needed between
risk acceptance (such as venture capital)
and capital availability (such as equity in-
vestors and large energy companies) and
between novel product development at
start-ups and management attention and
pro½t-loss reward systems at incumbents.

Another part of the shale gas story
frames the innovation challenge.4 The
technology demonstration for unconven-
tional natural gas production (coalbed
methane, tight gas, shale gas) was ad-
vanced through public-private partner-
ship and diffusion through well-timed
synergistic tax incentives. A surcharge on
interstate gas transportation, approved
and administered by the Federal Energy
Regulatory Commission (ferc), and in-
dustry cost-sharing funded the Gas Re-
search Institute (gri). Further, the gri

Board of Directors was required to be com-
posed of industry representatives, from
well to burner tip, plus a small number to
represent the public interest. The indus-
try thus provided both input to de½ne the
research, development, and demonstra-
tion (RD&D) portfolio around speci½c
industry challenges and the cost-sharing

needed to implement projects. Within the
gri portfolio, a major success was that of
unconventional gas, driven by board mem-
bers representing independent producers.

Equally important, Congress passed
time-limited tax incentives for unconven-
tional gas production during the gri tech-
nology demonstration period. The com-
bination of technology development and
deployment incentive proved synergistic
in establishing an unconventional natu-
ral gas industry that is flourishing beyond
expiration of the tax credits and produc-
ing substantial revenue for the economy
and the government. (I shall return to this
model of government participation with
the private sector in order to advance ener-
gy innovation.) Unfortunately, the energy
surcharge RD&D ½nancing mechanism
that supported the gri was phased out as a
consequence of deregulation.

Highlighting the business challenges to
energy technology innovation is not
meant to suggest an inability to succeed,
but rather to draw attention to the factors
that must be addressed to accelerate in-
novation, which is in the public interest
for many reasons. Most of all, climate-
change risks grow inexorably with con-
tinuing greenhouse gas emissions, and
the opportunities to mitigate the conse-
quences of and to adapt to climate change
diminish with time and become more dif-
½cult to address. In addition, the global
markets for clean-energy technology are
forming rapidly, and early innovation en-
hances the probability of capturing mar-
ket share. Finally, the enormous outflow
of funds for imported oil and the vulner-
abilities associated with almost complete
dependence on oil for transportation fuel
places a premium on progress with ad-
vanced vehicles and alternative fuels. The
question is, what is being done and what
more can be done?

The government will necessarily play an
important role if clean-energy innovation is to
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be accelerated relative to the pace of the
marketplace left to its own devices. The
energy system has historically required a
multidecade timescale for appreciable
change, which is inadequate for the pur-
poses noted above. To accelerate the pro-
cess, the government, including both the
administration and Congress, has at least
three distinct roles. One critical, and un-
contested, function is to provide the gen-
eral conditions that stimulate, or at least
do not impede, innovation. A clear exam-
ple is providing a framework for intellec-
tual property (ip) protection that reaches
a balance between incentivizing invention
and investment without tying up intellec-
tual capital that could stimulate further
innovation. Another critical example is
passage of the Bayh-Dole Act and its
amendments in the 1980s, which allowed
universities to move government-spon-
sored research outcomes to commercial-
ization and profoundly influenced indus-
try-university relations. In a similar vein,
the National Technology Transfer Act and
the National Cooperative Research Act
opened up national lab-industry and
industry-industry collaboration, respec-
tively.

A second role is stimulation of technol-
ogy development and support for the
underlying science that enables develop-
ment. Public support for RD&D is the
principal mechanism. R&D ½nancing is
generally viewed as an essential govern-
ment role because the results of early-
stage basic research are seldom captured
by a single ½rm, but demonstration is less
widely endorsed, both on principle and
because of some visible failures over the
years. Support for demonstration projects
can involve direct funding, such as gov-
ernment cost-sharing, or indirect assis-
tance, such as a long-term purchase agree-
ment for a product.

A third role for government, and the
most controversial, is “technology pull”

at the adoption and diffusion stages of
the innovation cycle. In this function, the
government helps create markets using a
wide variety of instruments, such as port-
folio standards, feed-in tariffs, investment
tax credits, consumer rebates, ef½ciency
standards, and federal long-term purchase
agreements, among many others. Some-
times multiple instruments are used
simultaneously for a particular technolo-
gy. Viewed optimistically, the large num-
ber of approaches has evolved in order to
provide options ½t to purpose; less opti-
mistically, it may reflect the lack of gen-
eral support for “picking winners,”
instances of unintended consequences,
and a mixed track record.

Recent government engagement in
energy-technology invention and transla-
tion has had a positive impact on the early
stages of the innovation chain. First, the
Department of Energy (DOE) has introduced
three new programs that show great promise
for more effectively applying public funds to ½ll
the innovation pipeline: Energy Frontier
Research Centers (efrcs); arpa-e (the
Advanced Research Projects Agency-
Energy); and energy innovation hubs. The
efrc program, originating in the doe

Of½ce of Basic Energy Science, was estab-
lished through an exemplary process orga-
nized over several years to identify the
basic science barriers to a host of energy
technology breakthroughs. Engaging a
wide community of scientists in a series of
workshops, the program moved the Of½ce
of Basic Energy Science research portfolio
more into Pasteur’s Quadrant5 of use-
inspired science–an approach ½tting to
the doe’s mission. Each efrc is funded at
several million dollars per year and focuses
on one of the many enabling-science chal-
lenges identi½ed in the workshops. As with
all these new programs (awards were ½rst
distributed in 2009), it is too early to judge
outcomes; but the approach deserves
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praise and should be continued aggres-
sively, at least until the ½rst centers are
evaluated on their core mission of opening
new technology pathways.

arpa-e has had the most visibility
among the new programs. Established in
the 2007 America competes Act, it was
initially funded only in early 2009 as part
of the economic stimulus bill. The pro-
gram aims to fund high-risk, high-reward
technology development that can then
qualify for venture funding within a few
years. Many of the awards support uni-
versity-industry collaborations, and both
efrc and arpa-e awards generally clus-
ter around major research universities.
This highlights the central role of research
universities and university-industry part-
nering in the innovation system, includ-
ing translation of research into venture
investment opportunities for commer-
cial products. 

The initial arpa-e solicitation received
well over three thousand concept papers
for what was eventually narrowed to just
thirty-seven awards. This 1 percent suc-
cess rate is suggestive of not only an inno-
vative program design but also an enor-
mous capacity at American universities
and other research organizations to ½ll
the innovation pipeline. arpa-e has sup-
ported nearly two hundred projects in lit-
tle more than two years. The program
design includes a staff assembled with
some relatively young individuals who
have experience in the venture world and
serve limited terms in the program. 

ARPA-E represents a very different way of
doing business relative to the established
applied-energy programs at the doe. It has
assembled an interesting portfolio target-
ed at breakthrough technology cost per-
formance. Many of the arpa-e opera-
tional features should be adapted to the
applied programs, including streamlined
procedures for contract negotiations and
colocation of support functions, such as

procurement, with program of½cers.6
More ambitious reorganization is also
necessary. The applied energy of½ces are
organized around fuel: that is, Fossil En-
ergy, Nuclear Energy, and Ef½ciency and
Renewables. For one, grouping Ef½ciency
and Renewables into one of½ce is a relic
with little logic to support it. Further, the
organization of the of½ces is backward
looking, reflecting a time when the ener-
gy marketplace and technology break-
through opportunities were quite differ-
ent. Low-carbon technologies are not
focused on resource extraction (with the
exception of unconventional natural gas
as a bridge to a very low-carbon future7).
The energy marketplace of the future is
likely to call for new business models in
areas such as electri½cation of the trans-
portation sector (the lead priority in the
recent doe Quadrennial Technology Re-
view8) or the integration of subsurface ac-
tivity with electricity generation through
carbon dioxide capture for storage and
enhanced oil recovery. 

A complete reorganization of the applied
energy of½ces around key end uses, rather than
inputs, would profoundly affect and improve
how the RD&D portfolio is shaped. For ex-
ample, in the last few years of the Clinton
administration, the doe began to utilize
a cross-cutting portfolio/road-mapping
approach to setting new directions. By
organizing programs around strategic
objectives rather than fuel, the energy
of½ces identi½ed and addressed major
program gaps within a few years. This
included both enabling science and tech-
nology (a modeling/simulation focus for
energy) and applied energy needs that
did not ½t within the existing stovepipes
(electricity grid technologies and relia-
bility). Such an organizational change,
combined with use of arpa-e manage-
ment approaches, would undoubtedly be
disruptive for the applied energy of½ces
and the companies that have become
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accustomed to doing business with them.
Nevertheless, it would likely help these
of½ces become much more effective com-
ponents of the innovation system. More-
over, while consultation with Congress is
essential, much of the reorganization
could be accomplished with existing exec-
utive authorities.9

The third new program element is the
energy innovation hub. Three have been
established to date, with two more antic-
ipated in 2012. The concept centers on
large, multidisciplinary, integrated teams
assembled for a multiyear effort, funded
at about $25 million per year, and orga-
nized to address the basic research and
applied engineering needed for a priority
technology challenge. In this sense, they
could be compared to a “mini-Manhattan
Project.” Each hub partners with industry
to translate its work to commercialization.
For example, the ½rst hub was established
in May 2010 to develop new predictive
simulation tools that can be used by light
water reactor (lwr) vendors, researchers,
and regulators alike. Based at Oak Ridge
National Laboratory (in partnership with
the Idaho, Los Alamos, and Sandia Labo-
ratories), it builds on a historic strength
of the national labs (advancing the fron-
tier of modeling/simulation of complex
engineered systems, such as nuclear
weapons), with strong university (mit,
Michigan, North Carolina State), industry
(Westinghouse), and user (Tennessee Val-
ley Authority, Electric Power Research
Institute) core members. The doe has ad-
hered to the philosophy of an outcome-
oriented oversight approach and a light
touch compared to the more intrusive
approach that has too often characterized
program management in the applied ener-
gy of½ces. The hub has already developed
and released an innovative software tool
to simulate a virtual lwr.

The organization of the hubs is true to
the core mission of the national laborato-

ries but, regrettably, does not reflect how
the doe has in fact interacted with the
labs for quite some time. The DOE should
return to a model in which the national labora-
tories are assigned major mission-aligned
challenges that call for signi½cant multidisci-
plinary teams and sustained efforts that would
be dif½cult to carry out elsewhere. A focus on
outcomes should replace department
micromanagement; management author-
ity and responsibility should be left with
the operating contractor. Despite their
considerable capabilities, the national labs
have “punched below their weight” in ad-
vancing energy-technology innovation,
and “hubi½cation” of the energy R&Dpro-
gram could greatly amplify the effective
use of the labs’ considerable capabilities.

All told, these new ways of doing busi-
ness at the doe are positive initiatives
that show suf½cient promise to warrant
displacement of the management and
organizational approaches of the last few
decades. They are much better matched
to the innovation challenges at hand and
the evolving energy marketplace.

Another issue is the scale of the doe’s
RD&D program. A number of recent re-
ports, including the pcast report and one
released by American business leaders,10

have argued for tripling the doe’s RD&D
budget to about $15 billion per year. The
funding level is somewhat notional,
though pcast provided a crude estimate
of the scale: roughly the contribution of
energy expenditures to gdp (about 9 per-
cent in the United States) multiplied by
the benchmark for public spending on
RD&D (1 percent). Among the major
economies, only Japan reaches this level
of investment.

This budget recommendation raises at
least two questions: where is the money,
and how should its expenditure be orga-
nized? A sustained increment of $10 bil-
lion per year for energy RD&D is highly
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unlikely to occur at a time of budget
tightening, and accelerating the pace of
innovation calls for making these funds
available sooner rather than later. Even if
congressionally appropriated funds were
available, a better approach might be gen-
erating the revenue through a small charge on
energy supply, delivery, and/or use–a “return
to the future” analogous to the surcharge
that funded the gri. A 0.1¢/kWh charge
on electricity and a 2¢ per gallon charge
on transportation fuel are well within
standard variations in consumer price,
and each would generate about $4 billion
annually. However, while the gri sur-
charge was implemented through regula-
tion, the amount of deregulation that has
since occurred suggests the need for a
statutory approach. 

Implementation would follow the gen-
eral principles used in the gri model:
management by one or more nonpro½t
organizations ½t to purpose; “light touch”
oversight by the federal government (the
doe, in this case); a strong industry role in
setting the portfolio for technology trans-
lation, adoption, and diffusion stages; and
a degree of industry cost-sharing. The 
$5 billion doe budget should be main-
tained and reweighted toward R&D, for
which it has a much better track record
and capability than with demonstration
and deployment. The lessons learned with
the efrcs, arpa-e, and innovation hubs
would guide the expanded early-stage
portfolio. An explicit mechanism should
be set up as an interface between the doe

program and the public-private partner-
ship organizations that manage the addi-
tional funds generated by the energy inno-
vation surcharge. This provision would
align management of different parts of the
innovation portfolio with expertise and
knowledge of both the research enterprise
and the energy marketplace.

Today, more than twenty states support
ef½ciency programs and/or research through

utility surcharges.11 This is just one example
of the many ways in which states can take
the lead on clean-energy technology and
policy, setting a precedent for the federal
government to follow. Energy needs and
opportunities in the United States are
highly variable by region, and the states
are naturally more in tune with the best
pathways to economic development and
job creation for their particular circum-
stances. At least some of the nonpro½t
organizations charged with managing
the energy innovation surcharge would
be best established at the regional level,
with coordination to share best practices
and different implementation mecha-
nisms that can be experimented within a
regional context.

Over the last few decades, universities have
moved closer to the marketplace. As noted
above, conditions established through leg-
islation such as the Bayh-Dole Act led to
dramatic expansion of university-industry
cooperation, a domain that previously en-
gaged very few universities at a meaning-
ful scale (mit and Stanford University
were prominent exceptions). Today, novel
approaches are being tested at numerous
institutions. For example, the mit Energy
Initiative (mitei)12 is collaborating with
½fteen major companies as research part-
ners. The core of the relationship is a ded-
icated sponsored research portfolio with
customary ip terms, such as ip ownership
by the university, a sponsor nonexclusive
royalty-free license, and a time-limited
sponsor option for a royalty-bearing ex-
clusive license. In practice, sponsors may
½nd ways to exploit project ip using
methods other than acquiring licenses:
for example, by becoming an equity in-
vestor in a start-up when the technology
is adjacent to current core business. Cer-
tainly, all work is publishable after appro-
priate steps are taken to manage the ip. 

The mitei partnership includes a num-
ber of additional elements. Signi½cantly,
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the initial ½ve-year commitment stipulates
a consultation mechanism that allows the
portfolio to evolve in alignment with fac-
ulty interests and company strategic plan-
ning. Extensive exchange between uni-
versity and company researchers is com-
mon. Indeed, companies with the largest
portfolios place a senior research manag-
er at the university to stay engaged with
projects, maintain the back-and-forth
flow of information, and identify new
university researchers and opportunities. 

mitei’s most interesting feature may
be a set of mechanisms that allow all the com-
panies to come together in a commons. The
Initiative has formed a governing board
that helps guide overall mitei directions.
A jointly supported seed fund provides
crucial support for early-stage ideas gen-
erated by faculty across the full spectrum
of energy-related activity, including,
speci½cally, social science and manage-
ment research as well as science, engi-
neering, architecture, and planning. The
companies, which span the oil, equip-
ment, and infrastructure sectors, have
seen nearly three hundred proposals over
four years. Once the proposals are dis-
tributed and evaluated throughout the
companies, all the companies in the part-
nership come together with mitei lead-
ership to perform an intensive selection
review; this is not unlike a panel review
that one might see at the National Science
Foundation (nsf) or the National Insti-
tutes of Health. The discussion itself,
drawing on the different interests and
outlooks of companies across the energy
space, is instructive. The companies have
no ip capture from the funded projects
but can track the projects and support ex-
tensions as part of their individual spon-
sored research portfolios. More than
eighty such projects have been funded,
and the program has served the impor-
tant purpose of stimulating both new col-
laborative ideas with the companies and

drawing in faculty who had not previous-
ly engaged in energy-related research.

As company representatives get to
know one another, they begin to form
small “consortia of the willing.” Typical-
ly, these are cross-cutting analytical proj-
ects useful to an industry sector, although
some consortia now support science and
engineering with ip implications. This is
one manifestation of the role of the uni-
versity as a convening place for companies,
even direct competitors in the marketplace.
Another is the conferences and symposia
in which the companies participate along
with others in the innovation chain, such
as venture capitalists and energy law ½rms.
In other words, a space is provided for
convening energy-system players both
horizontally in a speci½c sector (for exam-
ple, petroleum) and vertically along the
entire innovation chain, from inventors
to the largest energy incumbents.

The mitei example highlights the
growing intimacy of the university-indus-
try relationship. This phenomenon is
driven by the university commitment to
engage with the marketplace (in some
sense, reweighting the research portfolio
to emphasize Pasteur’s Quadrant rather
than Bohr’s13) and the increasing trend
in industry toward open innovation mod-
els. This convergence augurs well for stim-
ulating early-stage innovation.

Another recent development at mit has
been a series of multidisciplinary analyt-
ical studies of key clean-energy pathways
that provide a sound engineering-eco-
nomic base as a platform for policy recom-
mendations grounded in facts. mit’s inter-
disciplinary study on The Future of Natural
Gas, cited above, is an example. These stud-
ies do not ½t the mold of traditional aca-
demic research aimed at peer-reviewed
journals, although they do produce prior-
ity research agendas and graduate student
theses that lead to such publication. The
work requires close collaboration between
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natural scientists, engineers, and social
scientists, particularly economists and po-
litical scientists engaged in public atti-
tudes research. Universities have much to
offer in providing policy-motivated tech-
nical analysis. Such policy, which includes
that for publicly supported RD&D, can in
turn have signi½cant consequences for
shaping the government role in the inno-
vation system. 

As recommended in the pcast report,
the DOE should incorporate a multidisciplin-
ary social science research program into its en-
ergy programs as an important component of
the innovation system. Social science research
will help inform the pathway for clean-
energy technologies through the entire
innovation chain, exploring questions
such as: How and why do such technolo-
gies satisfy consumer choice? What are
barriers to adoption? How can public pol-
icy best enable technology push and pull?
What economic and cultural factors may
influence take-up of new technologies
internationally? Would reengineering of
American products help their export po-
tential? How can start-up companies and
the largest incumbents in the energy sec-
tor interface their different cultures and
resources to stimulate innovation effec-
tively? These are some of the many ques-
tions relevant to innovation that are ame-
nable to rigorous social science research.
In addition to providing suf½cient in-house
capacity to guide its research program,
the doe, perhaps in cooperation with the
nsf, should support such research at uni-
versities and nongovernmental research
organizations. An institution analogous to
the National Bureau of Economic Research
(or possibly even a supplement to it)
would provide an interesting model.

While there are many promising new
approaches to ½lling the energy-technol-
ogy innovation pipeline at the invention
and translation stages, acceleration in the

adoption and diffusion stages continues to be
more challenging, especially with respect to the
government role. The public-private model
discussed above can be an important con-
tributor, especially at the adoption stage,
but the prospect of implementing an
energy innovation surcharge in the near
future is bleak. A recent congressional
initiative to introduce a “line charge” on
coal-generated electricity–the proceeds
of which would have established carbon
capture and sequestration to enable con-
tinued coal use–did not get very far, even
though the measure had a fair degree of
support in the industry. 

The most obvious and conceptually sim-
ple approach to accelerate low-carbon
deployment at scale is the imposition of a
substantial economy-wide price on car-
bon dioxide emissions. Alternatively, a
regulatory cap on emissions that tightens
over time could be put in place. In either
approach, a high degree of con½dence
that the policy will stay in place over a
considerable period of time–rather than
be subject to dramatic shifts in Congress
and the administration–will be impor-
tant for generating private investments at
scale in a timely fashion. Similar mecha-
nisms could address the externality of
energy security and oil dependence. The
prospects for carbon pricing continue to
be inauspicious. At best, a continuation
of proxy policies such as renewable port-
folio standards and tax credits, often at
the state level, can be anticipated. These
policies tend to be inef½cient for the
overarching purpose of stringent carbon
dioxide emissions reductions and, by
observation, have too often been subject
to starts and stops. Such policy realities
highlight the importance of clean-energy
technology cost reduction as a more as-
sured path to deployment and, then, to
appropriate policy by lowering implemen-
tation costs. Furthermore, it is not clear
that pricing externalities would accelerate
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innovation at the needed pace without
additional energy-technology policy steps.

It should come as no surprise that I do
not have the answers for how the govern-
ment should intersect the latter stages of
the innovation process in a general sense.
However, pcast recommended a prag-
matic approach to an integrated federal
energy policy that would employ all the
tools available to the government in a
coherent way. Termed the Quadrennial
Energy Review (qer), the process is nec-
essarily complex, but history suggests
that anything short of a full multiagency
effort is unlikely to provide a robust plan
that accounts for the many threads of an
energy policy. Furthermore, a degree of
analysis is required that has not been
present in previous efforts.

Energy policy is derivative of many policies:
environment, technology and competi-
tiveness, diplomacy and security, natural
resources, and land and food, among
many others. Indeed, multiple agencies
that are not labeled “energy” have major
equities and long-held perspectives on
key elements of energy policy. Often, the
preferred policies for different agencies’
agendas conflict. Further, states and local
governments play a strong role, for exam-
ple with building codes, and their ap-
proaches can vary dramatically in differ-
ent parts of the country; certainly, Cali-
fornia’s energy policies have influenced
the national market. The tools available
to support innovation are also diverse,
ranging from direct support of RD&D to a
variety of economic incentives, regula-
tion, standards, and federal procurement,
among other instruments. Congress is
equally fragmented: in the House of Rep-
resentatives and Senate, many commit-
tees beyond those tasked with energy
policy have equities that mirror those of
the different executive agencies. To over-
come this fragmentation of responsibili-
ties and perspectives, and especially if the

goal is a plan that has staying power in
advancing adoption and diffusion, pcast

recommended a 

qer process to provide a multiyear road-
map that:

• lays out an integrated view of short-,
intermediate-, and long-term objectives
for Federal energy policy in the context
of economic, environmental, and securi-
ty priorities;

• outlines legislative proposals to Congress;

• puts forward anticipated Executive ac-
tions (programmatic, regulatory, ½scal,
and so on) coordinated across multiple
agencies;

• identi½es resource requirements for the
RD&D programs and for innovation in-
centive programs; and, most important,

• provides a strong analytical base.14

This is a tall order intellectually and
organizationally. Several process ele-
ments are essential to fostering a chance
for success. First, the Executive Of½ce of
the President (eop) must use its conven-
ing power to ensure effective cooperation
among the myriad relevant agencies.
However, the capacity to carry out such
an exercise and to sustain it does not (and
should not) reside in the eop. The doe is
the logical home for a substantial Execu-
tive Secretariat supporting the eop inter-
agency process that would present deci-
sion recommendations to the president.
However, the scope of the analytical capa-
bility needed does not currently reside at
the doe or any other agency. The doe

needs to build this capability, presumably
supplemented by contractor support to
gather data, develop and run models, and
carry out analysis, such as independent
energy-system engineering and economic
analysis. Market trends and prices would
be part of the analysis, including interna-
tional markets and robust analyses of
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uncertainty. The Energy Information
Administration can help with some data
gathering and models, but its indepen-
dence from the policy function needs to
be preserved. The national laboratories
also lack this range of functions, and
tasking them with providing the analyti-
cal support to the policy process would
be regarded as a conflict of interest; their
focus is best directed at research, inven-
tion, and technology transfer. Building
this analysis capacity is a large job that
will take time.

For the qer to succeed, the government
must seek substantial input from many
quarters in a transparent way; certainly,
ongoing dialogue with Congress and the
energy industry are essential. The good
news is that members of Congress have
supported the development of the qer

15

as a way to present a coherent starting
point for congressional action across
many committees. A hope is that Congress
could then use the QER as a basis for a four- or
½ve-year authorization that would provide the
private sector with the increased con½dence
needed to make sound clean energy investment
decisions.

Given the magnitude of the task, pcast

recommended in 2011 that the doe carry
out a Quadrennial Technology Review
(qtr)–a ½rst step centered in a single
department and focused on technology.
The qtr resulted in a rebalancing of the
R&D portfolio toward the oil dependence
challenge through advanced vehicle de-
velopment, particularly transportation
electri½cation. The key now will be to ex-
tend the processes developed for the qtr

to the multiagency qer, involving the
eop in a leadership role. Taking the next
steps in 2012 will maintain momentum
and establish the capabilities needed for
the qer by early 2015, the time frame rec-
ommended by pcast.

While some may view 2015 as a frus-
tratingly long time away, the alternative

is to rely on wishes rather than analysis
while failing to gain multiple perspec-
tives in a fair and open manner. Rushing
the process will result in a poorly done
job that will not accomplish any of the
key qer goals. Certainly, it will not bring
together succeeding administrations and
Congresses around a reasonably shared
vision and set of objectives that can accel-
erate innovation in service of national
competitiveness and environmental and
security goals. Continuing with fragment-
ed and economically inef½cient policies,
technologies “du jour,” and frequent shifts
will complicate private-sector decisions
rather than facilitate innovation. The
government unavoidably plays a strong
role in the innovation process, even when
this is unacknowledged in policy and po-
litical debates. The issue now is to pre-
sent both a set of principles and fact-based
analyses supporting coordinated govern-
ment-wide actions that earn decent buy-
in from major stakeholders. 
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