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We will devote more than 3 percent of our GDP to research and
development…. This represents the largest commitment to scientific
research and innovation in American history. Just think what this will
allow us to accomplish: solar cells as cheap as paint….

U.S. President Barack Obama, 20091  

Another myth is [that] we have all the technologies we need to solve
the energy challenge. It’s only a matter of political will…. I think political
will is absolutely necessary…but we need new technologies to
transform the energy landscape. 

U.S. Secretary of Energy Steven Chu, 20082 

The lesson I learned is that you don’t even have to be brilliant if you are
the first to look at something with a new tool…. If you use an old tool to
tackle a problem, you’ve got to be really smarter than the rest of the
folks because everybody has this tool. If you are the first to look with
something new it’s like starting a new world. You just look around and
everything you see is going to be new.  

U.S. Secretary of Energy Steven Chu, 20043

We are in danger of learning the wrong lessons about innovation. 
As a result, we risk neglecting those capabilities that are the real well-
springs of creativity…the capacity to integrate across organizational,
intellectual, and cultural boundaries, the capacity to experiment, and
the habits of thought that allow us to make sense of radically
ambiguous situations and move forward in the face of uncertainty.

MIT Professors Richard Lester and Michael Piore, 20044

Strategy too often neglects the question of how to get there. Yet,
especially when innovation matters, the strategy is the organization.

Stanford University Professor Kathleen Eisenhardt, 20035
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For years, scientists and environmental advocates have
been ringing alarm bells about the issue of climate change.
Recently, the issue has begun to gain traction with the
public and policy makers. At the same time, however, it has
become clear that the scale and urgency of the problem are
far more serious than even many climate policy advocates
acknowledge. A recent Nature article suggests, for example,
that the scale of the “technology challenge” required to help
resolve the problem has been “seriously underestimated”
by the Intergovernmental Panel on Climate Change.6

The fact is, solving the climate problem will require the
fundamental transformation of the world’s entire energy
technology base over the next 50 years. And because our
need for energy continues to grow, we must develop a
carbon-free energy infrastructure in 50 years that is twice 
as large as our current energy infrastructure. To meet this
massive challenge, we must not only accelerate the
deployment of existing technologies, we must radically speed
up the process of clean energy technological breakthroughs.7

The current research, development and deployment (RD&D)
system8 in the energy sector has produced many important
and useful technologies over the years. However, this
system is simply not adequate to the task of the massive
scale-up and technology innovation needed at the required
speed to address climate change. The system’s failings
have been well documented in recent reports by the Center
for American Progress and the Brookings Institution,9

as well as in a forthcoming report by the National
Commission on Energy Policy. These reports argue, for
example, that the current system is underfunded,
fragmented, lacking coordination and collaboration,
disconnected from the market and lacking a strategy for
addressing intellectual property rights (IPR) and finance
issues, among other problems.

With these pressing concerns in mind, Clean Energy Group 
and Meridian Institute came together in 2006 to seek effective
and efficient ways to accelerate climate-related technology
innovation. After extensive consultations with companies,
government agencies, nongovernmental organizations and
academics, we jointly developed a concept we call the
Accelerated Climate Technology Innovation Initiative, or ACT II.

Distributed Innovation: 
A New Strategy for Technology
Breakthroughs and Scale-Up 

We do not propose displacing the existing energy-related
RD&D system. Instead, the ACT II proposal suggests
leveraging and more efficiently coordinating existing
physical and intellectual resources using a set of strategies
and tools collectively known as distributed innovation, 
or DI. ACT II complements a number of recent energy
technology innovation proposals, including ARPA-E, DOE’s
Energy Hubs and Brookings’ e-DII centers. ACT II can serve
as a next-generation institutional “operating system” for
these and other innovation strategies. It can begin to answer
the question of “how” these new institutions would operate
day to day to optimize the pace and the prospects for
successfully advancing a carbon-free energy base with
proven distributed innovation strategies. 

Distributed innovation refers to the process of linking
together numerous people with disparate expertise working
in different institutions and countries, but united together 
in a single effort focused on product development and
deployment. The business literature defines DI as “the
process of managing innovation both within and across
networks of organizations that have come together to 
co-design, co-produce and co-service the needs of
customers.”10 The driving objective for distributed innovation

Executive Summary

From the perspective of a venture capital (VC) investor in clean
energy, distributed innovation has many potential benefits. Right
now the system of bringing new clean energy ideas from lab to
commercial market is one filled with gaps, frictions and other
problems. It is largely uncoordinated, making efficient and smarter
investment difficult. The current process significantly increases
investor risk. With a more coordinated approach through DI, VC
investors could work more upstream in the value chain, see earlier
investment opportunities and help accelerate product development,
thus reducing investment risk. At least that is my hope, and why I 
think DI is worth trying for many low-carbon technologies.

— Nancy Floyd, Founder and Managing Director, Nth Power 



is to accelerate the deployment of a specific technology 
by attacking the problem from multiple intervention 
points along the value chain, from upstream research 
to downstream deployment. It involves addressing the
technical, market, financial, policy, regulatory and legal
issues that arise along this entire chain. Distributed
innovation uses creative approaches for reducing risks
through targeted funding and finance strategies, and
managing intellectual property rights in a manner that 
that enables collaboration and preserves the power of 
the market and competition. 

DI is a new term in energy but one well known in other
private and public sectors, from pharmaceuticals to
consumer and agricultural products. In fact, DI strategies
have been used to develop products, services and scientific
breakthroughs as diverse as the iPod, the Linux operating
system, the Human Genome Project, automobiles,
pharmaceuticals and drought-resistant crops in the
developing world. 

Distributed innovation has proven to increase the speed 
of innovation and commercialization. It removes barriers
between experts in specific disciplines that have typically
been in “silos.” It also bridges the public and private
sectors. A review of existing projects using DI strategies
concluded that well-structured distributed innovation
processes result in reduced transaction costs and more
efficient use of resources, among other benefits.11 

Applying Distributed Innovation 
to Energy Research, Development 
and Deployment

Distributed innovation strategies have not yet been
systematically applied to clean energy, despite the fact that

this sector has many of the same characteristics as sectors
that have benefited from DI. DI could provide a powerful
approach to speed up clean energy innovation. 

ACT II envisions applying distributed innovation concepts to
low-carbon technology development, to advance technology
breakthroughs and accelerate existing technologies to the
scale needed to address the climate challenge. ACT II’s
distributed innovation strategy has three primary elements:
(1) the use of internet-based open innovation tools, 
(2) coordinated funding and finance strategies and 
(3) intellectual property rights services. Each element 
is discussed briefly below.

The Use of Open Innovation Tools

ACT II would more effectively connect people who are
encountering specific clean energy technology development
challenges with “solution providers” who can help address
those problems. Those posing the development challenges
may be, for instance, engineers within small or large
technology companies, government researchers or
academics. The solution providers might include those same
kinds of individuals as well as a range of other scientists
and technical experts working at different organizations,
including institutions outside of the energy sector. 

The open innovation platforms and other tools used to
enable such collaboration are often called “matchmaking
infrastructure.” Such an infrastructure would enable
potentially tens of thousands of people to review critical
challenges and propose innovative solutions. A range of
incentives would be employed, including financial rewards
to solution providers and cash rewards or a negotiated value
for intellectual property rights. More conventional tools, such
as commissioned and competitive research projects, could
also be utilized.

2

We need many new breakthrough low-carbon technologies to address the climate change problem. To do so, we must accelerate the 
lab-to-market process, creating more commercially ready technologies in much shorter time frames. From the perspective of an active
researcher in clean energy, I see potential value in distributed innovation if it brings in intellectual property rights and finance experts to
work more directly and earlier with technology researchers, and opens up promising research areas to more productive ideas. This DI
process could help anticipate and overcome technical barriers in both finance and IPR, and possibly move lab research more quickly into
the product marketplace. We need many new models of technology innovation to address climate, and DI — along with others — is
certainly one worth exploring in the field of low-carbon technology.

— Nathan Lewis, George L. Argyros Professor and Professor of Chemistry,
Division of Chemistry and Chemical Engineering, California Institute of Technology 



Such an information technology infrastructure would facilitate
effective, real-time collaboration among geographically
dispersed players along the RD&D continuum. It would provide
consumer-oriented market information to researchers working
in laboratory settings, and provide product pipeline information
back to the market makers. It would also breach institutional
barriers and disciplinary silos.

Coordinated Funding and 
Finance Strategies 

The second key element of ACT II’s distributed innovation
strategy is its focus on coordinating needed resources 
for funding (i.e., public money not seeking a return on
investment) and finance (i.e., private capital seeking such 
a return) early on in the product development process. 
Today, federal funding tends to focus on upstream research
efforts and does not generally support diversified financing
products to move technologies into the marketplace. That
financing is often provided through the private sector.
However, promising technologies that do not meet high
venture capital goals for return on investment may be
“orphaned” and never receive the financial support they
need to achieve market penetration. In addition, there is
currently little coordination between funders and financers,
creating two major potential financial gaps in the RD&D
continuum. The first gap is the lack of resources for
translating innovative research concepts into market-ready
products; the second is the lack of resources to move these
products to large-scale, full-market deployment. 

ACT II envisions providing or facilitating an integrated, flexible
and responsive set of funding and financing mechanisms, 
so there is continuous financial support at appropriate levels

for technology projects throughout all the stages of the
development process, from early upstream research all the
way through technology development and deployment. ACT II
would focus on filling the aforementioned financial gaps by
coordinating flows of available resources between interested
funders and financers, and supplementing the process with
critical financial resources where necessary.

Two key components of ACT II’s finance strategy will be to
reduce transaction costs along the RD&D continuum, and to
mitigate risk for investors so that private capital can take an
earlier “stake” in technologies identified. This approach will
both lower financial barriers to entry that currently deter
some investors and increase the number of stakeholders
pushing the technology forward to full deployment. Both
early-stage (venture capital) and later-stage (project
finance) professionals have attested to the importance of
such a coordinated funding approach to accelerate their
successful investment decision making and increase the
volume of funding they can commit to innovative clean
energy technologies. Creating effective incentives for this
early involvement by financial players will require both
creative financing approaches and innovative IPR strategies. 

Intellectual Property Rights Services

Several key reports have underscored how a failure to
resolve IPR issues could undermine the innovation and
diffusion of clean energy technologies.12 We envision ACT II
to have IPR staff and financial resources that enable it to
use IPR as a tool for encouraging innovation, supporting
collaboration between the public and private sector and
navigating IPR challenges that may arise. In general, ACT II 
would use IPR to leverage early investment upstream in the
product development process. It would also apply analytical
tools to develop patent landscapes that enable it to navigate
“patent tickets” or blocking patents that may hinder
accelerated product development. 

Specifically, ACT II would seek to create and leverage more
financial incentives up the value chain, at the earlier
research stages, so that companies will be more willing 
to consider creative IPR paths to gain greater financial
advantage downstream. ACT II would also provide support
for putting in place the licenses, R&D collaborations and
other agreements necessary to form strong partnerships 
to move clean energy technologies more rapidly to market.

3

NREL is all about developing breakthroughs in clean energy
technology, and we have had many successes in that regard.
Over the years, though, we have realized that just developing
exciting new technologies is not enough. If we are to meet the
climate challenge, we must also commercialize and disseminate
those new ideas rapidly and widely. The DI concept mirrors much
of our own thinking at NREL. The expanded network approach
could have real value in shortening the “discovery to
commercialization at scale” time cycle.

— Doug Arent, Director, Strategic Energy Analysis and Applications Center, 
National Renewable Energy Laboratory (NREL) 



For clean energy, there is a driving need to move technologies from the lab to the market quickly, and with the potential for large-scale delivery.
Depending on the current landscape of IPR services means risking that the potential impact of investment in a technology may be diminished
due to IPR issues. A distributed innovation initiative, which has the goal of helping universities, small and large companies, national laboratories
and other researchers successfully deliver technologies to market, will need the capacity to provide IPR analysis, assistance in creating IPR
strategies, and the ability to help structure agreements among multiple parties to ensure the strategy is implemented.

PIPRA is a not-for-profit organization whose mission is to enable innovations in the public sector to have the largest possible impact and public
benefit. By combining technical, business and legal expertise, PIPRA delivers technology-specific IPR and commercialization strategy services
across the fields of agriculture, health and energy.  PIPRA will work with ACT II to provide IPR services that help accelerate the speed of clean
energy commercialization.

— Sara Boettiger, Director, Strategic Planning and Development, 
Public Intellectual Property Resource for Agriculture (PIPRA), University of California 

This IPR strategy should reduce transaction costs by
supporting partnerships and consortia among multiple
public- and private-sector organizations. It should also
result in high-quality IPR information and analysis early in
the research stage. Having IPR issues fully identified and
systematically addressed early on can leverage additional
investment from the private sector.

Proposed ACT II Institutional Framework

We envision ACT II being implemented via an independent
institution managed by a small Executive Leadership Team
(ELT) comprised of 6-8 individuals and overseen by a small
Board of Directors. This new ACT II institution would link to,
but be as independent as possible from, existing clean energy
structures and institutions. Such independence would
encourage creativity, agility, market sense and innovation, 
the hallmarks of this new distributed innovation strategy. 
ACT II’s distributed and disaggregated approach and its 
clear mandate for technology innovation and deployment 
calls for a flexible, innovative structure — a collaborative,
distributed and non-bureaucratic institutional model. 

ACT II would prototype its DI approach with one 
technology area (or “node”), such as advanced photovoltaic
(PV) technologies, with the intention to eventually develop a
full portfolio of low-carbon technology nodes (e.g., for wind,
batteries and storage technology, advanced biofuels, etc.).
This would lead to a “hub and spoke” structure, with 
a central ELT overseeing staff and activities at 
multiple nodes. 

We anticipate that ACT II’s initial setup and pilot technology
node would need on the order of $30-$50 million per year 

of funding to reach its accelerated innovation goals. Each
additional node would require roughly $25-$30 million per
year, depending on the capital intensity of the particular
technology, for a range of several years depending on needs.
This investment in public funding will likely be multiplied many
times by leveraging additional private capital. This funding may
be uneven over the project period. In particular, more money
may be needed as activities move toward the demonstration
and deployment of new technologies.

As much as 90 percent of this funding would be dedicated
directly to RD&D. Management and overhead of ACT II, ELT
staff salaries, IT systems, central office expenses and travel
would be small — approximately 10 percent of the funding.
Some remaining portion could also be dedicated to DI
capacity building in other institutions.

The full ACT II concept paper sets forth detailed 
next steps for establishing the ACT II institution 
and beginning work on the first technology node.

4

As a leading investor in renewable energy projects, Wells Fargo
understands the important role that new advancements in clean
energy technologies will play in the necessary transition to a 
low-carbon economy. However, the challenges associated with
financing energy projects that use new technologies with a limited
deployment history are significant. An approach like ACT II, with its
emphasis on the development and deployment challenges facing
the introduction of new technologies, could provide a needed boost
to the speed and scale of the expansion of the clean energy sector.

— Ryan Levinson, Vice President, Environmental Finance, Wells Fargo



For years, scientists and environmental advocates have
been ringing alarm bells about the issue of climate change.
Recently, the issue has begun to gain traction with the
public. At the same time, it has become clear that the scale
and urgency of the climate emissions problem are far more
serious than even many climate advocates admit. 

The G8 leading industrialized nations recently set a goal 
to limit global warming to 2°C above pre-industrial levels,
which will require stopping carbon dioxide (CO2) emissions
growth in the next decade and then beginning a rapid
emissions decline. The G8 nations also set a goal to reduce
their emissions by 80 percent by 2050 compared to 1990. 

Meanwhile, global energy demand is projected to more 
than double by 2050, and to more than triple by the end 
of the century.13

Today’s technologies are not sufficient to meet these growing
energy needs while reducing emissions as required, as Figure
1 makes clear. Caltech professor Dr. Nathan Lewis writes:
“Incremental improvements in existing energy networks will
not be adequate to supply this demand in a sustainable
way.”14 And in a recent Nature article, scientists suggest that
the scale of the “technology challenge” to resolve the climate
change problem while meeting growing energy needs has
been “seriously underestimated” by the Intergovernmental
Panel on Climate Change.”15
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Section 1 | The Climate Challenge

Figure 1 | Carbon Emissions Trajectories

Where today’s technology will take us

Where more advanced versions of
current technologies will take usCa

rb
on

, b
illi

on
s 

of
 to

ns

Path we need to be on to stabilize
atmospheric CO2 at 450 to 550 ppm



To achieve stabilization levels of 450 to 550 ppm, new
carbon-free energy in the range of 22-25 terawatts (TW) is
needed. By comparison, the planet currently uses around 
13 TW of total energy. (See Figure 2.) We thus must develop
a carbon-free energy infrastructure in 50 years that is twice
as large as our current energy infrastructure, which includes
all power plants, vehicles, industries and buildings on the
planet today.

In short, then, solving the climate problem will require 
the fundamental transformation of the world’s energy
technology base over the next 50 years. To meet this
massive challenge, we must not only accelerate the
deployment of existing technologies, we must radically
speed up the achievement of technological breakthroughs.
Clearly, new, powerful and rapidly scalable technologies are
needed in the next decade that fundamentally “change the
game” in the realm of energy generation.

It’s important to note that carbon price incentives — one
climate solution much discussed of late — will not on their
own produce breakthrough technologies nor lead to the
deployment of such technologies on the necessary scale.17

In fact, carbon pricing, such as cap-and-trade systems,
typically encourages the deployment of the cheapest
existing low-carbon technologies and energy-efficiency
measures (often called “no regrets” policies). Such systems
do not create incentives for investment in expensive
breakthrough technologies. That’s because governments 
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Figure 2 | Carbon-Free Energy by 2050
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will generally only agree to caps that can be achieved 
with currently available technologies at reasonable
projected costs. Also, any caps established are usually
insufficient to drive deep and radical innovation; instead,
they tend to drive incremental technical improvements 
and marginal cost reductions.

By contrast, as illustrated in Figure 3, specific technology
innovation18 measures can drive down the current cost of
more expensive technologies, which could make it possible 
to adopt tougher emissions policies in the future. There is 
thus virtual consensus that, in addition to emissions caps, 
the challenge of climate recovery demands a complementary
process that drives technology research, development and
deployment (RD&D). 

Noted experts support a dual track because it is likely 
to be the most cost-effective approach. One climate 
policy expert writes:

To promote [induced technological change]
and reduce [greenhouse gas] emissions most
cost-effectively, two types of policies are
required: policies to reduce emissions and
incentives for technological innovation….
Technology incentives can deal with the
market failure created by firms’ inabilities to
capture all the returns on their RD&D
investments. Direct emissions policies (such as
carbon caps or carbon taxes) can deal with the
market failure created by climate-related
externalities. Attempting to address the climate

change problem with only one of these policy
approaches cannot fully correct both market
failures. As a result, adopting one approach is 
likely to involve higher costs than utilizing the 
two approaches in tandem.19

Ironically, because it does not reduce technology costs, 
pursuing only cap-and-trade in its current form may make 
it harder to adopt tougher emissions policies in the future.
Another expert explains:

…even though “no regrets” might be
attractive as a short-term response, 
restricting actions to such low-cost
alternatives alone may entrench existing
technologies and constrain the development 
of new technologies needed to reduce the
costs of future abatement actions. This may 
in effect also reduce the opportunity for the
global community to define more ambitious
emission reduction targets for future
commitment periods.20

Despite this consensus on what needs to be done — both
cap-and-trade and technology innovation — remarkably
little attention has been paid to how to accomplish the latter.
We believe that new strategies — collectively termed
distributed innovation — offer tremendous promise. We
discuss these strategies in Sections 3 through 5 of this
paper, after first looking at the limits of the existing
technology innovation system in Section 2.
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The major organizational players in the current energy-
related research, development and deployment system
include the U.S. Department of Energy (DOE), the U.S.
national laboratories, state governments, public and 
private universities, private-sector technology companies
(established and startup), utilities, venture capital firms 
and financial institutions, among others. The players in 
this system have produced some important and useful
technologies, including most energy-efficient lighting and
initial Integrated Gas Combined Cycle power systems. In
addition, there are a small but growing number of innovation
and collaborative research success stories. 

One positive example of collaborative research, 
for example, is the Energy Biosciences Institute
(www.energybiosciencesinstitute.org), a partnership
between BP; the University of California, Berkeley; the
Lawrence Berkeley National Laboratory; and the University
of Illinois. This partnership is seeking breakthroughs in
sustainable biofuels production. In addition, Battelle, which
manages four DOE labs, has recently increased its focus 
on improving the process of commercializing technologies
developed by the national labs. The National Renewable Energy
Laboratory (NREL) has also demonstrated its commitment to
broader outreach, through the direct involvement of venture
investors under its Entrepreneur-in-Residence Program and
enhanced commercial collaborations under its Solar America
Initiative. These new efforts are beginning to demonstrate the
potential for a more systematic approach to integrating the
country’s clean energy research agenda.

Despite this progress, the current energy RD&D system is
simply not adequate to the task of the technology innovation
and massive scale-up needed at the required speed to
address the climate problem. There are many failings all
along the technology development value chain — from
basic research through full-scale technology deployment —
that have been well documented in two recent reports by
the Center for American Progress and the Brookings
Institution, as well as in a forthcoming report by the 
National Commission on Energy Policy.21

The U.S. Secretary of Energy’s Advisory Board itself concluded
that, “The Department of Energy has a historically poor
reputation as being badly managed, excessively fragmented,
and politically unresponsive. The current organization of the
Department is not appropriate to the magnitude and centrality
of the scientific advanced technological research required by
our energy challenges.”22

The aforementioned reports suggest that the current 
RD&D system for clean energy:

= Lacks adequate funding: Both public funding and
private investment are insufficient for the scale of
the technology innovation effort needed. The RD&D
regime does not provide an integrated capital
mobilization stream that supports technology
development from the funding for basic research
through the financing required for large-scale
deployment and diffusion of a technology.23 Current
annual investments in clean energy RD&D fall far
below the $20 billion that some experts believe
is necessary.24 The Center for American Progress
report argues that federal RD&D funding should be
substantially increased.25 The current system also
does not address the multiple market failures that
limit private investment in RD&D.26

= Is fragmented: The RD&D system is made up of
hundreds of disconnected departments, agencies 
and laboratories across the U.S. Many of these labs
and departments are siloed, working separately 
on energy-related research. Such siloing was
encouraged during the Cold War but no longer 
serves national interests for rapid innovation. 

= Lacks coordination and collaboration among
actors: The current system does not sufficiently
promote collaboration across institutions (e.g., among
universities, national laboratories and the private
sector), nor does the system adequately engage 
state governments with federal technology policies.27
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= Is based on an obsolete research paradigm:
The federal approach to RD&D today is linear,
sequential and based in an early 20th century
mentality, rather than being circular, dynamic 
and attuned to 21st century theories of
innovation strategy.28 One result is that federal
labs are too focused on their existing portfolios 
to support transformational research into truly
breakthrough technologies.

= Is disconnected from the market: Current public
RD&D is too far removed from the marketplace.
DOE’s product development practices differ
dramatically from commercial practices. Any
product orientation the DOE does have is focused
on near-term technologies. Moreover, public RD&D
institutions have little effective engagement or
interface with private industry. 

= Is ineffective at commercializing innovative 
low-carbon technologies: Today, federal funding 
tends to focus on upstream research efforts and
does not generally support diversified financing
products to move technologies into the
marketplace. That financing is often provided
through the private sector. However, promising
technologies that do not meet high venture capital
goals for return on investment may be “orphaned”
and never receive the financial support they need
to achieve market penetration. In addition, there is
currently little coordination between funders 
and financers, creating two major potential
financial gaps in the RD&D continuum. The first gap
is the lack of resources for translating innovative
research concepts into market-ready products; the
second is the lack of resources to move these
products to large-scale, full-market deployment.29

= Lacks federal support for deployment: There has
been limited federal support for the deployment of
clean energy technologies. Instead, that role has
been played almost exclusively by states, through
mechanisms such as state clean energy funds.30

As noted in the Brookings paper, “State governments
are central players in energy policy due to their
responsibilities for regulating energy providers 
and for implementing federal environmental
regulations.”31 However, there is no effective
deployment partnership between the federal 
and state governments on energy and climate.

= Is slow and inefficient: The time required to move
a breakthrough technology from the lab to clean
energy markets is inadequate to the urgent need.
Also, the ratio of commercial products “out” to
federal dollars “in” is simply too low.

In short, a successful technology innovation policy will
require a fundamentally different paradigm than the current
research, development and deployment system in the U.S.
As the Center for American Progress report notes: “If the
United States simply continues to pursue energy innovation
as it has in the past, then the path to a low-carbon economy
will be much longer and costlier than necessary.”32

To ensure that does not happen, we propose leveraging 
and more efficiently coordinating existing physical and
intellectual resources by prototyping new innovation
strategies and tools, as discussed in the following sections.
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To address and mitigate the shortcomings noted in the
previous section, we propose creating an Accelerated
Climate Technology Innovation Initiative, or ACT II. As we
envision it, ACT II would form the foundation for a new
energy innovation policy in the United States that leverages
modern-day innovation strategies to accelerate the
development and full deployment of “disruptive” 
clean-energy technologies.

Any new, successful technology innovation policy will
require scaled-up funding for RD&D, but also a new way 
of directing that funding. In other words, more is not good
enough; we need a different strategy altogether. We need 
a new system that encourages innovation and accelerates
the time frame from lab to full market deployment by more
effectively linking players along the value chain and
accessing creative solutions from dispersed organizations
and individuals. The DOE’s own review emphasized, 
“The federal government alone cannot meet the nation’s
energy-related RD&D needs. The Department of Energy
must collaborate with universities, industry and other
federal agencies. It should…form partnerships with industry
and academia to drive innovation.”33 We believe the ACT II
proposal will effectively enable this to take place.

This section describes the current context or landscape in
which ACT II will be implemented. It then introduces the
major concept behind ACT II — distributed innovation.

The Current Landscape

In designing a new innovation architecture for energy, 
the changing realties of our 21st century world must be
considered. The following are the primarily characteristics 
of the current energy innovation landscape:

= Knowledge management: Organizations 
today are finding themselves in an era of rapid
knowledge creation and continuous scientific and
technological change. Advances in science and
technology-driven research have yielded dramatic

increases in the volume of scientific knowledge.
This volume of information makes it increasingly
difficult for most organizations to stay current with
significant new trends. Ultimately, their inability to
stay apprised of new knowledge and their limiting
of research to in-house resources has reduced
efficiency and competitiveness. 

= Connectedness and collaboration: Many
organizations are realizing that, although they may
have hired the best and brightest people in their
fields, people in related industries or with related
areas of expertise are necessary for maintaining
product relevance and ongoing competitive
advantage. Current energy RD&D strategies keep
individual researchers and experts cut off from new
solutions by institution, geography and their position
along the technology value chain. Opportunities for
collaboration among organizations across the globe
have vastly expanded because of improvements in
information and communication technologies —
most notably the Internet and web. These
technologies can quickly and easily combine the
knowledge of thousands of individuals in ways 
that were impossible a decade ago.

= Intellectual property rights (IPR): IPR strategies
have changed significantly and, if not appropriately
managed, can potentially slow the development and
diffusion of clean energy technologies. Creative new
strategies can address IPR barriers and manage IPR
to provide incentives for product development from
diverse sectors. These strategies can be successfully
applied to clean energy innovation.

= Funding and finance: A final characteristic of the
new clean energy innovation landscape is the high
likelihood of increased federal investment in clean
energy technology and, in comparison to other
sectors, a strong interest among the venture 
capital and private equity communities.
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Distributed Innovation 

New business strategies and tools — collectively called
distributed innovation (DI) — have evolved to address 
this changing innovation landscape. The term distributed
innovation refers to global, collaborative product
development initiatives that link together numerous people
working in different institutions and countries with disparate
expertise, but united together under a single project focused
on product development and deployment.34 The business
literature defines DI as “the process of managing innovation
both within and across networks of organizations that have
come together to co-design, co-produce and co-service 
the needs of customers.”35 DI uses the latest information
technology, collaboration tools and “open innovation”
approaches to supplement in-house research and
development capacity. 

As two experts on distributed networks write: “The
innovation process has taken on a more integrated and
networked model.”36 This “networked model” is not a
conventional information-sharing network, however, but
rather an entirely new approach that goes beyond linking
existing institutions. It makes those institutions work
together in new collaborative ways.

Distributed innovation accelerates the deployment of a
specific technology by attacking the problem from multiple
intervention points along the value chain, from upstream
research to downstream deployment. The issues addressed
along this chain may include, but are not necessarily limited
to: technical; market and financial; policy; regulatory; and
legal (including IPR) issues.

Distributed innovation strategies ensure that a broad
institutional infrastructure is in place that supports the
judicious use of resources by efficiently transforming
upstream research into new technologies that penetrate
the market. This type of collaboration builds linkages 
all along the value chain (from upstream RD&D to
downstream deployment) and across dozens, hundreds
and sometimes thousands of people throughout the 
world. This borderless environment fosters meaningful
collaboration among an array of institutions, but more
importantly, it removes barriers between experts in
specific disciplines that have typically been in silos. 
It also bridges the public and private sectors.

Distributed Innovation in Other Sectors

Distributed innovation is a new term in energy but one 
that is well known in other private and public sectors, from
pharmaceuticals to consumer goods to agricultural products.
In fact, distributed innovation strategies have been used to
develop products as diverse as the iPod, the Linux operating
system, the Human Genome Project, Boeing airplanes,
automobiles,37 pharmaceutical products and drought-resistant
crops in the developing world. DI thus has a proven track
record of success. Though the innovation challenges faced 
by the energy sector are substantial, relevant lessons can 
be learned from innovation processes in these other sectors. 

In these other fields, DI has overcome some of the same
barriers facing energy innovation: lack of connection between
laboratories and the marketplace; failure to connect all the
elements of the value chain; lack of focus on rapid product
development; failure to connect across disparate disciplines;
difficult IPR hurdles; and established, insular cultures.

Companies and institutions using DI recognize that:

= There are more smart people outside of their
organizations than inside. As Bill Joy, founder 
of Sun Microsystems, famously said (in what has
become known as Joy’s Law), “Most of the smart
people in the world don’t work for your company.”38

= Successful innovation requires creatively
combining internal and external knowledge in 
new ways and often involves connecting existing
but dispersed pieces of knowledge rather than
generating new knowledge.

= Collaboration improves innovation, accelerates it 
and reduces the cost of it. Innovation can arise from
the free exchange of ideas between scientists with
different backgrounds. The cross-fertilization of ideas,
scientific disciplines, experiences and minds enables
scientists to tap creativity on a scale that is beyond
the reach of any individual or small group working 
in academia, government or industry alone. 

= Solutions to problems often come from unexpected
places. The origin, quantity and diversity of solutions,
and the breadth of expertise available to develop
those solutions, continues to surprise organizations
that have employed these methodologies.
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The Generation Challenge Programme 
(GCP, www.generationcp.org) is a global project
involving well over 100 scientists in more than 30
countries who are collaborating to develop improved
rice, maize and other crop varieties. The GCP was
created to better link upstream research activities 
with downstream product development, testing 
and deployment activities. It brings together major
agricultural centers to focus on product development 
in shorter time frames.  

The GCP grew out of a reform agenda for the Consultative
Group on International Agricultural Research (CGIAR). The
CGIAR is a global partnership of governments, research
institutes and private foundations working to improve
agricultural science and food security for the poor. It 
was established in the 1970s as a network of individual
research centers in the developing world and is widely
recognized as being a key player in the “Green
Revolution.”39 Despite its early success, the CGIAR’s
accomplishments have slowed in the past few decades
because of “increasingly fragmented and restricted
project- and Center-based programming and funding.”40

The traditional loosely networked “centers of excellence”
approach was not capable of solving the complex
agricultural challenges facing the developing world today. 

The GCP recognizes that no single institution could
command the breadth of expertise and resources
necessary to achieve these objectives. Thus, it employs a
distributed innovation strategy that leverages intellectual
and physical resources — funds, skills, equipment,
knowledge and social capital — from many institutions
and initiatives, public and private. This structure provides
the agility needed to capture emerging opportunities,
promote innovative partnerships and develop appropriate
product delivery schemes. 

InnoCentive (www.innocentive.com) is an example 
of an innovation platform that has emerged to support
distributed innovation. InnoCentive hosts an internet-
based platform that posts scientific problems from its
clients (the “seekers”) to a global network of more 
than 170,000 registered “solvers” from more than 
175 countries. The seekers include pharmaceutical,
biotechnology, consumer goods and specialty chemicals
companies such as Eli Lilly, Procter & Gamble, Avery
Dennison and Janssen, as well as The Rockefeller
Foundation. Solvers offer solutions to each problem 
for a pre-specified money award; all IP is transferred 
to the seeker. Since 2001, more than 800 problems 
that could not be solved by the RD&D laboratories of
some 50 clients have been posted. About 50 percent 
of the posted problems have been solved, with almost
$4 million paid out to successful solvers.41

One example of success from InnoCentive comes from
the Ocean Spill Recovery Institute, which in 2007 was
seeking a way to separate frozen oil from water in oil
recovery barges. This challenge was solved by a
chemist from the concrete business with no experience
in the oil industry. He successfully adapted a tool from
the cement industry that was designed to vibrate
cement to keep it in liquid form.

In InnoCentive’s original business model, the solvers
work independently and do not share their knowledge
or solutions with each other. Recognizing the limitations
of this format and learning from the experience of their
solvers, last year InnoCentive launched a new initiative
to support and encourage teams of innovators to work
together on challenges through shared workspaces and
new IP governance structures. 
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The Benefits of Distributed Innovation

Companies engage in distributed innovation not only
because it speeds the process of innovation and
commercialization, but also because there are significant
cost- and risk-sharing benefits. When IBM, for example,
adopted the open-source Linux operating system and
tapped into the skills of the global Linux community, the
company was able to cut their investment costs to upgrade
all their product lines at one-fifth the normal investment
required to upgrade a single product. And, the resulting
products were “better tested, more robust and market-
ready more immediately.”42 Similarly, Proctor & Gamble,
which has pursued an aggressive distributed innovation
model, has increased R&D productivity by nearly 60 percent,
doubled their innovation success rate and reduced the cost
of innovation significantly.43

Here, two DI experts expound on the benefits of the concept:

Organizations undertake distributed innovation
with suitable partner organizations to allow
shared risk, reduced costs and access to
readily available skilled staff. The benefits 
of collaborating can be viewed in terms of
knowledge creation, dissemination,
exploitation and learning…. Another reason
why organizations engage in distributed
innovation is to acquire scarce competencies
or technology that they do not possess
themselves. Given the complexity of modern
products and the degree of regulation required,
the innovation process requires significant
specialist resources to support the
development stages of a new product…. 

Thus, through the amalgamation of the core
competencies of a number organizations, 
the capacity of the innovation process of a
distributed network can be considerably larger
and better resourced than that of an internally
focused one. 

No one organization has the internal capacity
to scan all areas of innovative opportunity
within the sector. By engaging within a
distributed network, the exchange of
knowledge between network nodes 
concerning breakthroughs and interesting
leads grows exponentially.44

A review of existing projects using DI strategies concluded
that well-structured distributed innovation processes result
in reduced transaction costs; more efficient use of
resources; high trust among collaborators; self-organizing
teams of collaborators; and dense, clustered networks of
collaborators who are similarly qualified and motivated.45

To address the climate crisis at the speed and scale
necessary, we need new, modern low-carbon innovation
strategies. Instead of dividing responsibility among many
government and private agencies for different elements of
the innovation chain, we envision a new approach to link
those efforts toward accelerated commercial goals. Current
government policy is based on the outdated and divided
linear model. Our ACT II proposal presents a more
integrated, dynamic model that is based on distributed
innovation and that links all elements of the innovation
chain through a networked process. Our proposal is
discussed in depth in the next section.
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Distributed innovation is a powerful approach that 
would significantly speed up clean energy innovation. 
Our proposal — the Accelerated Climate Technology
Innovation Initiative — will apply DI innovation strategies 
to low-carbon technology development, to advance technology
breakthroughs and accelerate existing technologies to the
scale needed to address the climate challenge.

We do not propose displacing the existing energy-related
RD&D system. Instead, the ACT II proposal suggests
leveraging and more efficiently coordinating existing
physical and intellectual resources using a set of strategies
and tools collectively known as distributed innovation. 
While ACT II is envisioned as an independent initiative that
effectively harnesses and coordinates existing expertise and
resources, the strategies at the core of the ACT II proposal
can serve as a next-generation institutional “operating
system” for a number of recent energy technology
innovation proposals, including ARPA-E, DOE’s Energy Hubs
and Brookings’ e-DII centers.46 It can begin to answer the
question of “how” these new institutions would operate 
day to day to optimize the pace and the prospects for
successfully advancing a carbon-free energy base with
proven distributed innovation strategies.

Given the extraordinary complexity of the climate and
energy problem, different strategies are needed to
accelerate multiple clean energy technologies. Solutions 
will vary from technology to technology based on the
technical, institutional, financial and other constraints that
limit or inhibit scale-up or advances. Distributed innovation,
with its decentralized and bottom-up approach, seems 
the perfect fit to apply to these challenges.

ACT II’s distributed innovation strategy has three 
primary elements:

1. Supporting research, development and deployment 
with open innovation tools (widely used in some 
sectors, but underutilized in the energy sector), in 
addition to more conventional tools (e.g., commissioned
and competitive projects); 

2. Establishing funding and finance strategies that drive
innovation along the RD&D continuum by increasing
coordination and reducing risk and transaction costs 
for key players in each phase of RD&D; and

3. Providing intellectual property rights services that
enable ACT II to use IP as a resource for engaging
participants and financing, while also solving IP
challenges (e.g., patent “thickets” and blocking patents). 

We will look at each of these elements in detail in a
moment. First, it bears noting what the ACT II strategy 
is capable of achieving. ACT II will: 

= Support the accelerated development and
deployment of breakthrough clean energy
technologies and the scale-up of existing
technologies. ACT II is focused on goals that 
can fundamentally change the game in energy 
and climate. Achieving those goals will yield 
useful outputs and products along the way,
including breakthroughs in the laboratory and 
the accelerated development and deployment 
of new and existing technologies.

= Be product-focused, to rapidly drive upstream
research to downstream product development 
and deployment within defined timeframes.

= Build linkages among all relevant actors early 
in the RD&D process, including academic
researchers, national laboratories, government
agencies, private companies, financiers, utilities,
installers and state deployment funds. It will
incentivize their engagement and financing at
earlier stages in the RD&D process. This will result
in new cross-functional teams that will link the
upstream RD&D community with the downstream
commercialization, finance and deployment
community in an innovative, synergistic manner.
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= Address the whole technology value chain, from
applied research through deployment. ACT II will
identify friction points in the RD&D continuum, clear
bottlenecks and fill gaps that impede rapid product
development. 

= Utilize existing physical and intellectual capital
from public-sector institutions, companies and
individuals (through various DI tools) throughout the
United States and around the world, including at
universities, national laboratories, companies and
venture capital firms.

= Efficiently utilize public funding and private
financing by coordinating key players from the
funding and finance communities early in the RD&D
process and by shifting funding away from siloed
research projects and toward product-focused
projects. DI tools can also incentivize private capital
to finance technology earlier in the technology
development continuum.

= Produce a replicable model using one or two
individual technologies, for application to a broad
suite of low-carbon technologies that could benefit
from the distributed innovation process. 

= Develop a truly diverse portfolio of technology
options on different time scales — from 
short-term solutions to reduce emissions almost
immediately to mid-range commercial opportunities
in the next 5-10 years, to longer-term, disruptive
innovations not yet imagined for energy. All of these
options will be designed to create the framework for
a long-term, 50-year transitional plan to stabilize
greenhouse gas emissions. 

Innovation Toolkit

ACT II will rely on information technology (IT) tools and
distributed innovation tools, as well as conventional RD&D
strategies such as competitive solicitations and
commissioned projects. 

IT tools will facilitate effective real-time collaboration
networks that link geographically dispersed individuals and
institutions along the clean energy RD&D continuum. These
tools will provide consumer-focused market information to

those working in lab settings, and provide product pipeline
information back to the market makers. In short, an IT
infrastructure will create linkages among all core members
of the ACT II community and enable ongoing collaboration. 

As discussed in Section 3, new DI tools such as “innovation
platforms” are being used in other sectors to solve problems
and to accelerate innovation and product deployment. 
ACT II would use these tools to connect “seekers” who are
encountering specific clean energy technology development
challenges with “solvers” who can help address these
problems. The solvers could include, for example, other
companies or academics, including individuals and
institutions outside of the energy sector. 

These distributed innovation tools, which are often called
“matchmaking infrastructure,” would enable potentially tens
of thousands of people to review clean energy challenges
and propose solutions. A range of financial incentives will be
employed, including financial rewards to solvers and cash
rewards or a negotiated value for intellectual property rights. 

Many new companies have been established for just this
purpose — to create innovation platforms for use in DI.
These include InnoCentive (discussed previously),
YourEncore, NineSigma, Innovation Exchange, Oakland
Innovation and Science24Seven. These companies differ
widely in their breadth, topical focus, business model and
value proposition.47 These are just the kinds of companies
that would be an important part of ACT II.

Funding and Finance

ACT II will provide an integrated, flexible and responsive set
of funding mechanisms designed to overcome shortfalls and
gaps in the current clean energy financing system.

Current financial support for clean energy-related RD&D 
falls woefully short of what will be needed to spur a massive
scale-up of breakthrough technologies. ACT II will reduce
transaction costs along the RD&D continuum, thus maximizing
the efficiency of existing funding. ACT II will also mitigate risk
for private investment, so that private capital can take an
earlier stake in technology development (i.e., “get skin in the
game”). This will further reduce transaction costs and increase
the number of stakeholders pushing a technology forward to
full deployment. Creating incentives for this early involvement 
will require creative IP and financing strategies.
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Current funding for clean energy does not support the
stages of the RD&D cycle in an integrated way, resulting 
in the two infamous financing “valleys of death.” 
(See Figure 4.)

= Development finance gap: Federal funding
supports upstream research efforts, but does not
provide the types of diversified financing products
needed to support the broad-scale deployment and
diffusion of technologies into the marketplace. The
first “valley of death” is thus the lack of finance for
translating innovative research concepts into
market-ready products. 

= Commercialization finance gap: Promising
technologies that do not meet high venture capital
goals for return on investment may never receive
the level of financial support they need to achieve
significant market penetration. The second “valley
of death” is thus the lack of finance to move
products to large-scale, full-market deployment. 

Given its limited resources, ACT II will focus its strategic
investments and DI tools on filling these gaps along the
RD&D continuum and easing the friction points, in order to
provide continuous support for technology projects through
all stages of the development process. 
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ACT II will also address the lack of coordination between
funding and finance. On the funding side (i.e., dollars
provided without expectation of a financial return on
investment), there are only a limited number of actors,
including the federal government, some private donors and
increasingly state and local governments. On the financing
side (i.e., private capital that seeks a return on investment),
there are a multitude of participants, including corporations,
venture capital firms, private and public equity investors,
utilities and state and local governments, to name only a
few. But under the current RD&D paradigm, these unrelated
parties are likely to act in an uncoordinated fashion,
potentially leaving gaps in the needed financing chain. 
This lack of coordination of the funding and finance cycle
increases transaction costs and risks for all participants.

ACT II will focus on coordinating funding and finance early 
in every product development process. It will aim to increase
the overlap and communication between dispersed public
and private organizations involved in the currently siloed
stages of RD&D, whether they are researchers doing
research, startups developing products, large companies
going to scale or states deploying technologies broadly. 
This approach will lower the financial barriers to entry that
currently deter some investors and increase the number 
of stakeholders pushing the technology forward to full
deployment. Both early-stage (venture capital) and later-
stage (project finance) professionals have attested to the
importance of such a coordinated funding approach to
accelerate their successful investment decision-making and
increase the volume of funding they can commit to innovative
clean energy technologies. Creating effective incentives for
this early involvement by financial players will require both
creative financing approaches and innovative IP strategies.

Intellectual Property Rights 

Private companies typically employ in-house or external
legal counsel to advise on intellectual property rights issues.
But there is currently no institution in the clean energy
sector that provides such services to public institutions 
or academia. A recent report has underscored how a failure
to resolve IPR issues could undermine the innovation and
diffusion of clean energy technologies.48 The third key
element of ACT II is thus its dedicated focus to solve IPR
problems all along the value chain. Indeed, ACT II’s success
will require that it leverage the power of IPR while also
overcoming IPR barriers, real and perceived. 

In general, ACT II’s IPR strategy will involve, first, using 
IPR to leverage early investment upstream in the product
development process, and second, applying analytical tools
to develop patent landscapes that enable ACT II to navigate
patent tickets or blocking patents that may hinder
accelerated product development. These two steps are
critically important, and will affirmatively help players up
and down the value chain to think and act in a forward
fashion and overcome IPR barriers systematically.

In particular, ACT II’s IPR function will:

= Use a proactive IPR strategy as a tool to create new
financial opportunities and solutions, thereby
encouraging innovation.

= Create and leverage more financial incentives up
the value chain, at the earlier research stages, so
that companies will be more willing to compromise
IPR issues to gain greater financial advantage
downstream. 

= Identify the friction points in the value chain where 
IPR issues can be expected to stymie accelerated
product development. 

= Lubricate those friction points by helping
participants, for example, navigate patent thickets
or engage key patent holders in licensing
arrangements. 

= Provide support for putting in place the licenses,
R&D agreements and other arrangements
necessary to form strong partnerships to move
clean energy technologies more rapidly to market. 

A successful ACT II IPR strategy should help to reduce
transaction costs by supporting partnerships and consortia.
The success of ACT II depends on its ability to identify,
create and support working relationships among diverse
organizations. Differences in organizational cultures 
(e.g., between public- and private-sector organizations)
need to be overcome. ACT II will need to be able to navigate
amidst a variety of existing IPR policies, whether arising
from the source of funding (federal, state, etc.), universities’
institutional IPR policies, or elsewhere. 
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This strategy should also create high-quality information
and analysis. ACT II will have the capacity to develop 
high-quality patent information and analysis for selected
low-carbon technologies. Early-stage assessments of the
patent landscape surrounding an innovation can give critical

insight into decisions about whether to invest further and
the potential for legal risks associated with the investment.
Having the IPR issues fully known and systematically
addressed at the earliest research stage can leverage
additional investment from the private sector. 

Precedent for These Types of IPR Services 

The nonprofit Public Intellectual Property Resource for Agriculture (PIPRA, www.pipra.org), which was
founded with support from The Rockefeller Foundation, addresses many of the same IPR issues facing the
clean energy sector. The technical focus of PIPRA is market failures in the development and deployment 
of poverty-reducing agricultural technologies for developing countries. But the innovative approach and
structure of PIPRA could be successfully applied to current failings in the clean energy technology sector.
In agriculture, as in clean energy, there exists uncertainty about IPR thickets, difficulties at the interface
between the public and private sectors, and in many areas a lack of cohesive, informed IPR management
strategies. PIPRA is now funded by some of the same government and private donors that are concerned
about climate. PIPRA is a unique IPR solutions organization in the “public goods” sector.

PIPRA’s staff engages in three types of activities that are needed in clean energy commercialization. First,
they apply an in-depth understanding of IPR law and science to address innovation problems in a practical
setting. Second, they offer project-specific services, such as analyzing the IPR issues around a specific
technology, advising whether there are alternative technical strategies that could avoid IPR hurdles,
discussing the costs and benefits of patenting/licensing the invention, and exploring which companies are
likely to be interested in product development and deployment. And third, they support the negotiation and
drafting of agreements necessary to move technologies from the lab into the marketplace. These services
have proved useful to public-sector institutions, consortia and public-private partnerships in developing
and implementing IPR management strategies in the agricultural arena.

In the clean energy field, the IPR capacity of a PIPRA-like organization does not exist anywhere in the
world, at either the national or international levels. This is a major gap in any serious effort to accelerate
clean energy product development and deployment — a gap that ACT II could fill.
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As we envision it, ACT II would be an independent institution
managed by a small Executive Leadership Team (ELT)
comprised of approximately 6-8 individuals and overseen 
by a small Board of Directors. The largely virtual entity would
link to existing energy-related federal and state institutions,
universities and the private sector. ACT II would be a
complement to existing RD&D initiatives and generally utilize
existing institutional and intellectual resources. Again, ACT II’s
innovation strategies could be integrated with recent energy
technology innovation proposals, including ARPA-E, DOE’s
Energy Hubs and Brookings’ e-DII centers, which all call for
new independent institutions for energy innovation.

ACT II would prototype its DI approach within one
technology area, such as advanced photovoltaic (PV)
technologies, with the intention to develop a full portfolio of
low-carbon technologies (e.g., advanced PV, wind, batteries
and storage technology, advanced biofuels, etc.). This would
eventually lead to a “hub-and-spoke” structure, with the
central Executive Leadership Team overseeing multiple
technology nodes. (A node is a technology area such as
advanced PV or wind; each node would include work on
multiple specific technologies.) Figures 5 and 6 illustrate
ACT II’s proposed institutional structure.
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A New Independent Institution

A key operating principle for ACT II should be its independence.
The institutional structure should be as independent as 
possible from existing, traditional energy-related structures 
and institutions. This may be difficult for established and
incumbent institutions to accept. But there are clear benefits 
to such independence. Independence encourages creativity,
agility, market sense and innovation, the hallmarks of this new
distributed innovation strategy. Indeed, innovation works most
successfully when managed by independent institutions.49 

And, a more distributed and disaggregated approach to
technology innovation and deployment calls for a loose,
innovative structure — a collaborative, distributed and
nonbureaucratic institutional model.50

Of course, cooperation with existing institutions is key; 
the goal is independent strategic direction connected 
with cooperation and complementary implementation.
Linkages should be made with the DOE, the National
Science Foundation, state energy agencies and clean 
energy funds, universities and the private sector. ACT II
would bring together the best talent from these institutions
within the context of a distributed innovation framework. 

ACT II could also effectively function as an independent
“skunk works”51 for federal agencies interested in
prototyping distributed innovation strategies within a few
low-carbon energy technology nodes, in an effort to
integrate these strategies within the DOE and other federal
agencies. This approach would help better link federal
research with key private-sector players and others —
including states, which are critical for deployment.

A first step could be for the new Secretary of Energy, using
existing authorities and resources, to provide funding to an
independently established ACT II organization. ACT II would
then also seek other sources of public and private funding. 

Executive Leadership Team
Responsibilities

During the initial prototyping phase, which would focus 
on a single technology area, the Executive Leadership 
Team would have two basic functions: (1) managing the
technology node using the distributed innovation strategy
described previously, and (2) supporting institutions that are

not actively engaged in the collaborative research supported
by ACT II, but that want to use DI tools to complement their
existing R&D capacity. 

Assuming the initial prototype is successful and ACT II
expands into the hub-and-spoke model envisioned, the ELT
would likely shift its focus to high-level strategy and making
connections among multiple technology nodes (e.g., to
determine if research in a biofuels technology node has
relevance for research in an advanced solar node). 

During the prototyping phase, the ELT would be composed
of a Chief Executive Officer, an IPR Director, an Innovation
Director, a Funding and Finance Director, one or two
Technology Directors (e.g., advanced PV experts, to begin)
and a Communications Manager. The core responsibilities
for each role are described below. Much more detailed
terms of reference for each position would need to be
developed before hiring staff and launching the initiative. 
Of course, significant coordination and communication
would be required among ELT members, and the core
responsibilities listed for one position are likely to bridge 
across several positions.

1. The Chief Executive Officer would develop and
implement an evolving strategy for ACT II; provide 
day-to-day management of ACT II; secure funding; 
and work with key policy makers.

2. The Technology Directors would identify research
priorities; disaggregate the initiative’s goal into
manageable pieces of work that are amenable to
conventional and distributed innovation tools; and
provide oversight of research being conducted with 
ACT II resources.

3. The Innovation Director would identify work appropriate
for posting to various innovation platforms; select an
appropriate platform to solve each problem; and
monitor the process, from initial posting to the 
selection of the “winner.”

4. The Funding and Financing Director would promote
cooperation at the beginning of each project among the
key players in the funding and finance continuum —
e.g., federal agencies, private investors, companies and
states — to ensure an efficient flow of resources, from
conception to deployment and diffusion.
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5. The Intellectual Property Director would provide 
IP services as described previously, with a focus on
structuring partnerships and research agreements 
in a manner that drives innovation and technology
deployment, as well as helping people navigate 
IP challenges. 

6. The Communications Manager would manage 
the IT infrastructure, develop an outreach and
communications strategy and manage external
communications with outside organizations. 

A critical early step for all members of the ELT will be
establishing accountability measures, to ensure that
research is brought to the marketplace within established
timelines. These accountability measures and processes will
be critical to provide confidence to investors. To ensure that
accountability measures and processes are perceived as fair
and objective, an outside advisory group should be
convened to assist with this process.

The ACT II Budget

ACT II’s initial setup and pilot technology node would need on
the order of $30-50 million per year of funding. Each
additional node would cost roughly $25-30 million per year,
depending on the capital intensity of the particular technology,
for a range of several years depending on needs. This

investment in public funding will likely be multiplied many
times by leveraging additional private capital.

These numbers are not static; they may be uneven over 
the first 10-year period. In particular, more money may 
be needed as activities move toward the demonstration 
and deployment of new technologies.

One of the principal benefits of the “virtual” organization we
envision is its low overhead and high ratio of funds
distributed for research and development. As much as 90
percent of the funding sought would be dedicated directly to
RD&D, through distributed innovation strategies as well as
traditional commissioned and competitive grants. The
remaining 10 percent would cover management, overhead,
staff salaries, IT systems, central office expenses and travel.
Some remaining portion of the funding could also be
dedicated to building DI capacity in other institutions.

These numbers have some basis in other DI projects that 
are managed by small groups relying on other institutions. 
For example, the Generation Challenge Programme 
discussed previously, which is a global program but involves
less-capital-intensive technologies, has a $15 million annual
budget. Of that amount, 75 percent is dedicated to research,
15 percent to training and capacity building and 10 percent 
to program management. 
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ACT II is designed to establish a new direction for the
innovation of low-carbon technologies in the United States.
It is only a beginning — an effort to use innovation strategies
that have not been widely applied in the energy sector. But
these strategies have been used by governments, private
companies and donors for both private commercial products
and “public goods” problems. 

The current energy RD&D system’s insularity and resistance
to learning from other disciplines, fields and people has
crippled innovation in the energy sector for the past few
decades. So it’s perhaps ironic that the solution to reforming
the energy innovation system comes, in fact, from outside
that system. 

Clearly, the climate and energy problems we face today 
are too serious and severe to rely on the same old thinking.
To solve these problems in our lifetime, we must try a new
approach. As described in this paper, distributed innovation
will effectively connect the many smart people working in
energy and tap the global brainpower of experts in other
disciplines to help solve the climate technology problems
we face. 

The use of distributed innovation will be a prototyping
exercise — an experiment to try a novel approach. But it’s
novel only to energy, not to scientists and businesspeople 
in other fields. It is a small leap, actually, to apply what 
most business journals are calling the next-generation, 
21st century innovation approach that many companies 
will use for years to come.52

Also, it is a relatively inexpensive experiment. About 
$30-50 million per year could fund a prototype of potentially
revolutionary solar technology strategies. A small, agile
team, operating independent of but linked to the DOE and
other critical players in the energy RD&D continuum, could
be working in a matter of months. 

Moreover, distributed innovation as a strategy is inclusive
and collaborative. We do not propose displacing the existing
energy-related RD&D system. As described above, the 
ACT II proposal suggests coordinating existing physical 
and intellectual resources using DI strategies and tools.
While ACT II is envisioned as an independent initiative, the
core strategic elements in ACT II could be thought of as a
next-generation institutional “operating system” for ARPA-E,
DOE’s Energy Hubs and Brookings’ e-DII centers. It can
begin to answer the question of “how” these new
institutions would operate day to day to optimize the pace
and the prospects for successfully advancing a carbon-free
energy base with proven distributed innovation strategies.

The energy officials of this new Administration have an
historic opportunity to launch a new era of clean energy
technology innovation. ACT II is an approach that should 
be considered and funded, to demonstrate how modern
innovation strategies can help meet the 21st century 
energy challenges faced by the United States and the 
global community.
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This appendix is based on a two-day design meeting 
held in California in March 2009. At that meeting, we met
with 25 individuals working in the solar PV field, including
representatives from university labs, the DOE, national
laboratories, venture capital firms, startup companies,
project finance companies and utilities, as well as
individuals with distributed innovation expertise and
experience from other sectors. This group was asked to
respond to the ACT II concept and to propose steps for
moving the initiative forward. 

The ideas regarding institutional structure developed 
at the meeting were included in Section 5 of this paper.
Specific next steps for implementing ACT II’s first
technology node — for advanced photovoltaic 
technologies — are included in this appendix.

Meeting participants agreed that ACT II should, for each
technology node, establish a transformative goal that can
fundamentally change the game in energy and climate. 
However, achieving those goals should also yield useful
outputs and products along that pathway, including
breakthroughs in the laboratory and accelerated
development and deployment of technologies that 
play a role in achieving the transformative goal. 
Thus ACT II will have long- and mid-term goals 
(e.g., for 2020-2030), but also many nearer-term 
products and outputs that support the mid-term goals.

Given the focus on breakthrough technologies, ACT II’s
advanced PV node would focus on third- and fourth-

generation PV technologies. (See Figure 7.) Third-generation
PV technologies, which are not yet commercially available,
aim to achieve higher energy conversion efficiency while
further reducing materials and manufacturing costs. They
are quite different from earlier designs in that they employ 
a variety of technical approaches to increase their ability 
to generate electric power from a given amount of light.53

Their efficiencies are low at present, but their designs hold
out the promise of exceeding the theoretical efficiency limits
of current PV cells by 30-50 percent within the next decade.
A number of these technologies should be characterized 
by very low processing and capital costs, along with the
potential for large-scale manufacturing volumes. This
combination should give third-generation PV cells a 
strong cost-competitive position over time. 

Fourth-generation PV technologies are defined by some
researchers as those with the potential to directly produce
hydrogen or liquid fuels, potentially without the intervening
step (and associated efficiency losses) of first generating
electricity. In some cases, the same core technology can be
utilized for either power production or fuel generation. Any 
PV technology capable of efficiently generating fuels has the
potential to not only address the inherent storage challenges
of intermittent renewables like sunlight, but also to tackle the
American transport system’s current dependence on imported
fossil fuels. New research into nanoscale materials suggests
that it may be possible to achieve these goals before the end
of the next decade.54

Appendix A | Specific Next Steps for an Advanced 
Photovoltaic Technology Node



Meeting participants felt the ACT II Executive Leadership Team
should convene a meeting of experts to establish an overall
goal for the advanced PV node. The operation of the node
would begin with a careful analysis of all potentially eligible
early-stage PV technologies, by a specialized evaluation team
selected by the Board and the ELT. From this universe of
potential technology opportunities, a number of the most
promising ideas would be chosen for full ACT II support. 

As a starting point, participants drafted a potential goal 
for an ACT II advanced PV technology node, as follows: 

= Produce electricity from solar energy sources at
$.05/kWh or less, including the cost of storage for
at least 24 hours

= Deploy 1 TW (on average) of electricity from these
solar energy sources by 2025 (8 trillion kWh/yr, or
5 percent of global energy demand)

= All solutions must be sustainable relative to the
provision of water and food resources

= This goal assumes four years for invention, three years
for product development and ten years for deployment

This goal is in keeping with the one set by President Obama in
his April 27, 2009, speech to the National Academy of Sciences,
in which he called for many scientific advances including “solar
cells as cheap as paint.”55 This goal was first proposed by
Professor Nathan Lewis of Caltech, an adviser to this project.56

Participants felt ACT II should then develop a pathway to 
the technology goal, based on the advice of a group of 
well-regarded experts (most likely convened for one or 
more meetings). This will require disaggregating the overall
goal into manageable elements and identifying near-term, 
mid-term and longer-term activities. In pursuing ambitious
technology breakthrough goals, ACT II will need to disaggregate
challenges into manageable elements. Some ACT II successes
may be major breakthroughs, while others may be smaller
achievements that enable larger successes. This approach 
will support breakthrough technology development, while 
also yielding important near- and mid-term innovations and
products. Ultimately, both are needed to achieve our common
goal. ACT II’s success should be judged by both near-term 
and longer-term outputs.
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Meeting participants then outlined the following next steps:

= Overlay the technology pathway with existing
activities and investments to identify gaps and
bottlenecks, which can help guide ACT II’s investments.

= Make investments to address the gaps and
bottlenecks identified above. These investments
will be made within the context of ACT II’s
distributed innovation strategy, which includes: 
tools for supporting research (commissioned 
and competitive research projects; distributed
innovation tools and platforms); IP services; 
and funding and finance strategies for reducing 
risk along the RD&D continuum.

= Evaluate, learn and adjust. Accomplishing the
overall goal will require long-term commitment, focus
and flexibility. ACT II will build robust mechanisms for
assessing progress, learning from successes and
failure and adjusting future investment decisions to
reflect these lessons learned.

If the Advanced PV Node is deemed successful, ACT II 
will establish additional technology nodes, with their own
management teams. Thus the ELT’s role would expand to
include coordinating multiple technology nodes. Outside
experts would be convened to help establish the criteria 
for selecting additional technology nodes.
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