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Executive Summary

Energy has emerged as one of the defining issues of the 21* century. A combination of concerns
over increasing energy demand, limited conventional fossil fuel supply, and worldwide environmental
problems present not only a huge problem for lawmakers, but a huge economic opportunity for the
country. However, the United States is not currently an economic leader in renewable energy
technologies.

This problem will not be solved by simply increasing research and development funding. The
Department of Energy (DOE) houses world-class research at the National Laboratories, but that research
must be commercialized to realize its potential economic and social benefits. Although research
funding provides a basic technological edge, the diffusion of that technology out of the labs and into use
by society is not automatic. The Government Accountability Office (GAO) has identified three major
obstacles to the commercialization of National Lab technology. These are: competing priorities within a
laboratory or a lack of staff with the expertise to identify and promote technologies having commercial
promise; lack of funding to develop and demonstrate promising technologies in order to attract partners
willing to commercialize them; and DOE-required terms and conditions of technology transfer
agreements which sometimes complicate negotiations with potential partners(1).

To address these concerns, there are three proposed approaches. The first is to centrally
coordinate commercialization activity to ensure wide access to resources and distribution of best
practices. The second option is a translational research approach would dissolve the traditional
research distinctions by supporting a technology from basic research to manufacturing processes.
Finally, the third approach is to build off of recent activity by the Energy Efficiency and Renewable
Energy (EERE) Commercialization Team to improve the commercialization performance of the labs on an

individual level.



Each of these approaches has unique advantages and disadvantages, and it is recommended
that a combined approach be used. Central coordination can be used to increase visibility of
commercialization and set goals and standards for all labs. However, many commercialization activities,
such as the identification of promising technology, are better suited to take place within the labs
themselves. While the translational research model has high potential for accelerated development, it
would require significant structural change to implement across all the labs. It is best suited for select

transformational technologies and is best situated outside of the traditional lab structure.
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Introduction

Energy has emerged as one of the defining issues of the 21% century. Cheap and readily
available fossil fuels powered economic growth through the last century. However, a combination of
concerns over increasing energy demand, limited conventional fossil fuel supply, and environmental
problems has made the creation of new sources of energy all but inevitable. This situation not only
presents a huge opportunity for the leaders of this energy revolution, but also represents a potential

reshuffling of the world technical, economic, and political order.
The Problem

Energy is a $3 trillion industry worldwide (2), and energy demand is projected to increase over
40% worldwide by 2030 (3 p. 7). Oil, natural gas, and coal account for over 85% of world energy
production (4). While these fossil fuels are unlikely to run out in an absolute sense, they will become
more expensive and less reliable over time, and it is questionable whether increased extraction can keep
up with demand (2). Price and reliability are important issues, because economic growth depends on an
inexpensive, steady energy supply.
Instability of the energy supply is also troubling from a national security and economic security
standpoint. Oil is the leading example of thisas & S NI & 171 LISNOSyid 2F (GKS 42 NI
controlled by national oil companies (NOCs) and only 10 percent are controlled by Western international
oil companies, such as Exxon or BP (5)® &luctuation in energy prices increases risk in capital intensive
industries such as manufacturing, and unstable energy prices can lead to disruptions in the industrial
and transportationsectors. TKS Yy I A2y Q& KSI @& RSLISYRSw@Sinay A YLR2N
disadvantageous position in dealings with foreign governments. Energy sources could essentially be
held hostage for bargaining power in any type of international negotiation.
Finally, aside from the concern over air quality, concern about climate change has gained

mainstream acceptance. This is also driving the world toward new energy sources, because combustion



of fossil fuels is the most significant source of greenhouse gasses. There is new political effort to control
greenhouse gasses, as is evidenced by the carbon cap and trade provisions in the 2009 American Clean
Energy and Security Act.
The Opportunity

With these global scale problems come global scale economic opportunities for those who solve
them. The Economic Recovery Advisory Board is an independent and non-partisan committee that was

formed to advise the president on how to promote economic growth and stability. Jeff Immelt, a

z A

member of that board andthe/ 9 h 2 F (K % 2 NI R QGeaeraf ElecNiB(&),&eterre®® NLI2 NJ (0 A 2

clean energy as "the most exciting, fastest growth industry of the 21st century (7)."

Currently, there is around $12 trillion invested globally in existing energy infrastructure, and
these investments last 30-40 years (2 p. 6). As the existing infrastructure is replaced with alternative
energy technology, and new capacity is added over the next century, the countries and companies that
control the technology and production capability will be the world leaders. The administration has also
recognized the energy sector as the next great opportunity for economic growth. In a June 29, 2009
ALISSOK:EZ t NBaA WEefnteddtite radé For the R1At Redturyiior we can embrace the
reality that our competitors already have: The nation that leads the world in creating a new clean energy

economy will be the nation that leads the 21st century global economy (8)® €
The United States

Currently, United States companies are not in a leadership position in renewable energy. John
Doerr, partner of Silicon Valley venture capital giant Kleiner Perkins Caufield & Byers, makes this point in
his 2009 congressional testimony, Gflyou listtodayQd (2L on O2Y LI yASa Ay
batteries, American companies hold only 6 spots (9)® &his is an incredible fact not only because the
United States has the largest economy in the world, but because of its history of leading the world in

research of renewable technologies. For example, in solar photovoltaic research, the Department of

azft
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Energy displays a graph of the leading efficiency technology for various types of solar photovoltaics. This
graph is dominated by U.S. corporations like Boeing, U.S. universities like Georgia Tech, and U.S.
laboratories like the National Renewable Energy Lab. However, when actual production is considered,
U.S. companies lag way behind companies from Taiwan, Japan, and China, and they make up only a
small percentage of the overall production (See Appendix). This is a problematic situation. Although
research does form the foundation of newtechy 2 f 2 3 & A Y yu2o@r histdrgayfdXontémp@rary
international examples show that leadership in research is not a sufficient condition for gaining the
fA2yQa akKlFINB 2F 8.y B&pkotilém ishddiBayU.SArgbasrzh@ds tofbaey world-
class. The problem is that the world-class research has not translated to commercial success.
The Innovation Framework

This situation points to a problem with U.S. innovation processes. Overall, the United States
ranks eighth in the global innovation index; beat out by countries like Iceland and Singapore (11). In
simple terms, innovation is the process by which a technology is applied to meet some market need.
Officially, energyi SOKyYy 2 f 2 38  khyf sbtdiptodesde2by whikhiimpdovéments in energy
technology, which may take the form of refinements of previously existing technologies or their
replacement by substantially different ones, are conceived; studied; built, demonstrated, and refined in
environments from the laboratory to the commercial marketplace; and propagated into widespread use
(12).€ As this definition shows, conceiving of new technologies in a laboratory setting is only the first
step in the innovation process. Therefore, although major investment in basic research is a prerequisite
to the development of a new technology, a strategy that focuses only on increasing the amount of
money spent on basic research is not enough to ensure widespread use.

LYy2@0FGA2Yy Aa 2FG§Sy RSaONA 0 8 &Rmuldi-dtep aréc&s thatLIJA LISt Ay S
was first proposed by Vannevar Bush. Bush was the director of the Office of Scientific Research and

Development during World War Il, and he oversaw the development of war technology including radar,



sonar, and the atomic bomb. It was adopted as a model after World War Il, and has been the basis of
American innovation policy ever since. The basic idea is that scientific research is fed into one end of
the pipeline, and as it travels along, it transforms into something that can be sold to the public at the
other end. In this way, scientific research feeds the pipeline at one end, and society directly benefits
from improved goods and services that flow from the opposite end.

This pipeline can be operated by a single entity, as was done at large companies such as Bell
Labs. Today however, it is more common to transfer a technology between different entities along the
way. The following is a simplified example. First, a laboratory engaging in research will create an
invention and patent it. Then, an entrepreneurial-minded business person will envision a way to
commercialize that invention and ask to license the patent. The lab technology transfer office will then
license the patent to the business, and the business will invest in development of a product. That
company will then sell it into the market, and the market will enjoy the benefits of the new technology.

Although the model is described in a linear and straightforward fashion, the reality of innovation
Aad GKFEG AG A& aY@3pad)8 fethholsgres splitaiNBombir2 MongtHs path to
commercialization. Many technologies die along the way, often for reasons other than the scientific or
economic competitiveness of the technology. Also, the time scale varies significantly. A technology may
be delayed for years at any step in the process. Finally, the innovation pipeline is an ideal technology
GlLlzaKeé Y2RSt OGKIFIG FaadzySa AT yS¢g (SOKyzfz23e
market. In reality, however, just because a technology is created in a lab does not mean that it will ever
be successfully commercialized. Innovation is also shaped by what the market demands and values, also
OFft SR YINJ SO &Lz f vé
Why the Federal Government Must Be Involved in Innovation

In an ideal scenario, there would be no need for federal intervention in the energy industry.

Known markets would exist for everything of value, and investors would recognize the potential value of

10



investment in basic research. Their investment would feed the pipeline and provide to these markets,
and the investors would be rewarded in the end by fully capturing the value that they created. The
innovation pipeline would flow without trouble.

The reality of the energy industry is that it is neither a free market, nor anywhere near ideal.
There is good technology that cannot push its way to the market, and there are market pulls that do not
spur the appropriate investment in scientific research. Energy technology is falling victim to market
failure. "Market failure refers to conditions under which the market, including those performing R&D
and those adopting the R&D outputs of others, under invests from society's perspective in any particular
technology." There are several reasons why market failure is occurring in the new energy technology
field (14).

The first reason is that much of the value of switching from fossil fuel sources to alternative
energy sources is realized in the form of dpublic goods,€ such as improved air quality. Private investors
are not able to capture this value themselves, and therefore cannot price it appropriately (2 p. 18).
However, just because a private investor cannot personally profit from increased energy security and
economic stability does not mean they are not valuable. In the case of a product that affects the entire
society, it is the governmentQ&d NB A LR YyAAO AT A (& {.2ntHo pal, IgoteShmdnidzf £ F2 NJ L
have tried to shape the path and pace of innovation by artificially altering market pull in the form of
regulations and subsidies.

The second reason for market failure is that individual investors do not have the resources to
fund, nor the ability to capitalize on long-term research. Although there may be an unmet market
demand such as sustainable energy sources, and although the return on investment in basic research is
high, research is a risky venture because it requires a very large resource pool to get the few successes
to pay for the many failures (14 p. 132). Even if research is a success, much of the return can be in the

form of public goods, and once the research is done, it may be easy for competitors to copy (14). For
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these reasons, the federal government has become the major funder of basic research in the U.S., and
has tried to shape innovation through technology push.

The third reason is that current fossil fuel technologies have become so engrained in the
operation of the country that they have been able to externalize much of their costs. For example, the
oil industry benefits from protected shipping lanes for transportation. Also, coal mines and coal power
plants do not have to pay for the damage done from the release of byproducts into the environment.
These types of externalized costs tip the playing field in favor of existing energy technologies and create
extra barriers for new ones.

Finally, even for successful research funded by the federal government, the research often
leaves the new energy technology too far away from commercialization to be attractive to investors.
Whether a technology continues along the development path depends on whether a company believes
the commercialization payoff will overcome the cost and risk of developing the technology further. In
20KSNJ g2NRax (KSe S@lftdd 4GS 6KSUKSNI 6KS dLlzaKe oAt
completed, the technology is still seen as being too risky for long term investors and having too long of a
payback period for most venture firms. Especially when compared to a known and accepted technology
like a coal-fired power plant, new energy technology is viewed as having a high ratio of risk to potential
payoff. These cases can result in a gap in the innovation process between where lab involvement stops
YR o0dzaAySaa Ay@2ft @dSYSyid o60S3aAyas OFfftSR GKS agdlff

All four of these market failures must be addressed in order for the alternative energy market to
thrive in the United States. Congress is comfortable addressing the market pull oriented market failures
through regulations and subsidies and the technology push oriented market failures through research
and development funding. However, there is much less history addressing the transition between

research and commercialization. This paper will analyze programs within the Department of Energy that

12



are addressing the transfer to commercialization, and will make recommendations on how to improve

them.
Key Conflicts and Concerns

The Department of Energy serves as the principal arm of the government concerned with
carrying out energy related policies. Many of these policies are not concerned with promoting or
creating new energy technology, but DOE is the single largest funder of energy related research and
development. While many other agencies, including the National Science Foundation, the Department
of Agriculture, the National Institutes of Health, and the Department of Defense fund energy related
research and development, they are all small compared to DOE (14 p. 153).

History of Department of Energy

The Department of Energy has a very diverse history and has had many changing priorities
throughout its existence. DOE can trace its roots back to the Manhattan Project and the subsequent
Atomic Energy Commission. When the Department of Energy Organization Act of 1977 created the
current cabinetlevel RS LI NIIYSYy G AdG daAyO2NLR2NIGSR I &a02NB
departments | YR | 3 S yiksiirBeAntéh energy telated activity was combined with the design of
nuclear weapons and related research under one umbrella. The major priorities at that time were to
address fossil fuel issues stemming from the 1973 oil crisis and a then-recent shortage of natural gas,
and to maintain the nuclear stockpile. As the Cold War continued, the priority turned to building
additional nuclear weapons. Immediately after the Cold War, the main priority turned to dismantling
the weapons complex. Only in the last decade has there been an emphasis on environmentally sound
energy policy and technology transfer within the Department, although defense related research and

environmental cleanup still dominates the budget (15).
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The Change in Focus

z

¢t2RF&X FOO2NRAYy3 (2 Ala ¢S oGoverinrfedtal degérfmerd S LI NI Y Sy

whose mission is to advance energy technology and promote related innovation in the United States

(16).€ | 26 SOSNE (GKS tS3F0e 2F LI ald thabdudddpdralion&Fa G A (1 KA

the agency does not always reflect this mission. For example, DOE is the leading agency involved with

conducting basic energy research through their 17 associated National Labs. Together these labs

employ approximately 12,400 PhD scientists. However, the largest three labs, which employ roughly

5,000 of the scientists, are primarily focused on nuclear weapon design (17). Because of the nature of

national defense work, the agency hasan & I LILINR LINA | S (f4%3F O0e 2F &aSONBOe
Through the DS LJF NIi Yii&oyyibf@rorities, commercialization has not emerged as very high

on the list, and its ability to support it has suffered accordingly. Nuclear weapon development requires

strict regulations and processes that ensure stability, secrecy, and security. In order for innovation to

flourish, there needs to be acceptance of risk and free flow of ideas, communication, people, and

capital. Because DOE is now expected to take a more active role in support of innovation, there must be

a change in its approach.

Research

The basic approach that the Department of Energy takes to innovation is summed up in the
pipeline shown in Figure 1. In theory, there is a clean split at the commercialization step. DOE funds
basic and applied research, and relies on outside investors to fund the technology after that.
Department of Energy National Laboratories
There are 17 National Laboratories that operate under the Department of Energy. These labs
perform research that requires scope, infrastructure, or multidisciplinary collaboration that is beyond
the capabilitiesof 1 & LA OF £  dzy A OSNBRAGASE 2NJ LINAGEF(GS NBASIFNDODK 7

2S 6 St ad.s. resdarchink$tructure, and often do research that is on the cutting edge of their
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PUBLIC BENEFIT

DOE (—”—-V PRIVATE SECTOR

Commercialization Scaling Deployment Delivery Demand

Figure 1 The Department of Energy Innovation Pipeline (21)

respective fields (18). All of the national labs are owned by the federal government, but 16 of the 17

energy labs are operated by independent contractors. Although the Office of Science and EERE both

Investors

Pull

Public benefit is
only fully realized
upon product
delivery to market

provide funding to the national labs to do research, since the Stevenson-Wydler Act of 1980, any

intellectual property that is generated through the research is owned by the company that operates the
lab. Technology transfer efforts have traditionally been the responsibility of operators. There are many

types of technology transfer agreements which are used in commercialization. The simplest is an

intellectual property (IP) licensing agreement, but there are also Cooperative Research and

Development Agreements, Work for Others Agreements, and User-Facility Agreements.

Cooperative Research andDevelopment Agreements

Sometimes technology transfer is done through cooperative research between lab staff and a
company. Cooperative Research and Development Agreements (CRADAs) are used in instances where a
LINAGFGS O2YLI yeQa NSas$ ANy O-adblis bR tb idimibdtife statdofi K

the technology, and the company is able to do developmental research that brings the technology closer

15
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to commercialization. This may be in the form of additional testing, modification, or development of a
prototype. Although they may supply lab personnel and access to equipment, the agency and the labs
are prohibited from providing funding to CRADAs (19).
Work for Others and User-Facility Agreements

Most of the technology transfer done at the labs is not in licensing agreements or CRADAs, but is
in two other types of agreements that do not necessarily commercialize technology originating in the
laboratory. In a work for others agreement, a non-federal entity may hire out the lab facilities and
researchers in order to carry out research that they specify. With a user-facility agreement, outside
researchers may gain access to the lab facilities to carry out their own research (1). Although these
agreements may not directly progress the mission of the lab as CRADAs do, they do positively affect
commercialization of technology.
Federal Laboratory Consortium

There are varying approaches to technology transfer between each labQtechnology transfer
office, and they each operate with a varying degree of effectiveness. The Federal Laboratory
Consortium (FLC) is an outside group that assists the technology transfer offices of each national
laboratory. The mission of the FLC is to add value to the federal agencies, laboratories, and their
partners to accomplish the rapid integration of research and development resources within the
mainstream of the U.S. economy.
Office of Science

The Office of Science is the major funder of fundamental scienOS g A (1 KA ysthBdn@lex | Y R
largest supporter of basic research in the physical sciences in the United States (20).€ They fund energy
research in the university setting, but they also provide funding to other labs. They are in charge of 10

national laboratories, but they also provide research grant funding to 7 others of which they are not in

charge (18). The Office of Science funds technology that is on the leading edge of their respective fields,

16
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Energy Frontier Research Centers

The Energy Frontier Research Centers (EFRC) program is a new program that was funded in April
2009 through the American Recovery and Reinvestment Act. Within the Office of Science, the Office of
Basic Energies Research conducted a series of workshops which identified the top basic research needs
in energy technology. These needs were then used to create a series of research projects that will
address these basic problems through EFRCs. The EFRCs are meant to be different than traditional
Office of Science grants in that they bring together multiple investigators to enable a larger scope and
more complexity. Although the EFRCs are meant to break through known scientific hurdles to energy
technology, they are not intended to extend into prototyping and demonstration, and they should be
considered part of the basic science portion of the innovation pipeline.
Energy Efficiency and Renewable Energy Program Office

The Energy Efficiency and Renewable Energy Program Office (EERE) of The Department of
Energy focuses on providing funding for projects that build off of basic science discoveries to create
energy efficient and renewable energy technologies that are closer to actual application in the
marketplace. They both fund and manage projects that are organized by technology type. For example,
solar energy technology is a major division within EERE. Within a technology like solar, EERE will provide
later-stage research grants which they distribute to both university researchers and the 11 national labs
which do research that coincides with their mission (21).
EERE Commercialization& Deployment Team

To assist with the commercialization of research related to their mission, EERE has put together

a Commercialization and Deployment Team. The team has developed a set of initiatives to deal with

different difficulties in the commercialization process. One of these initiatives is a technology showcase

17



which displays promising technology for industry. The technology showcase allows clear
communication between EERE program managers and venture capitalists of the 8-10 most promising
technologies in the EERE portfolio. It serves as an information bridge, spreading the word about DOE
developed technologies.

Commercializing Technology from the National Labs

These offices and programs form the basis of the innovation framework within DOE. As was
described earlier, the Department of Energy has a diverse history with many different legacy programs.
However, the function of the Department has changed along with the needs of the country as time has
gone along. The key concern now is to transform and improve the innovation framework of the
Department to match the goals of the 21* century. President Obama has committed to doubling the
federal investment in basic research over a ten year period (22). This investment is sure to lead to
countless new scientific breakthroughs and inventions. YetX invé@ntion without innovation has little
economic value (23)® ©OE must take an intelligent approach to innovation by taking steps to make sure
that this new research investment results in economic success.

Although funding basic scientific research has become the role of the federal government over
time, the selling products to the public is clearly the role of companies, and the area between the two is
IANI é o ¢ KA & d (arSaiskypicdllly theveak linkNidthé fipElise\bEcause it has been
historically handled as an unfunded mandate. Though the Stevenson-Wydler Act of 1980 requires the
I 3SyO0é (2 RS@O20S GadzZFFAOASY(d Fdzy RAY 3¢ ddiirdtions SOKY 2 f 2
2T 6KI G & adzF F.20@AtSy, technol6gtrarsfér Rabl kdzidnGe an area of underfunded
mandates. Instead of being able to hire people specifically to perform technology transfer functions,
existing staff, typically people with a science rather than business background, are forced to assume the
role on top of their existing work. For example, the Energy Policy Act of 2005 mandated that there be a

technology transfer coordinator, but no money was appropriated for the job. Therefore, the Secretary

18



appointed the head of the Office of Science (a basic research organization) to fill the job(24). This lack of
specific attention has led to underperformance in the technology transfer area.
This sentiment is echoed by a recent Government Accountability Office (GAO) report which
concluded that there are significant challenges in transferring technology out of the national labs. The
report cites three major concerns:
9 Competing priorities within a laboratory and/or a lack of staff with the expertise to identify and
promote technologies that have commercial promise
9 Lack of funding to develop and demonstrate promising technologies in order to attract partners
willing to commercialize them
1 DOE-required terms and conditions of technology transfer agreements, which sometimes
complicate negotiations with potential partners (1).
Competing Priorities and Lack of Commercial Expertise
The priority of the Department of Energy labs is to advance the state of the science itself. This
LINA2NARAGe fSFR& G2 | 0SG30SN dzy RemMidtsiare fokeXoyusddod T G KS v
research and publication of their results than on collaborating with private companies (1)® € ¢tKAA Aa VY
necessarily a criticism of the scientists; that is simply the fundamental purpose of the labs. Rather, this
observation indicates the areas which may be improved. The technology transfer office can serve to
increase the commercialization capabilities of the labs without forcing a change in priorities of individual
researchers.
EERECommercialization Team - Entrepreneur in Residence Program
hyS 2F GKS 99w9 / 2YYSNDAFT AT (A 2theehitSdreedrd A Y AGA
in residence program brings entrepreneurial-minded businesspeople with experience in the industry
into the labs to evaluate different technologies and gives them the opportunity to start a business based
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program relies on venture capital firms to recruit, hire and mentor an entrepreneur to fill one year slots
at different DOE labs. The entrepreneur has the ability to access all non-classified lab work and
subsequently develop a business plan, form a management team, and raise capital to spin out a new
energy efficient or renewable energy company. In addition to the possibility of making use of a high-
potential new technology, there is a latent effect of having business-minded entrepreneurs around the
labs. They may be able to provide advice that could assist in commercializing the technology in the
future.
The Discontinuity in Funding

The existing innovation framework within DOE is broken up into discrete elements. One entity
funds basic research, another entity funds demonstration projects, and another entity deals with
commercialization and market integration. Because these functions all have their own funding priorities
and application requirements, there are discontinuities along the way. The break in progress between
the end of the funded research and the beginning of business investment is a common place for an
otherwise promising technology to stall and fail. This funding gap has been addressed by the Small
Business Innovation Research Program and recent additions of the EERE Commercialization Fund, and
the Energy Loan Guarantee Program.
Small Business Innovation Research Program

The Small Business Innovation Research (SBIR) was created in part because of the concern that
GKS yIiAZ2NVNASNBESY NDKgSNE y20G | RSljdzr 6§St@& 02y {NXOGdz
advantage. As such, commercialization has been a central objective of the program. SBIR is a three
phase competitive grant program that is designed to help small businesses fund research. The program
requires that small companies meet certain goals in order to receive funding for each phase. Every
major agency that funds research is required to set aside 2.5% of its extramural research budget to fund

their SBIR program (25).
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Although SBIR provides funds for small companies that wish to do research, the fact that a small
company is interested in doing the research at all means that it is probably very late stage. It is common
thati SOKY 2 f 2 Seh Make itRoAh¢ Edint of having a business interest. According to the GAO
NEB LIZTh:Isahdiadbased entrepreneur told us that, after months of reviewingthef | 6 2 NI (i 2 NB Q&
technologies, he estimated that 80 percent of the more than 100 technologies he assessed were
promising and could be ready for commercialization in about 1 year, after additional development or
testing (1).¢ ¢tKA&d addzA3Saida GKIG GKSNB A& merddldzdS | Y2 dzy
sitting in DOE labs. Yet, because of the gap in funding between research grants and business
investment, it is not.
EERE CommercializationTeam- Commercialization Fund
The EERE Commercialization Team has put together a technology commercialization fund which
ismeanttoLINE FA RS Fdzy RAy 3 adaAradl yoS (2¢pRificdly;tifeh S& (G2 0
fund is supposed to fill the gap that occurs after research has been completed and before the
technology is sufficiently developed to attract business investment. The fund provides matching funds
to groups interested in further developing and commercializing lab technology. EERE has awarded
$14.3M between 2007 and 2008, distributing funds to 8 different labs. Although these funds are able to
close the funding gap for some technologies, overall it is a relatively small amount of money. Using
Sandia as an example, in 2008, the lab spent $491 million on research that is non-nuclear weapons
related and is not associated with work for others agreements, but only $0.7 million was spent on the
EERE commercialization fund (26)(27).
Energy Loan Guarantee Program
The Energy Loan Guarantee Program is intended to assist the deployment and
commercialization portions of the innovation pipeline. The loan guarantee program lends money for

energy projects that require large capital investment over long periods of time. The renewable and
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energy efficiency section of the energy loan guarantee program authorizes the Secretary of Energy to
YIS 2y 3dzZ NryGdSSa 2yfe F2N LINR2SOGa GKIG
emissions of greenhouse gases; and employ new or significantly improved technologies as compared to
commercial technologies in service in the United States at the time the guarantee is issued (28)® €
Although the Loan Guarantee Program fills an important funding gap, that gap is not in
commercialization but in scaling and deployment as is shown in Figure 1.
Technology Transfer Agreements

Even if a technology shows commercial promise and is developed enough to garner interest
from outside entities, the negotiation of technology transfer agreements can be a prohibitive process.
Parties that have gone far down the path of investigating a technology have simply walked away from
the opportunity because of the difficulty of current agreement procedures (29). While policies such as a
DOE approval process for contractor licensing agreements have been put in place to address legal
concerns, the cumbersome process does not operate at the pace of business.
EERE Commercialization Team Technology Transfer Agreements

To address this, the EERE Commercialization department has created a simplified licensing
agreement that has & S Spye-négotiated with venture capital general counsels, national lab general
counsels and DOE general counsel (21).€ Created for use with the entrepreneurs in residence program,
the agreement makes it easy for a spin out company to negotiate with the lab and DOE. The lab can opt

for royalties, equity share in the new company, or both. The only negotiating point is then the

percentage equity share that the lab retains, vastly simplifying and streamlining the process (30).
Policy Alternatives

There are many different possible strategies for improving the commercialization capability of
the Department of Energy. In general, there have been three approaches. The first is to coordinate

commercialization activity at a higher level. This has been the approach of the EERE Commercialization
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Office and the Federal Laboratory Consortium. The second approach is to use a translational research
model. This has been used in the ARPA-E program, and is the basis of the proposed energy innovation
hubs. The third approach is the historical or default approach, and that is to improve the performance
of individual lab technology transfer offices.

Coordinate Commercialization Activity Centrally

The first policy option calls for centralization of national lab technology transfer activity. Right
now, commercialization and all other technology transfer activity at the labs is handled individually by
SIOK tlo0Qa (S O0KyNawlegidhadion iolNdmyndate SeMdpragianisior@eShaology
transfer performance standards at the lab technology transfer offices, but DOE would still need to
establish a way to make sure that the standards are being met. Without this, it is likely that the
individual offices will continue to do what they are currently doing.

This idea of a unified effort was made into law in Section 1001 of the Energy Policy Act of 2005
which created the positions of technology transfer coordinator and technology transfer working group
within the management of the Department of Energy. The purpose of the working group is to
coordinate technology transfer activities, exchange best practices, and to develop and disseminate
information on potential partnership opportunities with DOE labs (28).

Coordinating Technology Transfer Activities

As each lab has developed their technology transfer capability independently, there is significant
variation in how they carry out technology transfer activities. For example, 12 of the 17 labs have
incorporated technology transfer performance goals into their contracts. However, the goals vary from
Ospecific numerical targets to more process-oriented goals (1).€ A central authority would be capable of
setting standard ways to measure technology transfer across the labs, and can set common goals. This

would allow for better evaluation of performance over time.
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Funding for the commercialization gap could also be coordinated at the department level. The
Energy Policy Act of 2005 mandated a technology commercialization fund that was set at .9% of DOE
R&D budget (28). The money is to be used for prototype development, deployment, and market
research; specifically not R&D. This is intended to be a matching fund program that fills that critical gap
for technology that is not developed enough to be able to attract investment on its own. For example,
the National Renewable Energy Laboratory and an industry partner each put up $250,000 to fund
additional research on advanced cooling fan technology that had been developed in the lab for a
geothermal application. They developed a prototype that applied the technology to an industrial
setting, and the partner is now bringing it to market (1). While this grant was made through the EERE
Commercialization Fund, a centralized technology transfer and commercialization office would be the
ideal place to run a competitive grant program that spans all laboratories and all potential applications
of energy technologies.
Exchanging Best Practices

Another advantage of central coordination is that it would allow best practices to be spread
across the board. Effective policies that have been adopted at certain technology transfer offices are
not necessarily being shared with other labs. One area that could significantly benefit from the sharing
of best practices is the standardization and streamlining of licensing and partnership agreements. As
was previously mentioned, cumbersome technology transfer agreements can be a slow and arduous
process. Brookhaven National Laboratory has simplified this process by creating agreements that are
pre-approved by DOE. By doing this, they have been able to get technology transfer agreements put in
place in as little as one day (1).£ By combining these technology transfer agreements with those created
by the EERE Commercialization Team, a suite of agreements can be compiled for different applications.

Successes at individual laboratories can be quickly duplicated and shared for use in the other labs.
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Developing and Disseminating Information on Partnership Opportunities

A central office provides a focus point for any outside company that wants to engage with
national lab technology. The Department of Energy currently maintains a website of technology
available to license. However, the database only includes technology that is owned by the federal
government. Because only between 5 and 10 percent of inventions created at the labs are owned by
DOE, the current website is not an effective resource (1). Again, taking the lead of the EERE
Commercialization Office, a centralized office is an ideal place to host a technology showcase to present
to potential investors.

Limitations

Establishing the technology transfer coordinator and technology transfer working group was a
big step toward making the existing system more effective, but it has not yet shown any results.
Unfortunately, the positions created by the Energy Policy Act were not specifically funded, so the
responsibilities were assigned to existing DOE employees (19). The law required the group to establish
goals for technology transfer and provide Congress its implementation plan no later than February 2006,
but the group was still soliciting recommendations for the plan three years later (31). In order to make
this group effective, a separate budget should be established and employees should be hired specifically
for technology transfer activities.

Although there are many advantages to this approach, there is a limit to how much activity can
be centralized. For example, it is very important that people who are skilled in recognizing potential
commercialization opportunities are close to the research being done. Day to day interaction with
researchers allows a much greater understanding of the capabilities and limitations of the technology.
While the basic form of licensing agreements could be standardized by a central authority, because the
actual intellectual property is owned by the contractor that operates the lab, the contractor needs to

have negotiation power with potential licensors.
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Transform to a Translational Research Model
There is a lot of attention paid to translational research models. They are interesting because
they attempt to dissolve the traditional research distinctions by supporting a technology from basic
research to manufacturing processes. There are two new programs within DOE, the Advanced Research
Projects Agency- Energy (ARPA-E), and The Energy Innovation Hubs, which take this approach. ARPA-E is
RSaONAO SR [the dedeldpndedPoNEchniguds, pbocesses, and technologies and related
testing and evaluation; research and development (R&D) of manufacturing processes for novel energy
technologies; and coordination with nongovernmental entities to demonstrate technologies and
research applications to facilitate technology transfer (32)® € Ly 20KSbdattagshitiRralz §( KS 32
research model is to carry a technology from its inception to its termination point (whether it be
successful commercialization or not) without creating artificial distinctions about which grant program
should fund which step. This is highly beneficial because steady financial support is available, and the
research cantakealongeri SN | LILINR2 | OK GKIF G AayQi Fftft26SR Ay (K
grant funding cycles. Also, by removing barriers and transfer points, delays are reduced and the overall
time to market is accelerated.

Advanced Research Projects Agency- Energy

The Advanced Research Projects Agency- Energy was mandated under the America COMPETES
Act of 2007, but was funded for the first time in the 2009 American Recovery and Reinvestment Act. It

@ | &reated specifically to foster research and development (R&D) of transformational energy-related

(s}

technologies® € CNI YaF2NYIFGA2YFE (SOKy2f23ASa INB (GK2a
technologies and promise to change the status quo and can have a significant commercial impact (33).

In essence, it is high risk and high reward technology. The idea behind ARPA-E is commendable in many

ways. Itis considered translationalred S NOK NJ G KSNJ 0 KIy o6 &A O bivged SI NOK

the troubling gaps between basic energy research, development, and industrial innovation (32 p. 2)® £
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rid of distinctions between stages of research.

Energy Innovation Hubs

Energy innovation hubs are new organizationsthatare LINR LJI2 8 SR Ay (GKS t NBaARS)
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development to commercialization and a hand-off to industry (34)® & ¢tKSe g2dxA R F20dza 2

energy need defined by DOE and bring together the scientists, engineers, policy experts, and industry
partners in one place to solve that problem. The proposed hubs are solar electricity, fuels from sunlight,
batteries and energy storage, carbon capture and storage, grid materials devices and systems, energy
efficient building systems design, extreme materials, and modeling and simulation. The innovation hubs
are translational in nature as is ARPA-E, and it should be considered to span the pipeline from basic
research to commercialization.
Limitations

Unfortunately, this type of funding can be very resource intensive. Because of this, ARPA-E
VENNRgAEA Alda a02LIS HigBriskand Ngh yeduirh 2cNddlbgiasA ThefeltypeEaf 2 NJ
technologies could never be funded through traditional investment channels, but the potential payoff is
so great that it justifies investment anyway. While central coordination or a translational model can
help in many respects, they must be careful not to go too far. A major transition to a translational
model would entail changing the entire grant distribution process and would likely do more harm than
good because of the delays and breaks in progress it could entail. According to a venture capitalist that
has worked with DOE labs in the past, there is no need to reinvent the way that technology transfer is
done at the labs. Rather, consistent and widespread use of current best practices can go a long way

(29).

27



Improve Lab Based Technology Transfer Offices

While the history of the Department of Energy in regards to innovation is not as great as it could
be, there are bright spots, and technology does get commercialized out of DOE labs. Also, there are
things that can be done to directly improve upon the lack of commercial expertise.

The labs would benefit by bringing entrepreneurs and experts in commercialization directly into
contact with researchers. As the EERE Commercialization Office has done with 4 labs, an entrepreneur
in residence program would allow an entrepreneur to mingle in with researchers and look at the work
with a completely different perspective. Also, while the researchers are driven to perform cutting edge
research and publish their results, venture capitalists do not invest in research papers; they invest in
prototypes and business plans. The labs could address this competing priority by employing a group of
commercialization experts to frame new technologies in a way that is attractive to outside investment,
and then make sure that those opportunities are well publicized.

Limitations

While identification of commercially promising technology needs to be done at the level of
individual labs, there are advantages to coordinating at a higher level. Coordination between labs can
avoid duplicated work in creating processes and programs, and can make investment opportunities
visible to a wider audience. Also, without clear reason to change, such as a specific goal or target that

needs to be met, labs are likely to continue with their current practices, improving only slowly over time.
Recommendations

In order for the United States to catch up in the renewable energy industry, more attention
needs to be given to commercialization. The focus of the Department of Energy must be to bring

research to the point where it can be commercialized and to help facilitate the process by interfacing

with the commercial world. Of the three general strategies to achieve this goal, it is recommended that
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a central coordination strategy be pursued while reserving certain functions for the translational model
and lab based technology transfer offices.
Improving Central Coordination
The structure and legal mandates required to centrally coordinate commercialization and other
technology transfer activity were laid out in the Energy Policy Act of 2005. The technology transfer
coordinator should be a full time position, and the technology transfer working group should be
supplemented with staff that is able to carry out the responsibilities of the group. The group and staff
should then take the following action:
9 Establish commercialization as a laboratory priority through specific goals;
9 Distribute the 0.9% commercialization fund through a competitive grant process;
9 Establish a suite of simple and preapproved technology transfer agreements;
9 Serve as a portal for interested investors by showcasing potential lab technologies through a
website and dedicated events.
Supporting Translational Research
The translational research model could be very effective at accelerating the commercial
adoption of new energy technology. However, it should not be substituted for all research programs,
and it is not very compatible with the existing process. In light of this, Congress should:
9 Establish translational research programs in specific situations that require increased attention
and can be separated from the existing innovation processes.
The current arrangement of the Advanced Research Projects Agency- Energy is sufficiently separated.
Improving Lab Based Technology Transfer Offices
Lab based technology transfer offices cannot be replaced completely by central coordination.
The lab based offices are ideal for the identification of new technology. In order to improve their

capability in this area, the lab offices should:
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9 Increase the commercialization knowledge base through the addition of entrepreneurs in
residence and other experts in commercialization.
While these measures alone will not be enough to ensure American competitiveness in the new energy

technologies sector, they will make better use of the advantages that the DOE National Labs provide.
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