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Executive Summary

This report recommends policies and actions to improve the return

on investment the United States government makes in sponsoring
research and development (R&D) at the Department of Energy’s
(DOE) seventeen National Laboratories (“Labs”). While the Labs make
a unique and significant contribution to all of the Department of Ener-
gy’s missions, we develop the idea that for the Labs to fully support
DOFE’s energy transformation goals, their R&D management practices
need to be updated to better reflect current research into innovation
systems and management. We also highlight the necessity of Lab
interactions with industry in order to impact the nation’s energy infra-

structure investment, which is, for the most part, privately held.

The dominant DOE model for its Labs, where day-to-day operations at
the Labs are conducted by a non-government contractor, is inherently
more flexible and independent than intramurally preformed research
and even other Federally Funded Research and Development Centers
(FFRDC). Dating back to its formative years during the Manhattan
Project, this government-owned, contractor-operated (GOCO) model
is responsible for many of the key characteristics of the Labs.! Our
recommendation is that while Labs should increase engagement with
the private sector , the central role of DOE in setting Lab priorities and
managing the disbursement of funds should not be compromised. At
the same time, we recognize that some important historical elements of
the GOCO model have been eroded in recent decades. Consequently,
some oversight practices should be revised to promote a greater level
of trust and independence for the Labs to execute their technical mis-
sions, which in many cases require enhancing the interactions with the

private sector. This report is structured as follows:

In Chapter 1, we introduce the role of the Labs within the context of
U.S. energy policy. This includes a review of the formative history of
the Labs, their organizational structure, and the long history of legisla-

tion and studies meant to improve Lab operations.

1 Westwick, P. J. (2003). The national labs: science in an American system, 1947-1974. Harvard
University Press

Belfer Center for Science and International Affairs | Harvard Kennedy School



In Chapter 2, we highlight management and research portfolio allocation
challenges facing the Labs. Management and structural issues include funda-
mental organizations questions such as the correct operating model, choice
of operating partner, delegation of research agenda, and overhead costs.
Research portfolio issues include redundant funding, the division of research

into “basic” and “applied” varieties, and Laboratory planning processes.

In Chapter 3, we review the rationale for government participation in tech-
nology transfer activities and offer several recommendations for improving
the technology transfer activities at the Lab, including i) giving the Labs
resources and tools to assess the value of internal inventions, ii) creating

a more integrated approach to identifying commercialization partners for
Lab inventions, iii) facilitating the transfer of tacit knowledge from the
Labs to the private sector and iv) structuring licensing agreement in a form

that maximizes incentives for licensees to pursue follow-on innovation.

In Chapter 4 we present our recommendations to address the challenges
highlighted in Chapters 2 and 3. Distinct recommendations are offered for

both Lab management and technology transfer policy.
The high-level recommendations for Lab management policy are:

« Maintaining the essential role of the National Labs in executing
DOE’s multiple missions, but restoring the original intent of the
GOCO framework to allow the system to better serve its energy

innovation mission.

« Creating incentives to engage a broader range of private sector
researchers and private contractor partners to impact Lab culture
and enhance the transfer of competencies directly relevant to its

energy innovation mission.

« Encouraging DOE to give greater authority to Lab scientists and

scientific leadership in the research decision-making process.

The Department of Energy National Laboratories:

Organizational design and management strategies to improve federal energy innovation and technology transfer to the private sector



« Creating a program within the Office of the Secretary to design
high-level objectives for energy innovation and coordinate activi-

ties across the entire Lab complex.

o Reorganizing the Department of Energy to reduce inefficiencies
resulting from the current separation of “basic” and “applied”

research divisions.

« Consolidating funding so that some particular areas of technical

competency are concentrated within fewer Labs.

« Putting greater emphasis on technology transfer as a component
in Labs performance review, which includes developing additional
metrics that go beyond patents, publications, and invention

disclosures.

The high-level recommendations for technology transfer policy are:

« Providing Lab technology transfer offices with additional resources
to maximize the public value of their portfolio of existing inven-
tions by increasing private competition for commercialization

partnership opportunities.

o Increase the capacity of DOE to span the boundary between Lab
technologists and political management to create cross-Lab strate-

gies for engaging the private sector.

o Adopt new practices and policies to incentivize Lab scientists and
engineers to meaningfully engage with technology commercializa-

tion partners.
o Develop new creative technology transfer contracting mechanisms that
strengthen the incentive for commercialization partners to invest their

own resources in follow-on innovation that builds on Lab inventions.

o Track and improve on metrics measuring how well Labs transfer

technologies and exploit the potential of their invention stockpile

Belfer Center for Science and International Affairs | Harvard Kennedy School






Introduction

The National Laboratories (“Labs”) are 17 Laboratories owned by the
Department of Energy (DOE). The Lab “system’, as it is often referred to, has
a long and storied history. It has its origin as an outgrowth of the Manhattan
Project during World War II, and the Labs remain active in executing key

policy objectives of the United States’ science and technology enterprise.

The management of these Labs is, in and of itself, a major issue of public policy.
With a budget of $14.3 billion in 2014 and employing over 55,000, the Labs are

a key source of national scientific capability. Indeed, Nobel Prizes have been
awarded to over 60 scientists affiliated with the Labs. The scope of the mission of
the Labs, their management structures, their ties to the academic and private sec-
tors, and even their future existence as a public institution has been continually
debated almost since their inception. A recent study noted that over 50 reports

on the topic of Lab management have been written in the last four decades.”

This report contributes novel analysis through a specific focus on the Labs’
energy innovation mission. With our combined experience as researchers
steeped in the academic literature in energy policy and innovation systems,
we bring a different perspective than those advanced in other Lab reports.
Rather than address an exhaustive list of policy questions that fall under
the rubric of Lab management, we look at Labs through the lens of energy
innovation, one of the Labs’ key missions. Specifically, we ask how the
pathway between the Labs and the private sector can more effectively be
traversed—energy technologies which are not commercially deployed have
no impact. Our report is aimed at the 13 Labs which perform significant
applied energy work and we do not address the nuclear security, cleanup,

or physics facility mission that is a core part of many Labs.

There is a great deal of momentum towards enacting substantive management
changes at the Labs. First, non-defense R&D funding has been nearly stagnant

for almost 15 years, reflecting political pressures against spending; broader

2 Glauthier, T.J., Cohon, J.L., Augustine, N.R., Austin, W.M., Elachi, C., et al. (2015). Securing America’s
Future: Realizing the Potential of the DOE National Laboratories. Final Report of the Commission to
Review the Effectiveness of the National Energy Laboratories (CRENEL). Volume 1: Executive Report.
U.S. Department of Energy. Available at: http://energy.gov/labcommission/downloads/draft-fi-
nal-report-commission-review-effectiveness-national-energy (Accessed November 27, 2015)
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headwinds could result in the significant fraction of R&D spending represented
by the Labs coming under even greater pressure. The DOE has already launched
initiatives and changed its management structure in ways that are consistent
with some of the ideas in this report. Further change is expected with the issu-
ance of two high-level panel reports regarding the future of the Lab system in
the last several years.” While the current administration has been largely unsup-
portive of applied energy R&D funding, it has shown interest in leveraging the
sort of public private partnerships that could offer opportunities for innovative

management structures and technology transfer practices at the Labs.

Given the centrality of energy technology innovation in solving pressing
national issues related to climate change, economic competitiveness and
security, we would like to contribute our perspective to this debate. We
bring perspectives earned from time serving as a Vice President of a Lab,
working on Lab issues as Congressional staff, and from knowledge of inno-
vation systems and policy analysis and evaluation gained from years of

academic research. The remainder of the report is organized as follows:

In Chapter 1, we contextualize the National Labs within the broader
national innovation system and efforts to promote energy innovation
through policy. We then discuss the organizational history of the Lab
system as well as a timeline of key policy developments and recent attempts

by the Executive Branch and Congress to address its management issues.

In Chapter 2, we discuss several major issues with Laboratory manage-
ment and operations, with an emphasis on how it might impact technology

development and transfer.

In Chapter 3, we introduce a theoretical framework for technology transfer
and why market failures point to the need for a large role in this area by public
innovation institutions. The chapter will identify technology transfer policy

design issues and recommend solutions to improve outcomes at the Labs.

In Chapter 4, we recommend several courses of action to improve the

status quo for each issue raised in Chapters 2 and 3.

3 Glauthier et al. (2015); SEAB (2015). Report of the Secretary of Energy Task Force on DOE National
Laboratories. (Draft Report of the Secretary of Energy Advisory Board, U.S. Department of Energy,
March 2015). Department of Energy.

The Department of Energy National Laboratories:
Organizational design and management strategies to improve federal energy innovation and technology transfer to the private sector



1. The National Labs as
an Energy Innovation
Organization

1.1 Why energy innovation?

One of the key goals of the National Laboratory system is to execute the
DOE’s mission to engage in the “transformation of the nation’s energy
system” through “transformative science and technology solutions” and

securing its “leadership in clean energy technologies.™ The need for this

mission derives from several factors:

o Innovation and Economic Growth: Developing new technologies
is a key driver of economic growth, as over half of the economic
growth of the United States in the last few decades can be attributed
to technological progress and intangible, knowledge assets.” Even
absent other positive impacts, such as mitigating climate change,
improving energy security, and others, the creation of new technol-

ogies can increase public welfare through economic growth.

« Expense: Energy continues to be a major expenditure for U.S.
industries and consumers. In 2013, U.S. energy expenditures were
$1.4 trillion nominal dollars and 8.3% of U.S. GDP; energy expen-
ditures were as high as 9.6% of GDP as recently as 2008.

« Global Competitiveness and Energy Security: Energy also
contributes to the U.S. trade deficit; despite declining since its 2005
peak of 3.7 billion barrels, the U.S. imported 2.9 billion barrels of

4 DOE mission statement: http://energy.gov/mission (accessed: 1/18/2015)
Bernanke, B. (2011). “Speech at the Conference on ‘New Building Blocks for Jobs and Economic
Growth,: Promoting Research and Development: The Government’s Role.” http:/www.
federalreserve.gov/newsevents/speech/bernanke20110516a.htm (Accessed 11/25/2015)

6 U.S. Energy Information Administration (2015). December 2015 Monthly Energy Review. http://

www.eia.gov/totalenergy/data/monthly/ (Accessed 1/17/2016)

Belfer Center for Science and International Affairs | Harvard Kennedy School
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oil in 2016, with net imports at 1.8 billion barrels.” As recently as
2011, oil imports represented 66% of the U.S. trade deficit. Though
oil contributes to only 13% of the trade deficit in July 2016, a rise
in petroleum prices could easily reverse some of these gains.® The
continued volatility of oil prices and the underlying geopolitics

make the reduction of oil dependence a national priority.

o Threat of Climate Change: The impacts of climate change are
already being felt. The U.S. energy system was responsible for 97%
of the U.S’s 5.4 billion metric tons of CO, emissions in 2014.°"°
Largely due to transitions of power generation sources from coal to
natural gas and other power sources, CO, emissions from energy
use have declined 9% from 2008 to 2012.!"" Regardless of this prog-
ress, the U.S. will not be able to reach its goals of 17% reduction
of CO, from 2005 levels by 2020 and 26-28% below 2005 levels by
2025 without further measures.'” ** In particular, its goal of an 83%
CO, reduction from a 2005 baseline by 2050 is very likely beyond

reach without aggressive policy intervention.'*

The National Research Council estimated that the negative side effects
(“external costs”) of energy consumption totaled over $120 billion in 2005,
noting that many external costs were not quantifiable.'” Governments have

several tools at their disposal for fostering energy innovation to address the

7 Energy Information Administration (2015). U.S. Imports of Crude Oil (Thousand Barrels). http://
tonto.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRIMUS1&f=A (accessed on
1/17/2016)

8  United States Census Bureau (2016). U.S. Imports of Petroleum. https://www.census.gov/foreign-
trade/statistics/graphs/Petroleumimports.html (accessed on September 9, 2016).

9  Melillo, J. M., Richmond, T. T., & Yohe, G. W. (2014). Climate change impacts in the United
States. Third National Climate Assessment.

10 U.S. Energy Information Administration (2015). U.S. Energy-Related Carbon Dioxide Emissions,
2014. http://www.eia.gov/environment/emissions/carbon/ (Accessed 11/25/2015)

11 Melillo et al. (2014)

12 2014 U.S. Climate Action Report, http://www.state.gov/e/oes/rls/rpts/car6/index.htm. Accessed
(1718/15)

13 UN Framework Convention on Climate Change (2015). U.S. Cover Note INDC and Accompanying
Information. http://www4.unfccc.int/Submissions/INDC/Published%20Documents/United%20
States%200f%20America/1/U.S.%20Cover%20Note%20INDC%20and%20Accompanying%20
Information.pdf (Accessed June 13, 2017)

14 Anadon, L. D., Bunn, M., & Narayanamurti, V. (Eds.). (2014). Transforming U.S. Energy Innovation.
Cambridge University Press.

15 National Research Council (U.S.). Committee on Health, Environmental, and Other External Costs
and Benefits of Energy Production and Consumption. (2010). Hidden costs of energy: unpriced
consequences of energy production and use. National Academies Press.
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current shortcoming in our energy systems, and the Labs should be seen

within the context of broader energy innovation policies.

1.2 Energy innovation policies

Many policies shape the rate and direction of energy innovation. Mowery
and Rosenberg' usefully classified them into policies that increase demand
for technologies (market pull), such as tax subsidies and regulations, and
those that reduce the cost for researchers (technology push), such as fund-
ing support for research and development and demonstration (R&D)."”

While the U.S. government is active in both areas, we focus on R&D.

Research, Development, and Demonstration

R&D creates new technological capabilities through scientific advance-
ment. According to the American Association for the Advancement of
Science (AAAS), the federal government spent $2.1 billion in energy
related R&D in 2013 and $2.8 billion in 2015." This is likely using a narrow
definition of energy that excludes science and environmental R&D which
can be energy related. Another estimate of Energy R&D spending at DOE
alone was $3.2 billion in 2013." This number includes funding for demon-

stration projects at DOE, representing a broader metric than R&D alone.

16  Mowery, D. C., & Rosenberg, N. (1991). Technology and the pursuit of economic growth. Cambridge
University Press.

17  Seealso: Dew, N., & Sarasvathy, S. D. (2016). Exaptation and niche construction: behavioral
insights for an evolutionary theory. Industrial and Corporate Change, dtvO51.

18 AAAS (2016). Historical Trends in Federal R&D: By Function: Defense and Nondefense R&D, 1953-
2017. https://www.aaas.org/page/historical-trends-federal-rd (accessed October 24, 2016)

19 Gallagher, K. S., & Anadon, L. D. (2016). DOE budget authority for energy research, development,
and demonstration database. Cambridge, MA: Harvard University. http://belfercenter.ksg.
harvard.edu/publication/26391/doe_budget_authority_for_energy_research_development_
demonstration_database.html (Accessed October 24, 2016)
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Figure 1.1: Key trends in federal energy policy: Provisions of the tax code aimed at energy
usage and spending on energy R&D at DOE (blue bars). Since DOE is the primary federal executor
of energy R&D, we use this as a proxy for total federal energy R&D. Over time, these expenditures
have varied greatly, and the balance between spending on energy R&D and tax policies has
shifted as well. While energy expenditures in recent years have surpassed levels in the late 1970s,
recent policies lean more on tax expenditures and less so on energy R&D. Additionally, when DOE
energy R&D is considered as a fraction of the non-defense R&D budget, recent levels have not
come close to the federal emphasis on energy R&D in the late 1970s and early 1980s.

(Sources: AAAS Budget program, DOE Budget Authority for Energy Research, Development, &
Demonstration Database?®; Congressional Joint Committee on Taxation)

Using support for R&D to alter the U.S. energy supply turns out to be chal-
lenging®' for a wide variety of reasons, most centrally the sheer number
and diversity of corporations engaged in energy innovation. According to
the National Science Foundation’s Business Research and Development
and Innovation Survey, about 11,200 companies self-funded $18.4 billion

of internal R&D with energy applications in 2011.%

There is consensus regarding the important role of R&D to support U.S.
energy policy goals.” It is noteworthy that the income that the U.S. forgoes

due to energy related tax provisions (“energy tax expenditures”), is almost

20 Gallagher and Anadon (2016).
21  Anadon, L.D.etal. (2014)

22 National Center for Science and Engineering Statistics. Business Research and Development and
Innovation Survey (BRDIS) 2011, Table 45 (2014). National Science Foundation. Available at http://
www.nsf.gov/statistics/2015/nsf15307/ (accessed on 9/20/2015). Note that the survey counts
companies which self-fund R&D and those which receive external funding separately, without
specifying the overlap

23  Anadon,L.D. et al. (2014)
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an order of magnitude greater than energy R&D expenditures,** as shown
in Figure 1.1. This is especially noteworthy given findings that experts
believe that large increases in energy RD will be necessary to meet the

nation’s energy goals.” %

One of the core missions of the National Labs is to execute the long-stand-
ing government policy to support ERD&D. In the next section, we consider
the rationale for government involvement, first in the context of general

R&D, and then in the specific case of energy R&D.

1.3 The role of government in R&D
and technology transfer

The benefits of R&D do not just accrue to the actors who perform R&D,
but often deliver unintended benefits (“positive spillovers”) whose further
application areas are often unanticipated. Actors in the market are likely to
underinvest in R&D since they do not anticipate or capture the full bene-
fits delivered by the R&D, which results in a loss to society. Additionally,
the uncertainty of R&D outcomes deters risk-averse investors in many
technological areas. This combination of reasons leads to the conclusion
that public support for R&D is an economically attractive investment for

governments.”’

However, the economic benefits of a new invention are only realized after a
large amount of complementary investment in downstream commercial-
ization is also made in addition to R&D.?® Society, as a whole, only benefits
when those inventions are developed into products that create benefits for

consumers (e.g., as goods in the marketplace). Public research

24 Metcalf, G. E. (2008). Using tax expenditures to achieve energy policy goals (No. w13753). National
Bureau of Economic Research.

25 Anadon, et al. (2014)

26 Nemet GF, Kammen DM (2007) U.S. energy research and development: Declining investment,
increasing need, and the feasibility of expansion. Energy Policy 35: 746-755. doi: 10.1016/j.
enpol.2005.12.012

27  Arrow, K. (1962). Economic welfare and the allocation of resources for invention. In The rate and
direction of inventive activity: Economic and social factors (pp. 609-626). Princeton University
Press.

28 Green, J.R., & Scotchmer, S. (1995). On the division of profit in sequential innovation. The RAND
Journal of Economics, 20-33.

Belfer Center for Science and International Affairs | Harvard Kennedy School

1



organizations are often not equipped to invest in downstream commercial-
ization, particularly when commercialization requires physical
manufacturing and production.” Thus, creating alternative incentive
schemes to drive private investment into the commercialization of public-
ly-sponsored inventions is important for unlocking the full value of public
R&D investment. These incentive schemes take the form of technology
transfer policy, among other types of policies that can include demonstra-
tions and the creation of niche markets, and are one of the important sets

of policy tools that can be used to help “cross the valley of death.”
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Figure 1.2: Industrial energy R&D expenditures: According to the NSF's Survey of Industrial R&D,
inflation-adjusted energy R&D performed by industry rose throughout the 1970s and declined

from 1980 to around 2000. In the early 2000s to the end of the data set in 2007, industrial energy
R&D finally surpassed its 1973 level, but lagged far behind the near-continual rise of total industrial
R&D.3° Industry energy R&D expenditure was not available in 2006. This figure charts reported
industry R&D expenditure and the amount of R&D expenditure that was energy related, normalizing
both to their 1973 level. Data is available from 2008 and on, but from a new survey employing a
methodology that does not allow direct comparison with earlier data sets.

29 Public organizations rarely manufacture products, as it is not typically in their mandates due
to rent creation and the potential crowding out of more efficient private activity. An important
exception exists in military activity, as the government may play a more active role in production,
including through procurement policy.

30 National Center for Science and Engineering Statistics (NCSES). Survey of Industry Research
and Development. National Science Foundation. Accessed through Industrial Research and
Development Information System (IRIS) at http://www.nsf.gov/statistics/iris/
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1.3.1 The specific case of energy innovation

The previous section argues that technology transfer is a necessary gov-
ernment function to increase the returns to society of R&D at government
institutions. In the particular case of energy technologies, the externalities
of energy utilization related to ‘hidden’ costs such as health damages or
contributions to climate change justifies an even stronger role for govern-
ment R&D and technology transfer. The external costs of energy suggest
that the government should support innovation efforts in new energy
technologies with lower external costs because current utilizers of energy
do not factor in the external costs of energy when they choose to deploy
certain energy technologies in their energy deployment strategies. In gen-
eral, governments have over time supported mission-oriented research in

various areas, including energy.’! **

In addition to these theoretical economic reasons for government invest-
ment in energy technology innovation, there is also an empirical reality that
the market characteristics of large parts of the energy sector are responsible
for the fact that the growth in industry investments in energy R&D has not
kept pace with the broader industrial R&D investments (see Figure 1.2).
Although the data for energy R&D in the private sector available to construct
a time series has important limitations (it largely includes oil and gas compa-
nies, nuclear and electric utilities and until 2008 it only included about 100
‘known large R&D performers’),” the trend in R&D expenditure in energy
has lagged the trend in total R&D expenditures.

While data does not exist to make a comparison between this historical
data and developments in the last 10 years, the recently published NSF
Business R&D and Innovation Survey has a more comprehensive indicator
for recent private energy R&D expenditures in the U.S. This allows us to

compare the R&D intensity (industry domestic R&D expenditure divided

31 Foray, D., Mowery, D. C., & Nelson, R. R. (2012). Public R&D and social challenges: What lessons
from mission R&D programs?. Research Policy, 41 (10), 1697-1702.

32 Anadén, L.D. (2012). Missions-oriented RD&D institutions in energy between 2000 and 2010: A
comparative analysis of China, the United Kingdom, and the United States. Research Policy, 41 (10),
1742-1756.

33 Jones, C., Anadén, L.D., and Narayanamurti, V. (2014). Encouraging Private Sector Energy
Technology Innovation and Public-Private Cooperation. In Transforming U.S. Energy Innovation (pp.
125-168). New York, New York: Cambridge University Press.
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by total sales) of the pharmaceutical industry (11.8% in 2011) and the com-
puter and electronics sector (9.9% in 2011) with the 2010 value for energy
applications, for which we estimate an upper bound of 1.4%. The bound

is derived from EIA estimates of U.S. energy expenditures ($1.2 trillion in
2010) and the BRDIS estimated R&D expenditures for energy applications
across all industries of $16.5 billion - a ratio of 1.4%. Total R&D intensity

across all industries was 3.2% in 2011.%*

This confirms historic studies of low R&D intensity for energy. ** ** An
important subsector of the energy industry, electric utilities, historically
have a very low research intensity; according to a recent industry presenta-

tion, utilities have a research intensity of about 0.1%.%

This reality can be attributed to several factors: much of the energy sector

is driven by large capital facilities, such as power plants, that have long life-
times, leading to technological lock-in.*® Further, energy systems rely on
large infrastructure, such as pipelines and the electric grid, which creates nat-
ural monopolies. As a natural monopoly that has been historically regulated,
many electric utilities have insufficient authority to invest in R&D. Tradi-
tional energy companies have relatively low ability to create differentiated
products (e.g., electricity generated from different generating technologies
functions identically) that will allow them to charge more than incumbents.
A contrasting example can be found in telecommunications sector during
the 1940s to the 1970s, before the breakup of natural monopolies like AT&T.
During that era, higher investments in R&D were facilitated by the fact that
such investments would lead to the ability to grow the market and offer new
types of differentiated services and that AT&T was a vertically integrated

monopoly able and willing to make such investments.

34 National Center for Science and Engineering Statistics (2014).

35 Margolis, R. M., & Kammen, D. M. (1999). Evidence of Under-investment in Energy R&D in the
United States and the Impact of Federal Policy. Energy Policy, 27(10), 575-584.; Nemet, G. F., &
Kammen, D. M. (2007). U.S. energy research and development: Declining investment, increasing
need, and the feasibility of expansion. Energy Policy, 35(1), 746-755. Nemet, Gregory F., and Daniel
M. Kammen.

36 National Center for Science and Engineering Statistics (2014); NCSES, IRIS database (http:/www.
nsf.gov/statistics/iris/).

37 Costello, Ken (2015). “Research and Development by Public Utilities: Should More be Done?".
http://nrri.org/wp-content/uploads/2016/04/2015-Nov-Ken-Costello-Research-and-
Development-by-Public-Utilities.pdf (Accessed June 13, 2017).

38 Unruh, G. C. (2000). Understanding carbon lock-in. Energy policy, 28(12), 817-830.
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Taken together, the current challenges facing the energy sector suggest
the particular importance of federal R&D policies and private sector

engagement in this space.

1.3.2 The “original sin” of U.S. public R&D?

One of the key obstacles to realizing the gains from federally-funded
research is the structure of the U.S. government R&D. During World War
I1, the U.S. defense innovation efforts were established as a “connected sci-
ence” enterprise, where breakthroughs in fundamental science were closely
integrated with the subsequent stages of product development, production,
and deployment, all with heavy government involvement. Vertically-in-
tegrated approaches to R&D have also been used to great effect by AT&T
and Bell Labs in the telecommunications sector and IBM in the computer
industry in the era after World War I1.%*

In the aftermath of World War II, Vannevar Bush dismantled this model
and instead advanced a pipeline approach in the influential essay “The
Endless Frontier” ** In this model, the federal government primarily funds
exploratory basic research and the private sector is supposed to take the
products of this basic research through the later stages of the technology
development pipeline. Additionally, despite Bush’s wishes to centralize
government R&D funding at what would become the National Science
Foundation, political developments ensured that R&D funding spread out
across several agencies. Bush himself likely realized the problems inher-
ent in the disconnected model, but believed that focusing public funding
on basic research would be more resistant to political pressures.* This

linear model of innovation has long been criticized.** ** Recent scholarship

39 Rao, C.P.(Ed.). (2001). Globalization and its managerial implications. Greenwood Publishing Group.

40 United States Office of Scientific Research, Development, and Bush, V. (2001). Science, the endless
frontier: a report to the President by Vanevar Bush, Director of the Office of Scientific Research and
Development. July 1945. UMI.

41 Bonvillian, W. B. (2009, April). The Connected Science Model for Innovation-The DARPA Role.
In 21st Century Innovation Systems for Japan and the United States: Lessons from a Decade of
Change: Report of a Symposium (pp. 206-37).

42  Kline, S. J., & Rosenberg, N. (1986). An overview of innovation. The positive sum strategy:
Harnessing technology for economic growth, 14, 640; Mowery, D. C., & Rosenberg, N.
(1991). Technology and the pursuit of economic growth. Cambridge University Press.

43 Narayanamurti, V. and Odumosu, T. (2016). Cycles of Invention and Discovery. Harvard University
Press.
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has further elaborated on the particular damage inflicted by separating
research into “basic” and “applied” classifications and proposed the alterna-

tive interconnected concepts of discovery and invention.**

Another major trend which has exacerbated the shortfalls in the pipeline
or “linear” model has been the reduction in emphasis on fundamental
research in the private sector. A recent report by the President’s Council
of Advisors on Science and Technology (PCAST) observed “that a grow-
ing corporate emphasis on short-term returns has eroded private-sector
support of basic and early-applied research, resulting in a research gap.”**
As this trend has grown, the national innovation system is left with few
actors engaging in what has been termed “long-term basic research”* A
survey found that only 11% of industrial Labs considered “basic research”
to be a major mission.*” Thus, private actors are generally not developing
technologies with a long term vision, nor are they effectively making use of

research emanating from federally-funded institutions.

Short of a radical reorganization of public research institutions into a connected
model, which is difficult in areas such as energy where end use in largely in

the hands of the private sector (as opposed to defense and space exploration),
realizing the benefits of federally-funded research can be accomplished through
policies better connecting public research at Labs with industry needs. One of
the ways this can be accomplished is with restructuring initiatives and the pro-

motion of “technology transfer” activities to bridge the basic-applied divide.

44 Narayanamurti, V., Odumosu, T., & Vinsel, L. (2013). RIP: The Basic/Applied Research
Dichotomy. Issues in Science and Technology, 29(2), 31.

45 Gates, S. J. (2013). Transformation & Opportunity: The Future of the U.S. Research Enterprise--
PCAST Report. https://www.whitehouse.gov/sites/default/files/microsites/ostp/pcast_future_
research_enterprise_20121130.pdf (Accessed October 24, 2016).

46 Rosenbloom, R. and Spencer, W. (1996). Engines of Innovation: U.S.Industrial Research at the End of
an Era. Harvard Business School Press

47  Crow et al. (1998)
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1.4 Federal Laboratories

In 2013, $456 billion of R&D was performed in the United States. Of this
amount, 27% was funded by federal government and 41% of that amount
($49.9 billion in 2013) is conducted either intramurally by federal agencies
or by the 42 federally-funded research and development centers (FFRDCs),

48 49

as depicted in Figure 1.3.

This research is conducted in a group of about 700 federal laboratories
(including the 42 FFRDCs), with broad diversity in their properties includ-
ing size, focus, industry ties, and mission. Researchers have had difficulty
in establishing a reliable count of federal laboratories and classifying them
into a useful taxonomy; in general, there is not a great deal of literature on
the organization of the federal research system.® Our focus is on a subset
of seventeen federal laboratories known as “The National Laboratories”
which operate within the Department of Energy. The role of the National
Labs can be best understood with a schematic that differentiates federal
laboratories based on the management framework, particularly the degree

to which the federal government controls day-to-day decision making.

48 NSB. Science and Engineering Indicators 2016. Chapter 4: Research and Development: National
Trends and International Comparisons. U.S. National Science Foundation, National Science Board.
Washington D.C. (2016). Available at: http://www.nsf.gov/statistics/seind16/

49 This represents an update of an analysis performed in Anadon et al. (2016).

50 Crow, M., & Bozeman, B. (1998). Limited by design: R & D laboratories in the U.S. National
Innovation System. Columbia University Press.
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Figure 1.3: Context and Distribution of Federal R&D Funding (2013): The federal government
is a major contributor to the U.S. R&D enterprise. The pie chart on the left visualizes the

sources of R&D funding in the U.S. economy in 2013. The federal government funds 27% of R&D
performed in the U.S., while the private sector funds 65% of R&D. Other sources of funding
include state governments, nonprofits, and universities. The pie chart on the right displays where
the $122 billion in federally funded R&D funding is performed. The majority of the funding is spent
by other parties (predominantly universities and businesses). Of the 41% of federal R&D funding
that is spent within the government, about two-thirds is performed intramurally by federal
employees at federally operated facilities, while one-third is performed at the FFRDCs.

One useful heuristic for classifying Federal Labs is dividing them into

two paradigms, government owned, government operated (GOGO) and
government owned, contractor operated (GOCO). In the GOGO model,
laboratories are operated by a federal agency, and all management and staff
are considered government employees and subject to constraints from that
status. For example, the Air Force Research Laboratory is a large, multi-site
GOGO research facility which employs around 10,000 people and has a
science and technology budget of $4.6 billion.”*

51 Howieson, S.V., Clavin, C. T., & Sedenberg, E. M. (2013). Federal Security Laboratory Governance
Panels: Observations and Recommendations (No. IDA-P-4940). Institute for Defense Analysis,
Washington DC, Science and Technology Policy Institute.
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Figure 1.4: Classification Scheme for Federal Laboratories and Facilities, with a focus on
DOE-related institutions at the right-hand-side of the chart: Although there is no official or
dominant classification scheme for Federal laboratories, we have created an illustrative hierarchy
to provide context for the National Labs.

On the far left is the entire set of federally laboratories. Federal Labs and facilities can broadly be
divided into GOCO (top) and GOGO (bottom) facilities, which reflect differences in both broad
operating procedures and applicable regulations. On the top half and proceeding to the right,
some examples of GOCO facilities are enumerated. Not all GOCO facilities are research-heavy
Labs; for example, the DOD operates several ammunition production plants as GOCOs. Moving
to the right, GOCOs that are research-oriented and meet certain conditions are FFRDCs. The
FFRDCs at DOE represent 16 of the 17 National Labs.

A“GOGO facility” (bottom) is a center or facility within a federal agency that has a specific
technical or R&D mission, of which several examples are enumerated. The DOE has several
GOGO facilities, one of which has a particularly heavy emphasis on R&D and energy technology
development and is considered a National Lab (NETL). Only one of the seventeen National
Laboratories is a GOGO facility.

Note that this classification is not exhaustive—it does not include, for example, University
Administered Research Centers (UARCs).

Source: Federal Laboratory Consortium, NSF List of FFRDCs.

A GOCO facility is owned by the federal government, but the manage-
ment is contracted to a non-governmental third party, either a university,
nonprofit organization, or private firm. The contractor is responsible for
delivering the contracted work to the government; management and sci-
entists in GOCO Labs can have considerable more flexibility in personnel
rules and decision-making. This makes it easier for GOCO facilities to
initiate research activities as well as attract and retain senior scientists and
executives.”” The downside of increased flexibility is that the federal gov-
ernment has less control over day-to-day operations and policies such as
personnel pay, but is still open to criticism and the impacts of suboptimal
policies and execution.” ** An example of a GOCO facility is the Y-12

Security Complex, a DOE facility responsible for the maintenance and

52 Crow et al. (1998)

53 DOE Inspector General (2012). Inquiry into the Security Breach at the National Nuclear Security
Administration’s Y-12 National Security Complex. Department of Energy.

54 For example, see this letter from the Los Alamos Study Group, an outside group that is
vocally critical of DOE's management of the NNSA Labs: http:/www.lasg.org/documents/
CRENEL_26Sep2014.pdf
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production of nuclear weapons parts amongst other nuclear security work.
It employs over 8,000 individuals and has an annual budget of $1.5 billion.
It is managed as a GOCO by Consolidated Nuclear Security, which recently

took over the contract from Babcox & Wilson.>

A subset of GOCOs are known as Federally Funded Research and Develop-
ment Centers (FFRDCs), which are “designed to meet a special long-term
research and development need that could not be met as effectively by
existing in-house or contractor resources.””® The number of FFRDCs has
risen and fallen, mostly as Congressional opinion supported or questioned
the need for such organizations, particularly within the Department of
Defense (DOD). DOD has closed many FFRDC:s, claiming that their mis-
sion has been accomplished, the nation’s needs have changed, or that the
expertise was better maintained within a more tightly controlled govern-
ment environment.”” An example of an FFRDC is NASA’s Jet Propulsion
Laboratory, which executes part of NASA’s space exploration mission. It
has a workforce of about 5,000, a budget of about $1.6 billion as of 2011,
and is operated by the California Institute of Technology.”®

It is within this context that the U.S. Department of Energy owns sixteen
FFRDCs, a number that has been stable since 1984. These sixteen FFRDCs/
GOCOs and one GOGO Laboratory are collectively known as the National
Laboratory System (“National Labs” or “Labs”).

55 National Nuclear Security Agency (2014). Transition for Pantex and Y-12 Contract Completed
[Press release]. Retrieved from: http://nnsa.energy.gov/mediaroom/pressreleases/npotransition
(accessed on October 9, 2015)

56 Snyder, B. and Thomas, JW (undated). “GOGOS, GOCOS, and FFRDCS...Oh my!” Federal
Laboratory Consortium. Available at http://globals.federallabs.org/pdf/federal-laboratory-
designations.pdf (accessed February 8, 2015)

57 Neal, H. A., Smith, T., & Mccormick, J. (2008). Beyond Sputnik: U.S. science policy in the twenty-first
century. University of Michigan Press.

58 National Aeronautics and Space Administration (undated). Jet Propulsion Laboratory. Available at:
http://www.jpl.nasa.gov/news/fact_sheets/jpl.pdf (accessed on October 9, 2015)
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1.5 Organizations for energy
innovation: DOE National Labs

The Labs play an important role in executing the DOE’s mission of trans-
forming the nation’s energy use. The Labs also work towards DOE’s other
missions of supporting nuclear stockpile stewardship, environmental
cleanup from nuclear-related contamination, and fundamental science
research. This report studies how Lab design and policies interact with
their energy innovation mission and builds upon other recent work.” This
requires an understanding of the context of the Labs within the broader
federal innovation system, how they came to occupy their current role at
the Department of Energy, and the current state of Lab engagement with

the private sector for its energy innovation mission.*

1.5.1 Brief history of the Labs

Origins of the National Labs

The National Labs evolved in part from the facilities constructed for and
involved in the successful U.S. effort to build a nuclear weapon during
World War II (“The Manhattan Project”). This origin explains a great deal
about the system as it is constructed today. The GOCO model emerged
from the reality that leading scientists during World War II resisted being
subsumed into the military command structure. In response, major ele-
ments of the project were managed by, among others, the University of
California, the University of Chicago, AT&T, the E.I. du Pont Company;,
and the Monsanto Company. The requirements, including secrecy, for the
Manhattan Project led to the remote siting of several facilities (for example,
what today are the Los Alamos, Oak Ridge, and Pacific Northwest National
Labs in Los Alamos, New Mexico, Oak Ridge, Tennessee, and Richland,
Washington respectively).

59 Anadon, L. D, Chan, G., Bin-Nun, A. Y., & Narayanamurti, V. (2016). The pressing energy innovation
challenge of the U.S. National Laboratories. Nature Energy, 1, 16117.

60 Anadon et al. (2016)
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As the war ended, the sponsoring organizations proposed that the sites
continue to operate under similar management structures and that
additional, regional sites be added to house large elements of scientific
infrastructure, giving rise to several more laboratories. The Labs continued
to operate in both cooperative and competitive modes; cooperative in that
the Lab system as a whole covers a broad range of research beyond the
capabilities of a single facility. The Labs are competitive in that, for many
Labs, their areas of expertise overlap with other Labs and they compete for
funding from DOE and other sources. Large overlap in Lab functions can
be traced an early vision of the Lab system as a network of regional labs in

an era before commercial jet travel made a national system plausible.®!

Stewardship of the nation’s nuclear weapons stockpile continues to reside
with the Department of Energy and its “weapons” Labs (Los Alamos,
Sandia, and Lawrence Livermore National Laboratories) and this work
continues to represent the largest category of expenditures at DOE and the
Labs. Over time the mission of the laboratories has expanded, from build-
ing nuclear weapons during World War II, to health studies of the effects
of radiation and nuclear energy research in the decades afterwards.®* With
the energy crises of the 1970s, the Labs began to focus more extensively on
alternative sources of energy as part of a national shift in priorities towards
reducing energy consumption and increasing domestic energy produc-
tion.*® This occurred in concert with the formation of the DOE and the rise

in ERD&D funding documented earlier.

With the end of the Cold War in the early 1990s and the current posture
against nuclear weapons testing, the Labs have had to reconsider their role.
Labs with a strong focus on nuclear weapons increasingly diversified, par-

ticularly by engaging in energy-related research.®

The role of the Labs in connection with the industrial innovation system

has fluctuated over time. During the 1980s, Congress passed several laws

61 Westwick (2003)
62 Ibid.

63 Seidel, RW (1993). Science Policy and the Role of the National Laboratories. Los Alamos
Science, Los Alamos National Laboratory 21: 218-226. Available at http://library.lanl.gov/cgi-bin/
getfile?21-39.pdf (accessed November 27, 2015)

64 Neal et al. (2008)
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facilitating increased interactions between federal Labs and the private
sector,” and these interactions continued to grow well into the 1990s. The
late 1990s saw criticism of programs marshaling Lab resources in partner-
ship with the private sector and there was a resultant de-emphasis of such
partnerships.® The last decade has seen rapid growth in the deployment
of clean energy technologies, which has brought renewed attention to how
the Labs address energy innovation challenges. In response, the federal
government has continued investigating and refining Lab policy, as well as
created new organizations and programs with designs that would be dit-
ficult within the Lab system, such as ARPA-E and the Energy Innovation
Hubs.®” As the commercialization of clean energy technologies accelerated
in the last few years, it has given rise to increasing understanding of the
important role that private sector partnerships can play in overcoming

challenges inherent to technology deployment in this area.®®

1.5.2 Organization of the Labs

Each of the Labs has its own history and unique characteristics; a formal
taxonomy does not fully exist for classifying the Labs. Given our focus on
energy innovation, we set forth several organizing characteristics and key

statistics that situate each Lab within the DOE’s energy mission.

Sponsoring Program: Each individual Lab is overseen by a “program area”
or a specific area of concentration within the U.S. Department of Energy
(DOE). DOE can change focus or emphasis within specific programs as
political actors change and policy priorities shift, but the distinct areas of
management making up the Department’s portfolio are more stable and

require Congressional approval for significant changes.*

65 Total Technology Inc. (2013). The Green Book: Federal Technology Transfer Legislation and Policy.
The Federal Laboratory Consortium for Technology Transfer.

66 Neal et al. (2008)

67 Narayanamurti, V., Anadon, L. D., & Sagar, A. (2009). Transforming energy innovation. Issues in
Science and Technology, National Academies, 26(1), 57-64.

68 Anadon et al. (2014)

69 The current Departmental Organization Chart is visible here: http://energy.gov/leadership/
organization-chart (accessed November 27, 2015)
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The major organizational structures involved in Lab management are the
National Nuclear Security Agency (NNSA), which is responsible for weap-
ons stockpile management, Environmental Management (EM), responsible
for cleaning up sites contaminated by nuclear activity, the Office of Science,
responsible for fundamental science research (e.g., high-energy physics)
and “basic energy research’, and Energy, which included applied energy
programs such as Energy Efficiency and Renewable Energy, Fossil Energy,
and Nuclear Energy. The programs oversee different Labs, as shown in
Figure 1.4, coordinate the division of funding amongst their Labs, and
oversee the implementation programs within the Labs. For almost all the
Labs, the bulk of their funding comes through Congressional appropria-

tions that are allocated to their sponsoring organizations.

The below figure is a schematic of the current Laboratory-related manage-

ment of the Department of Energy.

National Laboratory Palic Secretary of Energy Adviso
oy y Secretary of Energy 24 ¥ 2
Council Board (SEAB)
Under Secretary for Nuclear Security Under Secretary for Energy and Under Secretary for Performance
Labs: Los Alamos, Sandia, Livermore Science Management
Office of Science
Labs: Ames, Argonne, Brookhaven, Fermi, Berkeley, National Laboratory Operations
Oak Ridge, Pacific Northwest, Princeton Plasma Board

24

Physics, SLAC, Thomas Jefferson

Lab: Idaho

Environmantal Management
Nuclear Energy Lab: Savannah River

Fossil Energy
Lab: National Energy Technology

Energy Efficiency and Renewable Energy
Lab: National Renewable Energy

Office of Technology Transitions

Figure 1.5: DOE Management Structure for the National Labs: The Department of Energy
manages the Labs through a complicated bureaucracy. This figure is a modified organizational
chart meant to illustrate the relationship of entities involved in Lab management. DOE Leadership
has reinvigorated two panels of advisors on Lab issues—the National Laboratory Policy Council
addresses high level strategic issues, while the National Laboratory Operations Board addresses
day-to-day management issues to drive efficiency. This figure, reproduced from Anadon et al.
(2016), illustrates that Lab management is spread across the organization, presenting obstacles
to strategic management of the system as a whole.
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Mission Alignment: Labs support one or more of DOE’s missions and

are primarily aligned with the mission supported by its main sponsoring
program. However, many Labs support multiple missions and receive sig-
nificant funding from programs aside from their sponsor. For example,
EERE funds a significant amount of research at Oak Ridge National Lab
(ORNL) even though ORNL is an Office of Science (“Science”) Lab. Fur-
ther, a significant portion of Lab funding comes from government agencies
outside the DOE, mainly the U.S. Departments of Defense and U.S. Home-
land Security.”” Additionally, about 2% of Lab funding comes from outside

of the federal government.

Though no formal definition exists, for the purposes of this report, we have
defined a “single mission” Lab as one that received less than $10 million
from energy-related programs outside its sponsoring office in FY2014. The
multi-mission Labs all perform significant energy work. The “single mis-
sion” Labs are the four Science Labs which focus on high-energy physics
facilities, Brookhaven National Lab (which does significant “basic energy
science” work for the Office of Science, but little work for applied energy

programs) and the Savannah River National Lab.

Total DOE Funding: This column identifies the portion of the overall
DOE budget that was appropriated to each Lab in FY2014.

Energy Related Funding: For each Lab, we calculate the total funding

in FY2014 from the following programs: Electricity Delivery and Energy
Reliability, Nuclear Energy, Energy Efficiency and Renewable Energy, Basic
Energy Sciences, Biological and Environmental Research, and Fusion

Energy Sciences.

Largest Applied Energy Funder: While each Lab’s primary mission is support-
ing the goals of their sponsoring office, 14 Labs received at least some funding
from an applied energy program. As seen in the organizational chart (Figure
1.5, there are several energy technology programs within the applied Energy
office. This column identifies the largest applied energy funder of each Lab.

70 Department of Energy Office of Science (2014). “Work for Others: Interagency Work, a presentation
before the Committee to Review the Effectiveness of the National Energy Laboratories”. U.S.
Department of Energy. Available at: http://energy.gov/sites/prod/files/2014/10/f18/Work%20
for%200thers%20Program%?20Interagency%20Work.pdf (Accessed on November 27, 2015)
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Contractor: The 16 GOCO Labs operate under a maintenance and opera-
tion (M&O) contracting structure. Established by the 1946 Atomic Energy
Act (“McMahon Act”), it enabled the Atomic Energy Commission, the
forerunner of the DOE, to enter into contracts with nongovernmental enti-
ties to advance research supporting its mission.”” This contract is seen as a
key feature of the Lab system; while the scale and scope of the work at the
Labs may not be suitable in an industry, non-profit, or academic setting,

these sectors are seen as valuable partners in managing the Labs.

The M&O contractor, identified in Table 1.1, is responsible for hiring senior
Lab personnel, helping to establish advisory and governance boards with sci-
entific and business expertise to direct Labs, deliver the promises made in the
contract, and seek to extract greater value out of Lab personnel and resourc-
es.”? Although not without restrictions, the GOCO structure allows Labs to
bypass federal employment guidelines and the involvement of an external,
known contractor can serve as a recruitment tool to attract personnel. Over
time, as we discuss in Chapter 2, reduced competition for Lab management
contracts, as well as other management issues, have reduced the ability of the

Labs to effectively deliver on their innovation mission.

In response to criticism of “fraud, waste, and abuse” in the DOE’s manage-
ment practices through the M&O contract,” a commission recommended
that DOE more rigorously compete its M&O contracts.” This has led to
increased competitiveness in awarding the M&O contract and the emer-
gence of “consortiums” of partners, sometimes across sectors, to manage
Labs.”” Additionally, the threat of M&O competition has increased DOE
leverage in negotiations and led to greater oversight of M&O contracts; DOE
has demonstrated increasing willingness to switch operators at the end of the

contract period (usually 5 years).

71  Neal et al. (2008)
72 Interview with executive at Lab M&O contractor

73 U.S. General Accounting Office (2002). Report to the Secretary of Energy: Contract Reform—
DOE Has Made Progress, but Actions Needed to Ensure Initiatives Have Improved Results. U.S.
Government Printing Office. Available at http:/www.gao.gov/assets/240/235299.pdf (accessed
on November 27, 2015)

74  Blake, F.S. and Brinkman, W.F. et al. (2003). Competing the Management and Operations Contracts
for DOE’s National Laboratories: Report of the Blue Ribbon Commission on the Use of Competitive
Procedures for the Department of Energy Labs. U.S. Department of Energy. Available at http:/www.
breckenridgeinstitute.com/2003-SEAB-S-BLUE-RIBBON-COMM-RPT.pdf (Accessed 2/12/2015)

75 Neal et al. (2008)
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Table 1.1: Key characteristics of the National Labs in relation to the DOE energy mission

A NETL was absorbed into the Lab system as a GOGO Lab because it was originally a U.S. Department of the Interior GOGO facility. In
Congressional testimony, Ernest Moniz, the current Secretary of Energy, states that NETL remains a GOGO laboratory because it per-
forms a significant amount of federal contract management, a function which requires federal employees and not contractors.

B Shortly before publication, the management of Sandia National Lab was transferred from Lockheed Martin to National Technology and
Engineering Solutions of Sandia (NTESS), a wholly-owned subsidiary of Honeywell International. The current contract will be supported
by Northrop Grumann and Universities Research Association.
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1.6 National Lab key policy
design issues

Over the last 70 years, even as the nation’s technological needs have
evolved and the stewardship of the Labs passed from the military to the
Atomic Energy Commission (AEC) to the Energy Research and Develop-
ment Administration to the DOE, many of the unresolved tensions that
were present at the system’s inception still remain. Additionally, as the
mission of the Labs has evolved and broadened, new questions have arisen.

The next chapters of this report will address a subset of these issues.

Role in Innovation Pipeline: The Lab system was formed to address spe-
cific technology development issues. In the aftermath of World War II, it
was not clear whether “basic science” research would be within the scope
of the Labs’ mission. An AEC advisory panel advocated for a strong basic
science mission on the grounds that it would help train future scientists for
the Labs’ missions. Over time, the AEC repeatedly resisted attempts to con-
solidate basic research funding under the control of the NSF; basic research
remains a major part of the research mission for DOE and the Labs. Today,
the question remains how, and to what extent, research at the Labs should

be coordinated with the remainder of the government’s R&D budget.

Challenge/topic areas scope: In executing the DOE’s missions of security,
environmental management, science, and energy, the Labs are involved

in vast areas of science and engineering, so there is a natural question as

to the extent of appropriate challenges for the National Lab program. For
example, the DOE and Labs were the initial leaders of the Human Genome
Project and worked on it until its completion.” After the Cold War, Labs
began to rapidly diversify their work to position themselves to capture a
broader range of funding streams, with some Labs obtaining significant
portions of their funding from outside the DOE. This raises the question:
What restrictions, if any, should there be on Lab ability to pursue scientific

research?

76  Gisler, M., Sornette, D., & Woodard, R. (2010). Exuberant Innovation: The Human Genome
Project. Swiss Finance Institute Research Paper, (10-12). Available at: http://arxiv.org/ftp/arxiv/
papers/1003/1003.2882.pdf (accessed on September 7, 2015)
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Systemicity vs. Independence: Many of the Labs have overlapping mis-
sions. When considering this from a systems perspective, how prescriptive
should the DOE be in promoting the development of specific capabilities
at each Lab? Should any competitive work be awarded to any Lab? How
should the wide body of work and broad set of necessary competencies

best be divided across a Lab system that is geographically diffuse?

Relationship to DOE: 16 of the Labs are FFRDCs, are operated by
non-governmental contractors, and have a certain degree of independence
from DOE. One Lab (NETL) operates under the more restrictive GOGO
model. A key question continues to be where the Labs belong on the con-
tinuum between privatization and independent operation on one hand,
and ceding decision-making abilities at all levels to DOE on the other.
What is the correct balance that ensures both effective Lab operation and
that Lab actions advance public interests? Does it depend by mission or

technology area?

NNSA Separation: While beyond the scope of this report, Congress cre-
ated the National Nuclear Security Agency in 2000 as a semiautonomous
agency within DOE with responsibility for nuclear weapons, nonprolif-
eration, and the naval reactors program, with stewardship responsibility
for three of the National Labs. This was done largely in response to several
security incidents at NNSA Labs. However, it is far from clear that this
reorganization has improved security management—a recent report des-
ignated it as a “failure” and some have suggested that Labs focusing on
security work best be managed within the Department of Defense’s R&D
apparatus.’”’ Additionally, policymakers face questions on the future of the
significant energy work that takes place today at the NNSA Labs and how

to best balance security and non-defense R&D.

Connection to Industry: Particularly in its mission to transform the U.S.
energy system, the ultimate client for DOE and Lab work is the private sector,
which owns the vast majority of the U.S. energy infrastructure. There are a

diverse range of potential energy sector clients for DOE and Labs. National

77  Augustine, N.R., and Mies, RW., et al. (2014). A New Foundation for the Nuclear Security Enterprise:
Report of the Congressional Advisory Panel on the Governance of the Nuclear Security Enterprise.
Congressional Advisory Panel on the Governance of the Nuclear Security Enterprise. Available at
htttp://www.lasg.org/budget/NSE_Governance_Panel-Interim_Rpt.pdf (access February 22, 2015)
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policy towards Lab technology transfer activities has vacillated, but recent years
have seen a strong shift towards greater engagement with technology transfer.
This question will be a key element of our report, and one that has taken on

additional import since the start of the Trump administration.

1.6.1 Historical reviews of the Labs
(literature survey)

Major Studies

Given the centrality of the Labs to the execution of U.S. R&D policy

and the unusual circumstances of its founding, it is not surprising that
considerable effort has been expended in studying the system and its man-
agement. Indeed, a recent presentation by the Science and Technology
Policy Institute claims that a non-exhaustive review found 55 studies in the
previous 20 years.”® Prior to this, Crow and Bozeman” counted 19 “blue
ribbon” reports on the Labs from 1975-1994.

Some of the early reports can be seen as a reaction to the energy crises of
the 1970s, the formation of the DOE, and the subsequent reduced federal
prioritization of energy innovation in the 1980s (see Figure 1.1). A wave
of reports were written in the wake of the collapse of the Soviet Union and
changing U.S. security needs, prompting further debate on the future of
the Labs and consideration of legislation which would have significantly

altered the organizational structure of the Labs.

One of the most noteworthy reports in this period was the “Galvin
report’,¥ chaired by Robert Galvin, the former CEO of Motorola. Among
other conclusions, the Galvin report expressed concern that the balance
of power between DOE and Lab operators have shifted too far towards

the DOE. In particular, the panel recommended a quasi-privatization of

78 Mark Taylor, et al. “Introduction to Current & Prior Studies of the DOE Laboratories”. Science
Technology Policy Institute, July 18, 2014. Accessed on 10/25/2015: http://energy.gov/sites/prod/
files/2014/08/18/Intro%20t0%20Current%20%20Prior%20Studies%207_15_2014.pdf)

79 Crow and Bozeman (2013)

80 Galvin, R. (1995). Alternative Futures for the Department of Energy National Laboratories (The
Galvin Report). Prepared by the Secretary Of Energy Advisory Board, Task Force on Alternative
Futures for the Department of Energy National Laboratories, Department of Energy, Washington, DC.
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the Labs, modeling their operation after private, for-profit research orga-
nizations and having Lab directors report to a board appointed by the
President. Ultimately, significant changes to the M&O contracting process
did not result from the Galvin Report, although in the early 2000s, after
much criticism,* DOE began to more aggressively compete the M&O con-

tracts for Labs operation.®

The mid-1990s saw several attempts at restructuring or even closing the
Department of Energy; a Budget Resolution passed by the House of Rep-
resentatives in 1995 would have closed the Department. Various fates were
proposed for the Labs, including privatization and closure. These attempts
continued throughout the late 1990s, and found a partial resolution in the
creation of the NNSA.

1.6.2 Recent developments and the
current policy window

The last several years has seen a renewal of intense interest and a number of
major reports on the management and future of the National Laboratories. Some
of this may be attributable to the increased recognition of the role of technology
innovation as a source of national competitiveness, as well as to the maturation of
renewable energy technologies such as wind and solar power and the growth of
associated industry. These developments have renewed the question of how Labs

can best interact with the private sector to advance energy innovation.

There have been a large number of recent reports related to the structur-
ing of the NNSA and its Labs.* In a June 2013 report, an ideologically
diverse range of think tanks jointly released a report with recommenda-
tions to move the Labs towards greater autonomy and away from strict

DOE oversight, as well as simplify the process by which the Labs to execute

81 U.S. General Accounting Office (2002)
82 Blake and Brinkman, et al. (2003)

83 Augustine, N.R., and Mies, RW., et al. (2014).; National Research Council (2015). Aligning the
Governance Structure of the NNSA Laboratories to Meet 21st Century National Security Challenges.
National Academies Press; Secretary of Energy Advisory Board (2015). Interim Report of the Task
Force on Nuclear Nonproliferation (Washington, DC: DOE, 2014); NRC, Peer Review and Design
Competition in the NNSA National Security Laboratories (forthcoming).
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technology transfer agreements with the private sector.®* The same year
saw the release of a report commissioned by Congress and written by
the National Academy of Public Administration that examined oversight

mechanisms and recommended less intrusive forms of oversight.*

Legislation related to the National Labs continues to be considered by the
Congress, and several changes have been passed into law as part of larger
annual appropriations bills. The Consolidated Appropriations Act of 2014
required the creation of an independent panel charged with answering a
broad set of questions regarding the function, future, management, and
size of the Labs system.* The panel, the Commission to Review the Effec-
tiveness of the National Energy Laboratories (CRENEL) delivered a final
report in October 2015.%

The DOE has not been passive during this time. In the second term of the
Obama administration, under Secretary Ernest Moniz, Lab management
issues became a major focus. Some key developments led by DOE during

this time frame include:

« Commissioning a report from the Secretary of Energy’s Advisory
Board (SEAB) Task Force on the National Laboratories. The Task
Force released a draft final report in March 2015 proposing a series
of experiments in key areas related to management, including
M&O contracting, creating value for the private sector using
technology transfer, and Laboratory Directed Research and Devel-

opment, with the aim of improving management at the Labs.

o Combining the leadership of the Office of Science with the leadership
of the applied energy offices—until 2013, the Office of Science and

84  Stepp, M., Pool, S., Loris, N., & Spencer, J. (2013). Turning the Page: Reimagining the National Labs
in the 21st Century Innovation Economy. The Information Technology and Innovation Foundation,
The Center for American Progress, and The Heritage Foundation, Washington, DC.

85 Breul, J.D., Ink, D.A., et al. (2013). U.S. Department of Energy— Positioning DOE’s Laboratories for
the Future: A Review of DOE’s Management and Oversight of the National Laboratories. National
Academy of Public Administration.

86 Consolidated Appropriations Act of 2014, H.R. 3457, 113" Congress. (2014). Retrieved from
Congress.gov

87  Glauthier, T.J., Cohon, J.L., Augustine, N.R., Austin, W.M., Elachi, C., et al. (2015). Securing America’s
Future: Realizing the Potential of the DOE National Laboratories. Final Report of the Commission to
Review the Effectiveness of the National Energy Laboratories (CRENEL). Volume 1: Executive Report.
U.S. Department of Energy. Available at: http://energy.gov/labcommission/downloads/draft-final-
report-commission-review-effectiveness-national-energy (Accessed November 27, 2015)
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its Labs ultimately reported to the Under Secretary for Science, while
the applied energy offices and their Labs have reported to the Under
Secretary [for Energy]. A recent reorganization has consolidated
these two roles, an important development allowing the integration
of multiple stages of the research and development pipeline.* There
has been some indication that the Trump administration would undo

this change,* although that had not occurred by time of publication.

« The creation of an Under Secretary for Performance and Man-
agement, responsible for the Laboratory Operations Board and

creating more uniform policies for Lab management.”

o The creation and prominent role of a National Laboratory Policy

Council, reporting directly to the Secretary of Energy.” *

o The creation of a pilot Lab Technology Innovation Corps at six Labs to

train Lab researchers how to successfully commercialize technologies.”

« Funding the Office of Technology Transitions, which will centralize

technology transfer policy at the Department of Energy.*

« InFY 2016, DOE requested, for the first time, funding for six
coordinated, crosscutting initiatives. The areas of focus were grid

modernization, subsurface technology and engineering, supercritical
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Malakoff, D (2014, December 4). “U.S. Senate approves new DOE science undersecretary”, Science.
Retrieved from http:/news.sciencemag.org/people-events/2014/12/u-s-senate-approves-new-
doe-science-undersecretary

Bravender, Robin (2017, January 31). “Trump team overhauls Obama-era energy shop”, Greenwire.
Retrieved from: https://www.eenews.net/greenwire/stories/1060049294

Dixon, D (2013, July 22). “Moniz to reshape Energy leadership", Politico. Retrieved from: http:/www.
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carbon dioxide technology, the energy-water nexus, exascale com-

puting, and cybersecurity. A total of $1.2 billion was requested.”

o DOE has responded to the CRENEL report and offered specific

actions it will take in response.*

As this report was being edited in the early days of the Trump administra-
tion, it seemed likely that considerable restructuring of DOE and the Labs

could occur, but few concrete organizational changes had occurred.

1.7 Role of this report

Given the volume of historical and ongoing activity around National Lab
policy, it would be natural to be skeptical of the marginal benefit of any
particular report. Indeed, the lack of impact from major efforts in this
area has been a major cause for pessimism in our conversations during the

course of research for this report.

We have chosen to write this report because the existing literature does not
consider the Labs within the framework of energy innovation. We focus
specifically on the Labs’ energy innovation mission, and see issues of Lab
management policy and technology transfer engagement as important
elements in the design of energy innovation organizations. As researchers
steeped in the academic literature in energy policy and innovation systems,
we bring a different perspective when compared to other Lab reports. We
use our understanding of energy innovation systems as well as policy anal-
ysis and evaluation, to build upon quantitative analysis, interviews, and the
experience of the authors to make specific recommendations for improving

management and technology transfer effectiveness at the Labs.

95 Department of Energy (2015). Department of Energy FY 2016 Congressional Budget Request:
Budget in Brief. Accessed March 14, 2016. Available at: http://energy.gov/sites/prod/
files/2015/02/f19/FY2016BudgetinBrief.pdf

96 Department of Energy (2016). Departmental Response to the Final Report of the Commission to
Review the

Effectiveness of the National Energy Laboratories. Accessed March 14, 2016. Available at: http://energy.
gov/sites/prod/files/2016/02/f29/CRENEL%20Response%20-%20FINAL%20COMBINED_O.pdf
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2. National Laboratory
Management and Culture

2.1 Introduction

In Chapter 1, we placed recent and ongoing reviews of the National Lab
system within the broader context of energy innovation policy as well as
the historical and political forces that have shaped the Labs. In this chapter,
we discuss key areas of concern around management and culture at the

Labs and recommend concrete steps for improvement.

A vast number of reports over several decades have put forth recom-
mended reforms for the Lab system. Many of the recommendation sets
overlap and, some argue, have not had a significant collective impact. This
chapter builds upon the experiences and research of the authors to advance
a single thesis upon which our recommendations are predicated: To the
greatest extent possible, control over research agendas should be close
to scientists and research managers conducting and managing front-
line research at the Labs. This will require building a sense of trust and
organizing funding decisions in a way that reflects significant buy-in from
the Lab scientific community, with the ultimate end of devolving signifi-
cant decision-making authority to the Labs. Additionally, rather than rely
on qualitative efforts such as interviews, experience, and surveys, we have
used quantitative data and existing results in peer-reviewed, academic liter-

ature to support our recommendations.

In Section 2.2, we discuss several issues related to the intersection of
research culture and management at the Labs. We discuss the merits of the
GOCO model and contractor operation, Laboratory Directed Research
and Development funds (LDRD), and the future of the Lab/DOE/
Congress/Contractor relationship. In Section 2.3, we identify and discuss
the structure of the Department of Energy’s Lab management organization.
Later, in Chapter 4, we offer recommendations specifically tailored to
address the issues we identify here. In our view, much of the history of the

Lab-DOE relationship is driven by the struggle over the decision-making
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role and appropriate degree of delegation to scientific organizations. In the

latest round of discussion over the Labs’ future, this has not changed.

2.2 Management issues

Both the CRENEL and SEAB Task Force reports cited a “breakdown

in trust” between the DOE and the Labs, which has led to increasing

DOE regulation of the Labs.”” The Galvin report identified excessive
Congressional oversight as a major force driving high overhead costs at the
Labs and DOE and a contributing factor towards the erosion of the DOE-
Lab relationship. Collectively, this dynamic has a broad range of negative

consequences for the effective operation of the Labs.

A breakdown in trust places constraints on the ability of the Labs to imple-
ment changes and programs, for fear of jeopardizing contract renewals.
Additionally, the increasingly prescriptive management resulting from
mistrust between Congress, DOE, the Labs, and the broader industrial and
scientific community has reduced the ability and desire of organizations,
particularly private corporations, to play a role at the Labs through either

collaborative projects or by serving as Lab operators.*®

Addressing this reality requires a multi-faceted approach, as it is not clear
how to directly implement a recommendation of “increasing trust”. Rather
than focus directly on more nebulous, cultural and trust building mea-
sures, we offer several examples of how decreased trust manifests itself

in reduced Lab effectiveness. Addressing these points will signal a shift
towards a more productive alignment between contractors, the Labs, DOE,

and Congress.

97  Cohon, et al. (2015) and SEAB (2015)

98 Madia, W. (2014). Stanford’s input to the Commission to Review the Effectiveness of the National
Energy Laboratories. (Presentation to the Commission to Review the Effectiveness of the National
Laboratories in Washington D.C. on its Meeting of October 6, 2014). Available at: http:/energy.
gov/sites/prod/files/2014/10/f18/Stanford%E2%80%995%20input%20t0%20the %20
Commission%20t0%20Review%20the%20Effectiveness%200f%20the%20National%20
Energy%?20Laboratories.pdf

The Department of Energy National Laboratories:

Organizational design and management strategies to improve federal energy innovation and technology transfer to the private sector



2.2.1 National Lab operating model

The plethora of recent reports on the National Lab system, of which we cite
just a small subset,” ' 1! js a clear indication of the widespread sentiment
that major reforms are necessary at the Labs. However, some proposed
reforms would be destructive to the Lab system. In the mid-to-late 1990s,
in the wake of the end of the Cold War, a variety of proposals were floated
to privatize, consolidate, and/or close some Labs, some of which gained

traction in Congress.'*”

Moving the Labs to the private sector or consolidating them may result in
negative consequences. The Labs, even performing at less than optimal effi-
ciency, fill an important role within the U.S. National Innovation System,
executing a significant portion of federal R&D and maintaining important
user facilities.'” If the Labs, as a system, were to be downsized, it would
likely reduce the overall Federal spending on R&D, particularly critical
energy-related R&D. Similarly, if the Labs were to be privatized, the system
could evolve to one where long-term, high-risk research is disincentivized
in favor of more short-term horizon, incremental research. In the last few
years, federal investment in energy technology research and development
has been at its highest point since the formation of DOE,'* even as private

sector research in the energy industry has remained low.'”

As discussed in Chapter 1, there are multiple models for the operation of
federal laboratories; in many cases, the particular management structure
used follows from the intended functionality of the laboratory.'* The Labs
were intentionally designed to carry out missions directed by the federal

government while devolving key cultural elements and decision-making

99 Cohon, et al. (2015)

100 SEAB (2015). Report of the Secretary of Energy Task Force on DOE National Laboratories. (Draft
Report of the Secretary of Energy Advisory Board, U.S. Department of Energy, March 2015).
Department of Energy.

101 Breul, et al. (2013)

102 Boesman, W.C. (2000). RL30588: Restructuring DOE and Its Laboratories: Issues in the 106th
Congress.” U.S. Congressional Research Service. Available at http://fas.org/spp/starwars/crs/
agency-29.htm (accessed on May 5, 2015)

103 See Cohon et al. (2015)

104 Gallagher and Anadon (2015)
105 Nemet and Kammen (2007)
106 Crow and Bozeman (1998)
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capabilities to technical leadership,'”” a key characteristic for successful

technical organizations.'®®

While the GOCO model remains in place in 16 out of 17 National Labora-
tories, some have suggested that the current operation of the Lab complex
may more closely reflect the GOGO, or civil service institute, model than
has been historically the case.'” Frustration with the rigid management

of the Labs led to the recommendation by the 1995 Galvin report that the
Labs should be “de-federalized” to the greatest extent possible.'"® Contem-
porary observers have indicated that while the Labs technically remain
GOCO, their management model evolved to become much closer to that of

a civil service institute.!!!

2.2.2 Choice of management and
operations (M&O) contractor

As explained in Chapter 1, the GOCO model emerged from the need to
bring in contractors (primarily private companies and large universities)
with expertise in managing complex R&D projects and with a research
profile attractive to prospective scientists. Entities that are or have been
DOE contractors in the past include industrial firms such as DuPont,
Union Carbide, and AT&T and universities such as University of Califor-
nia, University of Chicago, and University of Tennessee. In the last several
decades, a number of Labs have been managed by non-profit organizations
such as the Battelle Memorial Institute, or a consortium of multiple part-
ners, often coming from different sectors (e.g., University of California /

Bechtel at Los Alamos and Battelle / University of Tennessee at Oak Ridge).

107 Westwick (2003)

108 Narayanamurti, V., Anadon, L. D., & Sagar, A. (2009). Transforming energy innovation. Issues in
Science and Technology, National Academies, 26(1), 57-64.

109 Madia (2014)

110 Secretary Of Energy Advisory Board (1995). Alternative Futures for the Department of Energy
National Laboratories. U.S. Department of Energy

111 Narayanamurti, V., Anadon, L. D., & Sagar, A. D. (2009). Institutions for energy innovation: a
transformational challenge. Energy Technology Innovation Policy research Group, Belfer Center for
Science and International Affairs, Harvard Kennedy School, USA. Available at: http://belfercenter.
ksg.harvard.edu/files/Institutions-for-Energy-Innovation-A-Transformational-Challenge.pdf
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The original model for private sector collaboration was a no-fee/no-liabil-
ity agreement with the private contractor.'> Companies often committed
to this arrangement out of a sense of duty to contribute to the national
interest. For example, DuPont’s involvement with the Savannah River Site
(which today encompasses the Savannah River National Laboratory) began
with a request directly from President Truman to the CEO of DuPont.'”?
Similarly, AT&T’s management of Sandia National Lab was considered

vital at both the highest levels of the company and the U.S. government.'"*

A Lab executive recently argued that corporations have been losing
interest in serving as Lab managing contractors over the last several
decades as stronger regulations, tight oversight, and increased liability have

heightened the drawbacks of serving as a Lab contractor.'®

In the past two decades, management of both the Idaho National Lab, a
large applied energy Lab, and Oak Ridge National Lab, a multi-mission
Lab, has moved from the private sector, where it had been since each Lab’s
inception, to the nonprofit and academic sectors. Only one Lab with signit-
icant energy-related activities remains under the management of a single
industrial firm (as opposed to a consortium): Sandia National Lab is man-
aged by National Technology and Engineering Solutions of Sandia
(NTESS), a wholly-owned subsidiary of the Honeywell International. Until
May 2017, Sandia was managed by the Sandia National Corporation, a
wholly-owned subsidiary of the Lockheed Martin Corporation. An inter-
viewee affiliated with Sandia stated that Lockheed Martin’s motivations for
operating Sandia were an ethos of national service and the prestige of oper-

ating the Lab."'¢ ''7 Over the past ten years, industrial firms have joined

112 SEAB Task Force (2015).

113 E.I. du Pont de Nemours & Company (1990). History of Dupont at the Savannah River Site. E.I. du
Pont de Nemours and Co.

114 Gertner, J. (2012). The Idea Factory. Recorded Books.
115 Madia (2014)
116 Interview with Sandia government relations official

117 The strong investment Lockheed Martin has in operating Sandia is reflected its aggressive
attempts to renew its contract with DOE, which have attracted the attention of the DOE Inspector
General;

DOE Inspector General (2014). Special Inquiry: Alleged Attempts by Sandia National Laboratories
to Influence Congress and Federal Officials on a Contract Extension. U.S. Department of Energy.
Available at http://energy.gov/sites/prod/files/2014/11/f19/1G-0927.pdf (accessed on 5/5/2015)
and resulted in a $4.7 million settlement with the Department of Justice (http://www.justice.gov/
opa/pr/sandia-corporation-agrees-pay-47-million-resolve-allegations-related-lobbying-activities,
accessed 9/19/2015)
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consortiums at the other two NNSA Labs (Los Alamos and Livermore), a
nod to the expertise that private companies can bring to the immense scale
of the NNSA Labs (the 3 NNSA Labs represent just under half of DOE’s
Lab budget). However, some have pointed at the large contracting fee DOE
pays contractors at NNSA Labs (about $60 million annually)'*® and the
move to a corporate contractor has generated some criticisms within the

scientific establishment of these organizations.'"”

100% -
80% -
60% -
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20% -
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1975 1985 1995 2005 2013

H Nonprofit ®Industrial ™ Academic ™ Nonprofit/Academic M Industry/Academic

Figure 2.1: The evolution of National Lab M&O Contractors: This figure illustrates the
proportion of the Lab research budget controlled by M&O contractors classified as industrial,
academic, nonprofit, or consortium. For the records before 2005, we used data from the NSF
Survey of Federal Funds. For the 2005 and 2013 years, we used Lab level budgets from the DOE
Lab Tables. In the early years of the Lab system, Labs were run by universities or large industrial
firms. Since the mid-1970s, nonprofit firms have managed an increasing proportion of Lab budget,
whereas non-consortium industry and academic partners have shrunk considerably. Source: NSF
Survey of Federal Funds for Research and Development (1975-1995) and DOE Laboratory Tables
(2005-2015)

The shift of the Los Alamos and Livermore contracts from university
managed to a consortium model with joint academic/private manage-
ment raises the question of why private management no longer exists at
the applied energy (NREL, INL) and multi-mission (ORNL, ANL, LBNL,
PNNL) Labs.'? In particular, the topic of whether the Labs may benefit

118 United States Government Accountability Office (2013). National Nuclear Security Administration:
Laboratories’ Indirect Cost Management Has Improved, but Additional Opportunities Exist. GAO.
Available at: http://www.gao.gov/assets/660/655651.pdf

119 Committee to Review the Quality of the Management and of the Science and Engineering Research
at the Department of Energy s National Security Laboratories (2013). Quality of Science and
Engineering at the NNSA Laboratories. National Research Council.

120 An academia-industry consortium is in place at the Thomas Jefferson National Accelerator Facility,
a single purpose National Lab facility.
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from the greater operational and market expertise of the private sector—or
if industrial leadership can be detrimental to Lab operation—has not been

well addressed in the literature.

On the one hand, there may be concerns that private interests do not

line up with the broader societal mission of the Lab system, a gap that

has grown over time as corporations have increasingly tended towards
shorter planning horizons.'*! '** Additionally, there are multiple potential
conflicts of interest for private entities managing public research dollars,
giving deserved pause to consideration of such an arrangement. Moreover,
a partial analysis of patents and licensing in the Lab system did not find a
significant differentiation between Labs operated by different types of con-

tractors.!? 124

The argument for considering a more prominent role for industrial firms

is the presumption that they can bring greater skill in managing large,
research-intensive enterprises such as the Labs. A survey found that indus-
trial Labs were able to hire and fire personnel, informally circulate research
results, and publish research on timetables considerably shorter than gov-
ernment or academic labs."” When examining the Labs through the lens
of technology transfer, which by definition requires a conduit between the
Labs and the private sector, private sector management may be an effective

channel for improving performance.

Interviews with senior Lab officials have reinforced the idea that
long-standing contractors create a culture at the Labs. Labs with a long
history of private sector management have helped to create a culture
more amenable to collaborating with the private sector and generating

commercializable outcomes. By contrast, Labs with a history of academic

121  MIT Committee to Evaluate the Innovation Deficit (2015). The Future Postponed: Why Declining
Investment in Basic Research Threatens a U.S. Innovation Deficit. Massachusetts Institute of
Technology.

122 Myhrvold, Nathan (2016). “Basic Science Can't Survive without Government Funding”. Scientific
American. Available at: http://www.scientificamerican.com/article/basic-science-can-t-survive-
without-government-funding/ (accessed 1/25/2016)

123 Chan, G. (2014), “The Commercialization of Publicly Funded Science: How Licensing Federal
Laboratory Inventions Affects Knowledge Spillovers (Draft)”, accessed at: http:/isites.harvard.
edu/fs/docs/icb.topic1459278 files/CHAN-Gabriel_11-21-14_JMP%20-%20National%20Lab%?20
Patent%?20Licensing.pdf on 5/5/2015

124 Lab-level technology transfer statistics were provided by a former DOE employee.

125 Crow et al. (1998)
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management tend to emphasize “fundamental” science and have less
emphasis on early stage technology research and development. It should be
noted that a Lab culture can take decades to create, and is not as simple as

putting a contractor with the desired competencies in place.

A recent study of University of California research outcomes showed that
privately-funded projects at the university led to more patent citations,
licensing, and knowledge spillovers than federally-funded research.'*
Within the National Lab system, the Lockheed Corporation instituted an
aggressive and successful approach towards spinning out lab technologies
in the mid-1990s when it operated what is now the Idaho National

Laboratory.'*’

The effort strongly leveraged Lockheed and their partners’
knowledge and connections within the private sector ecosystem. Though
this effort was largely seen as successful, Lockheed was removed as the
operator of the Lab after 5 years for unrelated reasons.'* Lockheed utilized
a scaled down version of this approach at the Technology Ventures
Corporation associated with Sandia National Lab. While support for

spinofts is not unique to industry-operated labs,'*

recognizing and
realizing market value is a function that caters well to the particular

strengths of industrial companies.

While some Lab operators have been in place for the duration of the
National Lab system (University of Chicago at Argonne, Iowa State Uni-
versity at Ames, and University of California at Lawrence Berkeley), the
instability of industrial contractors can be seen in the short average tenure
of industrial operators visualized in Figure 2.2. Their shorter tenure is evi-
dence of obstacles faced by industrial firms in securing and maintaining
M&O contracts. If absorbing a culture from a contractor takes decades, the
continual churn amongst industrial Lab partners points to a reality that
DOE Labs have not been able to sustain relationships with the sort of con-

tractors who might better promote a technology transfer mission.

126 Wright, B.D., Drivas, K., Lei, Z, and Merill, S.A. (2014). Technology transfer: Industry-funded
academic inventions boost innovation. Nature 19 (March 2014). Retrieved from http:/www.nature.
com/news/technology-transfer-industry-funded-academic-inventions-boost-innovation-1.14874

127 Jaffe, A.B. and Lerner, J.. Reinventing public R&D: Patent policy and the commercialization of
national laboratory technologies. Rand Journal of Economics, 167-198. (2001)

128 Ibid.

129 Examples include Cyclotron Road, a technology incubator hosted at Lawrence Berkeley National
Lab.
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Figure 2.2: Average tenure type by type of Lab operator (1940—2015): Average tenure type
by type of Lab operator (1940—2015). Consortium and nonprofit operators tend to maintain M&O
contracts longer than industrial firms. The figure actually understates the effect, as consortiums
and nonprofit operators have only been used in the last few decades, while academic institutions
and industrial operators have been contractors since the Lab system started.

2.2.3 Laboratory directed research and
development (LDRD) at the Labs

As mentioned in Chapter 1, LDRD is a funding stream within each Lab (as
of FY2015, all 16 GOCO Labs have an LDRD program) that is managed
by the Labs instead of being centrally-directed by DOE. While the details
of LDRD fund disbursement differ from Lab to Lab, the general method-
ology is that the Lab directorate publishes a call for proposals within some
general guidelines. For example, LBNL asks for LDRD submissions aligned
either with major areas of Lab focus, or specific strategic initiatives.'*
Scientists submit proposals which are competitively reviewed. Selected
projects are funded for a limited time and budget.”** The proposals are
generally small-scale (well under a million dollars, often just tens of thou-

sands) and are reported in great detail to the DOE for an annual review

130 Lawrence Berkeley National Laboratory LDRD Program (2015a). Call for Proposals: FY 2016
Laboratory Directed Research and Development (LDRD) Program. Lawrence Berkeley National
Laboratory. Available at: http://www2.Ibl.gov/DIR/LDRD/assets/docs/FY16_LDRD_Call_for_
Proposals.pdf (Accessed November 27, 2015).

131 Lawrence Berkeley National Laboratory LDRD Program (2015b). Lawrence Berkeley National
Laboratory LDRD Program. Lawrence Berkeley National Laboratory. Available at http:/www2.1bl.
gov/DIR/assets/docs/LDRD_Guidelines_10-09-c.pdf (accessed November 27, 2015)
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to ensure that these “investments reflect highly innovative and the highest
quality research projects.”

132 and

Projects funded by LDRD have led concretely to many advances
enabled a Noble Prize-winning research effort.!”> Some have argued that
giving more discretion to Laboratory directors and scientists in setting
research direction will ensure better long term evolution of research prior-
ities.”** Research has shown that discretionary funds at federal laboratories,
such as LDRD, have considerable potential to increase effective engage-
ment with industry if they are deployed to build portfolios of collaborative
activity. Discretionary funds are a particularly important policy tool
because the diversity in federal lab skillsets and relevance to industry mis-

sions makes it difficult to craft across-the-board policy options.'*

We studied whether LDRD funds are more effective than funds allocated
through the typical DOE process by examining technology transfer metrics
reported by DOE. Our analysis demonstrates that LDRD projects are
considerably more effective in creating new intellectual property when

compared to Lab funding as a whole.

132 U.S. Department of Energy (2011, June). LDRD Highlights. Department of Energy. Available at
http://science.energy.gov/~/media/Ip/pdf/laboratory-directed-research-and-development/
impact/brochures/DOE_LDRD_Brochure_June-28_FINAL.pdf (accessed November 27, 2015)

133 Bashor, J (2011, October 4). Nobel Laureate a Computational Cosmology Pioneer [Press
release]. Lawrence Berkeley National Laboratory. Available at http:/www.crd.lbl.gov/news-and-
publications/news/2011/nobel-laureate/ (accessed on November 27, 2015).

134 Committee o