
Science, the Endless Frontier 
Revisited… 



1950s and 1960s 
l  During the years following the Great Depression and 

World War II, the United States launched a massive 
effort to invest heavily in both education and research.  
l  The G.I. Bill (Serviceman’s Readjustment Act) 
l  Truman Commission 
l  California Master Plan 
l  Vannevar Bush: Science, the Endless Frontier 





Science, the Endless Frontier





Key Elements of  
Science the Endless Frontier  
l  The importance of government support of research 
l  The government-university-industry partnership 
l  The practice of federal support of competitive, peer-

reviewed grants, and a framework for contractual 
relationships between universities and government 
sponsors. 

l  The support of investigators to engage in research of 
their own choosing in the hope that significant benefits 
would accrue to American society in the forms of military 
security, public health, and economic prosperity.  













Science, the Endless Frontier 

1945:  Science, the Endless Frontier, Vannevar Bush 

1950: National Science Foundation Act 

 The National Science Foundation 

 The National Science Board 

1950s --> 

 The government-university-industry partnership 

 The evolution of the “research university” 
 Growth in the R&D budgets of mission agencies 











Examples of Early Impact 
of U.S. Science Policy 















A New Century Has Brought 
New Worries 



The Context 

l  Demographics, globalization, technological 
change 

l  Global, knowledge-driven economy 
l  Out-sourcing, off-shoring, inadequate 

diversity 
l  Importance of technological innovation to 

economic competitiveness and national 
security 





Another concern… 
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The Media: A Gathering Storm 
l  William Broad: “The US has started to lose its worldwide 

dominance in critical areas of science and innovation. 
Europe and Asia are making large investments in 
physical science and engineering research, while the US 
has been obsessed with biomedical research to the 
neglect of other areas.” 

l  Tom Friedman: “The US is not graduating the volume of 
scientists and engineers, we do not have a lock on the 
new ideas, and we are either flat-lining or cutting back 
our investments in physical science and engineering. We 
are losing our competitive edge vis-à-vis China, India, 
and other Asian tigers.” 



NAE Committee 

Assessing the Capacity of the U.S. 
Engineering Research Enterprise 





Charge 

To conduct a "fast-track" evaluation of  
l  1) the past and potential impact of the U.S. 

engineering research enterprise on the 
nation's economy, quality of life, security, and 
global leadership; and  

l  2) the adequacy of public and private 
investment to sustain U.S. preeminence in 
basic engineering research. 



NAE Committee 

l  James J. Duderstadt 
l  Erich Bloch 
l  Ray M. Bowen 
l  Barry Horowitz 
l  Lee L. Huntsman 
l  James Johnson 
l  Kristina M. Johnson 
l  Linda Katehi 

l  David C. Mowery 
l  Cherry A. Murray 
l  Malcolm R. O'Neill 
l  George Scalise 
l  Ernie Smerdon 
l  Robert F. Sproull 
l  David Wormley 
l  Proctor P. Reid 



Recommendations 

l  Balancing Federal R&D Portfolio 
l  Re-establishing Basic Engineering Research 

As A Priority of Industry 
l  Strengthening Linkages Between Industry 

and Research Universities 
l  Human Capital 
l  Discovery-Innovation Institutes 



U.S. Leadership in Innovation 
will Require Changes 

l  In the way research is prioritized, funded, and 
conducted. 

l  In the education of engineers and scientists. 
l  In policies and legal structures such as 

intellectual property. 
l  In strategies to maximize contributions from 

institutions (universities, CR&D, federal 
agencies, national laboratories) 





Discovery Innovation Institutes 

To address the challenge of maintaining the nation’s 
leadership in technological innovation, the committee 
is convinced that a bold, transformative initiative is 
required. To this end, we recommend the 
establishment of multidisciplinary Discovery-Innovation 
Institutes on university campuses  designed to perform 
the engineering research that links fundamental 
scientific discovery with the technological innovation to 
create the products, processes, and services needed 
by society.





Discovery-Innovation Institutes 

l  Like corporate R&D laboratories, they would link 
fundamental discoveries with the engineering research 
necessary to yield innovative products, services, and 
systems, but while also educating the next generation 
technical workforce. 

l  Like academic medical centers they would bring 
together research, education, and practice. 

l  Like agricultural experiment stations and cooperative 
extension services (the “Land Grant” paradigms), they 
would be responsive to societal priorities and closely 
coupled to the marketplace. 







New wine from old bottles… 
l  The proposed network of regional energy discovery-

innovation institutes is remarkably similarly to the 
“agricultural and mechanics” experiment stations 
established by the Hatch Act of 1887, both in spirit and in 
structure. 

l  These would involve a partnership among research 
universities, business and industry, entrepreneurs and 
investors, and federal, state, and local government. 

l  The energy discovery-innovation institutes would conduct the 
research, development, and commercialization of new 
energy technologies necessary to build a sustainable 
national energy infrastructure for the 21st century while 
stimulating strong regional economic growth and job 
creation. 



In summary 

l  DIIs would be engines of innovation that 
would transform institutions, policy, and 
culture and enable our nation to solve critical 
problems and maintain leadership in a global, 
knowledge-driven society. 

l  The DII proposal is designed to illustrate the 
bold character and significant funding level 
we believe are necessary to secure the 
nation's leadership in technological 
innovation. 



The Brookings  
Next Energy Project 









DOE SEAB Study 
l  "America cannot retain its freedom, way of life, or 

standard of living in the 21st century without secure, 
sustainable, clean, and affordable sources of energy. 

l  America can meet its energy needs if and only if the 
nation commits to a strong and sustained investment in 
research, and if we translate advancing scientific 
knowledge into practice. 

l  The nation must embark on a major research initiative to 
address the grand challenge associated with the 
production, storage, distribution, and conservation of 
energy as an urgent national priority." 



Existing R&D paradigms are not 
up to the task… 
l  DOE SAEB Study: "DOE has a historically poor 

reputation as badly managed, excessively fragmented, 
and politically unresponsive". 

l  "The organizational separation of DOE's basic and 
applied energy research programs makes the migration 
of basic research findings to applied research solutions 
difficult and undisciplined." 

l  DOE is characterized by stovepipe organizations that are 
all too frequently risk-adverse and parochial. 

l  DOE labs lack broader expertise in nontechnological 
issues (legal, business, public policy, social sciences, 
education) 



So what have we done thus far? 
l  Over the past two decades, energy research has actually 

been sharply curtailed by the federal government (75% 
decrease), the electrical utility industry (50%), and the 
domestic automobile industry (50%). 

l  Today the federal government effort in energy R&D is 
less than 20% of its level during the 1980s. 

l  Despite the fact that a major increase in energy research 
was intended to be a major component of both the 
America Innovation Initiative and the America 
COMPETES Act, this has largely been ignored by the 
current administration. 







6x gap 



How much energy R&D? 

l  Federal R&D efforts 
l  NASA: $12 B/y 
l  NIH: $31 B/y 
l  DOD: $84 B/y 
l  DOE energy: $2 B/y 

l  Sector size 
l  Health care: $2.3 trillion 
l  Defense: $0.7 trillion 
l  Energy: $1.4 trillion 



How much energy R&D? 

l  Federal R&D efforts 
l  NASA: $12 B/y 
l  NIH: $31 B/y 
l  DOD: $84 B/y 
l  DOE energy: $2 B/y 

l  Sector size 
l  Health care: $2.3 trillion 
l  Defense: $0.7 trillion 
l  Energy: $1.4 trillion 

l  These comparisons suggest federal energy R&D should be in the 
range of $30 to $40 billion/year, at least an order of magnitude 
higher than current levels of federal investment! 



The scale of the energy challenge 
l  Growing global energy demand will require over $16 

trillion in capital investments over next two decades. 
l  To meet the projected growth in electricity demand, the 

world will need to bring online a new 1,000 Mwe 
powerplant every day. 

l  Clearly this requires a federal R&D effort comparable in 
scale to the Manhattan Project or the Apollo program. 



The scale of the energy challenge 
l  Growing global energy demand will require over $16 

trillion in capital investments over next two decades. 
l  To meet the projected growth in electricity demand, the 

world will need to bring online a new 1,000 Mwe 
powerplant every day. 

l  Clearly this requires a federal R&D effort comparable in 
scale to the Manhattan Project or the Apollo program. 

l  But this is quite different from putting a man on the 
moon! Rather it involves building an entirely new 
economic sector focused on sustainable energy 
technologies. 



New paradigms are required 
l  Appropriate to respond to the urgency, scale, and 

complexity of the energy challenge. 
l  Highly multidisciplinary, extending beyond technology 
l  Highly innovative commercialization approaches capable 

of rapid deployment into the marketplace 
l  Intimate partnerships among multiple players–federal 

agencies and labs, research universities, established 
industry, entrepreneurs, and the investment community. 

l  A new research culture based on nonlinear flow and 
activity among a scientific discovery, technological 
innovation,entrepreneurial business development, and 
legal, social and political imperatives. 







The “Next Energy” Plan 
l  Brookings Institution ("Blueprint for American Prosperity") 
l  Big 10, Pac 10, (plus U. Colorado, U. New Mexico) 
l  Co-chairs: Gordon Gee (OSU); Michael Crow (ASU) 
l  VPRs: UM, OSU, UW, UI, ASU, CU, UCLA, UW 
l  Drafting Team (JJD chair): 

l  Big 10: Energy faculty (UM, UW, UI, OSU, MSU,…) 
l  Pac 10: VPs-Research (ASU,UW,UCLA,CU,UCSD) 
l  Vetting by industry, DOE labs, federal policy 

wonks… 
l  Target Date for Brookings rollout: early December 2008! 



The Proposal 
l  A National Energy Research Network: 
l  Create a highly coordinated national network of 

discovery-innovation institutes focused on energy 
research. 

l  Each located adjacent to a major research university. 
l  Organized into clusters addressing the particular 

challenges faced by various regions of the nation. 



More specifically 
l  Each discovery-innovation institute would be created as 

a Federal R&D Center with core support from multiple 
federal agencies growing to $200 M/y. 

l  With additional support from state governments, industry, 
investment community, foundation, and university 
sources. 

l  Organized into regional clusters managed by a university 
consortium with strong participation from the private 
sector. 

l  And highly integrated using rapidly evolving 
cyberinfrastructure and virtual organizational structures 
(similar to the Blue Waters petascale effort). 



Energy Discovery- 
Innovation Institutes 





Regional characteristics 
l  Great Lakes: Energy-intensive economy (manufacturing, 

agriculture, transportation); large urban populations; few 
national laboratories; major research universities 

l  Mountain West: fragile ecosystems; highly dispersed 
populations; significant primary energy sources; strong 
potential for solar and wind energy; numerous national 
laboratories 

l  Northeast, Southeast, Midwest, … 





NREN: A response to the energy 
challenges of the 21st Century. 

l  The proposed National Energy Research Network of 
regional energy discovery-innovation institutes is 
remarkably similarly to experiment stations established 
by the Hatch Act of 1887, both in spirit and in structure. 

l  These would involve a partnership among research 
universities, business and industry, entrepreneurs and 
investors, and federal, state, and local government. 

l  The energy discovery-innovation institutes would conduct 
the research, development, and commercialization of 
new energy technologies necessary to build a 
sustainable national energy infrastructure for the 21st 
century while stimulating strong regional economic 
growth and job creation. 



The “Next Energy” Plan 
l  Brookings Institution ("Blueprint for American Prosperity") 
l  Big 10, Pac 10, (plus U. Colorado, U. New Mexico) 
l  Co-chairs: Gordon Gee (OSU); Michael Crow (ASU) 
l  VPRs: UM, OSU, UW, UI, ASU, CU, UCLA, UW 
l  Drafting Team (JJD chair): 

l  Big 10: Energy faculty (UM, UW, UI, OSU, MSU,…) 
l  Pac 10: VPs-Research (ASU,UW,UCLA,CU,UCSD) 
l  Vetting by industry, DOE labs, federal policy 

wonks… 
l  Obama transition team 

l  Rollout: National Press Club, February 9 



Another Opportunity (2008) 
l  A New Administration 

l  Obama Science Team 
l  John Holdren, Kei Koizumi, Tom Kalil 
l  Steve Chu, Kristina Johnson, Steve Koonin 
l  Carol Browner 

l  Meetings: Koizumi, Chu, Kalil, … 
l  Congress 

l  Bart Gordon 
l  Henry Waxman (replaced Dingell), Markey 







Followup 
l  Administration 

l  Obama Science Team 
l  John Holdren, Kei Koizumi, Tom Kalil 
l  Steve Chu, Kristina Johnson, Steve Koonin 
l  Carol Browner 

l  Meetings: Koizumi, Chu, Kalil, … 
l  Congress 

l  Bart Gordon 
l  Henry Waxman (replaced Dingell), Markey 



























The Worries Remain… 
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The danger signs 
l  Federal policies no longer place a priority on 

university research and graduate education. 
l  In the face of economic challenges and the priorities of 

aging populations, states no longer are either capable or 
willing to support their public research universities at 
world-class levels . 

l  Business and industry have largely ceded their basic 
research to research universities but with only minimal 
corporate support. 

l  Research universities themselves have failed to achieve 
the cost efficiency and productivity enhancement in 
teaching and research required of an increasingly 
competitive world.  
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The Key Themes 
l  Revitalizing the partnership: The first four actions will 

strengthen the partnership among federal and state 
governments, business and philanthropy, and 
universities. 

l  Strengthen the institutions: The next three actions will 
streamline and improve productivity of research. 

l  Build talent: The final three actions will strengthen 
educational opportunity at the K-12, undergraduate, and 
graduate level for the best students, both American and 
from around the world. 



Early National Academy Progress 
l  Launch of National Commission to assess impact of 

unnecessary regulation on universities 
l  Release of new study on reforming graduate and 

postdoctoral education 
l  Alignment with other efforts (e.g., American Academy of 

Arts and Science studies) 
l  Building political support for achieving and sustaining 

goals of America COMPETES Act and NIH budget 
doubling 

l  Building state-based approach to stimulating federal 
matching grants programs for faculty and facilities 

l  Reform of U.S. immigration policies (Staple Act)??? 










