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PREFACE

Recognizing that a capacity to innovate and commercialize new
high-technology products is increasingly a part of the international
competition for economic leadership, governments around the world are
taking active steps to strengthen their national innovation systems. These
steps underscore the widely held belief that the rising costs and risks
associated with new potentially high-payoff technologies, and the
growing global dispersal of technical expertise, require national R&D
programs to support new and existing high-technology firms within their
borders.

What is the impact of these initiatives for the competitive position of
the United States? In a recent report, the National Academies warned that
“this nation must prepare with great urgency to preserve its strategic and
economic security,” adding that “the United States must compete by
optimizing its knowledge-based resources, particularly in science and
technology, and by sustaining the most fertile environment for new and
revitalized industries and the well-paying jobs they bring.”'

Understanding the policies that other nations are pursuing to become
more innovative and to what effect is essential to understanding how the
nature and terms of economic competition are shifting.” U.S.
policymakers would benefit from knowing of the wide variety of

'National Academy of Sciences/National Academy of Engineering/Institute of
Medicine, Rising Above the Gathering Strom: Energizing and Employing
America for a Brighter Future, Washington, DC: The National Academies
Press, 2007.

*Kent Hughes has argued in this regard that the challenges of the 21%' century
require new strategies that take account of new technologies, new global
competitors, as well as new national priorities concerning national security and
the environment. See Kent Hughes, Building the Next American Century: The
Past and Future of American Economic Competitiveness, Washington, DC:
Woodrow Wilson Center Press, 2005, Chapter 14.

xiii
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innovation and competitiveness policies that leading nations have
adopted. In the case of China, these innovation policies are designed to
rapidly build research capacities to acquire knowledge and to transition
that knowledge to national companies as a means of supporting domestic
growth and employment and of building national strength.

The Overall Project

The global economy is characterized by increasing locational
competition to attract the resources necessary to develop leading-edge
technologies as drivers of regional and national growth. One means of
facilitating such growth and improving national competitiveness is to
improve the operation of the national innovation system. This involves
national technology development and innovation programs designed to
support research on new technologies, enhance the commercial return on
national research, and facilitate the production of globally competitive
products.

Here is the full Statement of Task for the project: Recognizing the
importance of targeted government promotional policies relative to
innovation, the Board on Science, Technology, and Economic Policy
(STEP) is studying selected foreign innovation programs and comparing
them with major U.S. programs. This analysis of Comparative
Innovation Policy, carried out under the direction of an ad hoc
Committee, includes a review of the goals, concept, structure, operation,
funding levels, and evaluation of foreign programs designed to advance
the innovation capacity of national economies and enhance their
international competitiveness.

This analysis focuses on key areas of future growth, such as
renewable energy, among others, to generate case-specific
recommendations where appropriate. The Committee will assess foreign
programs using a standard template, convene a series of meetings to
gather data from responsible officials and program managers, and
encourage a systematic dissemination of information and analysis as a
means of better understanding the transition of research into products and
of improving the operation of U.S. programs.

The Context of the Project

Since 1991 the STEP Board has undertaken a program of activities to
improve policy makers’ understanding of the interconnections among
science, technology, and economic policy and their importance to the
American economy and its international competitive position. The
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Board’s interest in comparative innovation policies derives directly from
its mandate.

This mandate has previously been reflected in STEP’s widely cited
volume, U.S. Industry in 2000, which assesses the determinants of
competitive performance in a wide range of manufacturing and service
industries, including those relating to information technology.’ The
Board also undertook a major study, chaired by Gordon Moore of Intel,
on how government-industry partnerships can support the growth and
commercialization of productivity enhancing technologies." Reflecting a
growing recognition of the importance of the surge in productivity since
1995, the Board also launched a multifaceted assessment, exploring the
sources of growth, measurement challenges, and the policy framework
required to sustain the New Economy.’

The current study on Comparative Innovation Policy builds on
STEP’s experience to bring together leading academics, public officials,
business representatives, and policy experts to better identify current
trends and challenge in U.S. and foreign innovation programs.

Project Activities

To open its analysis, the study Committee held an overview
symposium that drew together leading academics, policy analysts, and
senior policymakers from around the globe to describe their national
innovation programs and policies, outline their objectives, and highlight

*National Research Council, U.S. Industry in 2000: Studies in Competitive
Performance, David C. Mowery, ed., Washington, DC: National Academy
Press, 1999.

*This summary of a multi-volume study provides the Moore Committee’s
analysis of best practices among key U.S. public-private partnerships. See
National Research Council, Government-Industry Partnerships for the
Development of New Technologies: Summary Report, Charles W. Wessner, ed.,
Washington, DC: The National Academies Press, 2003. For a list of U.S.
partnership programs, see Christopher Coburn and Dan Berglund, Partnerships.
A Compendium of State and Federal Cooperative Programs, Columbus, OH:
Battelle Press, 1995.

*National Research Council, Enhancing Productivity Growth in the Information
Age: Measuring and Sustaining the New Economy, Dale W. Jorgenson and
Charles W. Wessner, eds., Washington, DC: The National Academies Press,
2007.
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their achievements.® Follow up symposia in Taipei and Tokyo focused on
the evolution of the Taiwanese and Japanese innovation systems over the
past decade. The Committee also convened a major conference in
Washington that identified current trends in the Indian innovation system
and highlighted the new U.S.~India innovation partnership.’” This was
soon followed by a symposium on “Synergies in Regional and National
Innovation Policies in the Global Economy” held in Flanders, Belgium.
This event reviewed European Union, national and regional innovation
policies in Flanders, a region of Belgium, with a major university and
research center with a strong commercialization record. Flanders is also
home to IMEC, one of the leading microelectronics research facilities in
the world and the flagship of Flemish technology policy. Also with
respect to Europe, the Committee examined over a series of meetings the
potential for greater U.S.-Polish cooperation in science and innovation,
with particular attention to traditional energy sources (e.g., coal) and
health. The Committee also held a major symposium that reviewed
national strategies to foster the development of science and technology
research parks around the world.® More recently, the Committee held a
symposium in Washington, DC, on U.S.-China Cooperation on Science,
Technology, and Innovation, which drew together speakers primarily
from the U.S. and Chinese governments and academia. This was
followed in June 2011 with a series of meetings in Shanghai and Beijing
that included U.S. and Chinese corporate leaders and leading Chinese
academic researchers. In 2010, the Committee also convened a
conference on Meeting Global Challenges: U.S.-German Innovation
Policy. A follow-up conference to this event was held in Berlin in 2011
that further compared U.S. and German approaches to support innovation
and manufacturing both in terms of institutional support (e.g., by the
Fraunhofer Institutes) and in specific sectors such as bio-medical, electric
vehicle and solar technologies. Drawing together the information and
insights from this series of meetings, the Committee will develop a

SFor a summary of this conference, see National Research Council, Innovation
Policies for the 21" Century, Charles W. Wessner, ed., Washington, DC: The
National Academies Press, 2007.

"For a summary of this conference, see National Research Council, India’s
Changing Innovation System: Achievements, Challenges, and Opportunities for
Cooperation, Charles W. Wessner and Sujai J. Shivakumar, eds., Washington,
DC: The National Academies Press, 2007.

¥The report has garnered considerable national and international attention. See
National Research Council, Understanding Research, Science, and Technology
Parks: Global Best Practices-Report of a Symposium. Charles W. Wessner, ed.,
Washington, DC: The National Academies Press, 2009.
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consensus report that provides recommendations for U.S. innovation
policy for the 21st Century.

This Workshop Summary

This report captures the presentations and discussions of the 2010
STEP symposium on U.S.-China Cooperation on Science, Technology,
and Innovation. It includes an introduction highlighting key issues raised
at the meeting and summary of the meeting’s presentations. This
workshop summary has been prepared by the workshop rapporteur as a
factual summary of what occurred at the workshop. The planning
committee’s role was limited to planning and convening the workshop.
The statements made are those of the rapporteur or individual workshop
participants and do not necessarily represent the views of all workshop
participants, the planning committee, or the National Academies.
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INTRODUCTION

After three decades of astonishing growth, the economy of the
Peoples Republic of China is nearing an important crossroad. As China’s
leaders themselves acknowledge, the nation’s development model, based
on export-led manufacturing in rich coastal provinces, cannot continue to
generate sustainable, balanced growth.' The way forward, top leaders
have stressed, is to build an economy that is driven by innovation®. A key
question is how this transformation can take place. Can China adopt a
successful innovation system directed by the state and designed to favor
domestic industries? Or will China eventually adopt a more open,
collaborative, and market-based system that integrates knowledge from
around the world?

This crossroads for China comes as the United States faces a different
kind of innovation challenge. While the United States has long been the
world leader in science and new technologies, the National Academy of
Sciences, in its 2007 report, Rising Above the Gathering Storm, warned
of an abrupt loss of U.S. global leadership in science, technology, and

'0On March 15, 2007, Chinese President Wen Jiabao in a press conference
following the National People’s Congress described China’s economic model as
“unstable, unbalanced, uncoordinated, and unsustainable.” The remarks have
been interpreted to mean that China’s economy depends too heavily on fixed
investment, manufacturing, and exports rather than private consumption and
social equity.

*Former President Jiang Zemin declared innovation and high-tech industries as
core to a nation’s strength in the keynote address to the National Innovation
Technology Conference on August 23, 1999. Current President Hu Jintao has
stressed the importance of innovation in numerous speeches. Some analysts see
the focus by China on innovation led growth as problematic, given how the
economy is in fact advancing through stages of effective industrial supply chain
collaboration and integration. See Dan Breznitz and Murphree, Run of the Red
Queen: Government, Innovation, and Globalization and Economic Growth in
China, New Haven, CT: Yale University Press, 2011.

3
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innovation and its impact on the future prosperity of the United States.’
This report has contributed to a growing awareness in the United States
of the need to remain competitive through sustained investments in
research that translate into new products, domestic industries,
manufacturing, and high value employment.

COMMON CHALLENGES AND SHARED OPPORTUNITIES

China and the United States have much to gain by learning from each
other as they each face their own innovation imperatives. To help
advance cooperation in science, technology, and innovation, the National
Academies’ Board on Science, Technology, and Economic Policy
(STEP) convened a symposium that brought together senior officials
from China and the United States, as well as leading academics, and
business people who are influential in the formation of innovation
policies.”

This conference reflected the fact that both China and the United
States share common interests in fostering science and technology to
solve the challenges of economic growth, better health, and a greener
environment, even as they compete in global markets. While the United
States and China are the world’s top two spenders on research and
development, they are also by far the world’s two biggest emitters of
greenhouse gasses.” And aging populations in both countries struggle
with cancer and other chronic diseases.

Indeed, a key premise of the symposium was that these and other
global challenges require innovative breakthroughs, which in turn would

3The report notes that “We fear the abruptness with which a lead in science and
technology can be lost—and the difficulty of recovering a lead once lost, if
indeed it can be regained at all.” See The National Academy of
Sciences/National Academy of Engineering/Institute of Medicine, Rising Above
the Gathering Storm: Energizing and Employing America for a Brighter
Economic Future, Washington, DC: The National Academies Press, 2007.

*The conference, which was organized with the assistance of Cisco Systems,
took place May 18, 2010, in Washington. Other sponsors of the symposium
included IBM, Intel, the Palo Alto Research Center, Sandia National
Laboratories, the Office of Naval Research, the Defense Advanced Research
Projects Agency, the National Institute of Standards and Technology, and the
National Science Foundation.

>China and the United States are jointly responsible for more than 40 percent of
the world’s greenhouse gas emissions. See New York Times, “China and U.S.
Seek a Truce on Greenhouse Gases.” Published June 7, 2009.
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benefit from closer collaboration. Referring to extensive Sino-U.S.
cooperation in science and technology at the commercial levels and
increasingly at the university level, Deputy Assistant Secretary of State
Anna Borg noted in her symposium presentation that “the United States
and China are, in every sense, building a global partnership.”She also
identified a number of areas for closer cooperation between the two
governments. Ren Weimin of China’s National Development and
Reform Commission agreed. Despite all the differences over which
economic policies work best, Mr. Ren said, the United States and China
“have a lot in common” in terms of what they must achieve. What’s
more, he said, the immense R&D resources and strengths of the two
nations “are complementary in many respects.”

SCIENCE AND TECHNOLOGY COOPERATION AND
CONSTRAINTS

The National Academy of Sciences has long played a role in fostering
academic and research cooperation between the United States and China.
In his conference remarks Alan Wolff of the STEP Board noted that as
early as 1965 the National Academy of Sciences created a committee to
foster academic communication and exchanges between the two nations.
After contacts were halted by the Cultural Revolution, visits resumed
following the Nixon-Zhou Enlai 1972 Shanghai Communiqué.® In 1978,
China’s Ministry of Science and Technology and the U.S. National
Science Foundation resumed formal cooperation. In the following year,
China’s Paramount Leader Deng Xiaoping and U.S. President Jimmy
Carter signed the first Sino-U.S. Agreement on Science and Technology.
This agreement has been extended every five years since, most recently
in January 2011.7

Exchanges among between U.S. and Chinese scholars and technical
experts have drawn this relationship closer. Some of China’s brightest
students attend American universities and China now is the biggest

%The Sino-U.S. Joint Communiqué, also known as the Shanghai Communiqué,
was issued on February 28, 1972, following President Richard Nixon’s historic
seven-day trip to China.

"There have also been challenges to extending S&T cooperation with China in
space technologies. See Politico, February 12, 2011, “House continuing
resolution would bar NASA from China ties.”
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source of foreign students in U.S. science and engineering programs.® A
surge of investment in research facilities in the 1990s by American
corporations in the mainland further bound the two science and
engineering communities.

Over the past decade, the United States and China have signed some
50 cooperative agreements in fields such as agriculture, energy
resources, the environment, and basic science, involving nearly every
Chinese government agency.’ Speaking at the conference, Yang Xianwu
of China’s Ministry of Science and Technology said that “Cooperation
with the U.S. has always been our priority.”

At the same time, the relationship between China and the United
States has also been characterized by frictions and competing agendas.
U.S. companies frequently complain about China’s weak protection of
intellectual property rights.'® And officials and business leaders from the
United States have joined those in Europe and India in objecting to what
they see as discrimination against foreign companies stemming from
Chinese industrial policies and a growing focus on zizhu chuangxin,
widely translated as “indigenous innovation.”"' Because domestic

$Institute for International Education, “International Student Enrollments Rose
Modestly in 2009/10, Led by Strong Increase in Students from China.” 2011
Press Release. Access at <http://www.iie.org/en>.

’Perhaps the most far-reaching partnership is in energy, where the two
governments signed the Protocol on Sino-U.S. Joint Research Center for Clean
Energy. Each country will invest $15 million in the new program and assign its
own staff. The center will facilitate joint research and development in an array
of clean energy technologies. The agreement to establish the center was
announced July 15, 2009 by U.S. Energy Secretary Steven Chu, Chinese
Minister of Science Wan Gang, and Administrator of National Energy
Administration Zhang Guo Bao.

"For an example of U.S. industry complaints, see John Neuffer, “China:
Intellectual Property Infringement, Indigenous Innovation Policies, and
Frameworks for Measuring the Effects on the U.S. Economy,” written testimony
to the United States International Trade Commission Investigation No. 332-514
Hearing on behalf of the Information Technology Industry Council, June 15,
2010.
(<http://www.itic.org/clientuploads/IT1%20Testimony%20to%20USITC%Z20He
aring%200n%20China%20%28June%2015,%202010%29.pdf >).

"'The Chinese policy for indigenous innovation, zizhu chuangxin, was
introduced in a 2006 state-issued report, “Guidelines on National Medium- and
Long-Term Program for Science and Technology Development.” Some Chinese
sources describe the policy as encouraging research institutes and universities to
conduct innovative research and create new intellectual property to meet
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companies are favored in government purchases'>—which account for
the lion’s share of spending on infrastructure and information
technology—foreign companies say selling their products in China is
increasingly difficult."

Meanwhile, some Chinese officials who spoke at the symposium
cited overly restrictive U.S. export controls rules on certain “dual use”
technologies as needlessly blocking U.S. sales of some high-performance
computers, advanced semiconductor manufacturing equipment, and
numerically controlled machine tools to China.'* They noted that these
curbs have, for example, prevented Chinese companies from buying

national demands and to build up China’s innovation capacity. Many foreign
firms operating in China however believe that the policy would seek to transfer
their patents and other intellectual property to China in order to compete for
technology and equipment procurement by the Chinese government. For an
analysis of China “indigenous innovation” policy, see Adam Segal, “China's
Innovation Wall: Beijing’s Push for Homegrown Technology,” Foreign Affairs,
September 28, 2010. Describing the impact of this policy, Segal notes that “In
2009, for example, China’s government, a massive consumer of high-tech
products, announced that in order to be a recognized vendor in the government’s
procurement catalog, a company would have to demonstrate that its products
included indigenous innovation and were free of foreign intellectual property.”
"2China’s 15-year plan for science and technology says the government should
practice a “first-buy policy for major domestically made high-tech equipment
and products that possess proprietary intellectual property rights.” See Sec VIII,
3 of “The National Medium- and Long-Term Program for Science and
Technology Development (2006-2020): An Outline,” pg. 54, State Council of
China.

In a March 2010 survey by the American Chamber of Commerce in Beijing,
37 percent of U.S. information technology companies said they would lose sales
because of "indigenous innovation" policies, leading the Obama Administration
to take up this practice at the highest levels. In his May 25, 2010, press briefing
in Beijing, Timothy Geithner said that Chinese leaders had expressed “principles
of nondiscrimination” regarding China’s indigenous innovation policy and that
this represented significant progress.
(<http.//www.state.gov/secretary/rm/2010/05/142198.htm>). In June 2011,
China's Ministry of Finance announced that it is scrapping certain rules designed
to foster "indigenous innovation. See Wall Street Journal, July 1, 2011, “China
Plans to Ease Rules That Irked Companies.”

"The Bureau of Industry and Security of the Commerce Department enforces
Export Administration Regulations (EAR), which restricts exports of items that
have both commercial, military, or proliferation applications. American
companies often complain they lose billions of dollars in business in China to
other nations that do not have these restrictions. See AmCham-China, op. cit.


http://www.state.gov/secretary/rm/2010/05/142198.htm
http:China.14
http:difficult.13

8 BUILDING THE 21ST CENTURY: U.S.-CHINA COOPERATION

equipment from Applied Materials—a U.S. firm—to mass manufacture
the current-generation 300 mm silicon wafers. The Chinese participants
at the symposium also cited U.S. immigration rules as another irritant.
After the 2001 terrorist attacks, they said, it has become harder for
Chinese citizens to obtain U.S. entry visas is a timely manner.

BACKGROUND ON CHINA’S INNOVATION SYSTEM"

High-Level Commitment and Growth

China’s modern innovation system is rooted in the reforms of the late
1970s. At that time, China’s scientific community and university system
had been decimated by the Cultural Revolution. Communist Party
leaders such as Marshall Nie Rongzhen and Deng Xiaoping argued that
science and technology were vital to modernize China’s military and
meet basic social needs.'® In 1975, Premier Zhou Enlai named science as
one of the Four Modernizations. After he assumed power, Deng
advocated at a National Science Conference in 1978 that scientific
institutes be run by administrators and scientists, not party cadres.
“Without the rapid development of science and technology it will
become impossible to build the national economy,” Deng declared.'’

More recently, in a report to the 17th National Congress of the
Communist Party of China, President Hu Jintao stated that “Innovation is
the core of our national development strategy and a crucial link in
enhancing the overall national strength.” This high level commitment has
been backed by a sharp rise in China’s commitment to R&D spending—
from a six percent share of %lobal R&D spending in 1999 to an estimated
12.2 percent share in 2010."

Over the past 15 years, China has launched many initiatives to boost
science, develop high-tech industries, and reduce its dependence on

"*The text in this section provides a brief historical background on the evolution
and current challenges facing China’s innovation system. While not directly
based on the discussions held at the symposium, the text here provides
additional context to the conference discussions.

'°See Evan A. Feigenbaum, China’s Techno-Warriors: National Security and
Strategic Competition from the Nuclear to the Information Age, Stanford:
Stanford University Press, 2003.

""Deng Xiaoping address at the First National Science Congress, 1978.
"®Battelle, R&D Magazine. December 2009.
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foreign technologies.'” The 973 Program, for example, supports 175
chief scientists focusing on “strategic needs,” such as agriculture, energy,
information, and health.”® The 863 Program, better known as the State-
High Tech Development Plan, is aimed at easing China’s dependence on
imported advanced technologies and is credited with leading to the
development of China’s Shenzhou spacecraft and Loongson computer
processor. The Torch Program, meanwhile, promotes development of
high-technology industrial zones.*'

“Indigenous innovation” has become a top priority in the past five
years. As “guiding principles for science and technology undertakings,”
China’s National Medium- and Long-Term Program for Science and
Technology Development for 2006 to 2020 lists “indigenous innovation,
leapfro%ging in priority fields, enabling development, and leading the
future.””* The document says that “in areas critical to the national
economy and security, core technologies cannot be purchased,” and that
China must “master core technologies in some critical areas, own
proprietary intellectual property rights, and build a number of
internationally competitive enterprises.” The plan calls for boosting
China’s gross R&D spending to 2.5 percent of GDP by 2020, for science

YFor a comprehensive review of China’s innovation policies, see Micah
Springut et al., “China’s Program for Science and Technology Modernization:
Implications for American Competitiveness.” Prepared for the U.S.-China
Economic and Security Review Commission. January 2011. There is also a
growing literature by Chinese scholars on policy issues related to innovation.
See, for example Zheng Liang and Lan Xue, “The evolution of China's IPR
system and its impact on the patenting behaviours and strategies of
multinationals in China,” International Journal of Technology Management.
51(2/3/4),2010. See also, Shulin Gu and Bengt-Ake Lundvall, “Policy learning
as a key process in the transformation of the Chinese Innovation Systems,” in
Bengt-Ake Lundvall, Patarapong Intarakumnerd, and Jan Vang, Eds., Asian
innovation systems in transition, Edward Elgar Publishing Ltd, 2006.

The National Basic Research Program, also known as the 973 Program, was
approved by the central government in June 1997 and administered by the
Ministry of Science and Technology. For an explanation in English of the
program, see <http://www.973.gov.cn/English/Index.aspx>.

*'For a concise explanation of Chinese innovation policies over the past decade,
see Can Huang, Celeste Amorim, Mark Spinoglio, Borges Gouveia and Augusto
Medina, “Organization, Programme and Structure: An Analysis of the Chinese
Innovation Policy Framework,” R&D Management 34(4), 2004.
(<http://xcsc.xoc.uam.mx/apymes/webfip/documentos/biblioteca/analysis%20of
%20the%20Chinese%20innovation%_20policy.pdf>.)

2For a U.S. perspective of the impact of “indigenous innovation,” See Adam
Segal, op. cit. See also Breznitz and Murphree, op. cit.
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and technology to account for 60 percent of the economy, and cutting
dependence on imported technology to 30 percent.”

China’s Innovation Challenges

This strong emphasis by its leaders has led to some remarkable
progress: Investment in research and development, patent filings, output
of published scientific papers, exports of high-technology electronic
products, and engineering and science graduates with advanced degrees
all have risen rapidly over the past decade.”*

However, China’s output of new technologies and breakthrough
product remains weak. An extensive study of China’s innovation system
by the Organization for Economic Co-Operation and Development and
the Chinese Ministry of Science and Technology concluded that the
heavy investments have “yet to translate into a proportionate increase in
innovation performance.” The report faulted “deficiencies in the current
policy instruments and governance for promoting innovation.”*

A World Bank study of Chinese enterprises reached similar
conclusions. *° A survey of nearly 300,000 of industrial enterprises found
53 percent of large enterprises, 86 percent of medium-sized, and 96
percent of small in 2004 through 2006 did not have continuous research
and development. As a result, they don’t own core technologies and rely

HState Council of China, “National Medium- and Long-Term Program for
Science and Technology Development, 2006-2020,”
(<http.//webcache.googleusercontent.com/search?q=cache:y80010iQIS8J-www.
cstec.org/uploads/files/National%25200utline%2520for%2520Medium%2520a
nd%2520Long%2520Term%25205%261T%2520Development.doc+china+Natio
nal+Medium-+and+Long-
Term+Program+for+Science+and+Technology&cd=18&hl=en&ct=clnk&gl=
us&client=firefox-a>.)

See National Research Council, The Dragon and the Elephant, Understanding
the Development of Innovation Capacity in China and India. S. Merrill ed.,
Washington, DC: The National Academies Press, 2010.

BOECD Reviews of Innovation Policy: China, Organization for Economic Co-
Operation and Development, September 2008. OECD Publishing.
(<http://www.oecd.org/datacecd/7/45/41270116.pdf>.)

**Chunlin Zhang, Douglas Zhihua Zeng, William Peter Mako, and James
Seward, Promoting Enterprise-Led Innovation in China, Washington, D. C.:
The International Bank for Reconstruction and Development/The World Bank,
2009. (<http://siteresources.worldbank.org/CHINAEXTN/Resources/318949-
1242182077395/peic_full report.pdf>.)


http://siteresources.worldbank.org/CHINAEXTN/Resources/318949
http://www.oecd.org/dataoecd/7/45/41270116.pdf
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“upon factors other than innovativeness” to compete globally. The study
described the system as one of “manufacturing without innovation.”’

In addition to low corporate R&D investment, these studies cite a
number of other reasons for China underachievement in innovation. They
include weak intellectual property protection, shortages of capable and
skilled personnel, an over-emphasis on export manufacturing of
commodity goods, and weak linkages between government-funded
research institutions and the private sector.”®

China’s Innovation Agenda

Speaking at the conference, some Chinese officials said that they
were aware of these shortcomings. In his presentation, Yang Xianyu of
the Ministry of Science and Technology said that Chinese businesses
have been slow to invest in R&D and that “a key challenge is to
transform China’s economic development pattern so that it is driven by
innovation.”

To spur investment in innovation, the government is offering
generous tax incentives to companies in “high-priority” sectors and that
meet certain R&D investment benchmarks, Mr. Yang said. For every
renmenbi spent on R&D, they get 1.5 renmenbi in tax credits.”’ The
government also is establishing more small-business incubators in
science and technology parks and training centers for entrepreneurs. It is
boosting funding for national laboratories, engineering centers, and
university science parks.

*'The economies of previously emerging economies have followed a comparable
pattern of manufacturing without innovation. For analyses of these cases, see,
for example, Linsu Kim, Imitation to Innovation; The Dynamics of Korea’s
Technological Learning, Boston: Harvard Business School Press, 1997, at for
example, pp. 192-213, 234-243. See also Glen Fong, who has shown a series of
stages through which innovative economies must move — see Glenn R. Fong,
“Follower at the Frontier: International Competition and Japanese Industrial
Policy,” International Studies Quarterly, 42(2), 1998.

*See Denis Fred Simon and Cong Cao, China’s Emerging Technological Edge:
Addressing the Role of High-End Talent, Cambridge: Cambridge University
Press, 2009.

*Tax incentives for R&D in China is vary with the location of the investment
and the type of technology in use. In addition, provincial and local governments
often provide additional tax advantages for corporate R&D. The PRC
Government’s R&D tax credit is permanent and offers businesses a tax
deduction of 150 percent, if R&D spending increases 10 percent over the
previous year. See <http://www.investinamericasfuture.org/>.


http:http://www.investinamericasfuture.org
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Easing China’s dependence on imported technologies and
strengthening “indigenous innovation” are high policy priorities, Mr.
Yang said. China remains committed to international collaboration as a
vehicle to “absorb innovation” that can be adapted to “Chinese
conditions,” he said. Beijing is focusing resources on 16 science and
technology areas identified in the 2006-2020 Plan, such as nano[]
materials and semiconductors, in which the nation should become more
self-sufficient.

IN THE UNITED STATES, A RENEWED FOCUS ON
INNOVATION

America’s innovation system also is amid a reassessment. The United
States remains the world leader in patents, R&D investment, scientific
papers and other standard benchmarks of innovation. The United States
also still produces many high-technology start-ups, many of which like
Google and Microsoft have rapidly grown to become world leaders. As
the National Academies’ 2007 report, Rising Above the Gathering
Storm™® explained, however, there is mounting concern that America’s
global competitiveness is eroding, largely due to underinvestment in
scientific research, falling math and science skills, and engineering talent
shortages.

Focus on Manufacturing and Jobs

The deep recession triggered by the 2008 financial crises brought
another concern into focus: That U.S. inventions are not creating enough
high-paying U.S. jobs and new globally competitive industries.”’ As
X/Seed Capital founding partner Michael Borrus noted in his symposium
presentation, the United States still is, for example, the leading source of
innovation in solar cells and modules, but most of the manufacturing is
ending up in China.

The U.S. federal government and state governments have sought to
stimulate development of new domestic industries through loans and
grants to manufactures of electric cars, lithium-ion batteries, and thin[]

**National Academy of Sciences/National Academy of Engineering/Institute of
Medicine, Rising Above the Gathering Storm: Energizing and Employing
America for a Better Economic Future, op. cit.

3!See Pete Engardio, “Can the Future be Built in America? Inside the U.S.
Manufacturing Crisis,” Business Week September 21, 2009.
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film solar cells.’> As Ginger Lew of the White House National Economic
Council noted in her symposium remarks, the Obama Administration is
taking steps to coordinating support for regional economic clusters
across a number of federal agencies.

Importance of U.S.-China Cooperation

Recognizing the highly globalized nature of research and innovation
in the 21* century, the United States is also seeking to collaborate more
closely with China on areas of common challenges and shared interest.
As highlighted below, participants at the conference described a number
of shared challenges and potential areas for cooperation and mutual
learning, including in the development and commercialization of
renewable energy and information and communications technologies, the
development of research parks and innovation clusters, university
reform, and addressing the shared challenges of medical research. Lastly,
participants also described some challenges to closer U.S.-China
cooperation in high-technology research and commercialization.

COOPERATION ON RENEWABLE ENERGY INNOVATION

China’s Renewable Energy Imperative

Speaking at the symposium, Ren Weimin of the National
Development and Reform Commission and Kristina Johnson, then Under
Secretary at the Department of Energy, described how both nations can
gain through collaboration in renewable energy innovation. Renewable
energy innovation is one area where both China and the United States
stand to gain from collaboration. As explained in his presentation, Ren
Weimin said that China faces enormous challenges meeting the future
energy needs of its rapidly developing economy. Over the past five
years, China’s energy consumption has nearly doubled, to 3.1 million

2See National Research Council, Building the U.S. Battery Industry for
Electric-Drive Vehicles: Progress, Challenges, and Opportunities, Charles W.
Wessner, Rapporteur, Washington, DC: The National Academies Press,
forthcoming. See also National Research Council, The Future of Photovoltaic
Manufacturing in the United States, Charles W. Wessner, Rapporteur,
Washington, DC: The National Academies Press, 2011.

33See symposium presentations by Ginger Lew of the National Economic
Council and U.S. Energy Under Secretary Kristina Johnson, in the Summary of
Presentations chapter of this volume.
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tons of coal equivalent, he noted. Over the next four decades, energy use
is projected to more than double again. Currently, China relies almost
entirely on fossil fuels, especially domestically mined coal, to generate
electricity. “Against this background, renewable energy is our inevitable
choice,” he said.

China has ambitious targets for clean energy. Beijing wants non-fossil
fuels to account for 15 percent of consumption by 2020, 20 percent by
2030, and one-third by 2050.** That compares to 8.3 percent now. Like
the United States, China hopes to fill these energy requirements with a
mix of solar, wind, hydro, nuclear, bio-fuels, thermal, and clean coal.

China has enormous untapped resources in most of these renewable
sources, Mr. Ren said. China also is the world’s biggest manufacturer of
photo-voltaic cells and panels and has the fastest-growing installed base
of wind generators. The country is producing enough biogas to provide
fuel to 80 million rural people and enough geothermal to provide
600,000 people with heated water. This gives China “a solid foundation
for developing renewable energy,” he said.

The problem is that, “from the perspective of price, renewable energy
is very expensive,” Mr. Ren said. Power generated by coal mined in
Xinjiang Province costs the equivalent of 3.4 cents per kilowatt. Wind
power costs 7 to 9 cents and solar power at least 19 cents.

China remains far from making wide deployment of renewable
energies commercially viable, Mr. Ren said. Shortcomings include an
inadequate “industrial system,” policy coordination, “market monitoring
mechanisms,” and legal frameworks, he said. China’s weakness in
technical innovation and basic research are other handicaps. While
China’s solar- and wind-power equipment is large and growing fast, he
noted that manufacturers must import key technology, equipment, and
raw materials. Therefore, Mr. Ren said China is developing a
“comprehensive policy and institutional framework” for renewable
energy. “Economic and industrial policy should be compatible with
energy policy,” he said.

*State Council of China, “National Medium- and Long-Term Program for
Science and Technology Development, 2006-2020,”
(<http.//webcache.googleusercontent.com/search?q=cache:y80010iQIS8J-www.
cstec.org/uploads/files/National%25200utline%2520for%2520Medium%2520a
nd%2520Long%2520Term%25205%261%2520Development.doc+china+Natio
nal+Medium-+and+Long-
Term+Program+for+Science+and+Technology&cd=18&hl=en&ct=clnk&gl=
us&client=firefox-a>).
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America’s Renewable Energy Push

In her presentation, then Energy Under Secretary Kristina Johnson
noted that the United States also has recently launched a number of
initiatives to cut greenhouse gas emissions by 83 percent by 2050. Other
goals include doubling renewable electricity generation and advanced
energy manufacturing by 2012. While the United States wants to
demonstrate global leadership in energy science and technology, its
approach to innovation will be “open and collaborative,” “By working
together, we can leverage our comparative advantages in innovation and
address this global climate challenge,” she said.

Some 70 percent of U.S. electricity comes from fossil fuels. The
United States plans a “fundamental shift” in the way it generates power,
Dr. Johnson said. It will expand commercial nuclear-power, install
carbon-capture and storage technologies in coal-fired plants, and increase
renewable energy. Other priorities are to de-carbonize transportation,
which consumes 29 percent of U.S. energy, and improving energy
efficiency in buildings, which consume 40 percent.

The Obama Administration has sharply boosted spending on
renewable-energy technologies. It devoted $80 billion under the
American Recovery and Reinvestment Act™ to clean-energy projects,
with half of that going to the Department of Energy. Private investors
mobilized another $150 billion, Dr. Johnson said.

The DoE’s heavy emphasis on basic research also has shifted, Dr.
Johnson said. Three-quarters of Recovery Act funds are for projects
aimed at deploying new technologies. The DoE invested $3.4 billion to
develop next-generation vehicles and fueling infrastructure, for example.
This is on top of the $8.4 billion extended in the Advanced Technology
Vehicle Manufacturing Loan Program.*® Companies are using the funds
to build three new electric-vehicle plants and 30 battery and electric-
vehicle component plants. Another $600 million is going to 19 pilot,
demonstration, and commercial-scale bio-refineries for new fuels.

*The American Recovery and Reinvestment Act of 2009, HR 1, was signed by
President Barack Obama on Feb. 17, 2009. It funded some $780 billion in
programs to stimulate the U.S. economy.

**The Advanced Technology Vehicle Loan program is administered by the
Department of Energy. First funding of grants, loans, and other incentives to
makers of automobiles and auto parts to support development and
manufacturing of advanced vehicles was provided under Section 136 of the
Energy Independence and Security Act of 2007.


http:Program.36

16 BUILDING THE 21ST CENTURY: U.S.-CHINA COOPERATION

The bio-fuels initiative illustrates the DoE’s comprehensive new for
innovation strategy. It is setting up Energy Frontier Research Centers to
focus on scientific discovery. The Advanced Research Project Agency
for Energy (ARPA-E) funds applied research projects to develop new
fuels. Another initiative, to establish energy-research hubs,”’ aims to
accelerate large-scale commercial deployment of new bio-fuels. The
DoE also is creating a regional innovation hub for energy-efficient
building technologies.

The federal government is forging partnerships with companies,
university, regional governments, and foreign research institutes to
achieve these goals. China is an important partner. The U.S.-China Clean
Energy Research and Development Center, announced in July, shows
how close the relationship is becoming. Each nation will invest $75
million over five years for joint research on energy-efficient buildings,
vehicles, and carbon capture and sequestration for coal.”®

Collaborating on Renewable Energy Research and
Commerecialization

The National Renewable Energy Laboratories (NREL) in Golden,
Colorado, also is engaged in a broad and deepening relationship with
China. Somewhat unique among DoE labs, NREL’s Robin L. Newmark
explained in her presentation, it studies the economic and policy issues
related to renewable energies as well as the technologies themselves.

A flurry of new projects was sparked by an umbrella agreement
negotiated through the U.S.-China Strategic Economic Dialogue, Ms.
Newmark said. NREL’s collaborations with Chinese companies, research
institutes, and government agencies now range from long-range planning
of wind power to commercializing specific bio-fuels.

At the macro level, NREL is involved with two new Sino-U.S.

research centers. One analyzes China’s national potential in wind power
and the technical, economic, and logistical issues of connecting large

*"For explanations of recent Department of Energy innovation initiatives, see
Kristina Johnson presentation in upcoming book National Research Council,
Clustering for 21" Century Prosperity, Charles W. Wessner, Rapporteur,
Washington, DC: The National Academies Press, forthcoming.

*¥See Department of Energy, U.S.-China Clean Energy Cooperation: A
Progress Report by the U.S. Department of Energy, January 2011. The DoE
report that highlights the areas and status of U.S.-China clean energy
cooperation.
(<http.//www.pi.energy.gov/documents/USChinaCleanEnergy. PDF>.)
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wind farms to China’s power grid. The other center explores similar
challenges with solar power.

The partnership in bio-fuels spans the innovation chain, involving
several DoE and Department of Agriculture labs, Chinese research
institutes, and mainland companies such as SinoPec, PetroChina,
CNOOC, and COFCO. NREL is helping study economic and technical
solutions for supplying bio-fuel feed stocks other than food sources, for
example. Another project, with Beijing’s Tsinghua University and
PetroChina, focuses on the process of breaking down bio-materials so
they can be converted into fuel, while a partnership with the Chinese
Academy of Sciences seeks to develop biodiesel from algae and plant
oils.

The lab is helping Chinese companies commercialize renewable
energy technologies as well. NREL is partnering with ENN Group Co. to
develop large solar cells to be manufactured with technology from
Applied Materials, for example. Ms. Newmark said she sees “enormous
opportunities” for innovation that will benefit both countries and that she
expects “rapid growth” in such bilateral partnerships.

Comparing Policies on Innovation Parks and Clusters

Research parks are increasingly seen as an effective tool to create
dynamic clusters of research, manufacturing, and services that encourage
innovation and foster economic growth.”” U.S. and Chinese speakers at
the conference offered contrasting approaches to the development of
these innovation clusters.

While policies and investments at the national level are important,
innovation takes place at a local scale, said Ginger Lew of the White
House National Economic Council. She noted that most innovation zones
in the United States are initiated by consortia of city and state
governments and business, community, and educational leaders as an
economic development tool. While many innovation clusters have

#Research Parks, often also known as Science and Technology Parks, are made
up of a collection of buildings and facilities that are dedicated to research and
development. See National Research Council, Understanding Research,
Science, and Technology Parks: Global Best Practices: Report of a Symposium.
Charles W. Wessner, ed., Washington, DC: The National Academies Press,
2009. Research parks that foster dense networks of trust and cooperation among
the small and large businesses, research institutes, and other park participants
can develop into clusters of innovative activity. See National Research Council,
Growing Innovation Clusters for American Prosperity, Charles W. Wessner,
Rapporteur, Washington, DC: The National Academies Press, forthcoming.
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benefitted from substantial federal investments in nearby research
universities and national laboratories, there has until recently been no
coordinated federal support to encourage their development. Whereas
many U.S. agencies had been operating in “silos,” Ms. Lew noted that a
key feature of the Obama Administration’s strategy is to coordinate
programs of various federal agencies to support “holistic, integrated
solutions to building regional economies.”

Initiatives launched in the United States over the past year include the
Energy Regional Innovation Clusters (ERIC) program, in which the DoE
is leading six other federal agencies to help U.S. regions develop
innovation zones.* The U.S. Department of Agriculture is awarding
grants to 12 rural communities to create new industries based on their
traditional ones. The Small Business Administration will support five
regional initiatives to commercialize new technology. And in May 2010,
the Department of Commerce said it will award $12 million in grants to
six U.S. teams with “the most innovative ideas to drive technology
commercialization and entrepreneurship in their regions,” Ms Lew
explained.

In all, President Obama’s budget for Fiscal Year 2011 authorized
more than $300 million in new funding for federal agencies to assist
regional innovation cluster initiatives, Ms. Lew said. The current version
of the America COMPETES Act also includes provisions to promote
clusters.*!

In his conference remarks, Carl Dahlman said that China has made
“dramatic progress” in setting up all kinds of science and innovation
parks. Introducing Lou Jing of China’s Ministry of Education, he added
that “I think we are very lucky to have with us one of the key people
behind that.” In her symposium remarks, Ms. Lou noted that China has
developed numerous innovation clusters. As examples, she cited the
Zhongguancun and Shandi districts in Beijing, the high-tech
development zone in Shanghai, and the science and technology parks and
research centers at universities and in provinces around the country.

*The first Energy Regional Innovation Cluster is to focus on clean-energy
technologies used in buildings. For details, see the Funding Opportunity
Announcement for Fiscal Year 2010 on the DoE Web site. See
<http://www.energy.gov/hubs/documents/ERIC _FOA.pdf>.

“IThe America COMPETES Reauthorization Act of 2010 (H. R. 5116) passed
the House of Representatives on May 28, 2010. It revises the original America
COMPETES Act (P.L. 110-69). Despite being enacted on Aug. 9, 2007, funding
was never appropriated.
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Indeed, China has sought to develop large-scale research parks to
accelerate the development of China’s industrial base in areas such as
electronics and information technology, new materials, and bio[]
medicine.” Although size is not necessarily a measure of success, the
scale of China’s 54 state-level science and technology industrial parks is
remarkable. (See Box A.)

Yang Xianwu of the Ministry of Science and Technology noted in his
symposium remarks that the Chinese government is supporting the
development of innovation clusters by financing the establishment of
laboratories, engineering centers and large science facilities. It is aiding
projects that can serve as catalysts, he explained, such as university
science parks, high-tech industrial parks, and innovation centers. “We’re
learning from the experience of Finland and America’s Silicon Valley by
establishing a large number of incubation centers to help scientists
transform their research results and open their own small and medium-
sized enterprises,” he said.

COOPERATION ON 21ST CENTURY UNIVERSITIES

Participants in the conference, as we see below, observed that both
the United States and China are relying more on universities, which
traditionally have focused on education and research, to serve as anchors
for regional innovation clusters and catalysts of economic development.

To get across the important role U.S. universities play in the
economy, University of Maryland at College Park President C. D. Mote
offered some statistics from his state. Every dollar Maryland spends on
his university, he said, generates $8 in economic activity. The university
also raises $35 in development resources for small Maryland businesses.
Over 25 years, he said, each dollar in state investment has generated
$200 worth of goods and services.

*Kazuyuki Motohashi and Xiao Yun, “China’s innovation system reform and
growing industry and science linkages.” Research Policy 36: 1251-1260, 2007.
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BOX A
Research Parks in Comparative Perspective—an Issue of Scale
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10 B The Research Triangle Park

H Avg. N. American Research Park
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FIGURE A-1 Relative sizes of U.S. and Chinese research parks.

SOURCE: Presentation by Richard Weddle in National Research Council,
Understanding Research, Science and Technology Parks: Global Best Practices,
C. Wessner, ed., Washington DC: National Academies Press, 2009.

NOTE: “Average North American Research Park™ data are from
“Characteristics and Trends in North American Research Parks: 21st Century
Directions,” commissioned by AURP and prepared by Battelle, October 2007;
“Average IASP Member Park” data are from the International Association of
Science Parks annual survey, published in the 2005-2006 International
Association of Science Parks directory.

China has made rapid progress in higher education, Carl Dahlman of
Georgetown University observed. Enrollment rates have risen from 2
percent in 1980 to 23 percent today. Now, China has more people in
universities, 25 million students, than the United States, with 17 million.
China spends more of its R&D money in universities than most other
nations, including the United States, he said. China also has made
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“dramatic progress” in setting up science and innovation parks, where
universities are transferring knowledge to the private sector, Dr.
Dahlman said.

China’s Commitment to University Growth

Universities are central to China’s strategy to build a “system of
innovation with Chinese characteristics,” Lou Jing of the Ministry of
Education’s Department of Science and Technology said in her
presentation.*

China’s R&D infrastructure is heavily concentrated on campuses.
Sixty percent of China’s “national pilot laboratories” and nearly two-
thirds of its 140 “national key laboratories” are based at universities, Ms.
Lou noted. So are 26 national engineering laboratories and 110 National
Engineering Research Centers. There are 76 science parks with
connections to more than 110 universities, she said. Universities are in
charge of some 80 percent of research under National Science
Foundation general programs, and 40 percent of national high-
technology research-and-development programs.

Chinese universities are assuming bigger roles in innovation. Funding
for applied research is growing 20 percent annually, she noted.
Universities produce more than one-third of Chinese patents for
inventions and 60 percent of published science and engineering papers.

Other key elements of this ecosystem are the Chinese Academy of
Sciences, the Chinese Academy of Social Sciences, research institutes
specializing in economics and social development, and the Chinese
research organizations of multinationals such as IBM and Cisco. Ms. Lou
said the government’s vision is for a technological innovation system
that is “business-based, market-oriented and that integrates industry,
academia, and research.”

The first mission of universities is “to serve as an engine or driver of
a country’s core competitiveness,” Ms. Lou said. To do so, there must be
closer collaboration between academia, industry, and research institutes,
she said. The government also wants to “markedly raise competitiveness
and the quality of higher education,” she said.

“For a discussion of productivity growth at Chinese Universities, see Ying Chu
Ng and Sung-ko Li, “Efficiency and productivity growth in Chinese universities
during the post-reform period.” China Economic Review 20, 2009.
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Universities in America’s Innovation System

Universities have played a significant role in the U.S. innovation
system since the Civil War, when the federal government began allotting
land to each state to establish institutions to teach agriculture and
engineering, National Academy of Engineering President Charles Vest
explained in his presentation. That role expanded after World War II,
when the federal government set up a system to fund basic research at
universities, and in 1980, when the Bayh Dole Act allowed universities
to commercialize intellectual property generated by federally funded
research. “This started a very different and increased relationship of
universities to the private sector,” explained Dr. Vest, a former president
of the Massachusetts Institute of Technology.

BOX B
A Complex Innovation System

In his conference presentation, Charles Vest of the National
Academy of Engineering observed that the development of
innovative products is increasingly the result of knowledge that
flows back and forth among complex, inter-linked, and often ad-
hoc “innovation ecosystems” at universities, corporations,
government bodies, and national laboratories. The so-called U.S.
innovation system “frankly is not really a system,” he said. “It is
not designed or planned very explicitly.”

The innovation process involving government, universities, and
industry has historically been “very decentralized, very loosely
organized, and highly entrepreneurial,” Dr. Vest said.™ It also tends to
vary from region to region. But it has worked remarkably well at
producing commercial products, processes, and services. An estimated
60 percent of America’s economic growth has been attributed to
technological innovation, and the system has produced such “earth(’]
shaking” advances as computing, the laser, the World Wide Web,
financial engineering, and much of modern medicine.

*The U.S. innovation system is characterized by both decentralization as well as
strong networks of collaboration. Vernon Ruttan has noted that nearly all the
major world innovation waves of the second half of the 20th century were
characterized by government initiated linkages across the innovation system.
See, Vernon W. Ruttan, Is War Necessary for Economic Growth, Military
Procurement and Technology Development. Oxford University Press, 2000.



INTRODUCTION 23

None of these breakthroughs “were explicitly planned or envisioned
in advance,” Dr. Vest observed. Nor were some of America’s most
important innovation clusters, such as Silicon Valley or Boston’s Route
128. The question now is how to adapt the U.S. innovation system at a
time when the venture-capital industry has become more averse to risk
and to deal with enormous challenges such as energy, climate change,
food, and water, Dr. Vest said.

How the University of Maryland Drives Growth

The University of Maryland at College Park illustrates the broad
range of ways in which a university can impact the innovation
economy—Ilocally, regionally, nationally, and even internationally,
university President Mote said in his presentation.

Dr. Mote explained that “the spirit of entrepreneurship is embedded
into the infrastructure of the university.”* The University of Maryland
has a special dormitory for student entrepreneurs, for example, that
spawns an average of 17 start-up companies a year. Another program
works with community colleges to nurture entrepreneurs in their 30s and
40s. The university’s engineering school has run the Maryland
Technologies Enterprise Institute for 25 years, while the business school
operates the Dingman Center for Entrepreneurship. Both offer services to
start-ups. Maryland also runs weekend “technology start-up boot camps”
that draw up to 600 from outside the university who want to launch
companies. It has even organized a local network of angel investors.

The university runs the oldest small-business incubator in the state
and a “bioprocess scale-up facility” that develops commercial production
processes, Dr. Mote explained. It also offers a state-funded consulting
practice that has been replicated around the United States in which
faculty help companies commercialize products. In addition to spawning
a number of start-ups, many of which are based in an adjacent science
park that is responsible for 6,000 jobs, the University of Maryland col]
developed products ranging from power tools and telecom systems to
boat sails.

Nationally, the University of Maryland collaborates with several
federal laboratories in energy, life sciences, aerospace, and national
security and receives $500 million in federal research funding a year, Dr.
Mote said. The National Oceanic and Atmospheric Administration is

“The Kauffman Foundation 2009 report, “Entrepreneurial Impact: The Role of
MIT?” details a different but also interesting account of university innovation
ecosystem. Available at <http://web.mit.edu/newsoffice/images/kauffman.pdf>.
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establishing a global climate-change and weather-predication center at
the university research park, while the National Institute of Science and
Technology is contributing funds for a new lab building on campus
devoted to quantum physics.

The University of Maryland also has an extensive relationship with
China. Its Institute for Global Chinese Affairs, for example, has trained
3,000 Chinese executives since 1995, while 160 Chinese executives have
received one-year degrees from Maryland’s Executive Master’s in Public
Administration program. The university also has a special “international
incubator” that has helped launch 11 Chinese companies in industries
such as solar energy and software. In 2002, the Chinese government and
Maryland set up a joint research park near campus that now houses
facilities of companies from Beijing, Shanghai, and Guangzhou.

COOPERATION IN INFORMATION
AND COMMUNICATION TECHNOLOGIES

Participants in the conference noted that 21st century innovation
systems are based on state-of-the-art data and telecommunications
infrastructure. Chen Ying of China’s Ministry of Industry and
Information Technology noted in his presentation that information and
communications technology (ICT) has become an increasingly important
driver of economic growth. He cited a World Bank study that concluded
a 10 percentage point increase in broadband penetration rates can
increase economic growth by 1.3 percentage points in developing nations
and by 1.2 percent in advanced nations.*® Over the next five years, ICT is
expected to create $5 trillion in new economic activity.

China’s Broadband Strategy

China views broadband infrastructure as a catalyst for new growth
industries such as software, logistical services, information technology
outsourcing, and a wide range of digital devices. Several years ago, Mr.
Chen explained, the government set a target of 30 percent annual growth

*See Christine Zhen-Wei Qiang, “Broadband Infrastructure Investment in
Stimulus Packages: Relevance for Developing Countries,” Global ICT
Department, World Bank, 2009. This World Bank study includes Internet and
broadband, in addition to the fixed and mobile phones, in an econometric
analysis of growth in 120 countries between 1980 and 2006. Results show that
for every 10-percentage-point increase in penetrations of broadband services,
there is an increase in economic growth of 1.3 percentage points.
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for its software and information services industry and for software
exports to grow 28 percent a year.*” China’s electronic commerce
industry, which Mr. Chen said has been growing by around 25 percent a
year, also is expected to see substantial expansion.

Large-scale deployment of broadband and improved applications can
help transform the entire economy by integrating industries and bringing
new sources of high-value services, Mr. Chen said. ICT technologies can
revitalize many existing industries, from furniture manufacturing to
chemicals, he noted, and can bring greater efficiency and cost savings to
companies and government. So in addition to expanding broadband
infrastructure, the government is putting a high priority on optimizing the
use of ICT and integrating it into “our daily lives,”

America’s Broadband Strategy

The United States also views broadband as critical infrastructure that
must be used in “very interesting and innovative ways” in order to
stimulate economic growth, Eugene J. Huang of the Office of Science
and Technology said in his presentation. The Obama Administration is
focusing on the “entire ecosystem surrounding broadband and how we
will use it in the future,” he said.

The Recovery Act earmarked $7.2 billion in grants to stimulate
broadband deployment throughout the U.S and required the Federal
Communication Commission to develop a National Broadband Plan.*®
The plan’s “extraordinarily ambitious” goals cover not only broadband
access but also its use in everything from health care to managing
household energy consumption. The plan calls for affordable access with
download speeds of at least 100 Mbps to 100 million U.S. homes and
affordable access to at least 1 gigabit-per-second service for key
institutions such as schools, hospitals, and government buildings in every
community. Another goal is that the United States should have the
world’s fastest and most extensive wireless networks.

#"China’s Eleventh Five-Year Plan (2006-2010) also calls for producing around
15 major software enterprises with sales exceeding RMB 10 billion. For a good
analysis of China’s information technology and communication strategy by
Indian software-industry association Indian software-industry association
NASSCOM, see “Tracing China’s IT Software and Services Industry
Evolution,” whitepaper prepared by NASSCOM Research, August 2007,
(<http.//www.business-standard.com/general/pdf/082107 01.pdf>).

*See Federal Communications Commission, Connecting America: The National
Broadband Plan, <http://www.broadband.gov/download-plan/>.
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In terms of access, the Department of Commerce is using Recovery
Act funds to expand broadband infrastructure, public computer centers,
and sustainable adoption of broadband service, Mr. Huang said. The
Department of Agriculture is spending $2.5 billion to deploy broadband
in rural areas. The aim is to make it feasible for every home to connect to
high-speed Internet, he said, “along the lines of what the United States
did in the 1930s, when it determined it was a priority to get
telecommunications distributed throughout the U.S.”

These investments are part of a larger strategy to use broadband
infrastructure to promote economic growth and achieve national
priorities. The Recovery Act included $15.5 billion to develop and
implement smart-grid technologies, for example, and $19 billion to
accelerate adoption of information technology in health care. Broadband
also is key to new Administration initiatives in public safety
communications and improving government efficiency, transparency,
and public services, Mr. Huang said.

Co-developing ICT Products in China

Advances in information and communication technologies are
fundamentally transforming the process of innovation itself. They are
enabling enterprises, for example, to increasingly innovate “globally in a
fashion that is inclusive and connected across our borders,” Mark E.
Dean of IBM Research explained in his presentation. Indeed, the global
innovation system has become so integrated that “innovation in isolation
is not significant for a successful company or one country,” he said.
“Most of the challenges and opportunities facing us can only be
addressed with global collaboration and innovation.”

IBM Research is a good example of a truly global organization. It has
a network of eight major labs employing 3,000 researchers in six nations,
including a 200-engineer basic research lab in Beijing. IBM also has a
5,000-engineer software application and services development lab in
China. In all, half of IBM’s research and 60 percent of its 220,000
technical employees are outside the United States.

IBM’s goal is to create technologies that will have a global impact.
“We work hard to avoid innovation in isolation, because that will create
very narrow solutions that have very narrow upside potential,” Dr. Dean
said. So IBM is creating a matrix that involves all research labs. “There
is not a single project we have across the research division that is isolated
to a single country,” he said.

The company also co-develops products with other companies around
the world. IBM has 10,000 partners in 350 cities in China. They include
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Futong, Digital China, Kingdee, and Yucheng Technologies. IBM has
100 joint labs and technology centers with Chinese universities and
offers curricula that have helped trained 860,000 Chinese students and
6,500 teachers.

One of IBM’s biggest collaborations in China is in Shenyang, in the
northeastern province of Liaoning. IBM, the municipal government, and
Northeastern University forged a five-year, $40 million partnership to
develop information and communication technology to manage systems
such as water purity, energy, food safety, and integrated urban planning.
Dr. Dean predicts such efforts will be replicated around the world.

COOPERATION ON MEDICAL RESEARCH

Medical research is an important area of collaboration between the
United States and China. . This collaboration is driven by mutual interest
in finding remedies for chronic diseases. As was America’s experience
as its population aged, cancer and other chronic diseases are overtaking
infectious diseases in China as the top killers and as a “major health care
crisis,” explained Anna Barker of the National Cancer Institute in her
presentation. China has 1.6 million cancer deaths a year and reported 2.2
million new cases in 2009. The crisis “will get much, much worse in the
next 10 to 15 years,” she said.

The United States can benefit from China’s help, too, in order to
accelerate the discovery of new treatments and to contain skyrocketing
drug-discovery costs. Dr. Barker noted that the United States reports
565,000 cancer deaths a year and new cases are forecast to rise by at
least 30 percent by 2020.* Annual U.S. spending on cancer treatment is
expected to rise from $213 billion to $1 trillion a year. NCI sees China’s
large data sets on cancer cases as valuable to an empirical analysis of
how variations in the human genome may relate to the development and
spread of cancer. According to Dr. Barker, China is also home to a large
number of microbiologists, many of whom have been trained in U.S.
universities and research organizations.

Joint research by the National Cancer Institute and Chinese scientists
began in the 1970s with seminal studies of cancers related to certain
environments, such as near tin mines or in textile mills. Many of these
studies led to worldwide regulation, Dr. Barker said. Chinese hospitals
are vital U.S. partners in building new clinical trial systems, she said, not
only because of the nation’s large patient population but also because

“Data from American Cancer Society, 2006 Cancer Facts and Figures.
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managers at China’s university hospitals are often familiar with NCI,
many of them having been trained there.

Cancer genomics is a particularly valuable area for Sino-U.S.
collaboration that could lead to important new therapies, Dr. Barker said.
Chinese researchers were among the first to identify the SARS genome.
The National Cancer Institute is working with Chinese institutes on an
ambitious project to sequence genomes of all cancers. It also is
partnering with the Beijing Genomics Institute, the world’s largest next-
generation sequencing center, in brain-tumor research.

Nanotechnology, which will “touch everything we do in medicine in
the next 10 years,” is another area of “very strong collaboration,” Dr.
Barker said. Five thousand scientists at 50 Chinese universities, 20
Chinese Academy of Sciences Institutes, and 300 nano-technology
enterprises focus on the field.”® The third meeting between U.S. and
Chinese medical researchers on nanotechnology will be held in fall 2010.

The National Cancer Institute wants to keep expanding its Chinese
partnership. Future health care research “is going to be a very distributed
enterprise,” Dr. Barker predicted. “But I think it will be dominated by the
U.S. and Chinese because we are making the investments.”

SOME CHALLENGES TO CLOSER COOPERATION
WITH CHINA

Ambassador Wolff observed that America can learn from China’s
search for solutions to common challenges. For example, the United
States should study China’s financial support for renewable-energy
projects, its approaches to carbon sequestration, and the balance between
large enterprises and small- and midsized firms. “We should learn
something from each other by comparing these two sets of national
policies,” he said.

Mr. Yang noted that Sino-U.S. collaboration has “some areas for
improvement,” Going forward, a number of frictions between China and
the United States can be worked out, allowing collaboration on
innovation to move to a deeper level.

Trade

The divergent paths in innovation policy may require the United
States and China to recalibrate their trade relationship, said Anna Borg of

Data from Science 309: 65-66, 2005.
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the State Department in her presentation.’’ There needs to be a “frank
discussions” she said, about a “broader constructed trade framework
supported by generally accepted rules and international institutions.” At
the same time, there was acknowledgement from individual Chinese and
American participants that U.S. technology export curbs and visa
policies are also significant obstacles to closer collaboration.™

Intellectual Property Protection

Ms. Borg also noted that some Chinese practices hurt innovation,
such as weak protection of intellectual property rights. To maintain a
successful innovation environment, nations must “embrace and enforce
an intellectual property system that allows innovators to reap the benefits
of their ideas and reward their risk-taking,” she said. “Without it there is
little or no incentive for companies to produce new products or services.”
She said cooperation on protecting copyrights and trademarks in
industries such as software, drugs, music, and fashion “will go a long
way in deepening” Sino-U.S. cooperation in innovation.

Weak IPR enforcement also can make it harder for nations to fully
benefit from global innovation networks, Ms. Borg suggested. “Nations
that fail to protect intellectual property will find themselves cut off from
these dynamic global partnerships because innovative firms will hesitate
to invest in or form partnerships with countries where their intellectual
property may be stolen,” she warned.

Chinese officials countered that their nation has made tremendous
progress is establishing laws to protect IPR rights and courts to settle
disputes. Enforcement “is not only the work of the government,” Mr.
Wang said. “Enterprises should provide evidence of IPR infringement.
With evidence, a court will make a ruling.” Mr. Chen of the Ministry of

S1For a review of U.S. China trade issues, see Wayne M. Morrison, “China-U.S.
Trade Issues” Congressional Research Service, June 1, 2010. See also New
York Times, September 14, 2009, “China-U.S. Trade Dispute Has Broad
Implications.”

*2See, for example, the remarks by Yang Xianwu of the Chinese Ministry of
Science and Technology, who noted that the United States still places some
restrictions on exports of high-tech products to China. In addition, he claimed
that high-level personnel from China continue to encounter unpleasant
experiences in obtaining visas to the United States. Responding to a question at
the conference, Dr. Anna Barker of the National Cancer Institute said that
obtaining visas for Chinese counterparts was a significant barrier for the first
year after the September 11, 2001, terrorist attacks, but added that this situation
has significantly improved.
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Industry and Information Technology also noted that the government has
ordered all manufacturers of computers in China to pre-install only legal
operating systems. Ninety percent of computers released by the 22
largest hardware manufactures in China have legal operating systems, he
noted. “We have the hard figures to prove that, at least at the operating
system level, the piracy issues have greatly improved,” Mr. Chen said.

‘Indigenous Innovation’

Ambassador Wolff challenged China’s focus on “indigenous
innovation,” especially at a time when knowledge flows with increasing
ease and speed throughout the world. “In this globalized world, there is
no indigenous innovation,” he contended. The question is whether “on
balance, these policies are helpful or harmful to China.”

Ms. Borg also said that policies favoring domestic innovation could
backfire. Some of the greatest benefits of innovation come from adopting
innovations of others. Investment barriers or domestic intellectual-
property requirements “will ultimately be self-defeating,” she warned.
“In the short run, China's entire economy will be less competitive when it
is denied access to the full range of innovative products available in the
global market.”

China's own creative industries will be stifled if they are denied
exposure to international competition and new technology, she said.
Requirements that government agencies buy locally developed
technology also “constitute a step toward import substitution” and “invite
retaliation,” Ms. Borg said. As they seek to boost their investments
abroad, Chinese companies also will benefit from a transparent
regulatory and legal environment, she said.

Despite the growing emphasis on indigenous innovation, China still
attaches great importance to international cooperation in science and
technology, Mr. Yang of the Ministry of Science and Technology said.
He acknowledged that China’s innovation system “cannot be separated
from the rest of the world.”

He noted that China has signed science and technology cooperation
relationships with 152 nations and regions, sent science diplomats to 45
nations, and has joined 350 different international science and academic
organizations, in which 265 Chinese scientists hold posts. China has
participated in the Human Genome Project and European Galileo
Program, which is developing a satellite for geo-positioning systems.
China’s main objection is to “absorb innovation” from the outside and
adapt it to serve “Chinese conditions.”
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Few relationships have been more important than that with the United
States, Mr. Yang said. He noted that the United States and China have
signed some 50 cooperation agreements in fields such as agriculture,
energy, and medicine involving nearly every Chinese government
agency.

The most recent agreement, to establish the Sino-U.S. Joint Research
Center for Clean Energy, is one of the most significant. For the first time,
each nation will contribute an equal amount of money and assign
scientists to an independently managed research center focusing on clean
water, clean air, and other areas. “This represents an historic point,” Mr.
Wang said. “In the past, cooperation mainly focused on exchanges of
personnel. This is the first time both governments donated directly to a
joint program.”

Equal Treatment for U.S. Firms in China’s Markets

Another U.S. complaint is that foreign companies collaborating in
R&D in China aren’t treated as equals when it comes to the domestic
market.”® Although IBM works with the government, “we’re not viewed
as a Chinese company, which can be a constraint in many ways,” said
IBM’s Mark Dean. “We would like to be viewed as an equal partner,
because we believe our investments will be on par with those of Chinese
companies.”

There also was a sense by some on the American side that the United
States often gives more than it benefits from R&D partnerships with the
Chinese. If cooperation is to work, “it must be based on an equal
exchange,” Michael Borrus of X/Seed Capital remarked. “Each side must
give as well as get.”

To move towards greater reciprocity, the key to success may lie in
creative incrementalism. As suggested by Michael Borrus in his
concluding remarks: “We need to try some things together, demonstrate
mutual gain, and then turn those smaller-scale collaborations into larger
collaborations.”

>The U.S. Chamber of Commerce has called the regulatory environment in
China increasingly difficult for foreign companies citing government
procurement rules that favor local companies, a postal law that excludes foreign
suppliers such as FedEx Corp. and curbs on rare-earth exports. See New York
Times, January 18, 2011, “U.S. Shifts Focus to Press China for Market Access.”
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BUILDING ENDURING FOUNDATIONS

For all of the philosophical differences voiced in the symposium, the
common theme was on the strong foundations available on which to
build U.S.-China cooperation in science and innovation. Individual
participants from both the United States and China voiced their support
for the basic elements of a globally connected innovation system, which
include developing strong commitments to open scientific and applied
research, education, spurring corporate R&D investment, and growing
international partnerships, especially in areas of compelling mutual
interest such as medicine and energy.

The mission of universities also is expanding in both countries to pay
more attention to commercial applications. “Universities should remain
focused on discovery of new scientific knowledge, new technologies,
and new processes,” noted Dr. Vest. “But I think they are going to be
increasingly use-inspired. People are simultaneously exploring the
unknown, but with a broad end-goal in mind,” he said.

There also was evidence of some convergence in philosophy. China is
trying to transform an innovation system dominated by state institutions
into one driven more enterprises and the market. “We learned from
advanced countries,” Mr. Wang said. The United States, by contrast, is
searching for a more effective and impactful role for public policy and
federal agencies. Nations with state-led innovation systems “are all
trying to work their way to the bottom,” observed the University of
Maryland’s Mote, “while the United States is trying to work its way to
the top.”

Which mix of innovation policies and investments proves most
effective in tackling enormous global challenges such as climate change,
energy, and medical care for aging populations remains to be seen. As
we see in the proceedings, summarized in the next chapter, the
participants in this workshop highlighted a variety of areas where
cooperation between China and the United States can help address these
global challenges.



II
PROCEEDINGS






WELCOME

Charles Wessner
The National Academies

Dr. Wessner welcomed the guests from China and the United
States assembled in the National Academy of Sciences to discuss
building bilateral cooperation in science, technology, and innovation.
Within these walls “we often talk about science and sometimes about
technology,” Dr. Wessner noted. “We are learning to talk more about
innovation.” He added that the National Academies Board on Science,
Technology, and Economic Policy (STEP has a “somewhat unique
mission” to integrate the diverse elements of science, technology, and
economics in order to generate policy recommendations for the U.S.
government. Many of these policy recommendations are adopted by
Congress and the Administration.

Dr. Wessner noted that STEP has underway a comparative
assessment of national innovation policies. This program is studying
innovation policies of major nations, such as Japan, India, leading
European nations and regions—and China.'

A real-world understanding of other nations’ practices and
experiences is important for U.S. policymakers, Dr. Wessner said. “One
of the things we struggle with here in the United States is that some

'For examples of previous comparative studies, see National Research Council,
Innovative Flanders: Innovation Policies for the 21°" Century, Charles W.
Wessner, ed., Washington, DC: The National Academies Press, 2008. Materials
from the September 24-25, 2007, STEP conference “The Dragon and the
Elephant: Understanding the Development of Innovation Capacity in China and
India” may be found at
<http.//sites.nationalacademies.org/PGA/step/PGA_046383>.
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people seem to understand the world better in theory than in practice.
These people often have a powerful influence,” he stated. In comparison,
STEP is looking less in theory and more in fact about what the rest of the
world is doing.

The National Academies also is interested in expanding mutual
cooperation. “With almost everything we need to do to make the 21*
century a more prosperous century, safer century, and more
environmentally friendly century, China and the United States must work
together,” he said.

Dr. Wessner noted that this conference was organized with the
assistance of Cisco Systems Inc. He also thanked the program’s other
sponsors. They include International Business Machine, Intel, the Palo
Alto Research Center, Sandia National Laboratories, the Office of Naval
Research, the Defense Advanced Research Projects Agency, the National
Institute of Standards and Technology, and the National Science
Foundation. He offered special thanks to Patrick Keating, Cisco’s
director of worldwide leadership education, “whose leadership and
common sense have done a great deal to make this program possible.”

Dr. Wessner then introduced the keynote speaker, Ambassador Alan
William Wolff, a former U.S. trade ambassador and chairman of the
Committee on Comparative National Innovation Policies. Ambassador
Wolff also is a research professor at the Monterrey Institute of
International Studies and counsel at the Washington law firm Dewey &
LeBoeuf.



OPENING REMARKS

Alan Wm. Wolff
Dewey & LeBoeuf LLP

Ambassador Wolff welcomed the delegation from China and
American participants on behalf of the Science, Technology and
Economic Policy Board of the National Academies.

The United States and China have cooperated in science for at least
70 years, noted Ambassador Wolff, a prominent trade attorney who
chairs the STEP Board’s Committee on Comparative National
Innovation Policies. Prior to World War II, he noted, the United States
allocated precious air cargo space to ferrying scientific instruments,
materials, and current treatises over the Himalayas from India to
Chonggqing so that Chinese scientists in exile could continue their work
during Japan’s occupation of China.

The modern history of Sino-U.S. science and technology cooperation
began on June 5, 1965, in the same National Academy of Sciences
building that was the site of this symposium. On that date, the Academy
decided to create a committee to foster academic communication and
exchanges with China.' The Council stated: “We hopefully believe the
U.S. scientific community can contribute to a lessening of tensions
between peoples and nations by endeavoring to create the basis for
scientific discourse between Chinese and American scientists.”

That move was important, given the historical context. “You have to
remember what great difficulties there had been in the recent past,”
Ambassador Wolff recalled. American and Chinese troops had fought in

'For historical background on Sino-U.S. cooperation in the 1960s and 1970s, see
Kathlin Smith, The Role of Scientists in Normalizing U.S.-China Relations:
1965-1979, Council on Library and Information Resources (<http://china-
us.uoregon.edu/pdf/Smith's%20NYAS%20article.pdf>).
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the Korean Peninsula, and anti-People’s Republic of China attitudes
among some in Congress were strong. “So it was a difficult period for
this academy to begin to reach out to colleagues in the Chinese sciences
to build bridges,” he said.

The Cultural Revolution soon intervened, however, and it wasn’t until
the 1970s that small numbers of U.S. scientists began to visit again.
There was strong American interest in China’s studies of botany and
seismology, areas in which China was advanced, Ambassador Wolff
noted. The Chinese scientific community, meanwhile, was interested in
topics related to the nation’s industrial and agricultural priorities, such as
computer science, petrochemical engineering, mineral extraction,
telecommunications, mechanized agriculture, and industrial automation.

Exchanges resumed in earnest after the Nixon-Zhou Enlai 1972
Shanghai Communiqué. In 1978, Deng Xiaoping suggested there was
potential for expanding bilateral exchanges. Ambassador Wolff, who
served as U.S. deputy special representative for trade negotiations at the
time, noted that the first high-level science delegation to China that year
was led by a colleague of his, Frank Press, then President Jimmy Carter’s
science advisor and later president of the National Academies.” That trip,
he said, “provided the foundation for the formal bilateral understandings
to foster science and technology cooperation that followed.” Soon
afterward, China’s Ministry of Science and Technology and America’s
National Science Foundation resumed formal cooperation.

The Sino-U.S. partnership in science and technology played an
important role in helping China’s scientific community recover “from the
dislocations of the Cultural Revolution,” Ambassador Wolff said.
Meanwhile, “American universities were and are an enormous source of
education for Chinese students. Investment in China by American and
other foreign corporations was and is an important source of technology
for China.”

Now, the United States is starting to benefit. “We may be on the
threshold of some reverse flow of investment, from China to the United
States, and China’s graduate students enrich the research environment of
American universities,” Ambassador Wolff observed. “The fruits of
major research activity that will take place in China will be available to
other countries as well.” One recent sign of this trend, he noted, is that
Applied Materials Corp.’s chief technology officer is moving to China to
improve production of solar-panel equipment.

*Frank Press served as presidential science advisor from 1977 through 1980 and
as president of the National Academies from 1981 to 1993.
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Perhaps just as important as the flow of scientific knowledge is the
exchange of ideas on science and technology policy, Ambassador Wolff
said. He recalled a comment made at a 2006 conference in Beijing by
Richard C. Atkinson, the former director of the National Science
Foundation. Mr. Atkinson explained that in the 1970s “there was very
little economic theory or data about investments in R&D and economic
development [to make] the case to the Congress for federal support of
research.” The NSF, therefore, initiated a study exploring that link.
Decades later, Dr. Atkinson noted, a report by the President’s Council of
Economic Advisors concluded that half of the growth in the American
economy in the previous 40 years had been due to investments in
research and development.® “The private sector is a major driver of
R&D, but federally funded research at universities plays a key role,” Dr.
Atkinson said in his 2006 speech.

Atkinson’s message to his Chinese counterparts was that he believed
government funding of university research “was a core need of scientific
progress and innovation in this country,” Ambassador Wolff explained.
In the United States, supporters of science and technology are in “a battle
right now to make sure that government funding of basic research and
development is sufficient,” he noted. “Many people around this room and
in the American scientific and technology community are currently
trying to get through Congress a very important level of funding for
university research and other research in this country. So the struggle
continues and hasn’t changed that much in 40 years.”

The scientific communities of China and the United States can benefit
from sharing views on best practices for national policies, he said.
“Today is another step in that process of mutual exchange and—I trust—
mutual benefit.”

Ambassador Wolff then explained America’s innovation system. A
2006 National Academies publication defined the National Innovation
System, a term popularized by President Richard Nixon, as “a network of
institutions in the public and private sectors, whose activities and
interactions initiate, develop, modify, and commercialize new
technologies.” This National Innovation System, the publication
explained, involves flows of knowledge among complex, inter-linked,
and overlapping “innovation eco-systems” at universities, government
research laboratories, large and small businesses, and other
organizations.*

3Council of Economic Advisors, Economic Report to the President, 1995.
*This definition is cited in National Research Council, India’s Changing
Innovation System: Achievements, Challenges, and Opportunities for
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China also has an immensely rich history of innovation. “For many
centuries, if not millennia, China led the West in innovation,”
Ambassador Wolff observed. “Not only were remarkable things
invented, but they also were put into circulation for practical use.” In the
West, schoolchildren learn that the world is indebted to China for
inventing porcelain in the 7th century AD; gunpowder, fireworks, and
rockets in the 4th century AD; paper and tea in the second century BC;
kites in the 5th century BC, and silk in 3600 BC. “But I don’t think many
outside China know that the invention of noodles dates back at least
4,000 years,” he said.

Ambassador Wolff then presented an extensive sampling of other,
less-heralded Chinese inventions:

Magnetic Compass 200 BC
Movable Type 1050 AD
Wrought Iron 5th Century BC
Blast Furnace 250 BC
Paper Money 700 AD
Paddle Wheel Boats 650 AD
Metal Bells 200 BC
Fork (preceded chopsticks) 2400 BC
Lacquer Ware 5000 BC
Stone Plowshares 3500 BC
Toxic Gas for War 400 BC

Use of Chromium (for weapon tips; firstused in 210 BC
West around 1797)

Golf 1000 AD
Crossbow 200 BC

Use of Vitamin-Rich Foods (as disease treatment) 200 BC
Diagnosis of Diabetes 200 BC

Dietary Treatment of Diabetes 650 AD
Isolation of Hormones (used for medical 1110 AD
treatments)

Fishing Reel 4th Century BC

Cooperation, Charles W. Wessner, ed., Washington, DC: The National
Academies Press, 2007.
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Manned Flight With Kites (1891 in Europe) 6th Century AD
Standardized Lumber Dimensions 1100 AD
Natural Gas Use for Heat and Light 4th Century BC
Negative Numbers (also in Greece, but not used  3rd Century AD
widely in Europe until 1550)

Pinhole Camera (a century before discovery by 450 BC
Aristotle)

Raised Relief Maps 3rd Century BC
Rotary Cooling Fan (first used in West in 16th 200 BC

Century)

Seismometer 132 AD

Steel 2nd Century BC
Iodine Treatment for Goiter (1860 in France) 7th Century AD
Chain Suspension Bridge 15th Century
Toilet Paper 589 AD

Tune Bells 8th Century BC
Underwater Salvage 1065 AD

Only in more modern times has the technology flow begun to reverse
from West to East, Ambassador Wolff noted. The flow began with
innovations like the windmill from the Middle East and telescope from
Europe, and continued with a “cascade of inventions borne of the
industrial and information technology revolutions,” he said.

For the past decade, Chinese leaders have stressed that innovation is
vital to the nation’s future. In 1999, Ambassador Wolff noted, General
Secretary Jiang Zemin said in a speech at a conference on innovation: “In
today's world, the core of each country's competitive strength is
intellectual innovation, technological innovation and high-tech
industrialization.’

Six years later, Party General Secretary Hu Jintao introduced a new
objective, when he said that the government should “give priority to
indigenous innovation” in science and technology work. Mr. Hu also said
the country should “increase core competitiveness and strive to make
science and technology innovation with Chinese characteristics a

>Jiang Zemin, General Secretary of the Communist Party of China Central
Committee, keynote speech to the National Technological Innovation
Conference, August 23, 1999.
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reality.”® He also said the government must “create a policy environment
beneficial to technological innovation.”

The United States also has grown increasingly concerned about
advancing innovation. Ambassador Wolff cited the landmark 2007 report
titled Rising Above the Gathering Storm,” produced by a committee of
the National Academies. The report said the government should design
science and technology policy to:

“...ensure that the United States is the premier place in
the world to innovate,; invest in downstream activities
such as manufacturing and marketing;, and create high-
paying jobs based on innovation by such actions as
modernizing the patent system, realigning tax policies to
encourage innovation, and ensuring affordable
broadband access.”

There are many similarities between the innovation goals and policies
of the United States and China, Ambassador Wolff said. “Each wishes to
enhance the prospects for successfully initiating, developing, modifying,
and commercializing new technologies.” Both countries also “want a
substantial part of all stages of the innovation system to be located within
their own national boundaries.” This does not necessarily mean each
product must be developed locally, “but at least a healthy share of the
spectrum for products in general” so that a large number of high-quality
jobs are created to bring economic benefits.

The focus is different, however. Chinese leaders seem to be more
concerned with the “front end of this process, initiating and developing
new technologies,” he said. The United States is more concerned with
the “back end, the commercialization of new technologies.”

There also are some similarities and differences when it comes to
policy. “We should learn something from each other by comparing these
two sets of national policies,” he said. Both the United States and China
recognize the need to support science, technology, engineering, and math
education from the primary school level to advanced degrees, he said.
They also both “recognize the importance of supporting university

%Speech by Hu Jintao, General-Secretary of the CPC Central Committee,
November 27, 2005.

"National Academy of Sciences/National Academy of Engineering/Institute of
Medicine, Rising Above the Gathering Strom: Energizing and Employing
America for a Brighter Future, Washington, DC: The National Academies
Press, 2007.
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research, which has not been true of every leading trading country,” he
said. The United States and China both support research parks, regard
protection of intellectual property as important, and “see a global interest
and a national interest in creating renewable energy technologies and
associated equipment industries and utilities,” he said.

Policy differences between China and the United States, however,
“require examination,” Ambassador Wolff said. One is U.S. immigration
policy. As a result of tougher American immigration and work-visa
policies, he said, the United States is having a harder time retaining
highly trained, foreign-born talent with advanced degrees in science and
technology.

Another issue is U.S. defense spending. Early investment by the
military was instrumental in the commercial success of integrated
circuits, the Internet, large aircraft, and GPS navigation systems,
Ambassador Wolff pointed out. Government demand, which does not
move as quickly as private commercial demand, can also be a drag on the
pace of technological evolution. Today, for the bulk of products that are
not exclusively used by the military, commercial demand is a powerful
catalyst for development. The government can help launch technology,
not guarantee widespread adoption. “The involvement of government is
something like booster rockets for the Space Shuttle, which must not
remain attached after initial thrust,” Ambassador Wolff said. If attached,
“they would make getting into orbit impossible.”

The United States is closely watching a number of developing
policies in China. For example, it is interested in whether China’s heavy
investments in infrastructure will present market opportunities for
foreign companies. “There will be global commercial benefits for China
from the creation of its high-speed rail industry and photo-voltaic cells,
among other industrial policy programs,” he said.

The United States also is watching China’s policies with respect to
intellectual property and whether it is adopting national rather than
international industrial standards. The evolution of China’s National
Indigenous Innovation Policy is another major issue. The question is
whether, “on balance, these policies are helpful or harmful to China,”
Ambassador Wolff said.

The two nations are interested in the policy tools each other are using
to promote innovation. One question, for example, is how China’s
financial support for renewable-energy projects compares with those of
others. Another topic of mutual interest is the role venture capital will
play in both countries compared to other sources of capital. The related
issues include “what is needed, at what stage, and is it forthcoming?”
Ambassador Wolff observed. Other topics include the optimum role of
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large corporations, including state-owned enterprises in China, as
compared with small and medium enterprises. Yet another is future role
of foreign direct investment in promoting innovation. “Each of these
topics and many others will emerge from our discussions and invite
further exploration,” he said.

Conferences such as this one help stimulate thinking on ways to
improve both nations’ science and technology policies, Ambassador
Wolff said. Among the fundamental questions: “Which policies promote
innovation and which may retard or distort the process?” he said. “Where
are there areas for future cooperation and collaboration? Where can we
find areas where working together would have the potential for creating a
major benefit for other countries as well — such as finding solutions to
the challenges of carbon sequestration, cheap energy-efficient bio-fuels
and batteries?”

In his own view, Ambassador Wolff said, government support is
“vitally important for progress in science, technology, and innovation.”
However, government should play a supporting role, “like that of a proud
mother or father watching a high school or college graduate.”
Government direction that is “warranted and truly useful after that
graduation is limited,” he said. “As much harm as good can come from
such interventions. That is our national experience and our bias. So
interventions must be very careful so as not to be counterproductive.”

The market drives perhaps as much as 85 percent of innovation,
Ambassador Wolff said. “If we were clever enough to figure out where
the market was headed, we would all be billionaires.”

Ambassador Wolff also challenged the notion of indigenous
innovation as a useful path. “In this globalized world, there is no
indigenous innovation,” he said. Before the rise of fast and easy
international communication, local innovation was more common.
Ambassador Wolff noted that in his books on science and innovation in
China, the eminent historian Joseph Needham® credited China with
invention of the stirrup, which allowed warriors to stay in the saddle at a
full gallop. “But the Hittites, my wife tells me, invented the stirrup about
two millennia earlier,” Ambassador Wolff said. “What the Hittites and
the Chinese inventors lacked was access to Internet cafés to cross-
fertilize their innovations for their mutual benefit.”

$Joseph Needham (1900-1995) edited a series of volumes on Science and
Innovation in China published by Cambridge University Press. The first of 27
volumes was published in 1954. The project continues under the Needham
Research Institute.
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New technologies will make such cross-fertilization even easier.
Ambassador Wolff noted that Cisco has a great video-conferencing
system that makes individuals at a meeting feel like they are in the same
room as those across the table from them, even though they actually are
on different continents. The next step will be use of holograms, which
will enable people to feel the presence of others located far way and to
conduct “truly virtual meetings,” he said. That will save money not only
on tea and pastries but also airfare, he noted.

Science, technology, and economic policy usually catch up with
progress, Ambassador Wolff observed. “But policy often lags invention.
It does not very often precede it.” He noted that the integrated circuit and
Internet “were great enablers of this new world, but the applications that
add the next very large layers of value are the products of individual and
private corporate achievements.”

Each country and industry needs to find best practices to support
innovation and inform each other of these findings, Ambassador Wolff
said. “This is a secret recipe for progress. When we discover it and share
it, we enrich the world.” He said the United States and China have much
to learn from each other and added that he hopes the two nations will
follow up on this conference with another conference in China so that the
dialogue can continue.
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Ren Weimin
National Development and Reform Commission

Mr. Ren began by noting he was “very impressed” by
Ambassador Wolff’s list of Chinese inventions. “I don’t think Chinese
people have thought very deeply about our innovations. We had always
assumed we’ve got the Four Innovations,” he said. “Over our long
history, many things we considered to be normal for the survival and
everyday living of our ancestors may well have been innovations. So I
agree on this way of looking at our history and culture.”

China and the United States should focus on cultural exchange so that
the two nations can better understand each other, Mr. Ren said. “Even
after several thousand years of history, each nation has its own unique
mindset and thinking mode,” he said. “If we get to know each other from
this perspective, we can better handle our bilateral relations.”

Mr. Ren expressed the gratitude of the Chinese delegation for being
invited to visit the United States. “The international financial crisis has
not been fully alleviated, and the world economy revived, during this
trip,” he noted. “We have had an exchange of views on issues like energy
innovation. We have benefitted a lot.” The United States remains the
most advanced country in terms of technological exchange, Mr. Ren
said. “This program has broadened our horizon, as well as our
understanding of many aspects of the U.S.”

Even though the most difficult period of the recent global recession
appears to be over, “the legacy of this financial crisis has not left us yet,”
Mr. Ren said. “An entire revival of the global economy needs all
countries and industries to better have better understanding and col
operation. Even though there may be some disparity of opinions, we
have reached common ground on many issues.”

47
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The United States and China have “tremendous potential” to
cooperate in high-technology industries because they have
complementary strengths, Mr. Ren said. “I hope we can deepen the Sino-
U.S. friendship and that our cooperation with be continuously fruitful,”
he said. “I hope this conference today will be very great success.”



BUILDING GLOBAL PARTNERSHIPS:
OPPORTUNITIES IN U.S.-CHINA COOPERATION

Introduction

Dr. Wessner expressed delight at having Anna Borg to speak at
the symposium in place of Under Secretary of State for Economic,
Business, and Agricultural Affairs Robert D. Hormats. Under Secretary
Hormats, ironically, had been called away to travel to China. Ms. Borg,
assistant secretary to the Economics Bureau at the State Department, has
a “distinguished career in the foreign service,” Dr. Wessner said. He
mentioned that when he tried to reach Ms. Borg the previous day to
confirm she could speak on short notice, he asked her office to contact
her on her cell phone. “Their answer was that the White House doesn’t
like people being called when they visit the White House,” Dr. Wessner
said. “I think that gives you some indication of the role Assistant
Secretary Borg has.”

Anna Borg
U.S. Department of State

Ms. Borg said she was happy to be invited to speak at the symposium.
Ms. Borg noted that Under Secretary Hormats has spent a “tremendous
amount of time recently in China” and that many State Department
officials were going to China for an upcoming U.S.-China Strategic and
Economic Dialogues.' “This is a prelude to that, which occurs in just a
few days.”

'The U.S.-China Strategic and Economic Dialogue is a series of high-level
bilateral meetings established by President Barack Obama and Chinese
President Hu Jintao in April 2009 to discuss a broad range of issues between the
two nations.
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Ms. Borg added that it was “very enjoyable to hear about all of the
different innovations that have come out of China and to hear from our
Chinese colleague about some of the thoughts he has in regard to
innovation.”

During the day’s discussions, “we realize that not only do we
innovate, but we innovate very often when we look at challenges that we
face,” Ms. Borg said. “Climate change, energy shortages, disease
epidemics, famine, and terrorism are just a few that come to mind.
Innovation—the development of new ideas and products—is necessary
to offer previously unthought-of solutions to these hurdles.”

As the world’s largest economy and the world's fastest-growing
economy respectively, the United States and China “share an opportunity
and an obligation to work together to promote and protect innovation,”
Ms. Borg said. “Cooperation between the governments of the United
States and China as well as its citizens and businesses are imperative to
solve the problems of today and tomorrow.”

Three key areas where the United States and China should work
together are “creating an environment that favors innovation;
maintaining an open, rules-based trade system; and advancing efficient
and sustainable energy policies,” Ms. Borg said.

To create an environment that fosters innovation, “countries need to
get a range of policies right,” Ms. Borg said. These policies include
education, research-and-development funding, good governance,
transparent regulatory policies, open and competitive markets, and
“policies that allow companies to succeed and sometimes fail.” She said
nations “must also embrace and enforce an intellectual property system
that allows innovators to reap the benefits of their ideas and rewards risk-
taking.”

Intellectual property promotes innovation, Ms. Borg explained.
“Without it there is little or no incentive for companies to produce new
products or services.” Copyrights, trademarks, patents, and trade secrets
that protect creativity, entrepreneurship, and innovation are key drivers
of domestic and global economic growth, she observed. “Therefore, the
theft of IP continues to be a concern. Emerging nations like China need
to rigorously protect intellectual property rights for their own companies
and for foreign companies.” The latter, she added, should be treated
“fairly, just as (governments) would want their businesses treated
abroad.”

The U.S. government would like to work with China’s government
“to ensure that the rights of all intellectual-property holders, such as in
the software, pharmaceutical, music, and fashion industries, are well[]
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protected and that laws are consistently enforced,” Ms Borg said. “We
hope that China shares these objectives and will work with us in
fostering an innovation climate.” She said that such support “will go a
long way in deepening” the two nations’ cooperation in innovation.

An open attitude toward innovation is essential in today’s global
economy, Ms. Borg said. Companies are forming innovation networks
that include other firms, customers, suppliers, universities, and
government institutions around the world. Their products incorporate
technologies from a number of countries and companies. “Rarely are
such complex products based solely on the intellectual property of a
single business or a single nation,” she said. “Nations that fail to protect
intellectual property will find themselves cut off from these dynamic
global partnerships because innovative firms will hesitate to invest in or
form partnerships with countries where their intellectual property may be
stolen.”

China and the United States also must work together to promote open
trade in order to promote innovation, Ms. Borg said. Both nations have a
stake in an “open and rules-based global trading system,” she said.
“There is need for frank discussions between our two countries about
broader constructive trade frameworks supported by generally accepted
rules and international institutions.”

Ms. Borg said she recognizes China has made development of local
creative industries a top priority. Some of the greatest benefits of
innovation, however, come from adopting and adapting the innovations
of others. “The imposition of barriers in the form of performance,
investment, or intellectual property requirements to achieve this goal will
ultimately be self-defeating,” she warned. “In the short run, China's
entire economy will be less competitive when it is denied access to the
full range of innovative products available in the global market. In the
long run, China's own creative industries will be stifled when they are
denied the benefit—and it is a benefit—of international competition and
exposure to new technology.”

The Chinese government’s "indigenous innovation" policies are of
particular concern to the United States, Ms. Borg said. “We applaud
China's goal to become an innovative society by the year 2020,” she said.
But the U.S. government is concerned about the recently introduced
indigenous innovation accreditation system and its requirement that
government purchases be linked to products developed domestically and
Chinese-owned intellectual property. The United States suspects such
policies “constitute a step toward import substitution,” Ms. Borg said.

The United States wants entrepreneurs and researchers in places such
as Silicon Valley and Tianjin to work and benefit together. “That will not
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happen if there are restrictive and nationally focused procurement,
standard-setting, or licensing policies,” Ms. Borg said. “Protectionist
policies are unsustainable because they restrict competition and invite
retaliation.”

China and the United States should work together to identify best
practices that encourage innovation, Ms. Borg said. Making it easy for
American companies to operate in China and for Chinese companies to
operate in the United States is essential. Foreign investment into the
United States is becoming “critical to our economic growth and job
creation,” she explained. “As China seeks to increase investment abroad,
we want to work together to ensure a transparent environment consistent
with our regulations and laws.”

She pointed out that China also benefits from foreign investment.
“The United States seeks fair and equitable treatment for our investors
abroad,” Ms. Borg said. “That is the impetus behind our many dialogues
and exchanges.” These discussions are conducted within the Strategic
and Economic Dialogue, the Joint Commission on Commerce and Trade,
and the U.S.-China Ten-Year Framework for Energy and Environment
Cooperation.

The Ten-Year Framework illustrates how the United States and China
can collaborate to advance technological innovation in the energy sector,
Ms. Borg said. It provides a forum to promote adoption of highly
efficient, clean-energy technology and sustainable use of natural
resources. “As the two largest energy consumers and greenhouse gases
emitters, both the United States and China have a critical interest in
adapting to and mitigating the effects of climate change,” she said.

The eco-partnerships that have emerged through the energy
framework and other bilateral dialogues, Mr. Borg noted, have paired
U.S. and Chinese cities, research institutes, and businesses to work on
issues such as clean air and water, natural resource conservation, electric
vehicles, and renewable energy. “Successfully meeting the clean-energy
and climate challenge will help anchor U.S.-China relations in the years
ahead and demonstrate to the world that our two countries can work
together to effectively address global issues,” she said.

In sum, Ms. Borg said, “the United States and China are, in every
sense, building a global partnership.” There still are many areas where
the two nations “must form stronger collaborations and come to
agreement,” she said. “Nevertheless, I remain confident that, over time,
we will continue to expand technological cooperation and collaborative
innovation between our two countries.”



PANEL I
BUILDING THE NEW ENERGY ECONOMY

Moderator:
Michael Borrus
X/Seed Capital Management

One of the many global issues that should unite China and the United
States is the “desperate need to diversify both economies,” said Mr.
Borrus, the founding general partner of early-stage investment firm
X/Seed Capital. Both economies must be weaned of their “dependence
on sources of energy that produce massive quantities of greenhouse gases
and deplete scare resources.”

Leaders of both nations have embraced the goal of rebuilding
economies based on renewable energy sources, Mr. Borrus noted. But
they face daunting challenges, such as political pressure from powerful
entrenched interests like domestic coal and oil producers.

Other challenges, he said, “come from the very different ways our
two nations interact to influence global competition.” A good example is
in the solar energy industry. Most innovations in solar come from the U.
S., he noted. But “virtually all of the manufacturing will end up in
China.” Over-capacity stemming from over-investment in China has
caused world solar-panel prices to plummet. That has “effectively
destroyed the economic case for investment in domestic U.S. solar
production capacity,” he said, “a situation that is not sustainable, in my
opinion.”

Only a combination of continued innovation and cooperation is likely
to solve such problems, Mr. Borrus said. He noted that the first speaker
addressing these challenges and opportunities for cooperation is Ren
Weimin of the National Development and Reform Commission. He had
been introduced previously. The other speaker, Energy Under Secretary
Kristina Johnson, “embodies both innovation and entrepreneurship, as
well as academic excellence,” Mr. Borrus said. Prior to her current
appointment, Dr. Johnson had been dean of Duke University’s Pratt
School of Engineering and provost and senior vice-president for
academic affairs at Johns Hopkins University. She also has helped found
two companies, performed pioneering research in optoelectronics, and
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was awarded the prestigious John Fritz medal.' Previous recipients of the
prize, Mr. Borrus noted, include Alexander Graham Bell, Thomas
Edison, and Orville Wright.

New Renewable Energy Initiatives in the United States

Kristina M. Johnson
U.S. Department of Energy

China and the United States share many strategic energy interests,
Energy Under Secretary Johnson said. Both nations are among the
world’s top energy producers and consumers and emitters of carbon
dioxide. “By working together we can leverage our comparative
advantages in innovation and address this global climate challenge,” she
said.

Controlling greenhouse gas emissions is a major responsibility of
both nations. Together, the United States and China emit 40 percent of
the world’s CO2. Europe accounts for around 20 percent. “There is no
way to tag the molecules under the Chinese flag or the American flag.
We own them all,” Dr. Johnson noted. “So we will have to work together
to figure out a way to mitigate the impact they have and will have in the
future on our environment.”

That impact already is becoming visible everywhere. In her home
town in Colorado, Dr. Johnson said, an infestation of pine beetles has
caused widespread deforestation. In a nearby state, half of glaciers have
been lost in the last 100 years. “I am sure there are places that are
familiar to you where you have seen the effects of climate change over
the past several decades,” she said.

The great news is that Americans and Chinese “both come from very
innovative cultures and we know how to address challenging problems,”
Dr. Johnson said. “As an engineer, every problem is an opportunity to
innovate. So I look forward to working together.”

Dr. Johnson presented an overview of the Obama Administration’s

agenda to expand the clean-energy economy in the United States. The
goals are to secure America’s energy future, reduce greenhouse-gas

'"The John Fritz Medal was established in 1902 in honor of steel magnate John
Fritz and is awarded by the American Association of Engineering Societies
(AAES) for important achievements in science or industry. Dr. Johnson won in
2008.
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emissions by 83 percent by 2050, demonstrate science and engineering
leadership, and collaborate with the global community to clean up toxic
waste that is a legacy of the Cold War by 2015.

Some 70 percent of U.S. electricity is derived from fossil fuels. Del]
carbonizing U.S. energy generation is a challenge, but one that is “fairly
straightforward,” Dr. Johnson said. The United States plans to expand
commercial nuclear power generation, to install carbon-capture and
storage technologies in coal-fired plants, and to increase renewable
energy. “We will see a fundamental shift in how we meet our electricity
demand from primary sources converted to electricity,” she said.

The greatest challenge is de-carbonizing the transportation sector, Dr.
Johnson said, which accounts for 29 percent of U.S. energy use and puts
around 2 gigatons of CO2 into the atmosphere. Of the 28 quads” of
energy consumed by transportation, 95 percent is from petroleum.

Light-duty vehicles are responsible for about 60 percent of carbon
emissions, Dr. Johnson noted. Medium to heavy trucks and buses
consume another 20 percent, air transportation 14 percent, and the
balance by shipping and rail. Trucking is clearly less energy-efficient per
ton of goods shipped than rail. To de-carbonize commercial
transportation, she said, the United States must look at advanced bio[]
fuels, jet diesel, and fuel cells for electric vehicles, as well as shifting
more freight from trucks to rail.

Heat and electricity in buildings consumes about 39 percent of energy
and releases about 2 gigatons of C02. Industry contributes a similar
amount. Another priority, therefore, is to make buildings more energy-
efficient. Industries of all sizes consume 32 percent.’

Despite the difficult economic environment in the United States, the
Administration is substantially increasing investment in clean energy, Dr.
Johnson explained. Under the American Recovery and Reinvestment
Act, which she described as “historic legislation,” $36.7 billion has been
allocated to the DoE alone for this purpose—more than twice the
agency’s normal annual budget—and $80 billion across the federal
government. These public funds leveraged $150 billion in private
investment in clean-energy projects.

The new funding also realigned DoE priorities. Under the agency’s
base 2009 budget of $16.6 billion, for example, 41 percent of funds were
devoted to R&D and 18 percent to deploying energy technologies, Dr.

?A quad refers to 1 quadrillion BTUs of energy, the equivalent of 8 billion U.S.
gallons of gasoline or 293 billion kilowatt hours of electricity.

*Data from “State Energy Consumption Estimates: 1960 through 2007,” Tables
8-12, Energy Information Administration, August 2009.
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Johnson explained. By contrast, 75 percent of the DoE’s Recovery Act
funds—or $27.5 billion—are earmarked for deployment while 8 percent
is earmarked for R&D. Other funds went to loan guarantees and other
opportunities to grow the clean-energy economy.

The DoE has focused on what Dr. Johnson described as the “really
difficult part of the clean-energy economy”—de-carbonizing
transportation. It invested $3.4 billion to develop next-generation
vehicles and fueling infrastructure. Those funds are in addition to $8.4
billion extended so far under the Advanced Technology Vehicle
Manufacturing Loan Program,* which is outside the Recovery Act. “The
projects aim to transform our transportation sector by creating
competition among electrification of the fleet, hydrogen fuel cells, and
compressed natural gas,” she said, “as well as pushing the industry to
create a pathway toward bio-fuels and more efficient commercial
combustion engines.”

Over the next several years, three new electric-vehicle plants will be
built, Dr. Johnson noted, the first ever built in the United States. Thirty
new battery and electric-vehicle component manufacturing plants also
will become fully operational.

To discover new sources of fuel, the Recovery Act deployed $600
million to build 19 pilot, demonstration, and commercial-scale bio!
refineries. Currently, these facilities are for ethanol, Dr. Johnson
explained. In the future, the focus will shift to third- and fourth-
generation fuels that involve direct conversion of sunlight into fuel.

In addition to the bio-refineries, the DoE “has tried to be innovative in
the way we do innovation,” Dr. Johnson said. It has launched programs
such as Energy Frontier Research Centers, the Advanced Research
Project Agency, and hubs.’

To understand how these initiatives fit together, Dr. Johnson said, it
helps to understand the historical background of America’s research-and [
development ethic. Today’s U.S. innovation system was influenced 60
years ago by Vannevar Bush, who Dr. Johnson described as a “brilliant

*The Advanced Technology Vehicle Loan program is administered by the
Department of Energy. First funding of grants, loans, and other incentives to
makers of automobiles and auto parts to support development and
manufacturing of advanced vehicles was provided under Section 136 of the
Energy Independence and Security Act of 2007.

°For explanations of recent Department of Energy innovation initiatives, see
Kristine Johnson presentation in upcoming book, Charles W. Wessner,
Clustering for 21° Century Prosperity, Washington, DC: The National
Academies Press, forthcoming.
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thinker.” Bush thought the government should fund basic research but
that applied technologies and product development should be left to the
private sector. “His initial vision was that there should be a continuum,
and that we in the United States should support that,” she said. The
approach was successful at the start and continues to serve as a model.
“But the world has become more complex in the last 65 years,” she said.

The process of innovation was revolutionized by the invention of the
transistor, which led to the computer, Dr. Johnson said. Thanks to these
breakthroughs, she said, “we can now model and simulate what we want
to build before we build it.” She noted that the Boeing 777 and some
submarines have been designed and built without physical prototypes.
“It’s stunning if you think about that kind of change over the past 60
years,” she remarked.

For a good model of how innovation works, Dr. Johnson
recommended a book called Pasteur’s Quadrant.® The book describes a
model in which innovation is conducted along two axes. One axis
represents fundamental research. The other represents research into
applied technology. Louis Pasteur operated on both levels: He engaged
in very basic scientific discovery as well as development of vaccines
made possible by that research. At the DoE, the approach is to focus on
“use-inspired” research, Dr. Johnson said. The agency attempts to be
both at the cutting edge of fundamental discovery as well as at the
frontier of applied research. “So we need new models for innovation,”
she said.

The DoE’s Energy Frontier Research Centers fund innovation in
research, Dr. Johnson explained. The ARPA-E program, by contrast,
funds innovation in technology. “As an engineer, that is where I like to
play,” she said. The energy research hubs “fund innovation at scale.”

Work in bio-fuels illustrates how these DoE programs support
research at every level of the innovation continuum. The Energy Frontier
Research Centers explore “ways to be biologically inspired by the way
plants convert sunlight CO2 water into energy and bypass having to
grow, harvest, and gasify the plants to create fuel,” Dr. Johnson said.
ARPA-E explores ways to implement breakthroughs. The hubs “are
trying to gather all of the best ideas together in order to reach
commercial scale,” she said.

®For explanation of the model of innovation based on the balance of basic and
applied research, see Donald E. Stokes, Pasteur’s Quadrant: Basic Science and
Technological Innovation, Washington, DC: Brookings Institution Press, 1997.
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This new approach to innovation is being “pioneered and led” by
Energy Secretary Steven Chu, she said. “Part of our innovation is that we
need to be open and collaborative, and together figure out the best ideas
that will move our civilization and planet forward,” she said. The
approach used for bio-fuels is also used for “the entire search for the next
generation of renewable energy.”

Collaboration is vital if the DoE is to achieve its goal of doubling
renewable electricity generating capacity and advanced energy
manufacturing by 2012, Dr. Johnson said. The Recovery Act investments
and incentives of $23 billion, combined with private capital of $40
billion, “will give us the fuel to help meet these goals,” she said. Still,
there is not enough funding from one source alone to make this clean-
energy revolution happen.

To give one example, Dr. Johnson said she has been very close to the
effort in hydro power. She noted that her father was a hydro power
engineer and her grandfather was a hydro power engineer. “Now [ am a
hydro power engineer,” she quipped.

The DoE spent $30 million, leveraged with about $100 million from
private industry, to create 30 megawatts of new hydro power. Probably
30 gigawatts to 100 gigawatts of potential hydropower can be generated
in the United States. But that would require $30 billion in investment, far
beyond the agency’s resources. “So we have to be clever about how we
make those projects happen by using policy instruments,” she said.

Dr. Johnson noted that the United States has 79,000 dams, but only
2,200 of them produce electricity. In some cases it may make sense to
remove a dam and have a small hydropower in that river. “That requires
us to think strategically again over how we deploy this opportunity,” The
DoE is working with the Treasury Department to provide $2.3 billion in
tax credits to assist such innovative activity.

The United States also is promoting conservation. The government
has committed $5 billion to weatherize low-income housing. “This has
the potential to save 20 percent to 30 percent on the energy bills in the
hardest-hit families in the economy climate,” she said. Buildings account
for 40 percent of energy-use in the United States. Thirty percent of that
energy can be cut through fairly simple energy-efficiency moves, such as
installing more insulation and replacing incandescent bulbs with compact
fluorescent bulbs. There also are incentives for more efficient furnaces
and appliances. The federal funds have been matched with $3 billion
from state governments and another $3 billion distributed to 2,300 cities,
counties, territories, and Indian tribes. Also, the DoE is creating a
regional innovation hub for energy-efficient building technologies.
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President Barack Obama expressed America’s commitment to the
environment is a speech in Prague on April 5, 2009, Dr. Johnson noted.
The President said: “To protect our planet, now is the time to change the
way that we use energy. Together, we must confront climate change by
ending the world's dependence on fossil fuels, by tapping the power of
new sources of energy like the wind and sun, and by calling upon all
nations to do their part. And I pledge to you that, in this global effort, the
United States is ready to lead.”’

The United States and China have a long history of working together,
Dr. Johnson noted. “We are very proud of that history,” she said, noting
that the two nations currently are working through the bilateral strategic
dialogue on subjects such as bio-fuels, wind, and transportation.

One important example of such cooperation is a partnership involving
the DoE’s Argonne National Laboratory, the U.S. Environmental
Protection Agency, the Chinese Academy of Sciences, and U.S. and
Chinese universities to model regional and local air quality. The program
provided information to Beijing officials to improve conditions for
athletes and spectators at the 2010 Summer Olympic Games, she said.

Dr. Johnson noted that she attended the Beijing Olympics, and wished
to compliment China for the performance of its female field hockey
team. Dr. Johnson, a former field hockey player herself, attended several
Olympic matches. “If you can imagine sitting in the stadium at dusk and
seeing a crystal clear sky,” she said. “It was a perfect day for hockey. It
was really inspiring.”

The most important new collaboration is the U.S.-China Clean
Energy Research and Development Center. The center was announced in
July. The goal is for both the United States and China to each invest $75
million over five years in three areas—energy-efficient buildings,
vehicles, and carbon capture and sequestration for coal. “I was pleased to
have a role in planning this center,” she said. “And I’m looking forward
to working with our colleagues in the United States and China to make
this an exemplar of international cooperation in solving the global
climate challenge.” She thanked her Chinese counterparts for their help.

’See The Office of the White House Press Secretary, “Remarks by President
Obama,” Hradcany Square, Prague, Czech Republic, April 5, 2009.
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Renewable Energy Policy in China

Ren Weimin
National Development and Reform Commission

The growing pressure of energy demand is an important topic at the
Academy of Macroeconomic Research, at the NDRC, said Mr. Ren, the
unit’s deputy director. “Developing clean energy is an inevitable choice
that China will make,” Mr. Ren said. By 2020, non-fossil fuel is expected
to account for 15 percent of China’s primary energy consumption.

These pressures will continue to mount as China seeks to attain its
economic development goals. China already is the world’s largest
developing nation, Mr. Ren noted. The nation’s long-term economic
blueprint calls for becoming a “comfortably well-off society” by 2020,
“more or less realizing industrialization” by 2035. By 2050, he added,
China should be a “medium-level developed nation,” but not yet
reaching the level of the United States.

Many problems must be solved for China to meet its future energy
demand, Mr. Ren said. In 2005, he noted, China already had reached
very high levels of energy production and demand, consuming 2.2 billion
tons of coal equivalent (TCE) worth of primary energy in that year. In
2009, consumption reached 2.8 billion TCE. Demand is expected to hit
3.1 billion TCE in 2010, 4.5 billion in 2020, and about 6 billion TCE in
2050. These required production level will be “gigantic,” he said.

China currently is a major producer of fossil-based fuels. In 2009,
produced about 3.05 billion tons of coal, 189 million tons of crude oil, 85
billion cubic meters of natural gas, Mr. Ren noted. These are the main
sources of electrical power generation in China. “As you can imagine, as
we look forward, the pressure on China’s energy need is huge,” he said.
“So renewable energy is an inevitable choice for China.”

In terms of renewable energy production, China’s view is similar to
that of many other nations around the world, Mr. Ren said. The country
is seeking a mix of wind, solar, biomass, hydro, ocean, and geothermal
power,” he said. “This is our inevitable choice in our strategy in
developing renewable energy.”

The nation has substantial potential resources. Mr. Ren estimated that
China’s “basic conditions are good” to produce 1.7 trillion TCE of solar
energy and the potential for 1,000 gigawatts of wind power. China also
has “technically available exploit capacity” of 540 gigawatts of hydro
power and a large amount of biomass and geothermal energy.
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China has “a solid foundation for developing renewable energy,” Mr.
Ren said. One reason is that “Chinese leaders are very clear about their
goals.” In 2009, President Hu Jintao vowed that China will do its best to
develop renewable and nuclear energy, aiming to have non-fossil
energies account for 15 percent of consumption of primary energy by
2020.* “This is China’s national policy, and also our solemn promise to
the whole world,” he said. By that time, he pointed out, China’s annual
energy demand will have more than doubled, to 4.6 billion CTE.

Meeting that target will be a major challenge. While China’s
conditions for renewable energy are favorable, Mr. Ren said, it is
relatively expensive. As an illustration, he cited the cost differences
between power from coal and other sources. In Xinjiang Province, coal is
so abundant that electricity costs only 0.23 yuan (3.4 U.S. cents) per
kilowatt.

Wind power, by contrast, costs 0.5 yuan to 0.65 yuan (7 cents to 9
cents). Biomass power costs 0.40 yuan to one yuan. With solar power,
the price jumps to 1.2 yuan to 1.5 yuan (19 cents to 22 cents). “So you
can see from these prices that we face a lot of hurdles,” Mr. Ren said. “In
order to develop renewable energy, we have to gradually reduce cost a
great deal.” Industrial enterprises that use energy inefficiently will be
weeded out. Then it will be possible for enterprises to have both high
productivity and energy efficiency, he said.

In terms of the energy mix, the Chinese government wants hydro
power to account for percent to 8-9 percent of primary energy by 2020.
China has 400 gigawatts of potential hydro power. “So far, we have only
developed 50 percent of that,” Mr. Ren said, with 196 gigawatts
produced. “We hope the figure reaches 70 percent.” The government
hopes solar power will account for 20 gigawatts of electricity, biomass
will account for 30 gigawatts, and wind for at least 200 gigawatts.
Nuclear plants are expected to produce 70 gigawatts.

China set out its long-term agenda in February 2005, when it released

the Renewable Energy Law.” The law was enacted in January 2006. Two
years later, the long- and medium-term goal strategies'® were published,

¥Speech by Chinese President Hu Jintao to United Nations General Assembly,
September 22, 2009.

°The Renewable Energy Law of the People’s Republic of China was approved
by the Standing Committee in the 14™ Session of the National People’s
Congress on February 25, 2005. See
<http://www.ccchina.gov.cn/en/NewsInfo.asp? Newsld=5371>.

"For details in English, see “Medium and Long-Term Development Plan for
Renewable Energy in China,” National Development and Reform Commission,
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Mr. Ren noted. The country already is making some progress. In 2008,
annual utilization of renewable energy totaled 250 million CTE, or 8.6
percent of annual primary energy needs. Even though renewable energy
declined slightly in 2009 as a percentage of total consumption, to 8.3
percent, output rose to 260 million CTE. “The reason for the drop in
percentage is that total production and consumption of energy increased
very fast,” he explained.

In wind power, China now ranks as No. 2 in the world in terms of
installed capacity. It has 80 manufacturers of turbines. China experienced
the world’s biggest boost in wind capacity last year, rising 124 percent in
2009. With 10,129 new wind-turbine generators added last year, capacity
13,803 megawatts. China has a total of 21,851wind turbine generators
with a capacity of 2,5805 megawatts. “We can say that China’s wind
power is developing rapidly,” Mr. Ren said. The quality of turbines and
assembly capacity of spare parts also have increased. “The current trend
is very good,” he said.

China also is the world’s leading producer of solar panels, with total
production reaching 4 gigawatts in 2009. Ten Chinese photovoltaic
manufacturers are among the 30 biggest in the world, Mr. Ren noted. The
nation now has 300 megawatts of installed solar capacity. In addition,
China’s is the world’s biggest consumer and producer of solar water
heaters. In 2009, 145 million square meters of water were heated with
solar power in China.

China is producing fuel from all kinds of biomass as well, Mr. Ren
said. National annual production of biogas reached 14 billion cubic
meters in 2009, providing fuel for 80 million rural people. Annual output
of bio-ethanol reached 1.65 million tons, and installed capacity of
biomass power-generation plants across the country reached 3.2
gigawatts. About 5 million tons of biodiesel were produced. Geothermal
heating also increasing, by about 10 percent annually, he said. By the end
of 2008, geothermally heated water reached around 600,000 people in
China.

Substantial barriers still must be overcome for China to meet its
renewable-energy goals, Mr. Ren said. The two biggest are the costs of
renewable energy and weak market competition, he said. Another major
hurdle is that the market is still immature. There is a lack of knowledge
of how to improve the market performance of renewable energy. There

PRC, September 2007 (<http.//www.chinaenvironmentallaw.com/wp-
content/uploads/2008/04/medium-and-long-term-development-plan-for-
renewable-energy.pdf>).
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also is “lack of broad social recognition” of the importance of renewable
energies, he said.

Mr. Ren presented a long list of other shortcomings. A “weak
industrial system and supporting capacity” is an obstacle to wider
deployment of renewable energy, Mr. Ren said. The “policy system” is
imperfect. There is little in-depth assessment and no “clear mechanisms
guided by objective,” he said. “Market monitoring mechanisms,” policy
coordination, public disclosure, legal frameworks, and security policies
are weak, he said.

Research and development also needs to be strengthened, Mr. Ren
said. Currently, China is weak in technological innovation. More R&D
funds and a “clear roadmap” are needed. Some Chinese-made renewable-
energy equipment is “technologically backward” and “lacks
competitiveness,” Mr. Ren said. The key technology, equipment, and raw
materials must be imported. As a result, China still is far from “high[’
efficiency, large-scale development and utilization of renewable energy,”
he said.

Nevertheless, there is plenty of reason to push ahead. “The world
financial crisis has provided opportunities for leapfrogging forward in
renewable energies,” he said. “We should have strategic positioning and
strategic goals.” Advocates of clean energy “should neither be overly
optimistic nor overly pessimistic on this issue,” he said.

China is not backing off of its long-term goals. It aims to produce and
consume the equivalent of 700 million tons of coal in renewable energy
by 2020, about 10 percent of primary energy, Mr. Ren noted. By 2030,
the target is to have the equivalent of 1 billion tons of coal, 20 percent of
primary energy from non-fossil sources, and one-third by 2050, which
would be equal to 2 billion tons of coal. “By 2020, we hope renewable
energy will be an effective supplement,” Mr. Ren said. “By 2030, it will
become one of the mainstream energy sources. And by 2050, it will
become the main energy.”

In terms of strategic importance, wind power ranks first, Mr. Ren
said, wind ranks at the top. After that comes solar power, and then bio[
fuels. With wind power, he explained, China is focusing on developing
land-based systems and connecting them to the power grid. The
government also wants to advance industrialization of wind turbines. In
terms of solar power, China is focusing on thermal utilization technology
that is connected with architecture and the “balanced development of the
photovoltaic industry,” he said.
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China’s strategy in bio-fuels is to focus on biomass feed stocks that
do not require arable land or potable water. '’ That means “no robbing
people of their grains, no grabbing land from crops, no snatching water
sources from farm land, and no taking feed from livestock,” Mr. Ren
said. “As you know, China is a country that has just accomplished its
goal of feeding people,” he said. “So we will pay attention to liquid fuel
that will not consume grain or food.”

To go forward, China is developing a “comprehensive policy and
institutional framework” for renewable energy. This involves
strengthening laws and establishing a “very rational structure” for
government policy. “Economic and industrial policy should be
compatible with energy policy,” he said. Another element of the plan is
to nurture talent. China needs to “foster people who have the ability to
development renewable energy and to make decisions,” Mr. Ren said.

By implementing these measures, “China can improve its level of
development for renewable energy to reach the goal that we promised to
the world,” Mr. Ren said.

"'"The conversion of agricultural land to grow crops for bio-fuels has been
blamed by some for food shortages and rising prices for crops such as corn,
commonly used to produce ethanol.
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This symposium offers “a fantastic opportunity to have a lot of
exchange and understand a lot of the challenges we face,” said Carl
Dahlman, a former World Bank economist who has done extensive work
on China and India. He said he hopes “we also will be able to come up
with some very concrete things for work in the future, including very
specific collaborations.”

To put the panel discussion on university innovation clusters in
context, Dr. Dahlman noted that a university has three big roles. Its first
mission is to train high-level human capital, “which is important not only
for science and technology but also more generally for managing
economies,” he said. The second is advancing knowledge. The third is
applying knowledge from universities, or in other words to transfer
technology.

China has made very rapid progress in higher education, Dr. Dahlman
noted. Enrollment rates have risen from 2 percent in 1980 to 23 percent
today. Now, China has more people in universities, 25 million students,
than the United States, with 17 million. Forty percent of Chinese college
students study math, science, and engineering. “That is a very impressive
accomplishment,” he said. Dr. Dahlman also noted that many Chinese
students study in foreign universities. The largest number of foreign
students in the United States is from China, “so we have a lot of
exchange that way,” he said. “Now we have to see how we can get more
students from the United States into Chinese universities to further our
understanding.”

China is the world’s third-largest spender on research and
development measured in terms of purchasing-power parity, Dr.
Dahlman added, and may soon surpass Japan as No. 2 within five years.
China also spends a greater portion of its R&D money in universities
than most other nations, including the United States.

65
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In terms of transferring knowledge, China has made “dramatic
progress” in setting up all kinds of science and innovation parks, Dr.
Dahlman said. “I think we are very lucky to have with us one of the key
people behind that,” referring to speaker Lou Jing of China’s Ministry of
Education. The panel also featured presidents from two universities.
Charles Vest, president of the National Academy of Engineering, also is
president emeritus of Massachusetts Institute of Technology. Dan Mott
from the University of Maryland, that is very active in technology
transfer. The panel also includes a presentation by Ginger Lew of the
Obama Administration on setting up university innovation clusters in the
United States. “We are going to have a very rich discussion,” he said. He
urged each of the speakers to think of concrete areas and specific projects
for further collaboration.

Universities, Science Parks, and Clusters in China’s Innovation
Ecosystem

Lou Jing
Ministry of Education

Universities play a very important role in China’s strategy to build an
innovation society, explained Ms. Lou, deputy director of the Ministry of
Education’s Department of Science and Technology.

China has an “ecosystem of innovation that is diverse, stable, and
self-adjustable, and flexible,” Ms. Lou said. China’s goal is to be a
leading source of research and development to “promote the
development of the economy and society of China and even help develop
global science and technology and world civilization,” she said.
Universities are an essential element in this innovation environment.
Other innovation communities in this environment include the Chinese
Academy of Sciences, the Chinese Academy of Social Sciences,
corporate R&D departments, research institutes specializing in
economics and in social development, and the Chinese research
organizations of multinationals such as IBM, Intel, and Cisco. This
ecosystem also includes public-service organizations that evaluate
patents and provide intermediary services. Ms. Lou described this
environment as a “system of innovation with Chinese characteristics.”

The foundation of an innovation environment is a “knowledge
innovation system that organically combines scientific research and
higher education,” Ms. Lou said. “This system’s core, breakthrough
point is business-based, market-oriented, and comprised of industry,
academia, and research.” To produce distinct results, Ms. Lou said, the
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innovation system must “take into account different regions’ respective
characteristics and advantages.” It also needs a “socialized, network
technology intermediary service system,” she said, which will “require
additional effort” in China.

A “national innovation system with Chinese characteristics” must be
comprehensive, she said. It should include scientific innovation,
technological innovation, product innovation, industry innovation,
system innovation, cultivation of innovative talent, and an innovative
culture, Ms. Lou said. It also should be “networked, diverse, dynamic,
open, and inclusive.” Management and operation systems also are
required.

Ms. Lou outlined the major tasks of a national innovation system.
One is to strengthen original innovation, integrate innovation from
different sources, and encourage “re-innovation” by improving on
technologies introduced into the country. Another task is to “create a
better environment to cultivate innovative talent and leadership,
especially those with special insights,” she said. “We also have to
cultivate an innovation spirit and atmosphere in our entire society.”

As elsewhere in the world, universities in China are assuming a
greater role and mission. “We all know that in the 21st century
innovation has become a driving force behind a country’s economic
development,” Ms. Lou said. “Countries around the world are
endeavoring to raise their ability to innovate scientifically and
technologically, placing a high priority on cultivating talent and building
energetic innovation.”

The first mission of universities is “to serve as an engine or original
source of a country’s core competitiveness,” Ms. Lou said. She noted
that universities are involved in science and technology, education, the
economy, and society. “Universities contribute greatly to the rise and
development of a great power, and are closely connected with the
country’s industrialization and modernization processes,” she observed.

Elite universities are the core of China’s research establishment. They
account for three-fourths of scientific theses. Of those university theses,
around 75 percent come from the top 50 schools, she noted. A third role
for universities is to “cultivate innovative talent,” she said.

Universities have long been an essential force for innovation in China
and “have solved or participated in solving major science and technology
problems for China’s economy. They also are involving in transferring
and transforming technologies, Ms. Lou said. “Universities’ continuous
development in technology achievements brings a closer collaboration
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between academia, industry, and research institutes and demonstrates
their potential for leadership,” she said.

China’s economic transition and modern technology trends makes
contributions from universities even more important. Ms. Lou explained
that China has growing demand innovative talent, new technology, and
new knowledge. “The cycle of transforming knowledge into
commodities has shortened,” she said. “The relationship between science
and technology innovation and national demand will be even closer,
while demand will be higher.”

Cultivating top research talent has become “our major task” in the
past few years, Ms. Lou said. The goal is to “continuously provide
innovation—not just fast but outstanding achievements,” she said.
Universities also provide technology transfer, strategic consultation, and
other services. She noted that the 17" Party Congress called for
establishing research bodies of high standards in universities to support a
national innovation system that will increase China’s competitiveness.
“We want very concrete results,” she said.

Universities are major repositories of high-level Chinese innovation
talent, Ms. Lou observed. They employ 562 faculty that account for 40
percent of members of the Chinese Academy of Sciences and the
Chinese Academy of Engineering. Universities also have 902 recipients
of support from the National Science Fund for Distinguished Young
Scholars' program, accounting for 63.3 percent of total. Universities host
73 “outstanding national innovation communities,” 52 percent of the
total.

The Chinese Ministry of Education operates a special “high-level
innovation talent cultivation program,” Ms. Lou said. The program funds
1,108 Cheung Kong Scholars,” 2,452 Outstanding Innovation Teams,
3,776 scholars classified as New Century Excellent Talents, and 126
innovation bases. “These figures show we are enhancing the cultivation
of innovative talents and have seen some positive results,” she said.

'"The National Science Fund for Distinguished Young Scholars provides four-
year grants of 2 million RMB to scholars, focusing on those under the age 45,
who have made “outstanding achievements in basic research.” Recipients select
their own research direction. The goal is to “foster a group of prominent
academic pacemakers in the forefront of world science and technology.”

The Cheung Kong Scholars program was established in 2005 by the Li Ka
Shing Foundation and the Ministry of Education. It awards stipends on top of
regular salaries and benefits to outstanding scholars in China, Hong Kong, and
Macau.
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The nation’s research infrastructure is heavily concentrated in
universities. Sixty percent of “national pilot laboratories” are on
campuses, for example, as are 140 “national key laboratories,” 63
percent of the national total, Ms Lou pointed out. Chinese universities
also house 26 national engineering laboratories and 110 National
Engineering Research Centers. There are 76 national university science
parks with connections to more than 110 universities, she said. “We are
promoting science parks to become important test beds for our talent to
receive better training before they enter the work market,” Ms. Lou
explained.

Universities play a central role in national innovation tasks, Ms. Lou
said. Universities are in charge of around 80 percent of research under
the National Science Foundation’s general programs, for example,
including the major of “key” and “major” programs. Universities also
run 40 percent of national high-technology research and development
programs and 30 percent of research programs dedicated to “tackling key
industrial problems of generic technology,” she noted.

Universities also are becoming more important sites for applied
technology. Ms. Lou noted that funding for converting research results
into practical business applications is growing by 20 percent annually,
and that approximately 40 percent of all university scientific research
funding now come from business.

In terms of research results, universities generate more than 35
percent of patents, 60 percent of papers published in Chinese-language
periodicals, and 80 percent of published papers in science and
engineering journals, Ms. Lou noted. Universities receive more than half
of all National Science and Technology Awards.

To develop China’s innovation system, the government is putting a
high emphasis on the continuity of scientific research, Ms. Lou said. It is
taking into account the fact that technological innovation is developing
exponentially and that emerging industries are becoming more
concentrated. The government also is focusing on the interaction
between science, technology, and policy.

Ms. Lou presented the following guiding principles of China’s
innovation strategy: To accurately position cultivation of talent and
scientific research that serves society, to take into account the different
advantages and characteristics of different universities so that they can
collaborate, to boost original innovation by providing support for core
technologies, and to combine, consolidate, and integrate activities to
more efficiently allocate resources. The country also needs a more
interdisciplinary approach to innovation, she said.
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The government wants to better position Chinese universities, Ms.
Lou said. One of the top objectives for the next five years is to establish a
“schools-of-higher-education innovation system that fits in a socialist
market economy and technological development patterns,” she said.
Another is to “markedly raise competitiveness and the quality of schools
of higher education.”

Universities and the U.S. Innovation System

Charles Vest
National Academy of Engineering

Dr. Vest’s presentation focused on the fundamentals and key
historical points of the development of American universities and the
U.S. innovation system. Three years—1862, 1945, and 1980—were
pivotal turning points, he said.

In the midst of the American Civil War, Dr. Vest explained, the
federal government passed the Land Grant Act of 1862.% This legislation

allotted a parcel of land to each state, the income from which was to be
used to establish public universities to teach agriculture and “mechanic
arts,” or engineering. “This was the beginning of a great system of public
universities that gave access to education and research-and-development
work to a vast number of young U.S. men and women,” he said.

The second major turning point came nearly a century later, in 1945.
Until then, Dr. Vest noted, private industry funded almost all R&D at
universities. The federal government was a “relatively small player,”
funding a modest amount of research in engineering, agriculture, and
medical schools. “World War II changed everything,” he said.

Science and engineering played a major role in the allied victory in
the war. As peacetime approached, President Franklin D. Roosevelt
wrote a letter to Vannevar Bush, a former engineering professor and
entrepreneur who had played a major role in Washington mobilizing
scientists, engineers, and industry for the war effort.* President Roosevelt

*The Morrill Act of 1862 (7 U.S.C. Sec. 301), also known as the Land-Grant
College Act, gave each state 30,000 acres of federal land to establish colleges.

*Vannevar Bush (1880-1974) was director of the Office of Scientific Research
and Development during World War II and is regarded as the architect of post-
War U.S. science and technology policy. Dr. Bush maintained that the federal
government should invest in basic scientific research, but that converting
science into technology and commercial products was the role of private
industry.
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asked Mr. Bush how the scientific community could work in peacetime
to secure the nation’s economic vitality, health, and security.

Bush produced a famous report called Science: The Endless Frontier.”
It made four primary recommendations that “seem very simple today, but
were actually very radical in 1945,” Dr. Vest said.

The first recommendation was that the federal government should
view universities as the primary source of basic research in science,
engineering, and medicine. Bush believed the government “should not
start something new,” Dr. Vest explained. The concept was that the
government gets two things in return for each dollar spent on university
research: The results of that research and financial support for “educating
the next generation of scientists, engineers, and doctors,” he said.

The Bush report suggested that federal research grants be awarded
based on competitive merit. “It was to create what I would call a
marketplace of ideas,” Dr. Vest said. The report also recommended
establishing the National Science Foundation, “which in its current form
is one of the most important funders of basic research in U.S.
universities,” he said.

Under the system envisioned by Bush and his committee, federal
funding of scientific research contributed to economic development
through a “linear progression,” Dr. Vest explained. Basic research led to
applied research, which was followed by product development and then
the introduction of goods and services into the market. The vision is
dated, however. “Today’s world is more complicated,” he said.

Bush also believed in a laissez faire economic approach. “Support
basic research, and the marketplace would decide which ideas are
important and good. Private industry would move them toward products
and services,” he explained.

The third milestone in the development of the U.S. innovation system
was the Bayh-Dole Act of 1980,° Dr. Vest said. This legislation allowed
universities to own the intellectual property resulting from federally
funded research in most cases. The U.S. government always gets free use

>See Vannevar Bush, Science The Endless Frontier: A Report to the President,
Office of Scientific Research and Development, July 1945, Washington, DC:
United States Government Printing Office, 1945.

The Bayh Dole Act of 1980 (PL 96-517, Patent and Trademark Act
Amendments of 1980), or the University and Small Business Patent Procedures
Act, (PL 96-517, Patent and Trademark Act Amendments of 1980), gave
universities control over their inventions stemming from federally-funded
research.
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of such intellectual property. By allowing universities to license and
patent inventions, “this started a very different and increased relationship
of universities to the private sector,” Dr. Vest explained.

What does all this mean in practice? Dr. Vest stressed that the two
primary missions of both public and private universities in the United
States are education and research. “They have a third mission, which we
broadly define as service to society,” he said. “I think of all three of these
mean that universities create opportunity—opportunity for graduates,
opportunity for states and regions, opportunity for the world.” However,
“the role of service to society, particularly in economic development and
technology transfer, definitely comes third,” Dr. Vest stressed.

The so-called U.S. innovation system that evolved in this
environment “frankly is not really a system,” Dr. Vest said. “It is not
designed or planned very explicitly.” Nevertheless, the government,
universities, and industry work together, he explained. “They create new
knowledge and technology through research, educate young women and
men, and create the next generation of knowledge and technologies,” he
said. “The marketplace then plays the role of moving these new ideas
into the world as new products, processes and services.”

Historically, this process has been a very decentralized, very loosely
organized, and highly entrepreneurial system,” Dr. Vest said. “Therefore,
our innovation ecosystem has tended to vary from city to city and region
to region, but always with these three components.”

In balance, the U.S. system has been a great success, Dr. Vest said.
Some economists estimate that more than half of America’s economic
growth in the past 60 years has been due to technological innovation, he
noted, much of which came out of universities. Some of the most
important innovations that have come largely out of universities include
computing, the laser, the fundamentals of global positioning systems,
numerically controlled machines, the organization and deployment of the
World Wide Web, concepts of financial engineering, the genetic
revolution, and much of modern medicine.

These were “big, earth-shaking changes and innovation, all of which
had huge economic impact,” he said. “But none were explicitly planned
or envisioned in advance. So the role of fundamental research, freedom,
flexibility, and entrepreneurship plays out in often-unexpected but very
important ways.”

Two other ingredients must be added to make the U.S. innovation

system work, he said. The first is venture capital. “This risk-taking
entrepreneurial approach to funding new ideas and new people to try to
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create new products, processes, and services has played an enormously
important role, particularly in the last few decades,” Dr. Vest said.

Clusters of innovation also have been very important. Dr. Vest
explained that there essentially are two types of clusters—those that
evolve naturally and those that are planned. The two most famous
innovation clusters are Silicon Valley and Boston’s Route 128. Neither
was planned, he noted. “They came about because groups of bright
people around universities and industry came together,” he said. “The
idea of venture capital developed, and great success ensued.”

More recently, several planned and strategic innovation clusters have
been created, Dr. Vest explained. Research Triangle Park in North
Carolina is a good example. These clusters often began when large
companies were attracted to a park to conduct research and development.
These investments spawned smaller, more specialized companies in the
area, “usually with one or more universities engaged,” he said.

One feature of the U.S. innovation system is that every decade or so
there seems to be a change in the way innovation works, especially from
the perspective of large companies, Dr. Vest observed. In the 1970s, for
example, innovation was dominated by central corporate research labs
such as ATT’s Bell Labs.

In the 1980s, as the U.S. lost competitiveness in manufacturing, “big
companies reworked the way in which they did R&D and transformed it
into a new kind of product development,” Dr. Vest explained. In the
1990s, companies were performing better and were good at incremental
improvements but realized they were not coming up with enough new
ideas, he recalled. “So companies began purchasing their innovation by
acquiring small start-up companies, frequently coming out of
universities,” he said. In the first decade of the new millennium,
companies moved to the “open innovation” model, “which recognized,
among other things, the global nature of innovation,” he said.

What will be the new innovation system in the next decade? Dr. Vest
said he doesn’t have the answer, but had some observations. Life
sciences and information systems “clearly will play a driving role in
innovation in the next 20 or 30 years,” he said. Another observation is
that “we are going to be challenged in both of our countries to
understand how to adapt our innovation system to large-scale challenges
such as energy, climate change, food, and water.”

The future of venture capital also is unclear, Dr. Vest said. “It is
getting too risk-averse in the United States and is aggregating too much
in a small number of large venture-capital firms.” Another question is
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whether there will be a new disruptive technology to approach large
issues such as energy, he said.

The most important question, Dr. Vest said, is “whether there will be
a new enabling technology that will come along in the same way that
information technology came along in the last century to change
everything.” A final question: “What does the globalization of research
and development, of education, and a highly educated and innovative
workforce mean for all of us?” Dr. Vest said he would leave all of these
as questions for discussion.

Universities as Drivers of Growth in the
United States

C. D. Mote, Jr.
University of Maryland, College Park

The University of Maryland at College Park illustrates the role
American universities play in economic development, said Dr. Mote, the
school’s president and an engineering professor. He stressed, however,
that education and research remain the university’s primary missions.

To offer of a glimpse of the university’s economic impact, Dr. Mote
presented a few “factoids” that he said are “fairly typical” of U.S.
universities:

e For every dollar the University of Maryland at College Park spends
on faculty salaries, these faculty raise $3 in external research
funding.

e Every dollar the state spends on the university generates $8 in
economic activity.

e For every state dollar invested, the university raises $35 in
development resources for small Maryland businesses.

e Every dollar in state investment has generated $200 worth of goods
and services produced by university-supported companies over 25
years.

“You can see fairly quickly that the economic impact on the state by
major research universities is very high,” Dr. Mote said

It also is important to understand that American universities are
“independent and free to engage in research and economic activity
without permissions and without controls,” Dr. Mote said. “This is true
for private universities and for public universities too. For instance, a
president of a U.S. university can to go the Ministry of Science and



PANEL II-INNOVATION CLUSTERS 75

Technology in China, meet with the minister, and arrange agreements
that do not violate U.S. law without permission from the board of the
university, or the governments of the state and the nation.” This
independence is a “fundamental contributor to the success of U.S.
universities,” he said.

A range of programs on the University of Maryland campus
exemplify how “the spirit of entrepreneurship is embedded into the
infrastructure of the university,” Dr. Mote said. For instance, the Hinman
CEOs program is a residence hall based program reserved for student
entrepreneurs who want to start companies. In an average year, 17
companies are spawned in the dorm.

The Hillman Program campus works with Prince George’s
Community College to nurture entrepreneurs who tend to be older, in
their 30s or even 40s, and have returned to college to help them to start
businesses. “They come through the community college and transfer to
the university to become entrepreneurs. They have ideas,” he said.

The ASPIRE program, by contrast, helps engineering students who
want to get jobs in private industry after graduating. ASPIRE, which is
run by the A. James Clark School of Engineering and the Maryland
Technology Enterprises Institute, gives students scholarships to work on
real-world, faculty-supervised engineering projects with companies. The
university’s Smith School of Business, meanwhile, offers a business plan
competition called Cupid’s Cup. Students compete for resources to
support starting their own companies by submitting business plans to
veteran entrepreneurs serving as judges.

The university also participates in the Solar Decathlon, a competition
administered by the U.S. Department of Energy. Twenty universities
from around the world are invited to build solar houses on the National
Mall in Washington, D. C. The University of Maryland team developed
its “Leaf House” that operated off the electricity grid for eight days,
including providing power for an electrical vehicle, “and had do a few
other things to make it a little more of a challenge,” Dr. Mote explained.

Companies launched through the University of Maryland include
Alertus, a developer of emergency-warning systems. Another is
Squarespace, a company that offers an environment for creating and
managing Web sites and blogs.

The university also offers services to the surrounding community. For
25 years the engineering school has run the Maryland Technologies
Enterprise Institute (MTECH) and the business school has operated the
Dingman Center for Entrepreneurship. The two programs work together
to create enterprises and offer services for new and existing companies.
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The university also runs the oldest small-business incubator in the
state and a “bioprocess scale-up facility.” The latter unit “takes bench-
top bioprocesses and turns them into commercial production-line
processes,” Dr. Mote explained. The state of Maryland funds both
facilities.

The university works with industry as well. Maryland Industrial
Partnerships is a program in which faculty are funded to work at
companies to help commercialize their products. “Essentially, it is a
state-subsidized consulting arrangement that has been extraordinarily
successful and is being replicated around the United States,” he said.
Plus, there is a “venture accelerator,” an organization that helps students
and faculty speed up development of commercial products and
companies. They receive training, introductions to financial backers, and
mentoring.

The university also runs a “technology start-up boot camp.” This is a
weekend camp for people who want to start companies. Typically, these
“boot camps” draw 500 to 600 participants from outside the university,
Dr. Mote said. They teach “the good news and bad news of starting
companies,” including how to raise resources, why companies go
bankrupt, and surviving the Valley of Death.

To help develop a pool of start-up capital, the university’s business
school has organized an “angel network.” Angels provide early-stage
funding, before good ideas achieve venture support. “It is a way for the
business school to connect aspiring entrepreneurs with angels,” he
explained. And there is a business counseling program called Pitch
Dingman, where the Dingman Center hosts a two-hour session where
anyone can come, present ideas for new ventures, and receive feedback
from experts who will then introduce them to angel investors if their
ideas pass muster.

Dr. Mote estimated that all of these services and activities have
generated $20 billion in economic activity over the past quarter century
at a total cost to the state of approximately $88 million.

The university has launched or assisted a wide range of businesses.
For instance, MTECH has helped develop commercial products with
companies as diverse as toolmaker Black & Decker, the Quantum Sail
Design Group, Hughes Network Systems, and engineering services firm
Navmar.

Companies that have emerged from the university’s incubator include
two billion dollar companies: molecular diagnostic company Digene
Corp.; Martek Biosciences Corp., a developer of nutritional products;
plus the life sciences research firm NovaScreen Biosciences Corp. “They
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went through the incubator right at the beginning and used all of the
services I described,” Dr. Mote said.

The M Square Research Park, which is next to the university campus
has received $5 million in state funding and $500 million in private
investment, and will have about 2 million square feet of space and 6,000
jobs when built out.

In terms of the national domain, the University of Maryland interacts
with federal laboratories, such as those owned by the Department of
Energy. Its proximity to Washington, DC, also means the university is
involved in a range of federal research initiatives and missions. Dr. Mote
said the school gets around $500 million in federal research funding a
year. Federal partners include the National Institutes of Health, the
Smithsonian Institution, the National Aeronautics and Space
Administration, and the National Security Agency. In some cases the
university helps with government missions. Other times, the government
supports university missions. “In other cases we work together on
somebody else’s mission,” Dr. Mote said.

The National Oceanic and Atmospheric Administration is establishing
a national center for global climate-change and weather-predication in
the university research park. The DoE’s Pacific Northwest National
Laboratory, NASA, and the university’s Earth System Science
Interdisciplinary Center also are involved. Graduate and undergraduate
students work in the center, which includes experts in geography, public
policy, geology, and atmospheric and ocean sciences. Dr. Mote noted
that the climate-change center also has worked with the Chinese
Academy of Sciences and recently sent a team of 10 researchers to
China.

Yet another federal partnership is with the National Institute of
Science and Technology and is devoted to quantum physics. The agency
is contributing some construction funds for a new physical sciences
building on campus, and NIST scientists will work at the center. The
campus also is home to an Energy Frontier Center and Physics Frontier
Center. “These are ways in which the Department of Energy, National
Science Foundation, and the university come together on research
initiatives that are going to have great impact,” Dr. Mote explained.

The university is also is engaged in a range of global activities. It has
an “international incubator,” for example, that has helped develop
companies from Canada, Bangladesh, the United Kingdom, Russia, and
other nations. There also is an “international research park,” which is
only available to international companies “to come and establish a
foothold in the state of Maryland,” Dr. Mote explained. The state
contributes funding for the park.
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The school has extensive relationships with China. There is the
Institute for Global Chinese Affairs, for example, which trains Chinese
executives. The first executives from China to visit the United States
after the Cultural Revolution, a group from Suzhou, attended programs at
the institute, Dr. Mote said. Some 3,000 Chinese executives have
participated in the training programs, which last from two months to one
year, he said.

The university’s Executive Master’s in Public Administration
program, meanwhile, gives one-year degrees in public management to
Chinese executives. The program was arranged with Secretary Liang
Baohua of Jiangsu Province, and has trained 160 executives in five
groups at Maryland’s School of Public Policy. The executives finish their
degrees after three months of additional study in China.

The university is home to a Confucius Institute, a Chinese program
teaching and promulgating understanding of Chinese language and
culture. The University of Maryland served as the pilot for the program
in 2004, making it the oldest Confucius Institute in the world. There now
are now 240 Confucius Institutes in 96 countries, including 74 in the
United States. “It is a soft power, good feeling program, where each
institute is free to set its own independent agenda and operation,” he said.

Eleven Chinese companies have set up operations at the university’s
international incubator, Dr. Mote noted. Glodon Co., a developer of
software for the construction industry, has been particularly successful.
Formerly known as Beijing Grandsoft, the company went public, raising
$2 billion. Within six months it was valued at $20 billion, he said.

Other Chinese companies in the incubator have included Wuxi
TocaTek, DaSol Solar Energy Science and Technology, and Dimetek.
Shandong Province set up a liaison office at the incubator. “The
university has a role to play in facilitating this interchange,” he said. “It
shows what universities can do on an international scale to build
enterprises.”

In 2002, the Chinese government and Maryland set up a joint research
park near the campus. When the park opened, Chinese Minister of
Science and Technology Wan Gang travelled to the campus to attend the
ribbon-cutting ceremony. Many Chinese companies with operations in
the park were recruited through a series of meetings in Beijing,

Shanghai, and Guangzhou, Dr. Mote said.

The University of Maryland has many other foreign partnerships, Dr.
Mote noted. In Sierra Leone, for example, the university is involved in a
health initiative. A Maryland graduate who now is a professional football
player donated $2 million to set up a center to facilitate work.
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To conclude, Dr. Mote noted that innovation has become a growing
theme around the world. He cited Chinese President Hu Jintao, who in
2007 said that “the worldwide competition of overall national stren%th is
actually a competition for talents, especially for innovative talents.”

The key to succeeding in innovation is leadership, Dr. Mote said.
“Every innovative environment needs an innovation leader. Without a
leader, and the ability to innovate within the infrastructure of an
organization, it can never work. Leadership is everything.”

U.S. Initiatives for Building Innovation Clusters

Ginger Lew
National Economic Council

The Obama Administration launched its regional innovation cluster
initiative in the past year, explained Ms. Lew, a senior counselor to the
White House and Small Business Administration on small-business
issues. She acknowledged that the cluster concept itself is not new. “In
Europe and Asia, regional innovation clusters developed with more of a
top down process driven by government entities,” she said. “The
development of regional innovation clusters here in the United States has
been much more on an ad-hoc, organic basis.”®

Ms. Lew described cluster initiatives as consortia in which city and
state governments and business, community, and educational leaders
“come together to engage in smart economic growth strategies for a
region.” In the United States, she said, the process begins when a region
assesses its local assets such as industry strengths, workforce skills,
university research, and align those interests with future goals of key
stakeholders.

One of the primary reasons for focusing on clusters as tools for
economic planning and spurring innovation “is that businesses are no
longer looking to locate in just one city,” Ms. Lew said. “Rather,
businesses are looking for the talent, infrastructure, and research
capabilities that may be concentrated in a region that allows them to
access what we call a more vibrant supply chain of vendors, services, and
workforce.” Another factor is that employees in the United States “no

’See October 2007 speech by Hu Jintao to the 17th CPC National Congress.
*For further explanation of U.S. innovation cluster policy, see presentation by
Ginger Lew in upcoming book, Charles W. Wessner, Clustering for 21st
Century Prosperity, Washington, DC: The National Academies Press,
forthcoming.
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longer work within defined boundaries,” she added. “We are mobile.
Sometimes we work virtually. And we certainly work across city lines
and county lines.”

A number of communities across the United States have undertaken
efforts to develop innovation clusters, Ms. Lew explained. One major
reason is that “economic studies have shown that clusters lead to higher
paying jobs, more innovation, and more robust regional economies,” she
said.

Austin, Texas, which has focused on attracting a robust
semiconductor industry, is the hub of one such regional cluster, Ms. Lew
noted. Kansas has developed a strong regional aviation industry. Other
communities have leveraged historical strengths to build new clusters.
Ms. Lew cited Corning, New York, which parlayed its historical strength
in glass into a fiber-optics industry. Seattle took advantage of its strong
university system to develop a thriving bio-sciences cluster.

To illustrate the diversity of U.S. regional clusters, Ms. Lew
displayed a map of the country by Harvard Business School’s Institute
for Strategy and Competitiveness.” The clusters on the map included oil
and gas in Wichita, Kansas, entertainment in Los Angeles, and processed
foods in Chicago. “When we talk about innovation, we oftentimes think
about high-tech, such as nano-science, fiber optics, or whatever,” she
said. “But when you look at the map, you can see that you can have
regional cluster activities in a broad range of industries.”

The success of Kansas in commercial aviation is a good case study,
Ms. Lew said. This industry employs 17.8 percent of all Kansas
manufacturing employees and contributes 26 percent of manufacturing
wages. What’s more, the average annual wage of workers in the aviation
cluster is $63,000—more than 50 percent above the average industrial
wage in the United States. Between 2004 and 2014; the aviation industry
is expected to create 4,450 net new jobs in the state.'” “More importantly,
it has increased the education level of the workforce,” Ms. Lew said. “A
number of the jobs now require a bachelor’s degree and even a master’s
degree.”

*The Institute for Strategy and Competitiveness, led by Michael Porter at
Harvard Business School, has a project to map industrial clusters around the
world. See
<https://secure.hbs.edu/isc/login/login.do?http.//data.isc.hbs.edu/isc/>.

1%See Center for Economic Development and Business Research, “Kansas
Aviation Manufacturing,” W. Frank Barton School of Business, Wichita State
University, September 2008.


https://secure.hbs.edu/isc/login/login.do?http://data.isc.hbs.edu/isc
http:state.10
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The Obama Administration is interested in innovation clusters
because “we really see them as a way to encourage regional entities to
collaborate to create new businesses and jobs,” Ms. Lew said. “It also is
a way to leverage federal programs.” The United States has many federal
bureaus and agencies that work in their own “silos,” she explained. “But
we are finding that activities across many agencies can be very
complimentary.”

One example of overlapping interests by federal agencies is clean
energy. The Environmental Protection Agency has programs in clean
water, for instance, that can be critical to efforts to develop alternative
energy industries is certain regions. The EPA, DoE, and other agencies
can work together. “This idea of leveraging federal dollars to be more
impactful is a critical outcome we are seeking with regional innovation
clusters,” she said. “We are seeking what we call a multiplier effect.”"'

Unlike many regional cluster strategies in Europe, the U.S. model is
very “bottoms up,” Ms. Lew said. “We are looking to promote activity at
the core regional level.” Agencies in Washington, therefore, work with
states that have comprehensive development plans. “We are looking for
holistic, integrated solutions to building regional economies,” she said.

Programs the Obama Administration has launched over the past year
to promote regional clusters include:

e Energy Regional Innovation Clusters (ERIC): Led by the DoE,
federal agencies such as the Small Business Administration, the
Department of Education, the National Science Foundation, and the
Department of Labor are contributing funds and working with
regional partners to develop innovation clusters in clean energy.'”

o Competitive Grants: The U.S. Department of Agriculture, for
instance, has launched a program to award planning grants to 12
regional bodies. The grants aim to “encourage rural communities to

""For elaboration on the philosophy of federal coordination on clusters, see
Jonathan Sallet, Ed Paisley, Justing Masterman, “The Geography of
Innovation,” Center for American Progress, 2009. Also see Karen G. Mills,
Elisabeth B. Reynolds, and Andrew Reamer, “Clusters and Competitiveness: A
New Federal Role for Stimulating Regional Economies,” Metropolitan Policy
Program at Brookings, April 2008.

"The first Energy Regional Innovation Cluster is to focus on clean-energy
technologies used in buildings. For details, see the Funding Opportunity
Announcement for Fiscal Year 2010 on the DoE Web site. See
<http://www.energy.gov/hubs/documents/ERIC _FOA.pdf>.


http://www.energy.gov/hubs/documents/ERIC_FOA.pdf
http:energy.12
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find new ways to draw on their core industries to attract more value-
added business opportunities,” Ms. Lew explained.

e Small Business Loans: The Small Business Administration will
announce a competition to support ten regional initiatives across the
United States to commercialize new technology.

e i-6 Challenge Grants. The Department of Commerce in May said it
will award $12 million in grants administered by the Economic
Development Agency to six teams across the United States with “the
most innovative ideas to drive technology commercialization and
entrepreneurship. The NIST also will contribute funds."

e 2011 Federal Budget: President Obama’s budget for Fiscal Year
2011 includes more than $300 million in new funding for agencies
such as the Department of Labor, the SBA, and the Economic
Development Agency to assist regional innovation cluster
initiatives."*

e America COMPETES Act: The most recent version of legislation
to boost America’s competitiveness in science and technology
includes provisions for promoting regional innovation clusters."

Ms. Lew outlined the structure of typical regional innovation clusters.
At the core, she said, is the industry that a region or community
identifies. Around that industry are suppliers, customers, and support
industries. The rest of the ecosystem includes universities, community
colleges, technical schools, federal agencies, labor groups, and non-
government organizations, she explained.

In summary, the regional innovation cluster strategy of the Obama
Administration has three core principles, Ms. Lew said. One is to

“See Announcement of Federal Funding Opportunity for i6 program at
<http.//'www.eda.gov/PDF/i6%20Challenge%20FFO%20FINAL%204-30-
10.pdf>.

See Budget of the U.S. Government, Fiscal Year 2011, p. 20,
<http://www.whitehouse.gov/omb/budget/fy201 1/assets/budget.pdf>. For a brief
analysis, see Mark Muro and Sarah Rahman, “Budget 2011: Industry Clusters as
a Paradigm for Job Growth,” Brookings Institution Metropolitan Policy
Program, June 10, 2010,
<http://www.brookings.edu/opinions/2010/0202_fy11budget cluster muro rah
man.aspx>.

"The America COMPETES Reauthorization Act of 2010 (H. R. 5116) passed
the House of Representatives on May 28, 2010. It revises the original America
COMPETES Act (P.L. 110-69). Despite being enacted on August 9, 2007,
funding was never appropriated.


http://www.brookings.edu/opinions/2010/0202_fy11budget_cluster_muro_rah
http://www.whitehouse.gov/omb/budget/fy2011/assets/budget.pdf
http://www.eda.gov/PDF/i6%20Challenge%20FFO%20FINAL%204-30
http:clusters.15
http:initiatives.14
http:funds.13
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“encourage extensive collaboration at the regional level with business,
university, and community leaders in public-private partnerships.” The
second core principle is to “encourage the collaboration and coordination
of federal dollars.” The third is to “cultivate an ecosystem to support the
type of innovative, entrepreneurial clusters that will lead to new
industries, new technologies, and new ways of doing things,” she said.

Every county has its own approach to support innovation, Ms. Lew
observed. The Chinese government supports the university systems. “The
achievements (China) has achieved in a very short time are amazing,”
she said. The U.S. approach is more bottom-up with strong involvement
from universities and some involvement at the federal level. “I think we
can learn from both approaches,” she said.

At the end of the day, however, “innovation resides in the mind of
creative, smart individuals,” Ms. Lew said. “They have to have the tools
and skills. And they have to have the ecosystem to support that. But it
only takes the curiosity of one person to come up with the next Baidu.
That one person can launch a new industry.”

As one small example of how individual curiosity drives innovation,
Ms. Lew recalled her grandfather, who grew up in a small village in
China. When he was young, her grandfather’s job was to herd the
family’s ducks with a long bamboo pole. One of his favorite ducks
sometimes strayed from the flock, and her grandfather had to find it.
After straying several more times, the duck found a new source of food.
So her grandfather allowed the duck to continue exploring to satisfy its
curiosity. “Not only did it find additional new sources of food, but new
sources of water as well,” Ms. Lew recalled.

The responsibility of the federal government, university presidents, or
the National Academy of Science “is to provide the type of support,
skills and ecosystem that allows individuals to thrive.”

Discussion

Moderator Carl Dahlman asked for further elaboration on several
points made in presentations by the panelists. One is “the differences
between the Chinese system, which is more top-down, and the American
system, which is more bottom-up,” he said. Another point is the
“tremendous importance of having open systems.” He asked Lou Jing
and Charles Vest to comment on lessons that can be learned from each
others’ systems.

Dr. Dahlman also observed that toward the end of his presentation,

Dr. Vest suggested the U.S. system may be a little dated given the new
competition. He asked him to explain. Finally, Dr. Dahlman noted that
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“we are now in a system where we have much more global education,
research and development, and flows of people.” He asked how countries
can adapt their innovation systems to this reality and how the United
States and China can collaborate in new areas.

Ms. Lou disagreed that China’s approach to innovation clusters is so
top-down. “We have a number of nationally funded projects,” she
acknowledged. “These projects have played an important role in creating
a platform at the national level.”

But other models also exist, she said. Universities very actively
support regional innovation clusters. “It is important to combine all
participants in these regions,” she said. “We also have a more horizontal
development model. We have down to up as well as up to down.”

Many places in China act as core centers to promote innovation in
surrounding areas, she said. Examples are the Zhongguancun and Shandi
districts in Beijing, the high-tech development zone in Shanghai, and the
science and technology parks and research centers at universities and in
provinces around the country.

Before responding to the question, Dr. Vest quipped that he had to
apologize to Ginger Lew for his fondness of Peking duck. “I hope that by
partaking, I don’t stomp out some of the innovation in China,” he said.
Dr. Vest said he also agreed with Ms. Lew that innovation, clusters, job
creation, and economic development “are not all about high tech.”

Regarding cluster-development models, Dr. Vest said he is “a great
believer in bottom up and open systems, by which I mean globally and
regionally—not just nationally.” He said he believes that “the most
fundamental, true innovation is still going to come out of unexpected
places and unexpected programs of basic research, not through
planning.”

Nevertheless, Dr. Vest predicted that this decade will be “one of re[”
balancing.” The ideas of competition and cooperation on a global scale
will be re-balanced, he predicted. “It also will be one of re-balancing the
purpose of innovation and the nature of economic development.”

Several fundamental issues will drive this change, Dr. Vest predicted.
The “grand challenges” of the next century include energy, climate
change, a global population that is approaching 9 billion people, and the
rapid economic development of nations such as China. “These larger-
scale issues that we simply have to resolve are going to affect the way
that innovation works,” he said.

An example of this shift in outlook is the strategy outlined by Energy
Under Secretary Kristina Johnson for developing energy-innovation
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hubs. “This is a little more of a planned approach,” Dr. Vest said. “It is a
little more top-down, to define the problems we have to solve.”

Universities’ approach to basic research also will continue to change.
“Universities should remain focused on discovery of new scientific
knowledge, new technologies, and new processes,” Dr. Vest said. “But I
think they are going to be increasingly use-inspired.” Work at the
interface of life sciences and engineering for medical applications and
new ways of producing materials is evidence of the new focus. “People
are simultaneously exploring the unknown, but with a broad end-goal in
mind,” he said.

There are other signs of change in innovation systems, Dr. Vest said.
For example, several “very interesting” new universities are being started
around the world. One is Olin College near Boston. Others are Aalto
University outside Helsinki and the new Singapore University of
Technology and Design. “What they all have in common is an attempt to
blend engineering and design in a very broad sense, running all the way
from art and architecture to industrial design, with a good dose of
economics,” he said. “They all are searching for something new. I think
they will be creating new kinds of people.”

There also are new policy tools. In addition to the challenge grants
Ginger Lew mentioned, there are U.S. inducement prizes such as those
offered by the X Prize Foundation.'® “Google the X Prize Foundation
and you’ll find some really interesting ways of driving innovation that
are new and goal-oriented,” Dr. Vest said.

In general, “we are moving into an era of what I would call brain
integration,” Dr. Vest said. “Somehow, in the coming decades, people all
around the world, connected by huge computing and communication
power, will start innovating collectively in ways we cannot predict. But |
think this is why we have to maintain, in the near term, good people-to[]
people contact. It also is why [ very much believe in openness of systems
and science and engineering communication. Something new and
exciting will come out of that, but I don’t know just what it is.”

Dr. Mote of the University of Maryland said he thinks leadership is
one of the most important keys to innovation, even more important than
the research topic itself. “In virtually every instance of successful
innovation, you will find leadership in terms of inspiration, ideas, and in

"®The X Prize Foundation is a non-profit educational organization whose
mission is to “bring about radical breakthroughs for the benefit of humanity.” It
awards industry-sponsored prizes for innovators working on everything from
genomics and automobiles to new spacecraft.


http:Foundation.16
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being able to mobilize focus on a topic,” he said. “With the right
leadership you can make marvelous things happen.”

If one accepts that position, “you can structure innovation in the
world in six layers,” Dr. Mote said. The first layer is the individual. “An
individual has to have innovative personality, focus, and capability,” he
said. The second layer is organizational—a company, university, or ‘“just
two or three people who come together and have an innovative idea.”
Sergei Brin and Larry Page, who started Google in 1998, are examples.
“They didn’t have a company, just two innovative individuals,” he said.

The third level is regional—collections of organizations and
individuals “that may not even have a specific focus,” Dr. Mote said. The
next is the state or provincial level. There needs to be leadership at the
governmental level “that has the same level of authority and, possibly,
inspiration.” The fifth level is national. Leadership typically comes from
the president or the presidential equivalents.

Finally, there is the global level. When one goes down the list of great
international challenges—such as climate change, water, terrorism, and
oceans—“all involve innovation on a global platform,” Dr. Mote said.
“That requires leadership on a global scale.” The United States, however,
is not well positioned to participate at this level. “We are very much
bottom-up,” he said. “We begin to run out of steam once we get to the
regional level.”

Efforts by the departments of Energy and Commerce to facilitate
innovation clusters are “a marvelously good, important step,” Dr. Mote
said. This kind of federal collaboration hasn’t occurred in the United
States since before 1945, he noted. “At some point, the national piece
will have to come into play so that we can take on these challenges.
Otherwise, it cannot happen, because these things must be done through
intergovernmental relationships.”

Dr. Mote noted that nations with top-down innovation environments,
such as China, Singapore, and Russia, “are all trying to work their way to
the bottom, while the United States is trying to work its way to the top. I
think the collaborations between us will help us get there, because I think
the whole spectrum has to be covered for us to take on these big
challenges.”



PANEL III
ICT AND INNOVATION:
GROWTH ENGINE AND ENABLING TECHNOLOGIES

Moderator:
Dan Breznitz
Georgia Institute of Technology

Dr. Breznitz, author of the book Innovation in the State,' said
this panel accomplishes “what we wanted to do all along, which was to
have a representative from the Chinese side, the American side, and from
a truly global company who will talk about the important issues of
information and communication technology and broadband.”

The first speaker, Chen Ying, is deputy director of the software
department of China’s Ministry of Industry and Information Technology.
“He has been important in creating and implementing policies with
regard to the software industry, and especially with a subject we have
heard a lot about today—intellectual property rights,” Dr. Breznitz said.

The next speaker, Eugene Huang, is at the White House Office of
Science and Technology Policy and is senior advisor to the chief
technology officer of the United States. “He has been deeply involved in
the national broadband task force,” Dr. Breznitz explained. Mr. Huang
also served at the Federal Communication Commission and the Treasury
Department and was secretary of technology for the state of Virginia.

While the first two presentations covered ways in which innovation
helps economic growth, Dr. Breznitz said, the third presentation
explained “how global companies manage to innovate in very, very
different environments and very different countries.” The speaker, Mark
Dean, is vice-president of technical strategy and global operations for

'Dan Breznitz, Innovation in the State: Political Choice and Strategies for
Growth in Israel, Taiwan, and Ireland, New Haven, CT: Yale University Press,
2007.
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IBM Research. In this role, Dr. Dean is responsible for “setting the
direction of IBM’s overall research strategy across eight worldwide
labs,” he explained. Dr. Dean is an IBM fellow and has won many

awards for innovation and technical leadership.

Impact of Broadband on Economic Growth and Productivity

Chen Ying
Ministry of Industry and Information Technology

Information and communications technology has played an
increasingly vital role as a driver of global growth and in China’s rapid
economic development, Mr. Chen said. The industry has grown faster
than others over the past 30 years. Its contribution to global gross-
domestic product has risen by about a percentage point each decade, he
noted.

The ICT industry will “be very important to growth of our national
economy,” Mr. Chen said. China’s goals now are to improve the
information-technology industry and maximize its potential. The
government is setting priorities on different IT technologies, promoting a
greater diversity of products, and “improving the infrastructure and
applications of IT in different areas of our daily lives,” he said. “It will
create a great number of technologies and products, and will open up
new markets. It will cultivate integration with new industries that have
strong innovative abilities and with high value-added and new areas of
growth.”

Breakthroughs are occurring in areas such as the next generation of
the Internet, new visual display devices, and digital audio equipment, Mr.
Chen observed. Worldwide, governments are developing national
strategies to target such opportunities, he added.

Over the next five years, information and communication
technologies are expected to create no less than $5 trillion in global
market demand and will lead economic growth. “Meanwhile, the
manufacturing and service industries that are based on ICT industries are
maintaining a growth rate of 30 percent,” he said. These include
electronic commerce, modern logistics, and outsourced software and
services. ICT also is helping “optimize redistribution of resources
worldwide.” The growth of the industry also is creating more market
opportunities for information-technology products, he said.

One top priority is to integrate information and communication
technologies into Chinese industries. ICT can have a major impact in
renovating and improving existing traditional industries, Mr. Chen
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explained. “Wider deployment of ICT can greatly help Chinese
companies optimize the efficiency of human resources, their cash flow,
and logistic flow and boost their productivity and economic efficiency,”
he said. “At the same time, it can decrease the consumption of natural
resources, protect the environment, and realize sustainable growth.”

A recent World Bank study highlighted the potential economic
impact, Mr. Chen noted. According to the study, a 10 percentage point
increase in broadband penetration rates can boost GDP by 1.38
percentage points in developing nations and by 1.12 percent points in
advanced nations. One quarter of GDP growth in the European Union
and 40 percent of productivity growth can be attributed to ICT, he said.
The impact is felt in all industries in which management software
programs such as ERP have been integrated into the entire manufacturing
and operations process.

Better use of ICT can even streamline industries such as steel,
chemicals, and furniture, Mr. Chen said, citing a recent European Union
study. Information technologies are applied throughout material
purchasing, R&D, design, transportation, sales, distribution, marketing,
and customer service. “They have effectively increased productivity and
decreased operating costs,” he said.

The wide deployment of global electronic commerce saved an
estimated $2 trillion in costs worldwide in 2009, Mr. Chen said.
Handling orders and transactions by hand is eight to 18 times more
expensive than orders processed through e-commerce. ICT has been
especially important in improving the efficiency of corporations and
industries during the recent financial crisis and global recession, he
pointed out.

One major goal going forward is to optimize the integration of ICT
into Chinese industries, Mr. Chen said. Several years ago, the
government promulgated a national information technology industry
strategy for 2006 through 2020, he noted.” Rejuvenating the ICT sector is
a major goal. “These policy statements have helped us have a blueprint
and optimize our national ICT industry,” he said. It also has encouraged
Chinese to “apply ICT in our daily lives so that we can improve the
scale.” Information and communication technologies also are seen as a
way to improve the efficiency of China’s overall economy.

China’s 11™ Five-Year Plan (2006-2010) calls for 30 percent annual growth,
reaching $125 billion in revenue in 2010, and for boosting exports by 28 percent
annually.
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In 2009, income from China’s electronic information industry
amounted to 10 percent of the nation’s industrial production, Mr. Chen
said. Despite the financial crisis, China’s software industry is still
growing at more than a 25 percent annual rate. In the words of former
Chinese President Jiang Zemin, Mr. Chen noted, “the ICT industry has
become a multiplier of economic growth, a transformer of development
methods, and an accelerator of industrial upgrades.”

Broadband Strategy in the United states

Eugene J. Huang
White House Office of Science and Technology Policy

One reason the Obama Administration has focused so heavily on
broadband is that “we believe it is critical infrastructure to stimulate
economic growth in the United States,” Mr. Huang explained. “The
important thing about infrastructure is that unless you use it, and use it in
very interesting and innovative ways, it won’t contribute to economic
growth.” The Administration, therefore, is focusing on the “entire
ecosystem surrounding broadband and how we will use it in the future in
the United States to stimulate economic growth,” he said.

One of the first pieces of legislation signed into law after the Obama
Administration took office was the American Recovery and
Reinvestment Act, Mr. Huang noted. This legislation allocated $7.2
billion to the U.S. Department of Agriculture and the Department of
Commerce to be used for grants to stimulate broadband deployment
throughout the United States. The law also required the Federal
Communication Commission to develop a national broadband plan and a
“broadband map” of the United States.

The Department of Commerce has deployed $4.7 billion over the past
year through its Broadband Technology Opportunities Program. The
money was used to support broadband infrastructure, expand and
enhance public computer centers, and encourage sustainable adoption of
broadband service, Mr. Huang said. The other $2.5 billion has been used
by the USDA to help deploy broadband in rural areas. “Much like China,
infrastructure in our rural areas, especially when it comes to broadband,
is lacking in comparison to cities,” he said. “So there has been a
concerted effort to make sure our rural areas have the ability to take
advantage of broadband and the opportunities that broadband presents.”

Mr. Huang explained that he had played a role in helping develop the
national broadband plan while he was on the FCC staff. The plan focused
not only on deployment of infrastructure, such as wireless systems or
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wired fiber-optic cables, or on how to get more people to subscribe. “It
also focused on what we called ‘national purposes,’” he said. “How do
you use broadband? And how do you use broadband to promote
economic growth and other key national priorities?”

The long-term goals of the National Broadband Plan’ over the next 10
years are that:

e Atleast 100 million U.S. homes should have affordable access to
actual download speeds of at least 100 Mbps and actual upload
speeds of at least Mbps.

e  The United States should lead the world in mobile innovation, with
the fastest and most extensive wireless networks of any nation.

e Every American should have affordable access to robust broadband
service, and the means and skills to subscribe if they so choose.

¢ Every American community should have affordable access to at least
1 gigabit-per-second broadband service to anchor institutions such as
schools, hospitals, and government buildings.

e To ensure the safety of the American people, every first respondent
should have access to a nationwide, wireless, interoperable
broadband public safety network.

e To ensure that America leads in the clean-energy economy, every
American should be able to use broadband to track and manage their
real-time energy consumption.

What is clear about the goals, Mr. Huang said, “is that they are
extraordinarily ambitious and, more importantly, are focused on how we
use broadband for the future to promote economic growth.”

Mr. Huang then displayed the first “broadband map” created as a
result of the Recovery Act funding. The color-coded map depicts
broadband penetration rates across the country, ranging from deep red
for areas where zero to 10 percent have broadband access to deep blue
for areas with concentration rates of 91 percent to 100 percent.

The deep blue areas primarily are on the East and West coasts and “in
pockets throughout the United States that primarily are in urban areas,”
he said. “For the areas that are more red, you will see that broadband
penetration generally is lacking in rural areas of the United States.”

3See Federal Communications Commission, Connecting America: The National
Broadband Plan, <http://www.broadband.gov/download-plan/>.


http://www.broadband.gov/download-plan

92 BUILDING THE 21ST CENTURY: U.S.-CHINA COOPERATION

The $2.5 billion managed by the Department of Agriculture dedicated
to rural areas is meant to address that deficiency. “We recognize that we
need to continue to do a better job, focused along the lines of what the
United States did in the 1930s when it determined it was a priority to get
telecommunications distributed throughout the U.S.,” Mr. Huang said.
As a result of that commitment, he noted, the penetration rate of phone
lines is close to 99 percent. “We hope to get there in the same way with
broadband communications.”

In terms of next steps, Mr. Huang noted that broadband was a key
part of the Strategy for American Innovation® released by the Obama
Administration in September 2009. In addition to calling for expanding

broadband infrastructure, the strategy committed to assuring network
neutrality to preserve free and open Internet access. To carry out these
recommendations, the Administration created a broadband subcommittee
of the National Science and Technology Council’s Committee on
Technology, Mr. Huang explained.

The Administration also has several programs aimed at using
broadband infrastructure to promote economic growth and national
priorities. For example, “there is a real focus to insure that smart grid
deployment occurs throughout the United States,” he said. Broadband is
integral to that strategy. The National Recovery Act included $15.5
billion for smart-grid technologies and implementation.

The Recovery Act also included $19 billion in funds for health care
information technology. Broadband “can be used to improve delivery of
health care services and health care outcomes to the American people,”
Mr. Huang said. Yet another critical area involving broadband
infrastructure is public safety communications, where he said the
Administration will soon make some announcements.

The Administration also is interested in using broadband to more
effectively deliver public services. They include areas like open
government, expanding online service delivery, and integrating new
media and social medig. One of the Administration’s key initiatives, he
explained, is Data.gov, a portal where the government can put data

*Executive Office of the President, “A Strategy for American Innovation:
Driving Towards Sustainable Growth and Quality Jobs,” National Economic
Council, Office of Science and Technology Policy, September 2009,
(<http://www.whitehouse.gov/assets/documents/SEPT 20 __Innovation_Whitepa
gerﬁF[NAL.pdf>).

See <http://www.data.gov>.
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online. There also is Apps.gov,’ a portal for applications. “If you haven’t
seen some of these portals, I encourage you to visit them online,” Mr.
Huang said. “They are very, very innovative, and we hope they will pave
the way for a new generation of public services online.”

ICT Development in U.S. and Chinese Contexts

Mark E. Dean
IBM Research

It is becoming increasingly important that commercial enterprises “be
allowed to work, collaborate, and innovate globally,” said Dr. Dean, a
29-year IBM veteran. The United States and China both already benefit
from globally integrated enterprises. And “most of the challenges and
opportunities facing us can only be addressed with global collaboration
and innovation,” he said. “Innovation in isolation is not significant for a
successful company or one country.”

Globally integrated enterprises are a relatively new phenomenon on
the world scene. By this, Dr. Dean said he does not mean companies that
merely have operations and facilities around the world. “I’m talking
about operating and innovating globally in a fashion that is inclusive and
connected, rather than disconnected, across our borders,” he said. “Many
countries have yet to experience this. Thus, there is obviously some
caution over what they wish to do.”

IBM Research is a truly global organization, Dr. Dean explained. It
has eight major labs—three in the United States, and others in Zurich,
Haifa, Tokyo, Bangalore, and Beijing—that employ 3,000 researchers.
About half of those researchers and 60 percent of IBM’s 220,000
technical employees are based outside the United States. “So we have to
work to not only innovate and integrate our operations globally, but also
to maintain all of that in an effective operating environment,” he said.
“We cannot compete if we innovate in only one country because it is not
effective.”

Now IBM Research is looking to expand its presence further and
explore new models of innovation. “Our old model of innovation has
supported us well to date, but it is not sufficient,” Dr. Dean said. “We are

%U.S. Chief Information Officer Vivek Kundra has described Apps.gov as a
“one-stop source for cloud services.” The portal contains business applications,
cloud services, productivity software, and social media software. See
<http://www.apps.gov>.
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looking at how we can innovate even more broadly and in an even more
integrated fashion.”

IBM Research has a number of collaborative programs. For example,
there are “co-laboratories,” in which facilities around the world make
five-year commitments to specific research projects. Other programs
concentrate on deploying technologies around the world.

There also are collaborations with clients and joint-development
projects in which IBM Research and other partners work together to
accomplish something more effectively. Such partners include Kaiser
Permanente, StatOil Hydro, the National Geographic Society, IDA
Ireland, the Industrial Technology Research Institute in Taiwan, and
Wanfujing in China. IBM Research also wants to establish a research
presence in Africa and Latin America.

Each year, Dr. Dean is responsible for generating a global technology
outlook for IBM Research. This full-year exercise explores the major
technology trends that will affect IBM and its clients. Projections look
out three to 10 years and are used to drive IBM’s technology strategy.

One important factor in considering the future is that societal changes
have a major impact. “We used to think that technology would drive
society,” Dr. Dean said. “That’s not true. Actually, society chooses
technology that it needs. We have embraced that.”

One theme for 2010 is industrial transformations caused by the global
economic downturn and shifting needs in energy and health care.
Another broad area is “analytics and optimization,” which includes
responding to the mass digitization of the world. A third is
transformation of software and services due to such rising phenomena as
cloud computing. A fourth area is “systems and infrastructure,” which
looks at responses to the explosion in wireless traffic and needs to
optimize costs, energy, performance, and time.

An example of how IBM Research applies some of the world’s best
minds to real-world problems is a large-scale simulation it is developing
to analyze Tokyo traffic in real time, Dr. Dean said. IBM Research also
is experimenting with using electric vehicles as storage facilities for the
power grid in order to offset the lows and highs of electricity generation.
In China, IBM has a deep analytical project to analyze supply-chain
logistics in order to lower carbon dioxide emissions into the atmosphere.

IBM has a long history in China, Mr. Dean explained. The company
had a presence in 1934. Like most multinationals, it left following the
revolution and returned in the late 1970s when China opened its doors
again. IBM’s first sales office was an experiment. “We wanted to



PANEL III-ICT AND INNOVATION 95

understand the culture, how businesses wanted to buy ICT technology,
and how they wanted to work and innovate,” he said.

In the 1990s, IBM began making strategic investments in China to
take advantage of the tremendous opportunities. It began operating in
several cities in multiple lines of business. In 1992, IBM began melding
its China operations into its globally integrated enterprise model. “That
has proven to be quite effective,” Dr. Dean said.

IBM now has three R&D operations in China. They focus on three
major areas—research, hardware development, and software
development.

IBM’s 200-engineer China Research Lab, established in 1995,
collaborates with a number of Chinese partners. It primarily works on the
company’s Smarter Cities program’ and software technologies. One of

its “grand challenge” projects involves “the Internet of ‘[hings.”8 IBM
Research projects that for every person on the planet, there will be 1,000
things connected to the Internet. “If there are more than 1 billion people
in China, that is a tremendous number of devices that you have to
connect, manage, and provide information services to and from,” he said.
“How do you actually make that work?”

Other big IBM facilities are the China Development Lab, which has
5,000 engineers and was founded in 1999. It is one of IBM’s biggest
development labs, and focuses on software applications and services.
The China Systems and Technology Laboratory, with facilities in
Beijing, Shanghai, and Taipei, has 1,200 engineers specializing in
systems. To be effective in China, it is important to do extensive field

"Smarter Cities is an IBM initiative that seeks to improve management of
transportation, water, and other systems through next-generation information
technology. See Suzanne Dirks and Mary Keeling, “A Vision of Smarter Cities:
How Cities Can Lead the Way into a Prosperous and Sustainable Future,” IBM
Global Business Services executive report, IBM Institute for Business Value,
2009,
ftp://public.dhe.ibm.com/common/ssi/pm/xb/n/gbe03227usen/GBE03227USEN.
PDF

The Internet of Things refers to connected objects such as home appliances.
The concept is attributed to the Auto-ID Center formerly based at the
Massachusetts Institute of Technology. One good study on the topic is “ITU
Internet Reports 2005: The Internet of Things,” executive summary,
International Telecommunications Union, November 2005,
<http.://www.itu.int/osg/spu/publications/internetofthings/InternetofThings sum

mary.pdf>.
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research “so that we can understand whether the solutions and
technologies we are coming up with actually work,” Dr. Dean said.

Open and global collaboration is key to IBM’s research strategy in
China. “There is not a single project we have across the research division
that is isolated to a single country,” Dr. Dean said. “We work to create a
matrix that cuts across all our research labs.” Most projects include
personnel from multiple labs, including the China Research Lab.

The goal is to create technologies that have impact globally, not just
in a single geographic location, he explained. Nor are research activities
limited to information and communication technology. IBM researchers
also work in unexplored areas of fields such as water desalination,
advanced batteries, and solar cells, as well as software in businesses
beyond where IBM presently is deployed. “Who knows what we might
discover?” he said.

Partnerships have proved to be valuable to IBM, Dr. Dean said.
Business partners account for 60 percent of IBM’s revenue. IBM has
10,000 partners in 350 cities in China. They include CS&S, Futong,
Digital China, Kingdee, and Yucheng Technologies. IBM offers 340
courses through its IBM Channel University. These courses reach 30,000
people through more than 3,000 business partners in 130 cities.

IBM also partners with Chinese universities. It has 100 joint labs and
joint technology centers, Dr. Dean noted, and 80 special programs with
20 universities. So far, 860,000 students have been trained with IBM
curricula, and 80,000 have been certified. IBM also has trained 6,500
teachers.

Dr. Dean agreed it is hard to understand how IBM operates globally
and in an integrated fashion. “But we see this as key to our success,” he
said. “We work hard to avoid innovation in isolation, because that will
create very narrow solutions that have very narrow upside potential.”

To coordinate its global operations, IBM has executives responsible
for the entire world. One chief technology officer runs global operations,
for example. There also are global chiefs for human resources and legal
affairs. “We don’t replicate these activities in each country,” he
explained. “We have a common leadership.”

A good illustration of IBM collaboration at work in China is the
Smarter Cities project in Shenyang in the northeastern province of
Liaoning. The mayor wants Shenyang to be China’s first Smarter City,
Mr. Dean said. IBM, the city government, and Northeastern University
formed a five-year, $40 million partnership to achieve that goal.

The partnership is developing information and communication
technology to manage systems such as water purity, energy, food safety,
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and integrated urban planning. “This is not only going to be an
interesting and important exercise for IBM,” Dr. Dean said. “We also
think it will start an effort to replicate this approach in other cities, both
in China and around the world.”

Another major IBM effort in China is to develop technology to help
utilities evaluate their networks and develop optimal investment plans to
meet future demand, Dr. Dean noted. “The goal is services and
technology that will allow us to look at each part of the distribution grid
and the optimizations that can make that network operate more
efficiently,” he said. The target is to save 25 percent through such
analytics. Potential partners are utilities in Tianjin, Chongqing, and
Yunan Provinces.

Discussion

Dr. Wessner asked Dr. Dean to explain the major advantages of
IBM’s approach in China and the main challenges it faces. He also
jokingly asked if IBM appeals to the “global government” if it has a
problem in China, such as with intellectual property protection.

Dr. Dean explained that IBM has learned that Chinese businesses and
individuals buy for different reasons. Therefore, IBM has “had to learn to
build products and services that are a little more geared toward the
challenges and opportunities that are there.” The opportunities are with
companies that want to grow 20 percent to 30 percent a year.

The big challenge for IBM “is to establish ourselves as an accepted
entity in the region,” Dr. Dean said. Because IBM has a U.S.
headquarters, it is regarded as a U.S. company, he explained. But it also
is global and integrated. “It is hard to express ourselves that way,” he
said. “We want to express ourselves globally, as a global entity. And we
want governments to look at us that way.”

But although IBM has made great progress in China and works
closely with the government, “we’re not necessarily viewed as a Chinese
company, which can be a constraint in many ways. We would not like
that to be an inhibitor,” he said. “We would like to be viewed as an equal
partner compared to indigenous companies, because we believe our
investments will be on par with Chinese companies. I know Cisco
experiences the same thing. We would like to be on a level playing field
and bring innovation into China—not just innovate and pull out, but also
bring. The total, I think, will be greater.”

Fang Haiyang, director-general of the Shapingba District of
Chongqing, raised a question about misuse of science. “I would like to
ask how we can prevent the basic value of science from being
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misunderstood,” he said. “The principle of science is to pursue the truth,
explore natural rules, and enable people to make their lives more colorful
and happier,” he said. “In the process of industrialization and
commercialization of every scientific research result, so troubles may
also be brought to human beings.” Mr. Fang noted that Alfred Nobel
gained his reputation in science by inventing dynamite. “He brought
much convenience, such as the use of explosives in infrastructure
projects,” he said. “But use of explosives in war brought disasters to
human beings.” Mr. Fang asked what the National Academy of Science
thinks about preventing the abuse of science.

Dr. Wessner responded that it is a fair question. “One thing about the
National Academy of Science is that it is full of scientists, which means
it is full of opinions,” he said. “It reminds me of an Israeli joke. If you
have three scientists you have five opinions.” Regarding negative uses of
technology, Dr. Wessner said that “we look forward to (the Chinese)
government’s support in the United Nations with respect to some of the
countries that seem to be inclined to create problems with technology.”

He agreed that the two nations must work together to control
technologies, and added that he was excited to hear about the potential to
collaborate on transportation and energy technologies. In information
technology, Dr. Wessner said “there is so much potential to rework the
way we work, travel, and communicate.” There also is potential in
semiconductors. “As your government understands, perhaps better than
ours, these lowly devices are vital to the information technology that has
brought us such enormous progress in the last 30 years,” he said. “I think
companies like Cisco and IBM are showing a path forward on how to
connect ourselves.”

Dr. Wessner noted that the STEP Board convened a conference like
this one with the Indian government two years ago. “We found that there
were enormous interconnections we had not realized existed between the
two countries,” he said. Dr. Wessner noted that China is far ahead of
India in terms of economic development.

Dr. Wessner said he was very impressed when a president of a
Chinese university told him he had recently been vice-president of the
University of Pennsylvania. “The sea turtle exchange is a source of
value,” he said. “I would hope over time that there is what the OECD
calls ‘circulation of high-value human capital.” In part, that is what this
meeting is about, a chance to exchange ideas and to build relationships.”

There is no simple answer to the question of misuse of science, Dr.
Wessner said. “Since the beginning of time, science has been an
opportunity for good and, alas, an opportunity for evil. We very much
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need your help in keeping this world in balance. We very much look
forward to working with you to collaborate for a better planet.”

Mr. Fang commented that he thought scientists should not be
responsible for the industrialization and commercialization of their
research results. Nor should they be responsible for investment and
profit-making. “Government should be involved,” he said. “I think the
government should prevent technology from being misused and abused.”
He asked what role the government should play.

Dr. Dean said IBM has to deal with this question often. The National
Academies brings transparency to science, enabling everybody to be part
not only of discoveries but also their applications. “There always will be
bad actors in the world,” he said. “There is nothing you will do that can
protect the world from a few people who will act badly. I am not sure we
should constrain our exploration of science and its application by having
people look over our shoulder.”

While there should be checks and balances, Dr. Dean added that
companies also are responsible for making sure they develop
technologies in a way that that is safe for society. “IBM takes that very
seriously,” he said. “Policies governments put in place can help with that,
but government alone can’t carry the responsibility. No single
government controls enough of the world to make sure science is not
used in negative ways. We would constrain innovation if we have that in
mind.”

Moderator Dan Breznitz interjected with a comment on Dr.
Wessner’s joke. As somebody who was born in Israel, Dr. Breznitz said,
he knows the ratio is not five opinions for every three scientists. “It is
seven,” he said.

Ren Weimin then asked about the Obama Administration’s ability to
fund its ambitious broadband plan. He noted that public funding in China
is limited. “When will you be able to complete these projects?” he asked.
“It’s mentioned that the projects will need a lot of investment. In China,
public funding is centralized. So I’d like to know how the project
funding is structured here.”

Mr. Huang of the Office of Science and Technology Policy explained
that the information and communications technology plan is to be
implemented over 10 years. It is hoped that by 2020, all of the long-term
goals will be achieved.

Regarding funding, he acknowledged that the $7 billion provided in
the 2009 economic stimulus act “is only a small drop in the bucket in
comparison to what is necessary to meet all of the very ambitious goals.”
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According to some estimates, up to $300 billion would be required to
achieve everything.

The bulk of that money will come from private industry, however.
“The U.S. has a very robust system for competition in terms of
broadband providers,” Mr. Huang said. They include traditional telecom
operators that are investing in fiber-optic capability and cable and
wireless telecom providers that are investing to get broadband to the
American public.

Mr. Huang noted that China has a unique opportunity to build state[]
of-the-art broadband: “There isn’t the legacy of copper wires we have in
our country, where we have telecom infrastructure going back to the
1930s,” he noted.

When one studies broadband opportunities in the United States, one
finds there is a clear opportunity for third- and fourth-generation
wireless, Mr. Huang added. There also is opportunity for very high-
capacity network connections for fiber-optic cable. “For us in the United
States, it is not just a matter of picking one or the other technology,” he
said. “It also is to make sure there is an ecosystem that can leverage
investment by the public sector, which is small, with investment from the
private sector.”

A member of the Chinese delegation asked how the United States
initiated its smart grid program. She wanted to know if pilot projects
were led by state governments, the federal government, or by a company,
and whether pilots will be tested in one place first or launched nationally.

Mr. Huang explained that the federal role is limited. He said
government investments in efforts such as smart grid and health-care
information technology are a very small part of what is needed to fulfill
deployment across the United States. The $15.5 billion mentioned in his
presentation represents federal government investment in research,
development, and very limited deployment, such as proof-of-concept
demonstrations in communities. “We hope that once these particular
initiatives demonstrate commercial value, they will be commercialized
by the private sector,” he said. “We hope that federal funding will help
jump-start development and accelerate full deployment in the future.”

Dr. Breznitz thanked the panelists, and said he hoped the discussion
will stimulate dialogue for years to come.



PANEL IV
NEW FRONTIERS:
OPPORTUNITIES & CHALLENGES FOR COOPERATION

Moderator:
Bill Bonvillian
Massachusetts Institute of Technology

This panel addressed opportunities and challenges for
cooperation between the United States and China in science and
technology, said Mr. Bonvillian, who as director of MIT’s Washington
office manages the university’s relationship with federal agencies and its
role in national science policy. “As we all know, there is a remarkable
amount of integration between our two countries on the commercial
side,” Mr. Bonvillian noted. “The two countries are major trading
partners. And there are global enterprises that are remarkably integrated,
though they still obviously have a distance to go.”

This panel asked “whether we can cooperate more deeply than we are
now on some very big societal challenges that we share,” Mr. Bonvillian
said. Issues discussed by the panel included health research, energy,
water, information technology. Speakers also addressed the structure of
the two nations’ innovation systems themselves and how they can
accommodate further collaboration.

Mr. Bonvillian said he hoped the discussion not only would explore
what kind of cooperation exists now, “but more importantly what there
could be.” In the pre-commercial stage in particular, he asked, “What are
the steps that might work? And could such cooperation be expanded and
occur?”

The first speaker, Yang Xianwu, has worked on high-tech
commercialization in the Chinese government since 1998, Mr. Bonvillian
noted. Mr. Yang is deputy director of high technology and
commercialization at the Ministry of Science and Technology. Over the
years, he has worked with high-tech industry zones, business incubators,
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university science parks, and on boosting productivity. Mr. Yang has a
particularly strong background in commercialization of information and
space technology, he said.

Anna Barker has an extensive background in leading and managing
scientific research, Mr. Bonvillian explained. Dr. Barker is deputy
director of the National Cancer Institute at the National Institutes of
Health. She also is deputy director for strategic initiatives in science. Dr.
Barker “has done very interesting work on nanotechnology and its
application to cancer,” he said. She also has worked on the Cancer
Genome Atlas Project. Dr. Barker also has been a scientist herself. Prior
to joining the NIH, she led a large team performing cancer research at the
Battelle Memorial Institute. Dr. Barker also has been CEO of a biotech
drug-development company.

The third speaker, Robin Newmark, is director of the Strategic
Energy Analysis Center at the National Renewable Energy Laboratory.
“She has led very interesting work on the interrelationship between water
and energy, including the impact on climate change, the de-nitrification
of agriculture, and development of energy-efficient water-treatment
technologies,” Mr. Bonvillian said.

International Collaboration
and Indigenous Innovation

Yang Xianwu
Ministry of Science and Technology

China has achieved remarkable economic progress since reform
began and the nation opened up to the outside in 1978, Mr. Yang said.
The economic has grown rapidly, living standards have improved, and
China’s overall strength has been greatly enhanced.

But China still faces problems, Mr. Yang noted. The level of Chinese
industries remains relatively low on world standards. Most industries
focus on manufacturing. During the financial crisis, many such
enterprises closed. “The economic structure is unbalanced and
improper,” he said. “Also, our development is unsustainable.”
Manufacturing accounts for too high a proportion of the overall economy
and the service sector too low. Energy consumption is relatively high,
given the nation’s GDP. “To tackle these problems, we feel we have to
strengthen innovation, especially scientific and technological innovation,
to transform China’s economic development pattern and change the
industrial structure,” Mr. Yang said. “The ultimate goal is to make our
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nation an innovation country to match the level of countries such as the
United States.”

In 2003, China’s central government began drafting a medium- to
long-term science and technology plan from 2006 to 2020, Mr. Yang
explained.' There are three major aspects to this plan. The leadership has
identified 16 major national science and technology projects. The plan
also identified priority areas for development, such as new energy
sources, new materials, information technology, advanced
manufacturing, biotech, and services enabled by information and
communication technology.

The government is implementing a number of policies to achieve
these goals, Mr. Yang said. It has been promoting science and
technology through financial support, taxation policies, and support for
research institutions, for example. Advancing China’s innovation agenda
isn’t only the job of the Ministry of Science and Technology, he noted.
The Finance Ministry also is active by funding basic research, such as
through the National Natural Science Fund, which supports research
based on scientists’ own interests. The 973 Program supports projects
with obvious application prospects, while the 863 Program backs frontier
high-tech projects. Another program offers technology outreach for
manufacturing and agriculture “to assume the good application of
technology in areas that are directly related to peoples’ lives,” Mr. Yang
said. Another program provides financial support to innovative small and
midsized enterprises.

Many of these programs existed before the current medium- and long-
term plan, Mr. Yang noted. “But since the plan, our financial investment
from central and local governments has greatly increased,” he said.
Investments from the governments of Guangdong Province, Jiangsu
Province, and Shanghai have grown several fold. Tax policies are
another important tool, Mr. Yang said. The government offers generous
breaks for high-tech enterprises and R&D investment.

While government investment in R&D has risen sharply, to 1.5
percent of GDP, Chinese companies have been slow to do so. Some 40
percent of R&D is funded by government, with the remaining 60 percent

'China’s National Medium- and Long-Term Program for Science and
Technology was issued on February 9, 2006, by the State Council. It calls for
boosting research and development spending to 2.5 percent of gross domestic
product and for science and technology to contribute at least 60 percent of the
country’s development. It also calls for reducing China’s reliance on foreign
technology to no more than 30 percent by 2020.
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coming from companies and institutions. “I think this is low,” Mr. Yang
said. “Business and society should increase their funding for R&D.”

Major weaknesses remain in China’s innovation system, Mr. Yang
said. The government is trying to stimulate more private research
investment. For example, it is identifying promising high-tech enterprises
and providing them with tax incentives. To qualify, these companies
must be in high-priority areas and must devote a certain share of
revenues to R&D, he said. Recipients also should have their own,
proprietary patents and have developed good applications for their
technology. For every yuan such companies invest, they will receive 1.5
yuan worth of tax incentives, he said.

In terms of policy, the government’s goal is to “strengthen
construction of basic conditions in priority areas,” Mr. Yang explained.
This includes establishment of national laboratories, high-tech research
centers at universities, and research institutes with modern laboratory
equipment. To accelerate the translation of research results into
commercial products, China has been establishing more small-business
incubators, university science parks, and high-tech industrial zones.

The government also is financing the establishment of laboratories,
engineering centers and large science facilities. It is aiding projects that
can serve as catalysts, Mr. Yang explained, such as university science
parks, high-tech industrial parks, and innovation centers. “We’re learning
from the experience of Finland and America’s Silicon Valley by
establishing a large number of incubation centers to help scientists
transform their research results and open their own small and medium-
sized enterprises,” he said.

The Ministry of Education has been promoting science parks since
1990. Most reputable research-oriented universities now have their own
science parks, Mr. Yang said. There are 50 high-tech industrial parks
throughout China, and more will be built. “They have become the most
energetic areas in local economic growth and industrial development,” he
said. “We continue to promote cooperation and alliances between
enterprises, research institutions, and universities so that they work
together on R&D and transformation of the tech sector.” Some
technologically innovative enterprises receive no government money.
“We just give them certain guidance and honor,” Mr. Yang said.

Despite the growing emphasis on indigenous innovation, however,
China still attaches great importance to international cooperation in
science and technology, Mr. Yang said. “We have gradually realized that
promoting international cooperation has played a very important role.”
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He noted that China has signed science and technology cooperation
relationships with 152 nations and regions. It has sent science diplomats
to 45 nations, and has signed inter-governmental agreements with 97
nations. China has joined 350 different international science and
academic organizations, in which 265 Chinese scientists hold posts.
China has participated in bilateral and multilateral programs, such as the
Human Genome Project, the International Thermonuclear Experimental
Reactor project,” and European Galileo Program.’

Few relationships have been more important than the one with the
United States. “Cooperation with the U.S. has always been our priority,”
Mr. Yang said. The first Sino-U.S. Agreement on Science and
Technology was signed Jan. 31, 1979, by Deng Xiaoping and President
Jimmy Carter. This agreement has been extended every five years since,
most recently in April 2006 by Chinese President Hu Jintao and U.S.
President George W. Bush.

This partnership has achieved concrete results over the past decade.
Mr. Yang noted that the United States and China have signed some 50
cooperation agreements over the past 30 years. They have covered fields
such as agriculture, energy resources, the environment, and basic
science, involving nearly all Chinese government agencies. Since 2004,
the two nations have conducted scientific exchange programs each year.

The most recent agreement was the Protocol on Sino-U.S. Joint
Research Center for Clean Energy, signed in November 2009. Both
countries have promised they will provide the same amount of money,
$150 million over the next five years, he noted. The protocol calls for
collaboration on clean water, coal, automobiles, and energy. “This has
historic significance,” Mr. Wang said. “In the past, cooperation mainly
focused on exchanges of personnel. This is the first time both
governments donated directly to some joint development programs.”

In 2009, Mr. Yang explained, China and the United States celebrated
the 30th anniversary of scientific and technological cooperation.
President Barack Obama has spoken highly of bilateral collaboration, he
noted.

*The International Thermonuclear Experimental Reactor (ITER) project is a
$12.8 billion multinational research and development program intended to
develop fusion as an energy source.

3The European Galileo Program is building a global navigation satellite called
Galileo that is meant to be an alternative as well as complementary to U.S. and
Russian global positioning systems. The European Union and the European
Space Agency are leading the multibillion-dollar project.
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Despite these successes, significant problems still hold back
collaboration in science and technology. “We have noticed some areas
for improvement,” Mr. Yang said. From the Chinese perspective, he
noted, “we feel that in enhancing Sino-U.S. cooperation, both
governments should deepen their commitment to investments.” He also
noted that the United States still places some restrictions on exports of
high-tech products to China. In addition, high-level personnel from
China continue to encounter unpleasant experiences in obtaining visas to
the United States.

Mr. Yang acknowledged China’s indigenous innovation “cannot be
separated from international cooperation. “The U.S. is the most
developed country in the world, while China is the most populated in the
world and one of the countries with the fastest growth,” he observed.
“During the past 30 years, we realized that bilateral cooperation benefits
us both. We’re both pursuing a win-win result. So we can foresee that
Sino-U.S. cooperation will develop further. For this, I am full of
confidence.”

Joint U.S.-China Medical Research Opportunities

Anna Barker
National Cancer Institute

Medical research is an area that is best positioned for collaboration
between the United States and China, said Dr. Barker, the National
Cancer Institute’s Deputy Director. The National Institutes of Health
already has a long history of working with Chinese researchers,
especially in cancer. In fact, she said, some of the seminal research in
cancer has been done as a result of the 30 years of collaboration between
the two countries.

Why is collaboration important? One reason, Dr. Barker noted, is that
the United States last year spent $2.5 trillion, equal to around 20 percent
of gross domestic product, on health care. The health care reform bill
passed in 2010* attempts to control future costs. “That is a big

challenge,” she said. Looking ahead, annual spending is expected to
reach $4.5 trillion by 2018.

*The Patient Protection and Affordable Care Act (H.R. 3590) was signed into
law on March 23, 2010. Among other things, it expands Medicaid eligibility,
subsidizes insurance premiums, provides incentives for businesses to provide
health care benefits, and supports medical research.
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China is moving down a similar road as the United States, Dr. Barker
said. Infectious disease is declining in China, while chronic diseases are
rising significantly.

Another major trend in medical research is that there is an “important
convergence” of advanced technologies, molecular biology and
bioinformatics, which offers unprecedented opportunities for progress
against diseases such as cancer, she noted. “When you think about great
advances in science, it is in areas where the sciences come together,” Dr.
Barker said. “What we are seeing now in biomedical and medical
research is that areas like computation, engineering, and physics, which
we do not think enough about in biology, are converging in ways we
haven’t seen before. That represents significant opportunities for
innovation.”

Broadband offers another great opportunity to accelerate medical
research as the infrastructure develops, Dr. Barker observed. “If you
think about one of the areas where computation is really going to be
called on to make a major contribution, it is in medical research,” she
said. The United States has made the sharing of digital medical records a
major priority. “We’ll see. It’s very, very hard,” she said. “These
communities are very separated and, in many cases, siloed.”

Cancer exemplifies the rise of chronic disease as a killer. “Cancer is a
major U.S., and increasingly a global, health care crisis,” Dr. Barker said.
By 2020, cancer is projected to kill 10.3 million people globally. Such
forecasts recently have been raised and are projected to reach as high as
20 to 30 million new cases per year on a global basis. It is an emerging
crisis in China as well, “and will get much, much worse in the next 10 to
15 years, primarily due to the number of smokers,” she said. There were
2.2 million new cancer cases in China in 2009 and 1.6 million deaths.

Dr. Barker displayed a chart showing how cardiac disease and cancer
between 1973 and 2005 have emerged as the two top killers in China as
the population ages. In 2009, cancer overtook cardiovascular disease as
the biggest killer of people under the age of 85 in the United States. She
predicted the same will happen in China.

The United States reports 565,000 cancer deaths each year. Another
1.4 million new cases are expected to be diagnosed in 2010. The United
States spends $213 billion a year treating cancer. That will move much
higher in years to come—approaching $1 trillion a year. New cancer
cases are forecast to rise by 30 percent to 40 percent by 2020.

China is where the United States was around a decade ago. Cancer

already is the No. 1 killer in Chinese cities and No. 2 in the countryside,
Dr. Barker noted. It accounts for 25 percent of urban deaths and 21
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percent of rural deaths. The aging population is a major reason these
statistics will continue to rise. By 2035, 23 percent of Chinese will be at
least 60 years old. As in the United States, obesity also is rising, with 23
percent of Chinese now considered overweight.” “That was not a
problem in China until just very recently,” she said.

Environmental and occupational hazards are other major cancer
causes in China. There is a high incidence of liver cancer caused by
Hepatitis B, a disease that has been conquered in the United States, Dr.
Barker said. Lung cancer is perhaps the biggest danger in China. There
are 350 million smokers, and many of them will get cancer. The pattern
is similar to what the U.S. experienced, she observed. Lung cancer
accounts for 29 percent of cancer-related deaths in the United States and
has reached 22 percent in China.

While stomach cancer largely has been conquered in the United
States, it remains a serious problem in China. The National Cancer
Institute works actively with Chinese researchers on this problem. “We
have learned a lot about stomach cancer from the Chinese, and we will
learn a lot more,” Dr. Barker said. She predicted stomach cancer will
follow the pattern observed in the United States and be virtually
eliminated in China based on treating patients for the associated
infectious agent H. Pylori).

Serious bilateral research collaboration between the United States and
China began in the 1970s. It was noticed that certain areas of China, such
as near tin mines, had unusually high mortality rates. These areas
represented hot spots in terms of environmental exposure, Dr. Barker
explained. In 1979, the U.S. Department of Health and Human Services
signed a memorandum of understanding with China. November 2009
marked the 30th anniversary of that agreement, and a symposium was
conducted to discuss progress. A new memorandum of understanding is
planned, she added.

Some of the National Cancer Institute’s seminal epidemiology studies
were done in China, she noted. “We learned a lot in China about cancer
causation in some of these areas,” she said. “It has benefited the world
overall.” One such study led to regulation of benzene in the United
States, Dr. Barker noted. Important studies that advanced understanding
of liver cancer and the impact of the environment on different cancers
were done in China. The NCI” s Division of Cancer Epidemiology and
Genetics teamed with China’s Centers for Disease Control and
Prevention, for example, to study the link between indoor cooking and
lung cancer. The University of Washington and the Shanghai Textile

’Data from World Health Organization Health Information Profiles, (2008).
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Industry Bureau studied cancer among textile workers. “Most of these
studies have led to worldwide regulation of one form or another,” she
said.

China is currently making vital contributions in biomedical research,
Dr. Barker said. In the past decade, the number of papers published by
Chinese scientists in cancer research has more than quadrupled. China
ranked second to the United States in published scientific papers in 2007,
2008, and 2009. The highest portions of these papers were in material
science, chemistry, physics, and mathematics. The number of life
sciences publications has risen exponentially, and many have been
written with American colleagues, Dr. Barker noted.

The number of Sino-U.S. collaborations doubled between the periods
of 1998 through 2003 and 2004 through 2008.° The National Cancer
Institute works with the Chinese Academy of Medical Sciences, the
Chinese Academy of Sciences, the China Center for Disease Control, and
many major universities.

Cancer genomics is among the most exciting areas for investment in
China. It now is possible to sequence cancer genomes, Dr. Barker
explained. In the United States, the National Cancer Institute has
launched a project called the Cancer Genome Atlas. The goal is to
sequence genomes of all cancers. Chinese colleagues are collaborating
on the project, she said.

Nanotechnology is another area were both the United States and
China are making enormous investments, Dr. Barker noted. “We believe
this is the area that is going to have one of the biggest impacts on the
ability to detect and treat disease and deliver drugs,” she said.
“Nanotechnology will actually touch everything we do in medicine in the
next 10 years.”

In terms of cancer treatment, Dr. Barker said, China is a vital partner
in clinical trials. “I should add that for cancer, nearly every major cancer
center and hospital in China is being led by a scientist who trained at the
National Cancer Institute and/or a U.S. medical school,” she said. “We
have a huge number of alumni in China. When we go to China, it is like
going home—we are going to see people we know.”

Cancer genomics will be important for developing new therapies and
diagnostic technologies, Dr. Barker predicted. China’s programs also are
an opportunity to study rare cancers not found in the United States. The
National Cancer Institute is working with China on brain, esophageal,
gastric, and liver cancers, for instance. “We are looking at population

%Data from Global Research Report China (2009), Thomson Reuters.
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differences as well as to build the whole area of genomics,” she said.
“China has led this area in the sequencing of the human genome, and I
think will lead it with us for the next several years.”

In addition to playing a big role in sequencing the human genome,
China sequenced the rice genome. Its researchers were among the first to
identify the SARS genome. In 2010, the Beijing Genomics Institute
became the world’s largest next-generation sequencing center, she noted.
The National Cancer institute and BGI are researching brain tumors.

Research collaboration in nano-technologies also will grow, Dr.
Barker said. China has 5,000 scientists at 50 universities in this field and
300 nano-technology enterprises.’ It is second only to the United States
in research publications. There are 20 Chinese Academy of Sciences
institutes and 300 Chinese companies in nanotechnology. The Chinese
government invested an estimated $240 million from 2004 through 2007,
and local governments another $360 million.® “We are trying to build on
our respective strengths in nanotechnology,” she said. “This is a very
strong collaboration.” The third meeting between United States and
Chinese medical researchers on this topic will be conducted in fall 2010.

The National Cancer Institute also wants to build on the collaboration
with China in clinical trials and the study of environmental effects on
cancers. “There is an opportunity to do this right from the beginning,”
she said. “We are working with the Chinese to build new clinical-trial
systems with several hospitals in China.”

The institute’s goal is “to continue to expand our health care
partnerships, and do that with a number of alumni in China and many of
the post-docs that train with us here,” Dr. Barker said. The institute has
set up an office in Beijing, she noted, headed by Dr. Julie Schneider, who
leads many ongoing collaborations.

In the future, medical and health care research “is going to be a very
distributed enterprise,” Dr. Barker predicted. “But I think it will be
dominated by the U.S. and China because our countries are making the
investments.” Because of research in areas such as disease genomics, she
predicted there also will be “a shift toward understanding the mechanistic
causes of disease, which will lead us to a global understanding of how to
prevent diseases like cancer.”

Dr. Barker said she foresees such research leading to big changes in
the health care system. “I think the knowledge base with bio-informatics
and broadband will enable broad access where ever you are in the world

"Data from Science 309: 65-66, 2005.
$Ibid.
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to the best available treatments,” she predicted. Healthy populations will
“define stability” in the future and will be critical to knowledge-based
economies, she said. “China and the U.S. are in the best position to really
dominate in medical research,” she said, adding that she looks forward to
the next 30 years of collaboration.

National Laboratories and International Cooperation

Robin L. Newmark
National Renewable Energy Laboratory

The National Renewable Energy Laboratories (NREL) is engaged in a
wide array of clean-energy projects in China that reflect the laboratory’s
broad mission, Dr. Newmark explained. NREL, a U.S. Department of
Energy national laboratory, is the nation's primary laboratory for
renewable energy and energy efficiency research and development. In
addition to conducting research and development on renewable energy
and energy efficiency technologies, energy efficiency and technologies,
NREL, based in Golden, Colorado, and tied to the Department of
Energy, analyzes “the markets, financing, and policy mechanisms that
will enable the great energy transformation we are all undertaking right
now,” she said. “Part of that work is the study of innovation.”

Collaborations between government agencies of both nations range
from research into broad national needs to narrowly focused partnerships
with private companies to accelerate development of specific
technologies. Many such projects stem from an umbrella agreement on
clean energy negotiated through the U.S.-China Strategic Economic
Dialogue.’

High-level engagements in areas of national interest include an
Electricity Production and Transmission Action Plan, which explores
best planning and management practices. A Clean and Efficient
Transportation Action Plan exchanges best practices on new-vehicle
technologies and design and management of transportation infrastructure.

NREL also aids two “eco-partnerships,” which pair cities in the
United States with cities in China for cooperation on specific clean
energy and environmental objectives. Seven initial eco-partnerships were
established under the U.S.-China Framework for EcoPartnerships, signed

The China-U.S. Strategic Economic Dialogue is a framework agreement
initiated by President George W. Bush and President Hu Jintao in 2006. High-
level officials from both nations meet twice a year to discuss topics affecting
economic relations between the nations.
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in December 2008 under the S&ED Ten Year Framework for
Cooperation on Energy and Environment. Six new partnerships have
since been established. One is between Denver and Chongqing and
focuses on transportation. A partnership between Greensburg, Kansas,
and Mianzhu, the earth quake-stricken city in Sichuan Province, focuses
on disaster recovery. Greensburg was devastated by a tornado and has
since been rebuilt, Dr. Newmark explained.

The lab is part of several seven new Sino-U.S. clean-energy research
cooperation centers initiatives announced during President Obama’s
mission to Beijing in the November of 2009. These initiatives span both
conventional and non-conventional energy technologies. On behalf of the
Department of Energy, NREL currently leads the U.S.-China Renewable
Energy Partnership initiative for the United States, which interfaces with
the Energy Research Institute under the National Development and
Reform Commission in China. A wind-power project under the U.S.
China Renewable Energy Program Partnership (USCREP) begins with
national wind-energy deployment planning analysis and includes
technical issues such as analysis of wake effects caused by downstream
turbulence associated with turbine interference in large wind farms, and
analysis of new wind resource assessment techniques based on SODAR
technology. Another important component of the USCREP is
cooperation for wind and solar standards, testing, and certification.
Currently, U.S. and Chinese industry and leading experts are cooperating
for new standards development in international forums such as the IEC,
and are cooperating in comparing results between national testing centers
and in general raising the level of international test center capabilities,
and development of standards, Grid interconnection cooperation is also a
high priority. Dr. Newmark explained. “Interconnection is very
important for both countries as we continue to deploy renewable energy
technologies and as we begin to incorporate that energy into the
infrastructure of the grid,” she said.

In addition to technical details, the wind partnership studies the
economics of wide-scale deployment. As part of this project, NREL,
LBL, and the Energy Foundation in Beijing Center for Resource
Solutions of the United States is teaming with HydroChina, the State
Grid Energy Research Institute, and the Meteorological Society to chart a
cost supply curve for wind -power that depends on the potential installed
capacity in different parts of China. These local cost-supply curves are
used to map wind-power resources across the country that can be used to
support development of a national plan. “Being able to link the
geographic distribution of the resources with the investment potential for
wind power deployment is where those resources are and how much
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money it will cost to implement wind power is really critical moving into
the future,” Dr. Newmark said. The same kind of methodology, she
added, will be applied to solar power and its connections to China’s
existing transmission system. Other types of policy cooperation under the
USCRERP include: two workshops in 2011 to exchange information and
experience on effective policy development to support renewable energy
deployment, a workshop PV project evaluation and business model
development to support market expansion, and training in several
advanced analytical models at use at NREL for use in strategy energy
analysis needed by the Chinese National Energy Administration.

A number of private-sector partnerships also are underway in clean
energy. Chinese companies increasingly are investing in the U. S., Dr.
Newmark noted. Duke Energy, for example, is discussing a U.S. wind-
power plant with China’s Huaneng Power International. Duke also is
developing solar projects in the United States and joint technology in
bio-fuels, clean coal, smart grid, and other areas with ENN Group. The
U.S. Renewable Energy Group has proposed a large $1.5 billion wind
project in Texas with two Chinese companies. And AMSC Windtec of
the United States is working with Dongfang Turbine Corp. on an
offshore wind project that would be designed by the American
Superconductor Corp. Dongfang would own the intellectual property, she
said.

Consistent with increasing interest in expanding U.S.-China
renewable energy trade, Chinese companies also are beginning to
building U.S. factories to make renewable-energy equipment and would
like to increase clean energy investment in the United States at the
manufacturing and project development levels. This interest includes
plants to make solar photovoltaic panels and wind turbines by such
companies as Suntech and Goldwind in China. “The bottom line is that
China is making investments in U.S. projects and manufacturing
capabilities,” she said.

There are public-private partnerships between the two countries as
well, Dr. Newmark explained. One example is the U.S.-China Bio-Fuels
Cooperation Program. The project program was begun by initiated by the
DoE, USDA and Chinese NDRC-China Memorandum of Understanding
on Cooperation in the Development of Biofuels. Partners include five
U.S. DoE national laboratories, agencies of the USDA, and federal labs
controlled by the U.S. Energy and Agriculture departments and several
research institutes and universities supported by the Chinese companies
SinoPec, PetroChina, CNOOC, COFCO and COFCO ZTE.

The bio-fuels program has four major research areas, each with very
different mixes of players, Dr. Newmark said. A project on the supply
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and logistics of feed stocks, for example, studies the economics and
technical solutions for supplying non-food feed stocks for cellulosic
ethanol conversion. Two U.S. national laboratories and the U.S.
Department of Agriculture, ORNL and INL, are teaming with a range of
Chinese partners.

Another set of bilateral projects focuses on processes for converting
feed stocks into bio-fuels. One project involves NREL, Tsinghua
University in Beijing, and PetroChina and other future partners focuses
on biochemical conversion processes for cellulosic ethanol production. .
It utilizes NREL work on characterization to study the breakdown of
enzymes and other parts of the conversion process. Another project
focusing on thermo-chemical conversion processes is a partnership
between the Pacific Northwest National Laboratory in Richland,
Washington, and the Dalian Institute of Chemical Physics supported by
CNOOC. They primarily study pyrolyosis and gasification processes to
convert biomass feedstock to mixed alcohols and other biofuels. A
partnership between NREL and the Chinese Academy of Sciences in
Qingdao seeks to develop biodiesel from algae and green diesel, which is
derived from plant oils.

Once technology is developed by these collaborations, the private
sector must use it to develop commercial products. NREL is involved in
three partnerships with private companies that work with Chinese
research institutes. “It is a ground-level interaction,” Dr. Newmark said.
“Through this cooperation, we go from a government-to-government to
research institution to a commercialization train in order to develop new
bio-fuels,” she explained.

A partnership between NREL and ENN Group Co. focuses on
commercial production of solar power and algae biodiesel, for example.
The company is using 5.2-square-meter amorphous silicon module
manufacturing equipment acquired from Applied Materials. NREL also
works with the Institute of Electrical Engineering of the Chinese
Academy of Sciences to cooperate on solar PV device testing. . The
project uses NREL’s testing know-how to cooperate for standards and
certification processes for Chinese products, which are prevalent in the
global PV marketplace, Dr. Newmark said.

On the purely commercial side, the United States and China have
launched an energy-cooperation program that “is very unique,” Dr.
Newmark said. The program is a consortium of 30 to 40 large U.S.
companies that are seriously engaged in China’s energy sector. It is
supported by the U.S. Foreign and Commercial Service, the trade-
promotion arm of the Department of Commerce. “This consortium has
developed a communications network that makes it very easy for them to
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interact with their Chinese counterparts,” Ms Newmark said. “It helps
them know who to speak to and where the connections should be made
for various energy topics.”

In sum, Dr. Newmark said, both the public and private sectors are
heavily engaged in research collaboration between China and the United
States. “We see rapid growth in interactions,” she said. “There are
enormous opportunities for mutual benefit with innovations from both
the U.S. and China.” Although many challenges in the relationship
remain, “our observation is that we are making progress,” she said.

Discussion

Dr. Wessner asked Dr. Newmark to elaborate on the barriers in China
she mentioned in her presentation.

One barrier is concern over intellectual property, Dr. Newmark
responded. Whether it is transferred or created through innovation,
multinationals worry whether intellectual property is protected and
whether its “commercial benefits will be maintained.” In recent energy
agreements with China, intellectual property has been addressed more
specifically up front, she noted.

Mr. Bonvillian asked if intellectual property also is a concern in
medical research and whether there has been any progress.

Intellectual property is a major issue in medical research as well, Dr.
Barker said. “As collaborations increase, especially in biotechnology,
international distribution becomes an issue,” she noted. “I think we are
seeing progress, but we have work to do.”

Mr. Bonvillian asked both speakers whether U.S. visas also are a
major problem in medical research.

Obtaining visas for Chinese counterparts was a significant barrier for
the first year after the Sept. 11, 2001, terrorist attacks, Dr. Barker said. In
2009, “I think we were able to get visas for nearly everyone who wanted
to visit with us,” she added. “I think it is getting much better now than it
was.”

Dr. Newmark said NREL works with a large number of foreign
visitors and that it is relatively easy to get visas for them. She added that
NREL does hardly any classified work, though. For other national energy
laboratories doing classified research, there are more barriers for
American visitors as well as foreign nationals. “Overall we have seen an
improvement in conditions since 9/11,” she said. “I think we will
continue to see improvement with the tremendous focus on energy
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research and the need for the perspective of multiple stakeholders and
other nationals.” Still, visas remain a problem, she said.

Mr. Bonvillian asked Mr. Yang of the Ministry of Science and
Technology to elaborate on the visa problem.

While he is not very well informed on the current situation, Mr. Yang
said, he had experienced problems with transfer of technology from the
United States. “These issues are familiar to everyone,” he said. In terms
of travel visas, the ministry has heard complaints. China has experienced
visa problems in collaborative life sciences research and in areas where
there is “some sensitivity,” he said. But this hasn’t been an issue in
energy research, he said.

Mr. Wang responded to some of the comments regarding intellectual
property protection. He noted that systems to protect IPR have been in
existence for a long time in other countries. Since China opened its
economy, “it has achieved tremendous progress” in establishing laws.
Many IPR courts also have been set up in China to address disputes, he
added, and there have been successful cases of prosecution for
intellectual property theft.

Intellectual property protection, however, “is not only the work of the
government,” he said. “Enterprises should provide evidence of IPR
infringement. With evidence, a court will make a ruling.” Companies
should not count on the government to conduct investigations on its own.

Mr. Chen of the Ministry of Industry and Information Technology
said he had heard of many IPR infringement cases, mainly through the
work of the State Intellectual Property Office. In terms of software, the
Chinese government has consistently expressed to the public the
importance of using legal software. He noted that China now has a
copyright law and is implementing regulations to protect copyrights.
“Many, many manufacturers have complaints about enforcement of
copyright protection,” he conceded. China has set up a judicial system to
interpret these laws. “I am sure the government can do more in terms of
establishing this environment,” he said.

The government took an extra measure in 2006, Mr. Chen said. The
Copyright Bureau, in collaboration with the Ministry of Commerce,
issued a ruling that all computers manufactured in China install
registered operating systems. No piracy is allowed for computers leaving
factories, he said. “If copyrights are infringed, companies should seek
legal means to protect their rights. But the government did extra work,”
Mr. Chen said. “I believe this cannot be achieved by many countries.”

These efforts are producing results, Mr. Chen said. Each year, the
government collects measurement data on the 22 largest computer
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hardware manufacturers. Legal operating systems are now pre-installed
in 90 percent of computers released by manufacturers, he said. “We have
the hard figures to prove that, at least at the operating system level, the
piracy issues have greatly improved,” he said. “Many of our colleagues
may not understand the measures taken by the Chinese government. In
my view, many of the figures that people get were not obtained
correctly.”

He cited the example of a study on copyright infringement and
software piracy in China that was based on only 150 product samples.
“In a country as large as China, they made of conclusion on software
piracy based on only 150 samples. I think we can ask whether these
figures are accurate.”

Dr. Barker asked if China is experiencing success with its business
incubators and whether the government is doing anything to encourage
technology transfer through incubators.

China’s system is different from that of the United States, Mr. Yang
noted. In the past, R&D mainly was conducted by universities and
research institutes. “Chinese companies paid attention to production and
didn’t care about R&D,” he said. Research institutes even designed
products and then tried to convince manufacturers to produce them.
Now, “we encourage companies not to wait for research institutes to give
the R&D,” Mr. Yang said.

The government is establishing platforms for commercializing R&D
and to encourage innovators to set up business, Mr. Yang said. Science
parks and incubators are examples. The government is supporting the
effort with policies, such as preferential treatment. “The main driver is
the market, however,” he said. “We learned from advanced countries.”

China’s first incubator was established in Wuhan in 1987, he noted.
Now there are incubators in most major cities. Many were built after
science parks were established to encourage researchers to
commercialize innovations.

Another Chinese delegate explained that many state-owned Chinese
companies are weak in research and development. So China has
borrowed strategies from developed nations. “We realized what is
required is not just innovation in technology but also innovation in
services,” he said.

There are some preconditions for development of a high-tech
industry, he noted. It requires venture capital, for example. The Chinese
government is developing the venture capital market. Next, China needs
intermediate agencies. “The government realizes that services and
commercialization of results are very important. We will make all efforts
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to accelerate commercialization of results as China tries to form a more
market-oriented economy.”

Jim Hurd of the GreenScience Exchange observed that a private
incubator in Beijing was started by Kai-Fu Lee, the former president of
Google China. A second development, Mr. Hurd noted, is the evolution
of foreign limited-partner venture capital firms in China. A new law is
under discussion in the Pudong district of Shanghai to encourage the
venture capital industry. He asked whether these developments also may
be a source of cooperation between the United States and China.

Dr. Wessner asked how much money the Chinese government is
investing to support small and midsized enterprises. He noted that the
United States has the Small Business Innovation Research program,
which provides almost $3 billion a year for early-stage funding. Dr.
Wessner asked whether China has a similar program, and if so at what
scale.

China’s central government has been investing in small and midsized
high-tech companies since 2000 through a fund announced by former
Premier Zhu Rongji, Mr. Yang explained. In its first year, the fund
totaled RMBI1 billion. The fund is managed by the Ministry of Finance.
The Ministry of Science and Technology advises how to utilize the
funds. Mr. Yang said he believes the fund has been increased to RMB 4
billion. However, this fund only represents the federal government’s
investments, Mr. Yang noted. Local and provincial governments also
provide funds for small and midsized enterprises.

Xu Jing, deputy division director of the Tariff Policy Department of
the Ministry of Finance, asked how the U.S. government decides how to
make such investments.

Mr. Bonvillian noted that defining the U.S. government role is very
complicated because there are “so many different models in so many
different sectors. So there is no simple answer.”
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Moderator:
Michael Borrus
X/Seed Capital Management

Michael Borrus of X/Seed Capital asked the speakers in the
previous panel how they set priorities in health and energy and how the
Chinese government selects sectors to support.

In medical research, U.S. funding decisions are “still driven by the
quality of science being done by individual investigators and teams of
investigators,” Dr. Barker replied. Institutions such as the Massachusetts
Institute of Technology, and many others, encourage the translation of
basic science into new commercial enterprises that are funded by the
private sector, she added. “Our priorities in medical research are focused
on research and development funded by organizations like the National
Institutes of Health, which invests approximately $27 billion in medical
research each year,” she said. “We invest that across a whole range of
medical research, from basic research to translational research to clinical
research. In the U.S. technology moves out of the laboratory into
translation.” Technology and intellectual property are transferred to
companies that are primarily funded through venture capital. “But we
still set our priorities based on the quality and importance of the
science,” Dr. Barker said.

To summarize, Mr. Bonvillian said, life sciences research is driven by
a basic research agency, and basic research drives what follows. He
asked how this works in energy research.

Dr. Newmark of NREL said energy “is further along the continuum”
that Dr. Barker outlined for medical research. “Energy research now is
driven more by national priorities, both for the development of new
options for traditional fossil and nuclear energy and for the development
and commercialization of renewable energy and energy efficiency
technologies,” she said.

119



120 BUILDING THE 21ST CENTURY: U.S.-CHINA COOPERATION

Discussions are underway over how to achieve the goals and
benchmarks Energy Under Secretary Johnson explained, such as clean
energy attaining a certain percentage of energy usage by a certain date,
Dr. Newmark said. “The national priorities drive investment that span all
the way from basic to applied research to commercial scale deployment,”
she said. “That said, the innovations depend on venture capital to get to
commercial implementation.” The U.S. government focuses on
everything from very basic research in materials and separation science
to very large-scale, public-private investments for deployment of some of
these novel technologies.”

Of course, the market ultimately will determine which energy
technologies succeed, Dr. Newark noted. “In the energy sector,
innovation requires that market finance and risk be addressed.” But
public financial support is required because new energy technologies
require large-scale deployment to study and certify their performance,
she said.

Mr. Bonvillian noted that the energy sector represents a different
model of government involvement, one that mixes public and private
roles “and is more bottom-up rather than top-down. And it is driven by a
societal mission.”

Cathy Swain, assistant vice-chancellor for commercial development
at the University of Texas System, commented that there are a range of
public investment activities in Texas. She noted that the state legislature
set up a Cancer Prevention Research Fund several years ago. The $3
billion fund invests $300 million in cancer research each year. Texas also
has the Emerging Technology Fund, which does not distinguish among
industrial clusters, Ms. Swain explained. It focuses on early-stage
investment for commercialization opportunities, before companies seek
venture capital. The Fund also takes equity in start-ups.

Two other programs are part of the Emerging Technology Fund, Ms.
Swain added. One is the Research Superiority Fund, which establishes
centers of excellence at universities. The other is the Research Matching
Fund. The state is looking to turn that fund into a source of micro-
lending to support development of proofs of concept.

Texas’ activities highlight another feature of the U.S. public funding
model, Mr. Bonvillian noted. “There is a growing role by our states in
sponsoring innovation,” he said. “That has been nascent for a long time
but is starting to grow.”

He asked how Chinese institutions make decisions on what to fund.

The United States and China share many similarities, Mr. Yang said.
“We also have a competitive method,” he said. Recipients of funding go
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through a “very careful and dedicated evaluation process. No single
individual or group can have a say.” Various experts assess the merits of
projects seeking funding.

Xu Bin, deputy division director of the high technology department of
the National Development and Reform Commission, noted that the
government provides very small funding, and wants more venture capital
to come into to the country to make investments.

Lou Jing of the Ministry of Education explained that a number of
national innovation policies are being developed. They include short-,
medium-, and long-term goals. The government has identified priority
industries that meet national priorities. There also are incubator activities
in industries with great growth potential.

These strategies are developed by commissions composed of experts
from different areas, Ms. Lou said. They include personnel from the
Chinese Academy of Engineering, the Institute of Social Scientists, and
the Chinese Academy of Science. Government institutions evaluate the
process. “We will listen to advice from the local level, and then evaluate
whether it is in line with the nation’s long, mid- and short-term
objectives to determine what kind of deployment timeline is needed,” she
said. “It is very comprehensive. Right now, we think our measures are
very systematic and scientific.”

Dr. Breznitz of Georgia Tech asked about China’s approach to
“investing in what society and the state see as critical infrastructure.” He
noted that the United States sees broadband as critical infrastructure for
many reasons. “While we have let the private market do the heavy
lifting, many rural communities have problems getting access,” he said.
“That is where government steps in, to allow every citizen in the U.S. to
have access to this critical infrastructure.”

Wang Xue, deputy head of the Chengdu High-Tech Zone, asked
about America’s health care reform. He said it seems that the reforms are
built on a solid foundation, and that China may be able to benefit from
the U.S. example.

She also asked Dr. Barker to share some of her insights on China’s
experience with cancer. He noted that the National Cancer Institute has a
great deal of knowledge about different cases of diseases in different
areas. Mr. Wang pointed out that in Sichuan Province lung cancer is the
No. 1 problem. However, half of these cancer patients do not smoke. “I
wonder if you have been following up and know what the situation is in
Sichuan,” he said.
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Mr. Wang also asked her opinion on drug costs. If a truck
manufacturer produces higher quantities of trucks, he observed, their
costs go down. “How do you make drugs more affordable?”

“I feel like I am sitting before Congress,” Dr. Barker quipped. “I have
to answer the same questions there.” Health care is a critical issue
because its share of the U.S. economy is nearly 18 percent and rising, she
noted. “I would like to say we have reformed our health care system, but
we have just begun. The health care reforms address some of the issues
but not all,” she said. The reform will provide coverage for some, but not
all, of the 40 million people who are uninsured, she explained.

Regarding China’s situation, Dr. Barker noted that migration from
rural areas to cities will create greater health-care issues. She observed
that most advanced treatments for cancer are performed in cities. In rural
areas, traditional Eastern medicine still is widely used. Urbanization,
therefore, will drive up health-care costs. “Cancer is a particular problem
because it is extraordinarily expensive to treat,” she said. “It also is an
area where an enormous amount of discovery is going on.”

Drug discovery also is very costly. Pharmaceutical companies invest
$1 billion on average for each new drug that actually gets to the market,
and the process can take around 15 years. “That is something that has to
change,” Dr. Barker said.

The high cost of research in the West, however, means there is
opportunity for substantial collaboration with China. “From what I see
occurring in China, I think you will have an opportunity to change this
with us or even before us,” she said. “You have not built yet built
infrastructure built that is driving costs. We are seeing a lot of your
enterprises develop very quickly now in health care. I think some of your
approaches have an opportunity to inform us here and result in very
dynamic partnerships. I think we will learn a lot from each other.”

The United States is struggling with the cost of drugs, Dr. Barker
noted. She said she favors the concept of formulary, in which health care
providers specify what they will pay for prescriptions in order to control
costs. It may be difficult for the United States to adopt such an approach
to public health care in “our free-market system,” she said, although the
formulary approach is starting to be used in health care for the elderly.
The government must take into account the financial requirements of
pharmaceutical makers, Dr. Barker suggested. “It is very difficult to
incentivize drug companies without a very substantial profit motive
because they have to invest a lot of money to develop a drug,” she said.
“So I think we are all in this together.”
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Regarding the question about cancer in China, Dr. Barker said she is
familiar with the problem but “that nobody actually knows the answer.”
She noted that not everyone who smokes develops cancer, due to genetic
differences. “However, we think there is something more going on
there,” she said. “Some of our scientists are working with your scientists
so we can better understand this complex outcome.”

Dr. Wessner offered some observations regarding venture capital.
Often, too much credit in the United States is given to the role of venture
capital in the innovation system. He held up a Blackberry and noted that
the company that developed it never received venture capital. Lithium-
ion battery maker A123, based in Watertown, Massachusetts, funded its
research with funds from the National Science Foundation and the
Department of Energy. It also received Small Business Innovation
Research loans to develop commercial products. The company received
venture capital after it already had developed its products. “It is claimed
to be a venture capital success,” he said.

Recently, Dr. Wessner added, A123 received $200 million from the
U.S. government to build a production facility. “So we have a free
market economy that is not always so free and not always so market,” he
said. “It also is not driven by the venture industry. There are many
sectors where venture companies just don’t go.” A good example is
medical research. If a company discovers an interesting molecule, “they
ask you to come back after you have finished Phase I trials,” he said. “If
you tell them you need money for the Phase I trials, they tell you to come
back when you have completed the Phase I trials.” Dr. Wessner said he
thinks there is an “obsession” with venture funding. “It is a much more
complex mosaic than that.”

Michael Borrus concluded the session by noting that he was struck at
how much China and the United States have in common, “whether it be
reducing dependence on fossil fuels or the fact we face rising cancer
rates.”

Based on the three decades of cooperation in health care between the
two countries, Mr. Borrus suggested three principles on what makes
collaboration successful. One is that “if cooperation is to work, it much
be based on an equal exchange,” Mr. Borrus said. “Each side must give
as well as get.” The second principle is that conflicts, misunderstandings,
and sensitive issues are inevitable. “But we need goodwill on both sides
to work through those problems in order to maintain progress toward
building a cooperative relationship.”

The third point is that “the only way to cooperate is to cooperate,”
Mr. Borrus said. To borrow a Chinese proverb, “We need to cross the
river between our countries by feeling for he stones,” he said. “We need
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to try some things together, demonstrate mutual gain, and then turn those
smaller-scale collaborations into larger collaborations.”
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National Academies Study of Comparative National
Innovation Policies

Ren Weimin, Vice President, Academy of Macroeconomic
Research, National Development and Reform Commission

Building Global Partnerships: Opportunities in U.S.-
China Cooperation

Anna Borg, Principal Deputy Assistant Secretary, Bureau of
Economic, Energy, and Business Affairs, U.S. Department of
State

Panel I: Building the New Energy Economy

Moderator: Michael Borrus, Founding General Partner,
X/Seed Capital Management
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New Renewable Energy Initiatives in the United States

Kristina Johnson, Under Secretary for Energy, U.S.
Department of Energy

Renewable Energy Policy in China

Ren Weimin, Vice President, Academy of Macroeconomic
Research, National Development and Reform Commission

10:30 AM Coffee Break

10:45 AM Panel II: Innovation Clusters and the 21st Century
University

Moderator: Carl Dahlman, Luce Professor of International
Relations and Information Technology, Georgetown
University

Universities, Science Parks, and Clusters in China’s
Innovation Ecosystem

Lou Jing, Deputy Director General, Science and Technology
Department, Ministry of Education

Universities and the U.S. Innovation System
Charles Vest, President, National Academy of Engineering

Universities as Drivers of Growth in the United States

C. D. “Dan” Mote, Jr., President, University of Maryland,
College Park

U.S. Initiatives for Building Innovation Clusters
Ginger Lew, Senior Advisor, White House National

Economic Council

12:30 PM Working Lunch in the Refectory
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1:30 PM

2:45 PM

3:00 PM

Panel III: ICT and Innovation: Growth Engine and
Enabling Technologies

Moderator: Dan Breznitz, Professor and Director for
Globalization, Innovation, and Development, Georgia
Institute of Technology

Impact of Broadband on Economic Growth and
Productivity

Chen Ying, Deputy Director General, Software Department,
Ministry of Industry and Information Technology

Broadband Strategy in the United States

Eugene Huang, Senior Advisor to the Chief Technology
Officer, White House Office of Science and Technology
Policy

ICT Development in U.S. and Chinese Contexts

Mark Dean, Vice President for Technical Strategy and
Global Operations, IBM Research

Coffee Break

Panel IV: New Frontiers: Opportunities & Challenges for
Cooperation

Moderator: Bill Bonvillian, Director, Washington DC Office,
Massachusetts Institute of Technology

International Collaboration and Indigenous Innovation

Yang Xianwu, Deputy Director General, High and New
Technology Department, Ministry of Science and Technology

Joint U.S.-China Medical Research Opportunities

Anna Barker, Deputy Director, National Cancer Institute

National Laboratories and International Cooperation

Robin Newmark, Director, Strategic Energy Analysis Center,
National Renewable Energy Laboratory
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4:15PM Lessons Learned and Next Steps
Moderator: Michael Borrus, Founding General Partner,
X/Seed Capital Management

5:00 PM  Adjourn



BIOGRAPHIES OF SPEAKERS'

ANNA BARKER

Dr. Barker serves as the deputy director of the National Cancer
Institute (NCI) and as the deputy director for Strategic Scientific
Initiatives. In this role she has developed and implemented multi/trans(]
disciplinary programs in strategic areas of cancer research and advanced
technologies including: the Nanotechnology Alliance for Cancer; The
Cancer Genome Atlas (TCGA); and the Clinical Proteomics
Technologies Initiative for Cancer. She participates actively in these
programs and serves in a team leadership role for TCGA. Recently she
led the development of a new initiative to develop a network of trans-
disciplinary centers focused on the elucidation of the “physics” of cancer
at all scales through the establishment of Physical Sciences-Oncology
Centers. Dr. Barker has also led and collaborated on NCI’s effort to
develop contemporary resources for cancer research in the areas of
biospecimens and bioinformatics (The Cancer Bioinformatics Grid) to
support molecularly based personalized medicine. She serves as the col’
chair of the NCI-FDA Interagency Task Force; the co-chair of the
Cancer Steering Committee of the FNIH Biomarker Consortium; and
oversees the NCI’s pilot international cancer research programs in Latin
America and China.

Dr. Barker has a long history in research and the leadership and
management of research and development in the academic, non-profit
and private sectors. She served as senior scientist and subsequently a
senior executive at Battelle Memorial Institute for 18 years where she
developed and led a large group of scientists working in drug discovery
and development, pharmacology, and biotechnology, with a major focus
in oncology and NCI-supported programs. She co-founded and served as
the CEO of a public biotechnology drug development company and
founded a private cancer technology focused company. She has served in
numerous volunteer capacities for cancer research and advocacy
organizations including the AACR where she led the Legislative Affairs
Committee for ten years and was a member of the Board of Directors.

' As of May 2010. Appendix includes bios distributed at the symposium.
131
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She has received a number of awards for her contributions to cancer
research, cancer patients, professional and advocacy organizations and
the ongoing national effort to prevent and cure cancer. Her research
interests include small molecule experimental therapeutics, tumor
immunology, and free-radical biochemistry in cancer etiology and
treatment. Dr. Barker completed her M.A. and Ph.D. at the Ohio State
University, where she trained in chemistry, immunology, and
microbiology.

BILL BONVILLIAN

William B. Bonvillian, since January 2006, has been director of the
Massachusetts Institute of Technology’s Washington, DC Office. At
MIT, he works to support MIT’s strong and historic relations with
federal R&D agencies and its role on national science policy. Prior to
that position, he served for 17 years as a senior policy advisor in the U.S.
Senate. His legislative efforts included science and technology policies
and innovation issues. He worked extensively on legislation creating the
Department of Homeland Security, on Intelligence Reform, on defense
and life science R&D, and on national competitiveness and innovation
legislation. He has lectured and given speeches before numerous
organizations on science, technology and innovation questions, is on the
adjunct faculty at Georgetown, and has taught in this area at
Georgetown, MIT and George Washington. He serves on the Board on
Science Education of the National Academies, and has served on the
Academies’ Committees on “Learning Science: Computer Games,
Simulations and Education,” on “Modernizing the Infrastructure of the
NSF’s Federal Funds (R&D) Survey,” and on “Exploring the Intersection
of Science Education and the Development off 21st Century Skills.” He
was the recipient of the IEEE Distinguished Public Service Award in
2007.

His book, with Distinguished Prof. Charles Weiss of Georgetown,
entitled Structuring an Energy Technology Revolution, was published by
MIT Press in April 2009, and is summarized on the MIT Press Web site.
His chapter, “The Connected Science Model for Innovation,” appeared in
the National Research Council book, 21st Century Innovation Systems
for the United States and Japan: Lessons from a Decade of Change (May
2009). His recent articles include “Stimulating a Revolution in
Sustainable Energy Technology” (with C. Weiss) in Environment
(July/August 2009); “The Innovation State” (July/August 2009), and
“Power Play—The DARPA Model and U.S. Energy Policy”
(November/December 2006) both in American Interest with the latter
reprinted in the book Blindside (Brookings Press, Francis Fukuyama, ed.,
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2007);*“The Politics of Jobs” (2007), “Meeting the New Challenge to
U.S. Economic Competitiveness” (2004) and “Organizing Science and
Technology for Homeland Security” (with K. V. Sharp, 2002), all
published in Issues in Science and Technology; “Will the Search for
New Energy Technologies Require a New R&D Mission Agency?”
(2007) in Bridges; and “Science at a Crossroads" (2002), published

in Technology in Society and reprinted in the FASEB Journal.

Prior to his work on the Senate, he was a partner at a large national
law firm. Early in his career, he served as the Deputy Assistant Secretary
and director of Congressional Affairs at the U.S. Department of
Transportation, working on major transportation deregulation
legislation. He received a B.A. from Columbia University with honors,
an M.A.R. from Yale Divinity School in religion; and a J.D. from
Columbia Law School, where he also served on the Board of Editors of
the Columbia Law Review. Following law school, he served as a law
clerk to a federal judge in New York. He is a member of the Connecticut
Bar, the District of Columbia Bar, and the U.S. Supreme Court Bar.

ANNA BORG

Anna Borg, a Minister-Counselor in the Senior Foreign Service, is
Principal Deputy Assistant Secretary in the Bureau of Economics,
Energy and Business Affairs as of October 19, 2009. She previously
served as DCM at USOECD (2008-2009), DCM at Embassy Rome from
2005-2008, and as Chief of Staff to the Under Secretary for Economic,
Business, and Agricultural Affairs at the State Department from 2004 [
2005. She also served as Deputy Assistant Secretary for Energy,
Terrorist Finance, Sanctions, and Commodities in the Bureau of
Economic and Business Affairs from 2000-2003. Prior to this she was
Director of the Office of the United Kingdom, Benelux, and Ireland
Affairs and from 1996-1999 was Deputy Chief of Mission at the
American Embassy in Kuala Lumpur, Malaysia.

Anna Borg began her Foreign Service career in 1978 after working at
The World Bank. Earlier assignments have included: policy advisor to
the Deputy Secretary of State (1993), policy advisor on Bosnia in the
European Bureau (1992-1993), and deputy director of the Pakistan,
Afghanistan, and Bangladesh Office (1990-1992). She has received a
Presidential Meritorious Service Award, the 2007 Baker-Wilkins Award
for DCM of the Year, the 1988 James Clement Dunn Award for FS-01
Officer of the year and State Department Superior Honor Awards.

A native of Baltimore, Maryland, she received a B.A. from
Swarthmore College, M.A. from George Washington University, D.E.A.
from the Ecole des Hautes Etudes en Sciences Sociales, and diploma
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from the National War College (1990). Her foreign languages are French
and Italian.

MICHAEL BORRUS

Michael Borrus is the founding general partner of X/Seed Capital, a
seed-focused early-stage venture fund that invests in entrepreneurs
pursuing breakthrough innovation. Prior to founding X/Seed, he was an
Executive in Residence (EIR) at Mohr Davidow Ventures (MDV) in
Silicon Valley.

From 1999 to 2004, Michael led the technology banking unit at The
Petkevich Group, a financial services start-up. Before that, Michael was
Adjunct Professor in UC Berkeley’s College of Engineering and a
partner in the business consulting firm Industry and Trade Strategies.
While at Berkeley, he co-founded and co-directed the Berkeley
Roundtable on the International Economy.

He is the author of three books and over 70 chapters, articles and
monographs on a variety of topics including management of technology,
high-technology competition, international trade and investment, and
financial strategies for technology companies.

Michael serves on several National Academy of Sciences/National
Research Council steering committees including as Vice-Chairman of the
Committee on Competing in the 21st Century: Best Practice in State and
Regional Innovation Initiatives. He also serves on the board of trustees
for the National Center for Women and Information Technology
(NCWIT) and The UC Berkeley School of Mechanical Engineering
External Advisory Board. He is a director of multiple privately held
technology start-ups creating products for cleantech, life science, and
information technology markets.

Michael is an honors graduate of Harvard Law School, the University
of California, Berkeley, and Princeton University. He is a member of the
California State Bar.

DAN BREZNITZ

Professor Dan (Danny) Breznitz (Georgia Institute of Technology,
Sam Nunn School of International Affairs & The School of Public
Policy, Ph.D. MIT) has extensive experience in conducting comparative
in-depth research of Rapid-Innovation-Based Industries and their
globalization. Dr. Breznitz’s first book, Innovation and the State:
Political Choice and Strategies for Growth in Israel, Taiwan, and Ireland
(Yale University Press), won the 2008 Don K. Price for best book on
Science and Technology given by APSA and was a finalist for the 2007
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best book of the year award in political science by ForeWord Magazine.
His second book (co-authored with Michael Murphree) The Run of the
Red Queen: Government, Innovation, Globalization, and Economic
Growth in China is forthcoming with Yale University Press in 2010. In
addition, his work was published in various journals, as well as chapters
in edited volumes. Breznitz is one of five young North American
scholars to be selected as a 2008 Industry Study Fellow of the Sloan
Foundation. Breznitz has also been an advisor on Science Technology
and Innovation Policies for multinational corporations, international
organizations such as the World Bank and WIPO, and local and national
governments in the United States, Asia, and Europe.

During 2006 Dr. Breznitz was a visiting scholar at Stanford
University’s Project on Regions of Innovation and Entrepreneurship, and
during 2007 he was a Visiting Fellow at the Bruegel Institute for
International Economics, Brussels. His work is sponsored by the Sloan
Foundation, the Kauffman Foundation, the Samuel Neaman Institute for
Advance Studies, the Bi-National Science Foundation (US Israel), the
NSF, Georgia Research Alliance, and the Enterprise Innovation Institute.
In addition, Dr. Breznitz is the co-director with John Zysman of UC
Berkeley of a collaborative study titled “Can Wealthy Nations Stay Rich
in a Rapidly Changing Global Economy?” A former founder and CEO of
a small software company, Dr. Breznitz is also a research affiliate of
MIT’s Industrial Performance Center. In addition he is a senior
researcher of the Science, Technology, and Innovation Policy Program
(STIP) and the academic director of the Initiative for High Tech Clusters
at The Enterprise Innovation Institute (EI2), and the director of the
Globalization, Innovation, and Development program at the Center for
International Strategy, Technology and Policy (CISTP) in the Sam Nunn
School of the Georgia Institute of Technology.

CARL DAHLMAN

Carl J. Dahlman is the Luce Professor of International Relations and
Information Technology at the Edmund A. Walsh School of Foreign
Service at Georgetown University. He joined Georgetown in January
2005 after more than 25 years of distinguished service at The World
Bank. At Georgetown, Dr. Dahlman’s research and teaching explore how
rapid advances in science, technology and information are affecting the
growth prospects of nations and influencing trade, investment,
innovation, education and economic relations in an increasingly
globalizing world. At The World Bank Dr. Dahlman served as Senior
Advisor to The World Bank Institute and managed the Knowledge for
Development (K4D) since 1999. Prior to that he served as staff director
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of the 1998-1999 World Development Report, Knowledge for
Development, was the Bank’s resident representative and financial sector
leader in Mexico, and led divisions in the Bank’s Private Sector
Development, and Industry and Energy Departments. He has conducted
extensive analytical work in major developing countries including
Argentina, Brazil, Chile, Mexico, Russia, Turkey, India, Pakistan, China,
Indonesia, Korea, Malaysia, Philippines, Thailand, and Vietnam. He has
co-authored eight books on the knowledge economy in different
countries and many chapters and articles education and skills, and
innovation. He is currently finalizing a book on the implications of the
rise of China and India for the world.

MARK DEAN

Dr. Mark E. Dean is vice president Technical Strategy and Global
Operations for IBM Research. In this role, he is responsible for setting
the direction of IBM’s overall Research Strategy across eight worldwide
labs and leading the global operations and information systems teams.
An engineer by training, Dr. Dean has over 29 years with IBM, and is an
IBM Fellow. He has been central to the design of a wide range of IBM
products.

Dr. Dean has held various positions in several different cities and
IBM divisions. Prior to his current role, he was vice president of the IBM
Almaden Research Center in San Jose, California and senior location
executive for Silicon Valley, overseeing more than 400 scientists and
engineers doing exploratory and applied research in various hardware,
software and services areas including: nanotechnology, materials science
for storage systems, data management, web technologies, workplaces
practices and user interfaces.

Before his appointment to the Almaden Lab in 2004, Dr. Dean was
vice president for hardware and systems architecture in IBM's Systems
and Technology Group in Tucson, Arizona. While there, he significantly
enhanced STG’s hardware and systems strategy and architectures to
support continued market share growth and industry leadership in IBM's
server and storage systems business. Before STG, Dr. Dean was a vice
president in IBM's Storage Technology Group, focused on the company's
storage systems strategy and technology roadmap.

Prior to Tucson, Dr. Dean was the VP for Systems Research at IBM's
Watson Research Center in Yorktown Heights, New York, where he was
responsible for the research and application of systems technologies
spanning circuits to operating environments. Key technologies from his
research team include petaflop supercomputer systems structures
(BlueGene), digital visualization, design automation tools, Linux
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optimizations for servers and embedded systems, algorithms for
computational science, memory compression, S/390 & PowerPC
processors, embedded systems research, formal verification methods and
high-speed low-power circuits.

During his career, Dr. Dean has held several engineering positions at
IBM in the area of computer system hardware architecture and design in
Boca Raton, Florida, Austin, Texas and Yorktown Heights, New York.
He has developed all types of computer systems, from embedded
systems to supercomputers, including testing of the first gigahertz CMOS
microprocessor, and establishing the team that developed the Blue Gene
supercomputer. He was also chief engineer for the development of the
IBM PC/AT, ISA systems bus, PS/2 Model 70 & 80, the Color Graphics
Adapter in the original IBM PC, and holds three of the nine patents for
the original IBM PC. One invention—the Industry Standard Architecture
(ISA) "bus," which permitted add-on devices like the keyboard, disk
drives and printers to be connected to the motherboard—would earn
election to the National Inventors Hall of Fame for Dean and colleague
Dennis Moeller.

Dr. Dean received a BSEE degree from the University of Tennessee
in 1979, an MSEE degree from Florida Atlantic University in 1982, and
a Ph.D. in electrical engineering from Stanford University in 1992.

Dr. Dean’s most recent awards include National Institute of Science
Outstanding Scientist Award, member of the American Academy of Arts
and Science and National Academy of Engineering, IEEE Fellow, the
CCG Black Engineer of the Year, the NSBE Distinguished Engineer
award, the University of Tennessee COE Dougherty Award, member of
the National Inventor’s Hall of Fame, and recipient of the Ronald H.
Brown American Innovators Award. Dr. Dean was appointed to IBM
Fellow in 1995, IBM’s highest technical honor. He is a member of the
IBM Academy of Technology. He has received several academic and
IBM awards, including thirteen Invention Achievement Awards and six
Corporate Awards. Dr. Dean has more than 40 patents or patents
pending.

EUGENE HUANG

Eugene J. Huang currently serves in the White House Office of
Science and Technology Policy as the senior advisor to the chief
technology officer.

From August 2009 to April 2010, Mr. Huang served as the
government operations director for the National Broadband Task Force
at the Federal Communications Commission, and was part of the team
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responsible for authoring “Connecting America: The National
Broadband Plan.”

Mr. Huang served at the United States Department of the Treasury
under two Secretaries of the Treasury from 2006 to 2009, as policy
advisor to the Secretary and previously as a White House Fellow. In
these roles, Mr. Huang covered a wide range of international economic
and finance issues with a special responsibility for U.S. bilateral relations
with China.

Previously, Mr. Huang was a visiting scholar at the Stanford Institute
for Economic Policy Research (SIEPR) at Stanford University. From
2002 to 2006, Mr. Huang served the Commonwealth of Virginia under
Governor Mark R. Warner as the Secretary of Technology and
previously as the Deputy Secretary of Technology. At the time of his
appointment as Secretary of Technology in 2004, he was the youngest
cabinet member in Virginia history at the age of 28.

Mr. Huang graduated magna cum laude from the University of
Pennsylvania, with a B.S. in economics from the Wharton School, a B.S.
in electrical engineering, and a M.S. in telecommunications engineering.
He received a Thouron Award from the University of Pennsylvania and
studied at St. Peter’s College, Oxford University, where he received a
M.Phil., with distinction, in economic history. Mr. Huang is a term
member of the Council on Foreign Relations and a member of the
International Institute for Strategic Studies.

LOU JING

Lou Jing is currently serving as deputy director of the Department of
Science and Technology, of the Ministry of Education

From 1998 to 2008, Ms. Lou worked in education informatization and
management work, including education system infrastructure
construction, resource system, systems, middleware, and user service
systems; research and promotion of education informatization
standardized construction work; and research of educational electronic
administration construction and development; with his research receiving
the National Ministry-Level Science and Technology Achievement First
Class Award.

Ms. Lou participated in formulation of Phases I and II of the
Education Revitalization Action Plan and the formulation work for
education informatization in the education development planning of the
“Twelfth Five-Year Plan.”

In 2007, Ms. Lou started serving as Deputy Director of the
Department of Science and Technology, mainly working in the
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advancement of high and new technology research and development; the
construction and management of science and technology innovation and
transfer platforms, such as university science and technology parks,
engineering research centers, and engineering technology centers; and
also researching intellectual property rights protection and organizing
university science and technology strengths to benefit national
innovation system construction.

Lou Jing has received bachelor’s, master’s, and doctoral degrees in
telecommunication engineering, systems engineering, business
administration, and management engineering.

KRISTINA JOHNSON

Kristina M. Johnson is currently the Under Secretary for Energy at
the Department of Energy in Washington, DC. Prior to her appointment
as Under Secretary, Dr. Johnson was provost and senior vice president
for Academic Affairs at The Johns Hopkins University. She received her
B.S. (with distinction), M.S., and Ph.D. in electrical engineering from
Stanford University. After a NATO post-doctoral fellowship at Trinity
College, Dublin, Ireland, she joined the University of Colorado[’
Boulder’s faculty in 1985 as an assistant professor and was promoted to
full professor in 1994. From 1994 to 1999 Dr. Johnson directed the
NSF/ERC for Optoelectronics Computing Systems Center at the
University of Colorado and Colorado State University, and then served
as dean of the Pratt School of Engineering at Duke University from 1999
to 2007.

Dr. Johnson was named an NSF Presidential Young Investigator in
1985 and a Fulbright Faculty Scholar fellowship in 1991. Her awards
include the Dennis Gabor Prize for creativity and innovation in modern
optics (1993); State of Colorado and North Carolina Technology
Transfer Awards (1997, 2001); induction into the Women in Technology
International Hall of Fame (2003); the Society of Women Engineers
Lifetime Achievement Award (2004); and in May of 2008, the John Fritz
Medal, widely considered the highest award in the engineering
profession. Previous recipients of the Fritz Medal include Alexander
Graham Bell, Thomas Edison and Orville Wright. In December of 2009,
she was awarded an honorary Doctorate of Science from the University
of Alabama at Huntsville.

Dr. Johnson has 142 refereed papers and proceedings and holds 45
U.S. patents (129 U.S. and international patents) and patents pending.

A fellow of the Optical Society of America, International Electronics
and Electrical Engineering (IEEE), SPIE, the International Society for
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Optical Engineering (former Board Member), Dr. Johnson has served on
the Board of Directors of Mineral Technologies Inc., Boston Scientific
Corporation, AES Corporation and Nortel Networks. She helped found
several companies, including ColorLink, Inc, SouthEast Techinventures,
and Unyos.

PATRICK KEATING

Patrick Keating is vice president, China 21C Leadership, and Cisco
Managing Director, Guanghua Leadership Institute in charge of
leadership programs for Chinese government officials and enterprise
executives. Pat co-leads Cisco’s initiative to build a Leadership Institute
in strategic partnership with the Guanghua School of Management at
Peking University. In his previous role, Pat was responsible for
worldwide leadership and executive education programs at Cisco. Pat has
held positions in government, industry, and academia spanning the areas
corporate transformation, financial management, and information
technology. Pat holds a Ph.D. from Penn State University where he also
earned B.S. in electrical engineering. Pat holds a master's degree in
public policy from the University of Michigan. Prior to Cisco, Pat was
professor of business administration at San Jose State University.

GINGER LEW

Ms. Lew is senior advisor to the White House National Economic
Council and the SBA Administrator. She provides economic policy
advice on a broad range of matters that impact small businesses. In
addition, she co-chairs the White House Interagency Group on
Innovation and Entrepreneurship.

Prior to joining the Obama Administration, Ms. Lew was the
managing partner of a communications venture capital fund, and a
venture advisor to a Web 2.0 venture fund.

Under the Clinton Administration, Ms. Lew was the deputy
administrator and chief operating officer of the U.S. Small Business
Administration where she provided day to day management and
operational oversight of a $42 billion loan portfolio. Before joining SBA,
Ms. Lew was the General Counsel at the U.S. Department of Commerce
where she specialized in international trade issues. Ms. Lew was
unanimously confirmed by the United States Senate for both positions.

For the past ten years, Ms. Lew was Chairman and board member of
an investment fund based in Europe. She has served on the boards of
publicly traded companies, private companies, and nonprofit
organizations.
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C.D. MOTE, JR.

In September 1998, C. D. (Dan) Mote, Jr. began his tenure as
president of the University of Maryland and Glenn L. Martin Institute
Professor of Engineering. He was recruited to lead the University of
Maryland to national eminence under a mandate by the state. Since
assuming the presidency, he has encouraged an environment of
excellence across the University and given new impetus to the
momentum generated by a talented faculty and student body. Under his
leadership, academic programs have flourished. In 2005, the University
was ranked 18th among public research universities, up from 30th in
1998. President Mote has emphasized broad access to the university's
model, enriched undergraduate curriculum programs and launched the
Baltimore Incentive Awards Program to recruit and provide full support
to high school students of outstanding potential who have overcome
extraordinary adversity during their lives.

President Mote has spurred the university to lead the state in the
development of its high-tech economy, especially in the information and
communication, bioscience and biotechnology, and nano-technology
sectors. President Mote has greatly expanded the university's
partnerships with corporate and federal laboratories and successfully
negotiated to bring to the College Park area the first Science Research
Park sponsored by the People's Republic of China. Under his leadership,
the University has established a research park, The University of
Maryland Enterprise Campus, M-Square, located on a 115-acre site
adjacent to the University of Maryland/College Park Metro with 3
million square feet of development potential. Among its first tenants are
the Center for Advanced Study of Language, a joint venture of the
University and Department of Defense, and the National Oceanic and
Atmospheric Administration's new World Weather and Climate
Prediction Center.

During President Mote's second year in office, the University began
the largest building boom in its history, with more than $100 million in
new projects breaking ground that year. New facilities address every
aspect of university life, from the arts to recreation to classrooms and
laboratories, and, in creative partnership with the private sector, new
residential facilities. Highlights of the construction activity include the
stunning Clarice Smith Performing Arts Center; the Comcast Center, a
state of the art sports complex; a high-tech research greenhouse; and new
classrooms for chemistry, computer science, business and engineering.
President Mote also led the development of a new Facilities Master Plan
for development in the next 20 years, which is noted for its emphasis on
environmental stewardship.



142 BUILDING THE 21ST CENTURY: U.S.-CHINA COOPERATION

Dr. Mote is a leader in the national dialogue on higher education and
his analyses of shifting funding models have been featured in local and
national media. He has testified on major educational issues before
Congress, representing the University and higher education associations
on the problem of visa barriers for international students and scholars
and on deemed export control issues. He has been asked to serve on a
high-level National Academies Committee appointed at the request of
the Senate Energy Subcommittee of the Senate Energy and Natural
Resources Committee to identify challenges to United States leadership
in key areas of science and technology and to be a member of the
Leadership Council of the National Innovation Initiative, an activity of
the Council on Competitiveness. He has served as vice chair of the
Department of Defense Basic Research Committee, and is a member of
the Council of the National Academy of Engineering. In 2004-2005, he
served as President of the Atlantic Coast Conference. In its last ranking
in 2002, Washington Business Forward magazine counted him among
the top 20 most influential leaders in the region.

Prior to assuming the presidency at Maryland, Dr. Mote served on the
University of California, Berkeley faculty for 31 years. From 1991 to
1998, he was vice chancellor at Berkeley, held an endowed chair in
mechanical systems and was president of the UC Berkeley Foundation.
He led a comprehensive capital campaign for Berkeley that raised $1.4
billion. He earlier served as chair of Berkeley's Department of
Mechanical Engineering and led the department to its number one
ranking in the National Research Council review of graduate program
effectiveness.

Dr. Mote's research lies in dynamic systems and biomechanics.
Internationally recognized for his research on the dynamics of
gyroscopic systems and the biomechanics of snow skiing, he has
produced more than 300 publications, holds patents in the United States,
Norway, Finland and Sweden, and has mentored 56 Ph.D. students. He
received the B.S., M.S. and Ph.D. in mechanical engineering from the
University of California, Berkeley. President Mote has received
numerous awards and honors, including the Humboldt Prize awarded by
the Federal Republic of Germany. He is a recipient of the Berkeley
Citation, an award from the University of California-Berkeley similar to
the honorary doctorate, and was named Distinguished Engineering
Alumnus. He has received two honorary doctorates. He is a member of
the U.S. National Academy of Engineering and serves on its Council,
and is a member of the American Academy of Arts and Sciences. He was
elected to Honorary Membership in the ASME International, its most
distinguished recognition, and is a Fellow of the International Academy
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of Wood Science, the Acoustical Society of America, and the American
Association for the Advancement of Science. In Spring 2005, he was
named recipient of the 2005 J. P. Den Hartog award by the ASME
International Technical Committee on Vibration and Sound to honor his
lifelong contribution to the teaching and/or practice of vibration
engineering. In Fall 2005, he received the 2005 Founders Award from
the National Academy of Engineering in recognition of his
comprehensive body of work on the dynamics of moving flexible
structures and for leadership in academia.

ROBIN NEWMARK

Robin L. Newmark is director of the Strategic Energy Analysis
Center at the National Renewable Energy Laboratory (NREL). Prior to
joining NREL, Dr. Newmark was at the Lawrence Livermore National
Laboratory (LLNL), where her research focused primarily on energy,
environment and national security. In recent years, she has led or
contributed to programs involving energy, climate and water issues,
including the interdependence of water and energy systems, including a
water initiative with components addressing the impacts of climate
change on water resources, assessing denitrification in agricultural
regions, and the development of energy-efficient, selective water
treatment technologies. Dr. Newmark is an active member of the multi[]
national laboratory Energy-Water Nexus working group, the World
Resources Institute Carbon Capture and Sequestration (CCS)
Stakeholder Group and the U.S.-China Expert CCS Steering Committee.
She is an author of over 50 papers, reports and patents, past vice
president of the Near Surface Geophysics Section of the Society of
Exploration Geophysicsts, past Associate Editor for Geophysics, and a
Fellow of both the Renewable and Sustainable Energy Institute at the
University of Colorado, Boulder and the Center of Integrated Water
Research at the University of California at Santa Cruz.

Dr. Newmark holds a B.S. from the Massachusetts Institute of
Technology, where she was selected Phi Beta Kappa, a M.S. from the
University of California at Santa Cruz, an M.Phil and a Ph.D from
Columbia University.

CHARLES VEST

Charles M. Vest is president of the U.S. National Academy of
Engineering and president emeritus of the Massachusetts Institute of
Technology. A professor of mechanical engineering at MIT and formerly
at the University of Michigan, he served on the U.S. President’s Council
of Advisors on Science and Technology from 1994 to 2008, and chaired
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the President’s Committee on the Redesign of the Space Station and the
Secretary of Energy’s Task force on the Future of Science at DoE. He
was a member of the Commission on the Intelligence Capabilities of the
United States Regarding Weapons of Mass Destruction and the Secretary
of Education’s Commission on the Future of Higher Education. He was
vice chair of the U.S. Council on Competitiveness for seven years, has
served on the boards of DuPont and IBM, and was awarded the 2006
National Medal of Technology. He is the author of a book on
holographic interferometry and two books on higher education. Constant
themes throughout his career have included the quality and diversity of
the U.S. engineering workforce; sustained excellence of U.S. higher
education; global openness to the flow of people, education, and ideas;
university-government-industry partnership; and the innovative capacity
of the United States.

Dr. Vest holds ten honorary doctorates and received the 2006
National Medal of Technology.

REN WEIMIN

Ren Weimin is currently serving as deputy director of the Academy
of Macroeconomic Research at the National Development and Reform
Commission.

From 2003 to 2009, Mr. Ren served as deputy inspector in the Office
of the National Development and Reform Commission.

From 1998 to 2003, Mr. Ren served as director in the Office of
Economic Restructuring, State Council; and deputy director of the
Department of Secretarial and Administrative Affairs.

From 1994 to 1998, Mr. Ren served as deputy director and duty office
director, in the Department of Training, at the Office of the Commission
for Economic Restructuring.

Mr. Ren has worked for many years for state agencies in China in
cadre training and administrative work.

CHARLES WESSNER

Charles Wessner is a National Academy Scholar and director of the
Program on Technology, Innovation, and Entrepreneurship. He is
recognized nationally and internationally for his expertise on innovation
policy, including public-private partnerships, entrepreneurship, early-
stage financing for new firms, and the special needs and benefits of high-
technology industry. He testifies to the U.S. Congress and major national
commissions, advises agencies of the U.S. government and international
organizations, and lectures at major universities in the United States and
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abroad. Reflecting the strong global interest in innovation, he is
frequently asked to address issues of shared policy interest with foreign
governments, universities, research institutes, and international
organizations, often briefing government ministers and senior officials.
He has a strong commitment to international cooperation, reflected in his
work with a wide variety of countries around the world.

Dr. Wessner's work addresses the linkages between science-based
economic growth, entrepreneurship, new technology development,
university-industry clusters, regional development, small-firm finance
and public-private partnerships. His program at the National Academies
also addresses policy issues associated with international technology
cooperation, investment, and trade in high-technology industries.

Currently, he directs a series of studies centered on government
measures to encourage entrepreneurship and support the development of
new technologies and the cooperation between industry, universities,
laboratories, and government to capitalize on a nation’s investment in
research. Foremost among these is a congressionally mandated study of
the Small Business Innovation Research (SBIR) Program, reviewing the
operation and achievements of this $2.3 billion award program for small
companies and start-ups. He is also directing a major study on best
practice in regional innovation programs, entitled Competing in the 21st
Century: Best Practice in State & Regional Innovation Initiatives.
Today’s meeting on “Building the 21st Century: U.S.-China Cooperation
on Science, Technology, and Innovation,” forms part of a
complementary, global analysis entitled Comparative Innovation Policy:
Best Practice in National Technology Programs. The overarching goal of
Dr. Wessner’s work is to develop a better understanding of how we can
bring new technologies forward to address global challenges in health,
climate, energy, water, infrastructure, and security.

ALAN WM. WOLFF

Alan Wm. Wolff holds the position of distinguished research
professor, Graduate School of International Policy, at the Monterey
Institute of International Studies. He also serves as Of Counsel at the
international law firm of Dewey & LeBoeuf and leads the firm's
International Trade Practice. He served as United States Deputy Special
Representative for Trade Negotiations (1977-1979) in the Carter
Administration, holding the rank of ambassador, after having served as
General Counsel of the agency from 1974 to 1977. As Deputy Trade
Representative, he played a key role in the formulation of American
trade policy and its implementation. From 1968 to 1973, he was an
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attorney dealing with international monetary, trade, and development
issues at the Treasury Department.

Ambassador Wolff is a member of the National Academies' Board on
Science, Technology, and Economic Policy (STEP Board) from 1997 to
present. He is a lifetime ‘“National Associate” of the National Academies.
Ambassador Wolff chairs the Academies’ Committee on Comparative
Innovation Policy: Best Practice in National Technology Programs.
Ambassador Wolff is Chairman of the Advisory Board of the Institute
for Trade and Commercial Diplomacy; and is a member of the U.S.
Department of State's Advisory Committee on International Economic
Policy; the Advisory Committee of the Peterson Institute for
International Economics; the Board of National Foreign Trade Council
(NFTC); the United States Council for International Business; the
Council on Foreign Relations, and the American Society of International
Law. He is also a Board Member of the U.S.-China Legal Cooperation
Fund and of the National Trade Council Foundation. He served on the
Board of Trustees of Monterey Institute for International Studies from
1992 to 2001.

Ambassador Wolff is recognized in Chambers USA - America's
Leading Lawyers for Business as a leader in the field of International
Trade and is recognized in Best Lawyers in America as a leader in the
field of International Trade and Finance Law.

Ambassador Wolff has co-authored books and published numerous
papers on trade and U.S. trade law. He received his Juris Doctor degree
from Columbia University and his B.A. from Harvard College.

YANG XIANWU

Yang Xianwu is currently serving as deputy director, Department of
High Technology Development and Commercialization, at the Ministry
of Science and Technology

Joining the Ministry in 1986, Mr. Yang has worked in areas of
science and technology planning, reform and restructuring, high-tech
know-how transfer and commercialization. He took part in drafting
China’s 9th, 10th, and 11th five-year national science and technology
programs.

Since 1998, Mr. Yang has been dedicated to high-tech
commercialization, including development of national high-tech industry
zones, high-tech business incubators, university high-tech parks, and
center of productivity boosting.

Mr. Yang is responsible for advancing R&D and commercialization
of information technology and space technology.
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Chen Ying is currently serving as the deputy director of the
Department of Software Service Industry of the Ministry of Industry and
Information Technology. Chen Ying started working in industry
administration and policy research, enactment, and implementation in
1995. He has participated in the drafting and implementation stages of
China’s most important software industry policies, such as encouraging
software and integrated circuit industry development, promoting the
Chinese software industry’s recent fast development, promoting Chinese
software intellectual property right protection work, and promoting,
organizing, and implementing the pre-installation of official operating
systems in computers sold in China before leaving the factory.
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