PLANNING FOR INNOVATION

Understanding China’s Plans for Technological, Energy,
Industrial, and Defense Development

A report prepared for the
U.S.-China Economic and Security Review Commission

Tai Ming Cheung
Thomas Mahnken
Deborah Seligsohn

Kevin Pollpeter
Eric Anderson
Fan Yang

July 28, 2016

4
1GCC

UNIVERSITY OF CALIFORNIA
INSTITUTE ON GLOBAL CONFLICT AND COOPERATION



Disclaimer: This research report was prepared at the request of the U.S.-China Economic and
Security Review Commission to support its deliberations. Posting of the report to the Commis-
sion’s website is intended to promote greater public understanding of the issues addressed by the
Commission in its ongoing assessment of US-China economic relations and their implications for
US security, as mandated by Public Law 106-398 and Public Law 108-7. However, it does not
necessarily imply an endorsement by the Commission or any individual Commissioner of the
views or conclusions expressed in this commissioned research report.

The University of California Institute on Global Conflict and Cooperation (IGCC) addresses global
challenges to peace and prosperity through academically rigorous, policy-relevant research, train-
ing, and outreach on international security, economic development, and the environment.

IGCC brings scholars together across social science and lab science disciplines to work on topics
such as regional security, nuclear proliferation, innovation and national security, development and

political violence, emerging threats, and climate change.

IGCC is housed within the School of Global Policy and Strategy at the University of California,
San Diego.

ii



CONTENTS

ACKNOWLEDGEMENTS .....ooiiiiitie ittt sttt ettt et e st e st e et e e beesbeesbeesseeesseensaeaseesreesneesnnennnas Vi
CONTRIBUTORS . ... ..ottt ettt et e e te e et e et e et e et e e e e te e teeeteeeteesseseneeeneeeeeenns Vi
ACRONYMS AND ABBREVIATIONS .......ooiiiiiiice ettt sttt be et st e st e saneenneebeesreeans viii
LIST OF FIGURES AND TABLES ......oooiiiieet ettt ettt sttt ettt et e s e enneene e Xi
EXECUTIVE SUMMARY ...ttt e e e e e e e et e e e e e aaeeens Xl
LGN o T T 11 4T P Xiii
How Should the United States Respond? ...............oooiiiiiiiiiiii e, Xvii
INTRODUGCTION ... oo i s s s res s sea s e s es s sass s nnssssnnsssrnnssssnnssssnnssssnnssrnnnsnrn 1
Part I: Understanding Chinese State-Directed Strategies and Plans ............ccccceiiiiiiiiinnnes 3
Military Strategy and Defense and Dual-Use Research and Development Plans.............ccccccvveeeeenn. 3
Civilian Science and Technology and Industrial Development Plans............ccccccoiiiiiiiieeee 5
ENErgy Plans ... 5
Urbanization Plans and Chinese Technology Acquisition Activities ...........cccooiiiiiinie, 6
Part ll: Implications for US National Security and Economic Competitiveness .................. 6
Implications for US National SECUTILY ...........ooiiiiiiiiiiiiiie e e e e e e e e 6
Implications for US Economic COmMPpPetitiVENESS .........ooiiiiiiiiiee e 7
Analytical Framework for Assessing Impact on US Economic Competitiveness.........cccccceeevvvvienenennn. 7
The Current State of Academic and Policy Analysis of China’s S&T Policies and Progress ............... 8
PART I: UNDERSTANDING CHINESE STATE STRATEGIES AND PLANS.............. 15
A. MILITARY STRATEGY AND DEFENSE AND DUAL-USE SCIENCE AND.........cccccceauunee. 16
TECHNOLOGY DEVELOPMENT PLANS AND STRATEGIES
The Relationship Between China’s National Military Strategy and Its Defense.................. 16
Science and Technology Strategies and Plans
The PLA’s Weapons and Equipment Development Strategy and Construction Plans...... 19
Recent Reforms of the PLA Armament System ... 23
Special Plans for Defense and Dual-Use Science and Technology Development.............. 24
Medium and Long-Term Defense Science and Technology Development Plan.................ccccccuuvnnee. 24
The ‘995’ New High-Technology PIan ..............ooo e 25
The ‘863’ High-Technology Research and Development Plan..............ccccooeiiiiiiiiiiiee e 27
B. CIVILIAN SCIENCE, TECHNOLOGY, AND INDUSTRIAL DEVELOPMENT PLANS.......... 29
China’s Science and Technology Plans: Background and Progress...........cccceeeeuccinnienene 29
National Medium- and Long-Term Plan for Science and Technology......cccc.ccccovrmmmrrennnnnnnnn. 30
Development (2006—2020)
The Strategic Emerging Industries Initiative..........cccccciiiiiiiii e 35
The ‘973’ National Basic ReS€arch Plan.............ooouiiiiiiiii e 37
The Five-Year Plans and Xi Jinping’s Innovation-Driven Development Strategy............... 38
The Made in China 2025 and Internet Plus Plans...........ccccciiiiiiiiiiiiiinccssscccccccsssessesenenees 43
Y E=To [N T O 71 F= T2 022 S 45
The INterNet PIUS PIan ...ttt e e e e e e s e e e e e e e 51

il



Assessing the Made in China 2025 and Internet Plus Plans..........cccccvvviiieemmeeeeeeeeeeeceeeennnees 55

Science and Technology in China: A Roadmap to 2050 ..........ccccceerrrrrirnrrnnrsssesese s 56
Challenges and Recent Reforms to China’s Science and Technology System .............ccoccciiiiiis 58
LO70] 4 ¥ o] 1 o] o SR PPPRPTRRR 59
S&T SYStEM REFOIMMIS ....eiiiieiii ettt e e e sttt e e e snbe e e e e anbeeeeeanbeeeesanneeaeans 61

Establishment of Five New Consolidated S&T Plans and Funds to............ccccoceiiiiiiiiinnnnnes 64

Replace Existing Specialized S&T Plans

ENERGY IN CHINA ...t e e e s e s s s e e e e e e e aas s s s e e e e e nmnssssaa s e eaeennnnssssnseeennnnnnn 68

China’s ENErgy Plans ... s 69

The Overriding Determinants of Chinese Energy PoliCy........ccccoiiiiiiiiemnnni e 7
The 12th Energy Development Five-Year Plan: Goals and Progress ...........ccccoveeeeeeeeiicivieeeeeeeeeeinns 73
The Structure and Process of Chinese Energy System ... 76
Energy Policymaking and Planning..........cooo i 79
The Make-up of China’s ENergy INAUSTIY .........ooiiiiiiii e e 81

Chinese Views of the Global Energy Context...........ccoovmmimiiinnininseei s 85
Y =T (= A 7= 4 =T o Lo PP PPPPR PP 88
INAIGENOUS INNOVALION ...t et e e s be e e e 95
Y= Ty = B =Y ] 4 o PRSPPI 111
ENVIronmMeNntal GOQIS ........ooiiiiiieie ettt e e e e e e e e e e e e e e e nnnaeeeaeas 112

Chinese Urbanization Plans..........cccosssssssss s 113

Chinese Priorities for Technology Acquisitions from the United States .......................... 118

and Foreign Countries
US and Foreign Technology Areas of High Priority for Chinese Acquisition .............ccccccoeeeeiiinnnen. 119
Technology Acquisition Requirements in the Made in China 2025 Plan ..........cccccoceveeeiiicciiieeeeeen, 120
Technology Acquisition Requirements in the Defense Domain............ccccooviiiiiiiie e, 121
How Can the United States Better Protect Against lllegal Chinese Technology Acquisition?.......... 123
PART II: IMPLICATIONS FOR US NATIONAL SECURITY AND ECONOMIC ......... 125

COMPETITIVENESS

A. IMPLICATIONS FOR US NATIONAL SECURITY ....cociiiiiirrrreecns s s e re s e e e e e 126
US SHrENGINS ...ttt e bt e e b e e e e e aa e e e e e aabe e e e e anaeee e 126
US VW BAKNESSES ...t ettt ettt e e e e e e ettt e e e e e e e e eee e e e e e e e e nnteeeeeaeeeaaannnseeeeeeeeeaannnnneneaans 129
ChiINESE SIrENGINS ... e e e e e e e e e e e et be e e e e e e e e ssarraeeeaeeeaennnnrees 129
ChiNESE WEAKNESSES........eeeeeieie ettt e e e e ettt e e e e e e e s e eeeaa e e e e eeeeeeeaaee e e nnnneeeeaaeeaaannneees 135
Chinese Threats and US RESPONSES ........cciiiuiiiiiiiee ettt e ettt e e e e e st e e e e e e s e saabaeeeaaeeesnanenes 140
The Emergence of Direct US—China Defense Technological Competition.............cccccoeeiiiiinenn. 148

B. IMPLICATIONS FOR US ECONOMIC COMPETITIVENESS ... 153

Core Principles and Policy Instruments in Chinese State Development Plans................ 154
Techno-Nationalist OPPOrtUNISM ..........uuiiiiiiie e e e e e e e e e s e eeaeeeeas 155
INAIGENOUS INNOVALION ... ettt e e et e e e nbe e e e 157
o] (= Te (T0] a1 o ¢ TR PO PP PP 158
Promotion of National Standards ... 161

v



TEChNOIOGY TIANSTELS ...t e e e e e e e e st e e e e e e s e sas e aeeaaeeesesassreeeeaaeeeanns 162

107 1r=1 (oo U1 PO PRPT 166
“Going Out” Strategy and Chinese Foreign Direct Investment to the United States........................ 167
The ‘One Belt, One RoOAd’ Srat@gy........uuueiiiiiiiiiiiiiiiee e e e e e e e e e s e eaaeeeean 169
Analytical Framework for Assessing Impact on US Economic Competitiveness............ 171
L= e g ] (o0 YA I = L 171
Market CharaCteriStiCs. ... .oo i i ettt e e e e e e e e e e e e e e e neneeeeaeas 172
POLICY IMEASUIES ...ttt bt bt e e bt e e e e b et e e e sab et e e e aabe e e e e anbeeeeaaabeeeeaas 172
Implications for US Economic COMPEtitiVENESS ........coiviiiiiiiiiiiiiie e 173
L T LU T3 1 Y 03 TN 176
ST G =Te o1 g o] (o e Y2 PO PPRPTI 177
(03010 o I @70] 2 0] o101 (] o TSP 184
Global Navigation Satellite SYSIEMS .......ooo i e s 192
T C=To =1 (o O 1 (ol B[ (PRSP 199
Additive Manufacturing (3D PriNtiNG) ....oo.eeeeiiiiiee e 207
AAVANCEA RODOLICS ...t e e e et e e e e e e anbereeeee s 215
NANOMALEITAIS ....ceiiiie et e e e et et e e e e e e ab bt e e e e e e e e anbneeeeeeas 222
=T o1 g TRV =T o (o oY S 229
[ 1o TS 01T Te [ - 1 PSPPSR 237
1 0T o] b= g F= Vot YU 11 = S 242
MEAICAI DBVICES ...t e bttt e e e e e ettt e e e e e e ab bt e e e e e e e e e annbnreeeeeas 247
Lessons from the INdustry Case STUIES ........oouiiiiiiiiiii e 252
Examining US Labor Market Impacts from China’s Technology Development................ 256
The Current State of the US and Chinese High-Technology Manufacturing Industries ................... 257
Why Labor Market Impacts Are Impossible to Project ... 258
Examining the High-Tech SECIOrS.........cooiiiiii e 259
Outcomes and Impact on the US Labor Market...........cccuvviiiiiiii i 262
Implications of Energy Policy for the United States and Global Communities ................ 266
LOOKING OVEISEAS ...ttt ettt b e e bt e e e o bt e e e aa b et e e e aabe e e e e anbe e e e e anbeeeesanteeeeaas 266
Opportunities for the United StatesS ..........cooiiiiiiiiiieee e a e 267
Risks for the United States. ... 272
CONCLUSIONS ...t s e e s e e e e as s s s e e e s e nmasssssss e e reeannsssssssseernannnnssssssseernnnnnnn 274
How Should the United States RESPONA? ........ooiiiiiiiieee e 277
Appendix A: Chinese State Strategies, Plans, and Guidance on Civilian, Defense, ....... 280

and Dual-Use Science, Technology, Industrial, and Energy Development
Appendix B: 2015 Catalogue of Encouraged Technologies and Products for Imports ..287

Advanced Technology Encouraged Imports &5l 51 3 FIAEERE A oo 287
Important Equipment Encouraged Imports &5 il LT B B e 299
Key Industries Encouraged Imports & Jill & FE I ST ML oo 309
Resource Products and Raw Materials S PE ™ ity TR oo 315
Appendix C: Notes for Table 17, US Net Imports from China: Sensitivity Analysis......... 317



ACKNOWLEDGEMENTS

The authors would like to thank the US—-China Economic and Security Review Commission for
sponsoring this study and their helpful feedback in improving an initial draft of the report. We
would especially like to acknowledge the contribution of our colleague Barry Naughton at the UC
San Diego School of Global Policy and Strategy (GPS), who provided constructive feedback in
the review of portions of the study and extensive input in the section on the implications for US
jobs and production. We would also like to thank two other GPS colleagues, Peter Cowhey and
Gordon Hanson, for providing their thoughtful insights. We also want to thank graduate student
researchers Ming Ji, Yu (Jerry) Zhou, and Guoman Sun, for their assistance with the research.

CONTRIBUTORS

Tai Ming Cheung is the lead author of this report and director of the Institute on Global Conflict
and Cooperation (IGCC) located at the University of California, San Diego in La Jolla. He oversees
the institute’s Study of Innovation and Technology in China (SITC) project that examines China’s
efforts to become a world-class science and technology power. Dr. Cheung is also an associate
professor at the School of Global Policy and Strategy at UC San Diego, where he teaches courses
on Chinese foreign and defense policy and Chinese security and technology policy. Dr. Cheung is
a long-time analyst of Chinese and East Asian defense and national security affairs, especially
defense economic, industrial and science and technological issues. He is the author of Fortifying
China: The Struggle to Build a Modern Defense Economy (Cornell University Press, 2009), editor
of Forging China’s Military Might: A New Framework for Assessing Innovation (Johns Hopkins
University Press, 2014), and co-editor of China and Cybersecurity (Oxford University Press,
2015). He was based in Northeast Asia (Hong Kong, China, and Japan) from the mid-1980s to
2002 covering political, economic, and strategic developments in Greater China and East Asia as
a journalist for the Far Eastern Economic Review from 1988-1993 and subsequently as a political
and business risk consultant for a number of companies, including PricewaterhouseCoopers.

Thomas G. Mahnken is currently a Senior Research Professor at the Philip Merrill Center for
Strategic Studies at The Johns Hopkins University’s Paul H. Nitze School of Advanced Interna-
tional Studies (SAIS) and the Jerome E. Levy Chair of Economic Geography and National Security
at the U.S. Naval War College. Dr. Mahnken served as the Deputy Assistant Secretary of Defense
for Policy Planning from 2006-2009. His most recent books are Strategy in Asia: The Past, Present
and Future of Regional Security (Stanford, 2014) and Competitive Strategies for the 2 1st Century:
Theory, History, and Practice (Stanford, 2012).

Deborah Seligsohn researches environmental governance at the University of California at San
Diego, focusing specifically on air pollution regulation in China and India. From 2007 to 2012 she
was based in Beijing as the Principal Advisor to the World Resources Institute’s China Energy and
Environmental Program. She also had over 20 years’ experience in the United States Department
of State, working on energy and environment issues in China, India, Nepal and New Zealand. Her
most recent position was as Environment, Science, Technology and Health Counselor on Beijing.
She has a master’s degree from Princeton University’s Woodrow Wilson School in Science, Tech-
nology and Environmental Policy, and her BA is from Harvard University in East Asian Studies.
She blogs regularly at ChinaFAQs.org, ChinaFile.com and the Huffington Post and has been pub-
lished in the New Scientist, the Financial Times and the South China Morning Post. Always eager

vi



to learn more, she is currently pursuing a PhD in political science and international relations at UC
San Diego.

Kevin Pollpeter is a Senior Analyst at Defense Group Inc. and an adjunct staff at RAND. Prior to
these positions he was deputy director of the University of California Institute on Global Conflict
and Cooperation (IGCC) project on the Study of Innovation and Technology in China (SITC), a
deputy director of the East Asia Program at Defense Group Inc., and a researcher at RAND. Poll-
peter is widely published on China national security issues, focused on China’s space program and
information warfare. His most recent publications include China Dream, Space Dream: China’s
Progress in Space Technologies and Implications for the United States (USCC, 2015) and “Chi-
nese Writings on Cyberwarfare and Coercion,” in China and Cybersecurity: Espionage, Strategy,
and Politics in the Digital Domain. A Chinese linguist, he holds an MA in international policy
studies from the Monterey Institute of International Studies and is currently enrolled in a Ph.D.
program at King’s College London.

Eric Anderson is a research analyst at the Institute on Global Conflict and Cooperation (IGCC)
for the project on the Study of Innovation and Technology in China (SITC). His research focuses
on Chinese science and technology policy, high-tech industry developments, and China’s defense
and military modernization. He additionally plays a primary role in organizing bilateral and mul-
tilateral dialogues, including the California-Shanghai Innovation Dialogue, the Northeast Asia Co-
operation Dialogue, and the Bilateral Dialogue on Comparing US and Chinese Science, Technol-
ogy, and Innovation Policy Decision-making. He holds a Master of Pacific and International
Affairs from the School of Global Policy & Strategy at UC San Diego.

Fan Yang is a research analyst at the Institute on Global Conflict and Cooperation (IGCC) for the
project on the Study of Innovation and Technology in China (SITC). She is responsible for con-
ducting research on issues related to contemporary Chinese science and technology policy with a
special emphasis on national security, defense economic, industrial issues and political economy.
Fan also manages SITC’s in-house relational database and Chinese-language resources and pro-
vides work direction to SITC’s graduate student researchers. Prior to IGCC, Fan was a marketing
analyst at the Nielsen Company. She holds a Master of Pacific and International Affairs from the
School of Global Policy & Strategy at UC San Diego.

vii



ACRONYMS AND ABBREVIATIONS

3D
3G
4G
5G

863 Plan

973 Plan
995 Plan
995 LSG

AM

Beidou
BEV
BUAA

CAE
CAGR
CAS

CCP
CDMA
CEO
CMC
CNC
COD
COSTIND

EU
EV

FCC
FCEV
FDI
FPD
FYP

GAD
GDP
GLD

Three-dimensional, refers to printing technology

Third-generation, refers to mobile telecommunications technology
Fourth-generation, refers to mobile telecommunications technology
Fifth-generation, refers to mobile telecommunications technology

National High-Technology Research and Development Plan, /53 AR 78 & f& it
84

National Basic Research Plan, [E 5% 5 & FLalAT 78 & & v Xl

New High-Technology Weapons Plan, /=551 L

New High-Technology and Engineering Leadership Small Group, H1 Y& % 233 /5
FHE TS /N E-995 LSG

Additive manufacturing

Beidou navigation satellite system, Jt2} 2 ST R4
Battery electric vehicle
Beijing University of Aeronautics and Astronautics, 1t 5 i 25 i R K2

Chinese Academy of Engineering, "+ [ T F£F5%

Compound annual growth rate

Chinese Academy of Sciences, ' [E &}

Chinese Communist Party, 1 [ 377 5%

Code division multiple access

Chief executive officer

Central Military Commission, 1R FEHZ i1 2

Computerized numerical control

Chemical oxygen demand

Commission for Science, Technology, and Industry for National Defense,

iRk R TV 2R 2y

European Union
Electric vehicle

US Federal Communications Commission
Fuel cell electric vehicle

Foreign direct investment

Flat-panel display

Five-Year Plan, F.4-F &)

PLA General Armament Department, H [E A B i 4 5 25 £ 30

Gross domestic product
PLA General Logistics Department, H [E A\ R4 2 5 8350

viii



GLONASS

GNSS
GPS
GW

HSR

TaaS
ICT
IDC
IDDS
1P
IPR
ITU
IMT

LBS
LMD

LSG
LWECP

MEP
MIIT

MLDP

MLP

MLR
MOFCOM
MOF
MOHURD

MOST

MSG
MW
MWECP

NEA
NDRC

NIST

Global Navigation Satellite System (operated by Russian Aerospace Defense
Forces)

Global navigation satellite system

Global Positioning System (operated by the United States)

Gigawatts

High speed rail

Infrastructure as a service

Information and communications technology
Internet Data Corporation

Innovation-driven development strategy
Intellectual property

Intellectual property rights

International Telecommunications Union
International Mobile Telecommunication

Location-based services
Laser metal deposition

Leadership Small Group, 415 /N H.
Long-Term Weapons and Equipment Construction Plan, 35 2% %5 2% 43 % A %l

Ministry of Environmental Protection, H4& A [ LA [E A 55 R4 56

Ministry of Industry and Information Technology, #4& A\ B AT E TV FE &
Ay

Medium- and Long-Term Defense Science and Technology Development

Plan, [ 7R} Tl R 2 R &R AR

Medium- and Long-Term Plan for Science and Technology Development,

FHPK IR AR R IR A 2

Ministry of Land and Resources, H1H A\ &AM ] [F -+ 75 Y5350

Ministry of Commerce, H14H N\ [ [ 7 5556

Ministry of Finance, H4& A B0 [ I B

Ministry of Housing and Urban-Rural Development, F14 A [ 3 A1 E 43 5 A3
2 R

Ministry of Science and Technology, "4 A R A1 E R} 7 55

Military Strategic Guidelines, 7= 5 % % 75 £t

Megawatts

Medium-Term Weapons and Equipment Construction Plan, H 1 i 2% 2% £ 2 15 3
84l

National Energy Administration, [E % At I &

National Development and Reform Commission, H14& A\ [ AEA ERESH
EX IaFS

US National Institute of Standards and Technology

1X



OECD
OEM

PaaS
PHEV
PLA
PMO
PRC

R&D
RMB

S&T
SaaS
SASTIND

SEI
SLOC
SME
STI

SWECP

TPP

WEDS
WECP
WTO

UAV
US

Organization for Economic Co-operation and Development
Original equipment manufacturer

Platform as a service

Plug-in hybrid electric vehicle

People’s Liberation Army, H[E A R f#RE
Plan management organization

People’s Republic of China, H 4 A\ &I AN

Research and development

Renminbi, A [

Science and technology

Software as a service

State Administration for Science, Technology, and Industry for National Defense,
X PR Tk )

Strategic Emerging Industries, %% 451 2% 5=l

Sea lanes of communication

Small and medium enterprises

Science, technology, and innovation

Short-Term Weapons and Equipment Construction Plan, %7 175 258 £ @ %o k)

Trans-Pacific Partnership

Weapons and Equipment Development Strategy, a5 8% & i 1 i
Weapons and Equipment Construction Plan, #8235 a2 WLk /&)
World Trade Organization

Unmanned aerial vehicle
United States



LIST OF FIGURES AND TABLES

FIGURES

Figure 1. China’s state strategies and plans for science, technology, industrial, energy, and defense
development

Figure 2. Matrix of possible effects of Chinese industries on US competitiveness

Figure 3. China’s state strategies and plans for defense and dual-use development

Figure 4. Annual 863 budget expenditures, 2000-2012 (civilian projects only)

Figure 5. China’s state strategies and plans for science and technology development

Figure 6. China’s state strategies and plans for industrial development

Figure 7. R&D expenditures as a percentage of GDP for selected countries, 2005-2012 average
Figure 8. China’s gross expenditures on R&D as percentage of GDP, 1994-2014

Figure 9. China’s state strategies and plans for science and technology development (post 2017)
Figure 10. China’s state strategies and plans for energy development

Figure 11. Chinese involvement in power projects outside of China since 2000

Figure 12. The ‘re-innovation’ of China’s nuclear reactor technology

Figure 13. Chinese FDI transactions in the United States

Figure 14. Completed Chinese outbound M&A transactions by target region

Figure 15. Outcomes of Chinese investment in 5G technology for US firms

Figure 16. Outcomes of Chinese investment in cloud computing for US firms

Figure 17. Outcomes of Chinese investment in global navigation satellite systems for US firms
Figure 18. Outcomes of Chinese investment in integrated circuits for US firms

Figure 19. Outcomes of Chinese investment in additive manufacturing for US firms

Figure 20. Outcomes of Chinese investment in advanced robotics for US firms

Figure 21. Outcomes of Chinese investment in nanomaterials for US firms

Figure 22. Outcomes of Chinese investment in electric vehicles for US firms

Figure 23. Outcomes of Chinese investment in high speed rail for US firms

Figure 24. Outcomes of Chinese investment in biopharmaceuticals for US firms

Figure 25. Outcomes of Chinese investment in medical devices for US firms

TABLES

Table 1. List of announced MLP megaprojects

Table 2. The seven sectors of the SEl initiative

Table 3. Annual average GDP growth in China between the 6th and 12th Five-Year Plans

Table 4. Reform measures initiated in 2014-2015

Table 5. Energy plan goals and achievements

Table 6. Export sales and prospects for Chinese nuclear power plants

Table 7. Targets of the National New-type Urbanization Plan

Table 8. 863 Plan “Fifth-Generation Mobile Communications (5G) System Preliminary R&D (Phase [)”
Table 9. 863 and 973 plan projects on cloud computing technology

Table 10. Chinese state policies concerning the satellite navigation and service industry

Table 11. Goals of China’s National Additive Manufacturing Industry Promotion Plan (2015-2016)
Table 12. 863 Plan projects on robotics technology

Table 13. 863 and 973 plan projects on nanomaterials

X1



Table 14. Financial subsidies on new energy vehicles in China

Table 15. Selected significant policies in China’s EV industry

Table 16. The effect of Chinese S&T policies on US economic competitiveness in eleven sectors
Table 17. Increase in US net exports: Sensitivity analysis ($ billions)

Table 18. Labor market impact: Sensitivity analysis

Xii



EXECUTIVE SUMMARY

In the global race for economic, technological, and innovation leadership, China is a late entrant
but has made impressive progress in closing the gap at the top by harnessing abundant resources
accumulated through nearly four decades of high-octane growth and a voracious appetite for for-
eign technology and know-how. One of the principal ways this is being conducted is through top-
down, state-directed plans. These planning instruments have proliferated in number, scale, and
influence in the past few decades. In the science and technology (S&T) sector alone, there are as
many as 100 plans. Some of the most prominent include the Five-Year Plans (FYP) for S&T De-
velopment, the 20062020 Medium and Long-Term S&T Development Plan (MLP), the Strategic
Emerging Industries initiative, and the newly introduced Made in China 2025 plan.

Key Findings

This report offers a critical assessment of the state plans responsible for China’s civilian and de-
fense-related S&T, industrial, and energy development and their economic and security implica-
tions for the United States. A number of key findings emerge from this study:

e Much promise, mixed results: Plans and projects individually and in aggregate have put for-
ward lofty aspirations and goals in advancing China’s development, but actual overall perfor-
mance has been decidedly mixed. While there have been some noteworthy achievements, the
vast majority of plans have delivered far short of what they have promised. Many factors con-
tribute to these shortcomings, from weak R&D capabilities to inadequate funding to structural
flaws in the S&T management system.

e Predominantly lower-end innovation with “Chinese characteristics”: China’s S&T devel-
opment has been overwhelmingly at the lower end of the imitation-innovation spectrum, espe-
cially in:

e Advanced imitation, or what the Chinese call ‘re-innovation,” which are technologies
based upon foreign-derived technology and knowledge but reverse engineered and adapted
to Chinese requirements. Key examples are high speed rail and the latest generation of
Western-designed nuclear reactors.

e Crossover innovation, which refers to products jointly developed by Chinese and foreign
partners with significant technology and knowledge transfers to the Chinese side that result
in the creation of an advanced R&D base. There is still considerable reliance on foreign
countries for technological and managerial input to ensure that projects come to fruition.
The newly rolled-out C919 airliner is a prime example of crossover innovation.

¢ Incremental innovation, which is the limited updating and improvement of existing in-
digenously developed systems and processes.

e Pivoting to higher-end innovation: The Chinese authorities have made the advancement to
higher-end innovation a top priority in their latest development plans. At the 5th Plenum of the
18th Communist Party Congress in November 2015, Xi Jinping pointed out that a number of
strategic technologies and research domains have been selected with the intention of pursuing
major breakthroughs by 2030. They include aero-engines, quantum communications, intelli-
gent manufacturing and robotics, deep space and deep sea probes, major new materials, and
neurosciences.
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Fostering more market-driven development: The Xi Jinping administration is seeking to
broaden China’s long-standing model of top-down, state-led science, technology, and inno-
vation development to embrace market-driven and bottom-up drivers under a newly passed
innovation-driven development strategy. New policies and reforms are being drawn up, es-
pecially tied to the 13th FYP, incentivizing researchers, entrepreneurs, universities, and pri-
vate companies to engage more intensively in research and development and higher-end in-
novation. Measures put forward include improving intellectual property protection, tackling
industrial monopolies, supporting the development of the venture capital market, and imple-
menting more supportive fiscal and taxation policies. If these initiatives are effectively im-
plemented, this would allow innovation in China to become more balanced between state and
market, sustainable, and internationally competitive.

The emergence of direct Sino-US defense technological competition: The United States has
long enjoyed a huge defense technological pre-eminence over China, but this gap has narrowed
over the past one to two decades to the extent that the United States is now having to embark
on a major new defense S&T offensive to preserve its dwindling superiority. The Third Offset
Strategy and the Defense Innovation Initiative are the primary vehicles in the Pentagon’s ef-
forts at responding to the advances being made by China and other potential adversaries. Alt-
hough these plans are modest when compared to the enormous and costly scale of the Cold
War arms race between the United States and the Soviet Union, they nonetheless signal the
first steps of direct Sino-US defense technological competition.

Innovation in China’s defense S&T sector is more successful than in the civilian arena:
China has invested heavily in its defense-related S&T plans and has enjoyed far more success
than in the civilian sectors, as demonstrated in both the quality and quantity of output emerging
from the research, development, and production pipeline over the past decade or more. This
impressive progress is likely to continue and even accelerate in response to calls from top
leaders, abundant funding, and assessments of an intensifying global revolution in military
affairs.

The Chinese defense S&T apparatus is moving to higher-end innovation: The Chinese
defense S&T system appears to be making an important shift from focusing on absorption to
the development of more innovative capabilities, especially in meeting the PLA’s more de-
manding requirements. With considerable attention paid to the United States as China’s pri-
mary military technological competitor, much of the R&D is directed to asymmetric and de-
terrence capabilities. Despite the progress being made, deep-seated structural problems in the
defense S&T and armaments system represent serious barriers to continuing improvement.
These obstacles include compartmentalization, weak institutionalization, and an underdevel-
oped governance regime.

China’s technological development has so far been of overall positive benefit for compa-
nies and consumers, but the longer-term horizon is more uncertain: A detailed review of
eleven industries indicates that at present, most of these industries have a positive impact for
the United States (see table). This is because of China’s large market demand for the technol-
ogies and the lack of current Chinese indigenous expertise or technology know-how. Over the
next several years, US firms will face intensifying competition as China’s domestic industries
make technological advances with support from state plans. This is likely to be the case for the
5G technology, cloud computing, global navigation satellite systems, and integrated circuits
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sectors. Over the longer-term, ten-year horizon, the Chinese industries that will provide the
toughest competition for the United States will be information and communications technol-
ogy, 5G, cloud computing, global navigation satellite systems, and integrated circuits. In other
sectors, including additive manufacturing, advanced robotics, biopharmaceuticals, medical de-
vices, electric vehicles, and nanomaterials, the impact on US firms from China’s technology
advances will be more mixed.

Domestic demand drives innovation in the energy sector: S&T efforts in the Chinese energy
sector are framed in the context of the pursuit of indigenous innovation, which is the desire to
localize production and intellectual property. The Chinese energy industry has been successful
in areas such as coal-fired power plants where domestic demand is high. They have been less
successful and have devoted fewer resources in areas where they have traditionally been rela-
tively modest consumers, such as gas turbines. As energy demands shift, the Chinese energy

sector is likely to seek greater intellectual property in the areas where they lag.

The effect of Chinese S&T policies on US economic competitiveness in eleven sectors

Industry

Current

Short term
(1-3 years)

Long term
(10+ years)

Information and communications

technology

5G technology positive mixed—too early to tell negative

Cloud computing positive mixed—with negative negative
implications

Global navigation satellite systems positive mixed—with negative negative
implications

Integrated circuits mixed—with negative mixed—with negative negative

implications implications

Manufacturing

Additive manufacturing positive mixed—with positive negative
implications

Advanced robotics limited positive positive mixed—with positive

implications
Nanomaterials limited negative positive mixed—too early to tell

Transportation

Electric vehicles

High speed ralil

limited positive

limited positive

mixed—with positive
implications

limited positive

Medical and healthcare

Biopharmaceuticals positive positive mixed—with positive
implications
Medical Devices positive positive mixed—with positive

implications
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e Techno-national opportunism and indigenous innovation are powerful strategic princi-
ples in the nature and approach of Chinese state plans: Techno-nationalism advocates that
a state-controlled and closed-door approach to technological and industrial development is the
best way to safeguard national security, economic competiveness, and international status. Em-
phasis is placed on nurturing indigenous capabilities through the adoption of highly regulated
protectionist regimes that sharply restrict foreign direct investment but encourage the one-way
importation of advanced technology and knowledge. The MLP is a leading example of a plan
that is avowedly techno-nationalistic in nature.

Hand in glove with techno-nationalism is indigenous innovation, which is widely referred to
in Chinese state plans. What indigenous innovation actually means, however, is far from clear.
When the term first appeared in the MLP, it was defined as a way to promote original innova-
tion, re-assembling existing technologies in different ways to produce new breakthroughs, and
the absorption and upgrading of imported technologies, of which the latter is the most im-
portant way to advance innovation. This continues to be the standard definition of indigenous
innovation to the present day.

The Chinese authorities have devised at least half-a-dozen policy instruments to advance their
science, technology, energy, and industrial development guided by the techno-nationalist and
indigenous innovation principles:

sectoral protectionism

the cultivation of local and national champions

pushing hard for technology transfers

the use of state catalogues to regulate investment and technology imports

the promotion of Chinese technology standards domestically and internationally

IR e

an increasingly vigorous “going out” strategy to open up foreign markets for Chinese prod-
ucts as well as to secure energy and other critical supplies for the country

e Estimating the impact of Chinese high-tech imports on US jobs: A sensitivity analysis
was conducted to calculate the range of outcomes that can be reasonably anticipated regarding
the magnitude of impacts to the US labor market from Chinese manufactured imports out to
2020. To begin with, a range of estimates was developed based on trading scenarios associ-
ated with eight high-tech sectors: telecommunications equipment, electric vehicles, medical
devices, additive manufacturing, advanced robotics, high speed rail, biopharmaceuticals, and
integrated circuits. The worst-case outcome is that the United States would face a $55 billion
increase in net imports from China by 2020. The best-case scenario is that US net imports
from China would decline by almost $35 billion by 2020. Using the worst-case $55 billion
figure, our estimate is that the United States would lose 431,600 manufacturing jobs by 2020.
For the best-case scenario of a net $35 billion gain in US exports, US manufacturing employ-
ment would increase by 273,100 jobs. It is highly unlikely that either of these extreme values
will be realized. A mixed outcome, in which the overall impact on US net imports from China
close to zero, is most likely.

In conclusion, state plans have become a convenient, almost indispensable, policy tool for the

Chinese authorities, even if their overall effectiveness is questionable. While there have been some
noteworthy achievements, the large majority of plans have delivered far short of what they have

XVi



promised. Many factors contribute to these shortcomings, from weak R&D capabilities to inade-
quate funding to structural flaws in the S&T management system. All the indicators suggest, how-
ever, that the Chinese authorities will most likely channel even more resources to these plans,
while at the same time carrying out reforms to address these weaknesses and encourage more
market-driven innovation.

How Should the United States Respond?

The report identifies a number of ways in which the United States can respond to China’s state-
directed science, technology, energy, and industrial development. These include:

Identification of core areas for priority investment and support: Maintaining strategic ad-
vantage in core industries should be a priority of the United States. It encountered a similar
challenge in the 1980s and 1990s as Japan grew and advanced in technological competitive-
ness. During that period, the United States identified core areas where it wanted to maintain
competency and technological advantage. US government outlays on these projects were mod-
est, but helped galvanize an effective private sector response.

Current US strategy lacks a similar approach. The BRAIN initiative represents one example
where the United States has provided significant funding to advance an area where it already
possesses much academic and industry expertise, and which will have large technological ben-
efits and positive spillovers to society. However, this plan is the exception rather than the rule.
Other plans, such as the National Manufacturing Initiative, may be headed in the right direc-
tion, but their impact remains small compared to what is needed to keep the United States at
the forefront.

Part of the need is for adequate funding to these core industries, but an additional need is to
adequately analyze and map the sectors in which the United States should maintain its compe-
tence. Two areas that might be particularly important going forward are advanced materials
and sensors.

The United States defense S&T and industrial sectors are responding to China’s rising
technological challenge, but more needs to be done over the long term: The US Third
Offset Strategy and the Defense Innovation Initiative represent a belated recognition of the
need to counter Chinese efforts to blunt US power projection capability. These efforts deserve
to be supported with more investment and priority in policy attention throughout the remainder
of the Obama administration and into the next administration and beyond.

Such an offset strategy, if implemented consistently over time, holds the promise of eroding
the effectiveness of Chinese counter-intervention systems, forcing China to either double-
down on its investment in anti-access capabilities or seek a new approach. It also holds the
potential to alter the decision-making calculus of the Chinese leadership, increasing markedly
the cost of pursuing a strategy of maritime expansion and potentially rechanneling Chinese
attention toward the Asian continent.

The United States can do a better job of protecting against unauthorized Chinese tech-
nology acquisitions. These efforts should include both improved information security and up-
dated technology transfer restrictions. Information security forms the first line of defense for
US technology, and China has been able to steal critical information because of poor infor-
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mation security practices. Information security measures in both government and private in-
dustry should be strengthened. Industrial espionage on the scale that China has been conduct-
ing cannot and should not be isolated from the overall Sino-American relationship. US leaders
must make it clear that the continuation of such activities, whether actively abetted or passively
tolerated by the Chinese government, will have a tangible negative impact on the US—China
relationship. The United States may have to take measures that will trigger Chinese retaliation.
Absent such action, however, it is doubtful that the Chinese defense S&T sector will forgo the
considerable benefits that accrue to it from stealing US technology.

Given the vital importance of information security and cybersecurity for the United States and
China, the issue requires the attention and engagement of the highest levels of the two coun-
tries’ leadership. One recommendation is that the US and Chinese presidents should be actively
and personally engaged in meeting with each other to address concerns and find ways to forge
robust and enforceable bilateral agreements to curb the most dangerous and egregious prac-
tices, in a similar approach to the US—Soviet nuclear arms control treaties during the Cold War.

Technology transfer restrictions also need to be updated, both to reflect the current interna-
tional technology market and to maximize their effectiveness. Moreover, it is in the national
interest of the United States for the government and private industry to work cooperatively to
develop best practices and share threat information. To be effective, however, such measures
should prioritize those technologies that are likely to provide the greatest battlefield edge in
the future. In the defense and national security realm, this would include space and cyber ca-
pabilities, unmanned systems, high-speed propulsion, advanced aeronautics, autonomous sys-
tems, electromagnetic rail guns, and directed-energy systems.
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INTRODUCTION



China has set its sights on becoming a global innovation powerhouse to bolster the country’s eco-
nomic competitiveness and safeguard its national security. While these endeavors began in the
1980s, adequate funding and sustained high-level leadership backing did not fully materialize until
the beginning of the twenty-first century. The active involvement of the leadership elite in science,
technology, and innovation (STI) development has been decisive in providing strategic vision and
guidance, and helping to address implementation constraints, especially problems caused by a
deeply fragmented innovation system.

One of the main policy instruments employed by the Chinese authorities to manage STI develop-
ment is the use of plans that are conceived, funded, and managed by government agencies directed
at areas deemed to be important for economic development, national security, and long-term sci-
ence and technology (S&T) advancement. Around 100 S&T-related plans have been established
over the past several decades, and they have played a vital role in supporting China’s S&T devel-
opment, especially in areas that have been overlooked or required additional state support.

While these plans have been responsible for many of the signature achievements in China’s S&T
development in recent years, such as the manned space plan and the building of the world’s fastest
supercomputer, they are also symptomatic of the weaknesses and inefficiencies of the Chinese STI
system. A 2007 Organization for Economic Co-operation and Development (OECD) analysis of
these S&T plans pointed out that they were conceived as policy tools “to overcome failures (market
failures, learning traps, coordination problems) that affect research and development or more gen-
erally the innovation system.”! It is usually much easier to establish a new plan than to attempt
structural reforms to the STI system, which explains their proliferation. Moreover, once a plan is
started, it is usually very difficult to close it down even if it has outlived its usefulness.

Consequently, the Chinese innovation system has evolved from a centralized, top-down apparatus
into an increasingly ad hoc and fragmented structure where duplication is rampant, oversight is
limited, and bureaucratic interests dominate over scientific needs. At the central government level
alone, there are around 40 government agencies that are involved in the funding and management
of S&T plans.

These structural defects became such a burden that in 2015 the Chinese authorities announced a
far-reaching restructuring and consolidation of the civilian S&T plan framework. All plans would
be vetted, and successful ones would be reorganized and merged into one of five programmatic
categories. This overhaul is currently taking place and the goal is for completion by 2017.

This report examines, in Part 1, the current state of Chinese state-directed S&T development plans
in the civilian, defense, and dual-use sectors and assesses, in Part 2, the near, medium, and long-
term implications for US economic competitiveness and national security.

! Organization for Economic Co-operation and Development, OECD Review of Innovation Policy: China (Paris,
France: OECD, 2008), 453.



Part I: Understanding Chinese State-Directed Strategies and Plans

Part 1 looks at the nature of the Chinese plans and strategies for defense, civilian, and dual-use
S&T, energy, and other major industrial plans (Figure 1). The nature, importance, and influence of
state-directed plans in China have undergone considerable evolution since the founding of the
People’s Republic of China in 1949. When the first plans were drawn up beginning with the First
Five-Year Plan in 1953, the emphasis was on highly-centralized, orthodox socialist management
that entailed detailed formulation and active state intervention. The Chinese term used to define
these plans was 11X, or jihua. With economic liberalization and market reforms from the late
1970s onwards, the role and reach of the command economy steadily eroded, and so did the im-
portance of centrally directed plans. The focus shifted to more indirect regulatory management and
supervision.

In 2005, the Chinese authorities replaced 11Xl with ¥{¥l], or guihua, which can be translated as
either plan or ‘program’ but was intended to show that state approaches to planning would now be
less interventionist and more hands-off and supervisory in nature.? Cong Cao, Richard Suttmeier,
and Denis Simon offer another interpretation of the difference between these two terms. They
argue that guihua “implies a strategic, comprehensive, and long-term development plan,” while
Jjihua “suggests contents and procedures for an action before its implementation.”? ‘Plan’ remains
the term that is most widely used in the translation of both guihua and jihua, so this report will
follow standard convention.

Military Strategy and Defense and Dual-Use Research and Development Plans

This section covers a key selection of the most important and influential defense, civilian, and
dual-use plans that the Chinese authorities are currently implementing. It also looks at some of the
broad guidelines and strategies that provide the leadership and policy principles and long-term
visions for the plans. To examine how China plans to meet this goal, this section links China’s
military strategy with its weapons acquisition process. It begins with a discussion of the current
Military Strategic Guidelines and their role in shaping weapons acquisition, as well as possible
modifications to the Guidelines and the implications for future weapons acquisition.

Discussion turns next to China’s military and dual-use S&T plans, in particular its long-term Weap-
ons and Equipment Development Strategy, the 2006-2020 Medium- and Long-Term Defense Sci-
ence and Technology Development Plan (MLDP), the New High-Technology Weapons Plan (995
Plan), and the 863 High-Technology Research and Development Plan (863 Plan). The report iden-
tifies and describes the military platforms and capabilities China is investing in currently and over
the long term based on these plans. It also identifies strategic dual-use industries relevant to na-
tional defense in which China intends to invest based on these plans and describes China’s objec-
tives for development in these industries.

2 MTHRIBHELK [From Jikua to Guihua), 1 E 255 F Tl [China Economic Weekly], October 17, 2005, http://fi-
nance.sina.com.cn/review/20051017/00222036928.shtml.

3 Cong Cao, Richard P. Suttmeier, and Denis Fred Simon, “China’s 15-Year Science and Technology Plan,” Physics
Today (December 2006): 42, http://china-us.uoregon.edu/pdf/final%20print%20version.pdf.



http://finance.sina.com.cn/review/20051017/00222036928.shtml
http://finance.sina.com.cn/review/20051017/00222036928.shtml
http://china-us.uoregon.edu/pdf/final%20print%20version.pdf
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Civilian Science and Technology and Industrial Development Plans

The civilian S&T plans examined in this section can be sorted into two types: 1) regular S&T
development plans including the Ministry of Science and Technology’s Five-Year Plan for S&T
Development and the S&T section under the Five-Year Guidelines for National Economic and
Social Development; and 2) long-term S&T development plans such as the ‘973’ National Basic
Research Plan (973 Plan), the 2006-2020 Medium- and Long-Term Plan for Science and Technol-
ogy Development (MLP), and the Strategic Emerging Industries (SEI) initiative. For this latter
category, the report also assesses special policies and plans designed to promote priority areas
under each plan, such as the sixteen megaprojects and seven strategic emerging industries. The
report further details challenges and problems national-level S&T plans face, such as inefficient
research funding mechanisms.

This section also assesses recent developments in national S&T planning that not only indicate
new priorities but may also indicate deficiencies with legacy S&T plans. Of particular interest is
the newly introduced “Made in China 2025 (4 [E ffilli& 2025) with its focus on innovation, intel-
lectual property, and green technology. Another new plan that is examined is the “Internet Plus”
(ELEXM+) action plan, which will integrate mobile Internet, cloud computing, and the Internet of
Things with modern manufacturing to encourage the development of e-commerce, industrial net-
works, and Internet banking. This section concludes with a look at the drivers, features, and impli-
cations of S&T funding and management system reforms that will establish a centralized S&T
management platform and transform existing funding mechanisms into five new categories of S&T
plans.

Energy Plans

This section provides a comprehensive overview of China’s energy and industrial development
plans, in particular, new energy technologies, China’s urbanization plans, and other major indus-
trial plans. China’s overall energy strategy is governed by a “fundamental national policy” (jiben
guoce, 3 [E ) for energy efficiency and environmental protection. To increase overall effi-
ciency within the energy market and reduce the burden of air pollution, state plans target increasing
efficiency in both energy production and use and an improved energy mix that increases the ratio
of natural gas, nuclear energy, and renewable energy sources.

To place current plans and initiatives in context, this study assesses the content and success of
previous energy goals and conducts an analysis of trends in China’s energy mix. Attention will
also be paid to the political, economic, environmental, and security drivers behind these plans,
including rising energy demands due to the demands of a wealthier, more urban society, the need
to cap or limit energy growth due to lower levels of economic growth, the need to reduce air pol-
lution and limit the impact of global warming, and China’s desire to limit its dependence on foreign
energy.

Energy-specific plans include China’s 2014-2020 Climate Change Action Plan (2014-2020 [E %X
N X S A% AR AL K))); the 12th Five-Year Energy Development Plan (REJF & &7+ — 1.8k,
published in 2013), the Energy Development Strategy Action Plan (2014-2020) (BEVR & J& ik i
17811 &), the Medium- and Long-term Development Plan for Renewable Energy in China (2007—
2020) (AT FAE REYR K & R KD, and the New Energy Vehicles Industry Development Plan
(2012-2020) (75 BE- 5 H7 REVEIA Pk A FEAR)).



Broader S&T plans include the following: the 12th Five-Year Plan on Development of Strategic
Emerging Industries (“~1+ = F5. [ 5 SBE 14 3 2% 7 Ml & F Fikl, published in 2012), which in-
cludes energy saving and environmental protection, new energy (including nuclear, solar, wind,
and bio-mass), and clean energy vehicles; Made in China 2025, which includes alternative en-
ergy among its focus technologies; China’s 12th Five-Year Plan (2011-2015); and China’s 13th
Five-Year Plan (2016-2020).

Environmental plans include the 12th Five-Year Plan for the Environmental Health Work of Na-
tional Environmental Protection (|E ZXIA5E LRy = I 853 5 (@ fE TA/E#L &I, published in
2011), the Action Plan for Air Pollution and Control (K75 44575 17 211 %I/, published in 2013),
and the legal framework itself. The Environmental Protection Law has been recently amended,
with new provisions taking effect in January 2015, and the Air Pollution Law and the Air Pollution
Law was amended in August 2015.*

This report outlines the implementation process for each plan and analyzes China’s current pro-
gress and projections to reach the goals established in each. Attention is also given to areas where
China’s current policy framework is weak, such as monopolistic ownership structures (especially
in oil and gas), and the use of pricing to encourage behavior change.

Urbanization Plans and Chinese Technology Acquisition Activities

A concise review is provided of China’s urbanization plans, particularly the goals and strategies
outlined in the National New-Type Urbanization Plan (2014-2020) (& 287 24 3 254k B K1),
which will facilitate the movement of an additional 100 million residents into cities by 2020. These
goals are closely linked with China’s overall energy goals and its ability to meet the structural,
consumption, and health demands of increasingly larger urban areas.

A discussion of Chinese acquisition strategies for foreign technology and knowledge concludes
the first part of the report. A particular focus is an examination of Chinese approaches of combin-
ing foreign and local technologies in new ways as well as absorbing and upgrading imported tech-
nology through what the Chinese term ‘re-innovation.” Other topics of focus include a look at
Chinese catalogues for technology importation, and foreign technology requirements for civilian
and defense plans.

Part lI: Implications for US National Security and Economic Competitiveness

Part II of the report is devoted to assessing the implications of China’s major state-directed plans
for US economic competitiveness and national, especially military, security. It is divided into two
sections.

Implications for US National Security

The first section undertakes a diagnostic net assessment of US strengths and weaknesses as com-
pared with Chinese strengths and weaknesses, together with their economic, political, and military
underpinnings. Particular attention is paid to identifying and describing in detail sectors in which
China’s plans for development may seek to erode US military superiority, as well as the military

4 “China Passes Law to Control Air Pollution,” Xinhua, August 29, 2015, http://news.xinhuanet.com/english/2015-
08/29/c 134568483 .htm.




platforms and capabilities in which China intends to invest based upon these plans. The report
identifies strategic industries relevant to national defense in which China intends to invest and
describes China’s objectives for developing these industries. The report also provides examples of
specific hardware investments by China and assesses the implications of such investments for the
US military.

Implications for US Economic Competitiveness

The implications for US economic competitiveness from China’s civilian state plans are addressed
in this section, beginning with an examination of the underlying principles and policy instruments
that shape the nature and guide the implementation of key state plans in the technology, industrial,
and energy domains. Techno-national opportunism and indigenous innovation are two core values
that are explored in detail. These principles are reflected in a number of policy instruments used
in the implementation of the state plans:

1. protectionism;

the cultivation of industrial champions;

trading market access for technology transfers;

employment of state catalogues to regulate investment and technology imports;
the promotion of Chinese technology standards; and

AN

an ambitious strategy to open up foreign markets for Chinese products as well as to secure
energy and other critical supplies.

To gauge the current and long-term potential impact of Chinese state plans on US economic com-
petitiveness at a more detailed level, a series of eleven case studies have been conducted that are
concentrated in four sectors:

1. Information and communications technology, which covers 5G technology, cloud
computing, global navigation satellite systems, and integrated circuits;

2. Manufacturing, which includes additive manufacturing, advanced robotics, and
nanomaterials;

3. Transportation, which covers electric vehicles and high speed rail; and
4. Medical and healthcare, which covers biopharmaceuticals and medical devices.

The study turns next to the risks and opportunities for US firms operating in the energy industry.
One of the biggest worries for US companies is that Chinese indigenous innovation strategies are
central to their energy development plans. China will also be a growing international competitor
on global energy markets. As to opportunities, the China energy market offers a wealth of pro-
spects that include safety and monitoring, gas turbines, electricity storage, energy efficiency,
power grid management, oil and gas, and solar energy.

Analytical Framework for Assessing Impact on US Economic Competitiveness

A general analytical framework has been developed in regard to the case studies to facilitate com-
parisons across industries and examine the impact of the sectoral case studies on US economic
competitiveness, especially on the labor market. In looking at the critical factors that shape how
US and Chinese companies compete, collaborate, and interact in their own markets, in each other’s
markets, or more globally, the framework is focused on three components: 1) technology levels



and trajectories of US and Chinese firms; 2) industry market conditions; and 3) government policy
measures.

These components then feed into a discussion of the implications of US economic competitiveness.
A simple, but clear, methodology is employed to assess the outcomes, actual and potential, on the
United States. Based on the discussion of technology levels, market conditions, and government
policy measures, approximate levels of direct competition for US firms and demand for US parts,
technology, and intellectual property are assigned to each industry for three periods: the present,
short to medium term, and long term. These are assigned on a scale from low to high. Using an
outcomes matrix with these two variables as axes, the implications for economic competitiveness
are determined to be either low impact, positive, negative, or mixed (Figure 2).

A complete explanation of the framework is provided in Part II, Section B on implications for US
economic competitiveness.

Figure 2. Matrix of possible effects of Chinese industries on US competitiveness

Direct competition for US firms
Low High

Low

Demand for US parts,
technology, IP

High

The Current State of Academic and Policy Analysis of China’s S&T Policies and Progress
The Chinese and Western literature on China’s engagement in STI is limited but has been growing
quickly in the past few years and comes from four main sources that shape the nature of the anal-
ysis: academia, policy-oriented research institutions, researchers and research outfits affiliated
with the business community, and independent analysts. Policy think tanks and business-affiliated
outlets have been the most active and high-profile, while academic research has tended to lag be-
hind.

This scholarship on Chinese STI can be sorted into at least two categories: 1) studies that examine
the nuts and bolts of Chinese STI development; and 2) assessments of the impact that China’s STI
progress is having on the outside world, at the international, national, sectoral, or corporate level.
The first category is primarily descriptive in nature while the second group is both descriptive and
prescriptive.



As China’s STI development is complex, wide-ranging, and far from transparent, it is not surpris-
ing that there are considerable differences in assessments of how successful or not it has been, and
whether China’s technological catching up represents a source of concern, if not outright threat, to
the United States and the rest of the world. There are analysts who view China as catching up with
the United States and laud its expansion of market size, R&D expenditure, and product develop-
ment. They urge action by the United States to develop better policies that support R&D for com-
mercialization in new technologies, which will in turn create jobs and new drivers of the US econ-
omy.> Others highlight the inefficiencies of China’s innovation system, citing the low quality of
research output, lack of original innovations, institutional problems, misconduct, corruption, and
a lagging education system These may result in the failure of China to deliver—or at least to stall—
on its goal to become an innovation powerhouse. Even with these obstacles, however, China will
still steadily rise in its global leadership, attract increasing international attention, and be an ap-
pealing global partner in research and innovation. ®

Policy Think Tanks and Business-Affiliated Assessments

A small but vocal group of US analysts have emerged in the past few years to argue that China’s
S&T policies, especially its push for indigenous innovation, represent a major challenge to US
economic and business interests and should be disputed. In a 2010 report sponsored by the US
Chamber of Commerce, James McGregor wrote that China’s indigenous innovation strategy dis-
criminates against foreign companies and will increase economic and political tensions between
China and other countries as it distorts global innovation and markets. The policy further shifts
China towards techno-nationalism and away from openness and international cooperation. Indeed,
indigenous innovation policies, and others contained in the MLP, support patent rules, product
testing and approval regimes, government procurement policies, and industry and technology
standards that delay or block the introduction of foreign imports, increase market barriers to for-
eign technology, support domestic retaliation against foreign companies on intellectual property
rights (IPR), and give privileged status to state-industrial monopolies.’

Robert Atkinson, the founder and head of the Information Technology and Innovation Foundation
based in Washington, D.C., argues that China practices economic mercantilism through its inno-
vation policy and seeks absolute advantage in global competition to ensure that Chinese-owned
firms win. Atkinson asserts that these mercantilist policies unfairly aid China’s domestic economy
at the expense of the global economy, causing conflicts between US and Chinese workers and
companies.® These protectionist policies by China have only increased over the past few years as
Xi Jinping has come to power, in what Atkinson refers to as “indigenous innovation on steroids.”’

5 Milton Kotler, “Sino-US Technology Marathon and Implications for the US,” International Journal of China Mar-
keting 1 (2010): 3144, http://www.na-businesspress.com/ijcm/MKotlerWeb.pdf.

6 Micah Springut, Stephen Schlaikjer, and David Chen, “China’s Program for Science and Technology Moderniza-
tion: Implications for American Competitiveness,” U.S.-China Economic and Security Review Commission, Janu-
ary 2011, http://origin.www.uscc.gov/sites/default/files/Re-

search/USCC_REPORT China’s_Program_forScience and_Technology Modernization.pdf.

7 James McGregor, “China’s Drive for ‘Indigenous Innovation’: A Web of Industrial Priorities,” US Chamber of
Commerce, 2010, https://www.uschamber.com/sites/default/files/legacy/reports/100728chinareport_0.pdf.

8 Robert D. Atkinson, “Enough is Enough: Confronting Chinese Innovation Mercantilism,” Information Technology
and Innovation Foundation, February 2012, http://www?2.itif.org/2012-enough-enough-chinese-mercantilism.pdf.

° Author interview with Robert D. Atkinson, October 14, 2015.



http://www.na-businesspress.com/ijcm/MKotlerWeb.pdf
http://origin.www.uscc.gov/sites/default/files/Research/USCC_REPORT_China's_Program_forScience_and_Technology_Modernization.pdf
http://origin.www.uscc.gov/sites/default/files/Research/USCC_REPORT_China's_Program_forScience_and_Technology_Modernization.pdf
https://www.uschamber.com/sites/default/files/legacy/reports/100728chinareport_0.pdf
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The US-China Business Council (USCBC), a private business-backed organization that advocates
for US-China trade, finds similar protectionist policies in a 2013 report on China’s SEI policy. The
report argued that the SEI initiative limits opportunities for foreign companies and increases unfair
competition. Concerns raised in the USCBC report include product and technology catalogues,
discriminatory criteria for IP qualification, government procurement, policy transparency, and lo-
calization requirements.'? The Commission on the Theft of American Intellectual Property (IP
Commission), an independent and bipartisan initiative of leaders in private sector, government,
and academia, stated in its 2013 report that China is the leader in international IP theft, which
generates negative effects on the US economy, including job losses, slowdown of US GDP growth,
and diminishing incentives for innovation. '

The policy solutions provided by these reports emphasize the need for the US government and
companies to actively confront the challenges and opportunities posed by China’s innovation pol-
icies. These range from broad suggestions of increasing political confrontation and protracted trade
disputes to more specific actions such as pressuring China through the US Trade Representative’s
Office or global institutions such as the World Trade Organization, and possibly forming a new
alliance of free-trading nations.'? On the IP issue, the I[P Commission recommended that the US
government investigate and prosecute cases related to IP theft in the short term, build a more sus-
tainable legal framework in the medium term, and build institutions to conduct further IP protec-
tion in the long term.'? Actions to take advantage of opportunities include working with China to
prevent techno-nationalistic and protectionism tendencies, and to encourage foreign companies to
bring advanced technology and become trusted partners. 4

Academic Assessments

Academic assessments of China’s S&T plans are few but tend to take a cautionary position on its
S&T policies and question China’s chances of successfully implementing the plans. In an assess-
ment of the MLP, China scholars Cong Cao, Richard Suttmeier, and Fred Simon note that the plan
is characterized by the central government’s identification of priority projects and the mobilization
of resources to work toward these projects to ensure the country’s long-term competitiveness. They
cast doubt, however, on whether the MLP gives appropriate balance to indigenous innovation ef-
forts versus global technology flows and whether the Chinese government will be able to effi-
ciently allocate the substantial funding earmarked for large national projects. '°

10 US—China Business Council, “China’s Strategic Emerging Industries: Policy, Implementation, Challenges, and
Recommendations,” March 2013, https://www.uschina.org/sites/default/files/sei-report.pdf.

' The Commission on the Theft of American Intellectual Property, “The IP Commission Report: The Report of the
Commission on the Theft of American Intellectual Property,” May 2013, http://www.ipcommission.org/re-
port/ip_commission_report 052213.pdf.

12 See Atkinson, “Enough is Enough”; McGregor, “China’s Drive”; Philip 1. Levy, “China’s Indigenous Innovation
Policy and US Interests,” written testimony for House Committee on Foreign Affairs Subcommittee on Terrorism,
Nonproliferation, and Trade, March 9, 2011, http://www.aei.org/wp-content/uploads/2011/10/20110309-Levy.pdf.
13 “The IP Commission Report: The Report of the Commission on the Theft of American Intellectual Property.”

14 Sylvia Schwaag Serger and Magnus Breidne, “China’s Fifteen-Year Plan for Science and Technology: An Assess-
ment,” Asia Policy 4 (2007): 135—64, http://www.stratresearch.se/Documents/Omvérldsdokument/Om%20Ki-
nas%?2015 percent20Kinas percent2015-arsplan.pdf; Guangyu Li and Jonathan Woetzel, “What China’s Five-Year
Plan Means for Business,” McKinsey & Company, July 2011, http://www.mckinsey.com/insights/economic_stud-
ies/what chinas five-year plan_means for business.

15 Cao, Suttmeier, and Simon, “China’s 15-Year Science and Technology Plan.”
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A useful assessment of Chinese innovation policies by Feng-chao Liu, Denis Fred Simon, Yu-tao
Sun, and Cong Cao examines the diverse array of state STI policies, of which the state-directed
plans are just one, albeit the most important, sub-set. Other policy mechanisms include laws, trade
catalogues, financial, tax, fiscal, and industrial policies issued by different levels of the state, in-
cluding the National People’s Congress, State Council, and government ministries. The authors
point out that when the MLP was passed in 2006, 79 related policies accompanied the plan, cov-
ering specific S&T, industrial policy, and financial and tax issues. An important positive trend in
the issuance of these policies over the past few decades is that they have begun to evolve from a
compartmentalized model in which they are drafted and approved by single agencies to a more
collaborative approach in which two or more agencies jointly issue them. '®

Stephen Roach, a senior fellow at Yale University and former chairman of Morgan Stanley Asia
and chief economist at Morgan Stanley, calls China’s 12th FYP and SEI initiative the third water-
shed event in the development of modern China, and warns of potential tension between China
and the United States due to an asymmetrical rebalancing scenario. As China shifts toward private
consumption and reduces its foreign exchange reserves and its demand for dollar-denominated
assets, the United States will need to come up with new sources of funding or secure its external
funding with a weaker dollar and/or a rise in real long-term interest rates. '’

Other scholars believe that the emergence of a vibrant and capable Chinese innovation system
presents opportunities for the international community. Sylvia Schwaag Serger and Magnus
Breidne, researchers at the Swedish Institute for Growth Policy Studies, acknowledge that the MLP
demonstrates a commitment in China to state-promoted innovation but cite many positive spillover
effects to other countries from China’s increased R&D. These include increased opportunities for
mutually beneficial international cooperation in research and education as well as through in-
creased trade. '®

These liberalist international views of the positive opportunities of cooperation arising from
China’s technological rise are shared by many analysts in the business community. A McKinsey
report by Guangyu Li and Jonathan Woetzel analyzes the effects of China’s FYP for foreign com-
panies. Opportunities identified include: 1) market potential for domestic and foreign companies;
2) deregulation of education, financial services, health care, and logistics; and 3) opportunities for
companies with advanced technology where foreign players can merge and acquire local compa-
nies to become more competitive in China’s domestic markets.!” Li and Woetzel conclude that
China is still catching up globally in science-based innovation, but it has already built a strong
foundation. They believe that China will continue to promote innovation by empowering entrepre-

16 Feng-chao Liu, Denis Fred Simon, Yu-tao Sun, and Cong Cao, “China’s Innovation Policies: Evolution, Institu-
tional Structure, and Trajectory,” Research Policy 40, No. 7 (2011): 917-31.

17 Stephen S. Roach, “China’s 12th Five-Year Plan,” Morgan Stanley, April 2011, http://www.law.yale.edu/docu-
ments/pdf/cbl/China_12th_Five Year Plan.pdf.

18 Schwaag Serger and Breidne, “China’s Fifteen-Year Plan for Science and Technology.”

1% Guangyu Li and Jonathan Woetzel, “What China’s Five-Year Plan Means for Business.”
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neurs, allowing markets to work (with government acting as a demanding customer), and strength-
ening China’s innovation clusters. Global companies can benefit from the Chinese innovation
model and compete locally by beating, buying, or joining with local Chinese companies. *

International Assessments

While US analysts tend to be warier of China’s technological rise, views from Europe and the
international community appear to be more welcoming and win-win in nature. The OECD sees
China as contributing to solve energy, natural resources, and environmental problems, and to in-
creased global competition that will have a positive impact on long-term global innovation.?! A
European Union (EU) report refers to common interests with China in areas such as food, agricul-
ture, biotechnologies, sustainable urbanization, aviation and aeronautics, and ICT. Additionally,
cooperation in human capital movements and joint research centers could provide opportunities
for EU higher education and research establishments.?

The Europe China Research and Advice Network, a three-year project funded by the EU, argues
that urbanization and infrastructure development increase commercial opportunities for the EU in
inland China and less developed cities. These opportunities are expected to come in industrial
sectors such as advanced environmental technology but will not extend to strategic sectors.?
Nesta, an independent charity that works to increase innovation capacity in the UK, argues that
China remains an absorptive state and that the expansion in its research base has not yet brought
about significant improvements in the quality of research output. However, it also recognizes the
increasing global visibility of Chinese multinationals, the positive contribution to China’s growth
resulting from Chinese companies’ adeptness in incremental re-innovation, and the diverse models
of innovation within China. It concludes that “the greatest ‘China risk’ for innovative companies
is focusing too heavily on downside risks, and missing out on the opportunities that China pre-
sents.”*

20 Jonathan Woetzel, Yougang Chen, James Manyika, Erik Roth, Jeongmin Seong, and Jason Lee, “The China Ef-
fect on Global Innovation,” McKinsey Global Institute Research Bulletin, July 2015, http://www.mckinsey.com/in-
sights/strategy/chinas_innovation_imperative. See also full McKinsey report: Jonathan Woetzel et al., “The China
Effect on Global Innovation,” McKinsey Global Institute, October 2015.

2l OECD and Ministry of Science and Technology, “OECD Reviews of Innovation Policy China, Synthesis Report,”
2007, http://www.oecd.org/sti/inno/39177453.pdf.

22 Sociedade Portuguesa de Inovacao, United Nations University, and Austrian Institute of Technology, “Science,
Technology and Innovation (STI) Performance of China D9: Final Report,” European Union, July 2014,
http://eeas.curopa.eu/delegations/china/documents/eu_china/research_innovation/4_innova-
tion/sti_china_study_full report.pdf.

23 Robert Ash, Robin Porter, and Tim Summers, “China, the EU, and China’s Twelfth Five-Year Programme,” Eu-
rope China Research and Advice Network, 2012, http://eeas.europa.eu/china/docs/division_ecran/ec-

ran_china_the eu_and china_s_twelfth five year programme_ash porter summers_en.pdf.

24 Kirsten Bound, Tom Saunders, James Wilsdon, and Jonathan Adams, “China’s Absorptive State: Research, Inno-
vation, and the Prospects for China-UK Collaboration,” Nesta, October 2013, http://www.nesta.org.uk/sites/de-
fault/files/chinas_absorptive state_0.pdf.
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Chinese Assessments

Chinese researchers have a similar mix of criticism and praise for China’s S&T policies and plans.
Most Chinese scholars highlight the progress China has made toward its STI goals. A report by
Sichuan University researchers Chen Xuanjin, Wang Yuandi, and Qu Xihua cites the MLP as the
key driving force behind China’s recent enhanced global and technological competitiveness. The
plan has helped to increase R&D investment, the number of full-time researchers, and the number
of published articles and patents.?> Long Guogiang, deputy director of the State Council Develop-
ment Research Center (DRC), a leading government think tank, believes China has a unique ad-
vantage to carry out STI through its large domestic and industrial markets and its comparative
advantage in S&T human capital. Long argues that the Made in China 2025 and Internet Plus plans
will further accelerate China’s scientific and technological innovation. 2

Leading Chinese innovation scholar Mu Rongping of the Institute of Policy and Management at
the Chinese Academy of Sciences (CAS) states that the Chinese government has enhanced its
support for innovation in recent years by providing favorable policies to domestic and foreign
companies in China. However, Mu notes that there are still barriers to entry for Chinese firms,
especially in some high-tech areas. This will constrain and challenge China as it seeks to further
improve its global competitiveness.?’ Lii Tie and He Jun of the Institute of Industrial Economics
at the Chinese Academy of Social Sciences (CASS) estimate that to accelerate the integration of
foreign S&T resources, more Chinese firms will need to establish overseas R&D facilities and
acquire foreign companies during the 13th Five-Year Plan.?

Despite China’s steady progress in improving its technological capacity, Chinese scholars and re-
searchers do not believe that China will catch up with advanced countries, particularly with the
United States in the near future. Wei Jigang, a researcher at the DRC, argues that China is not
competitive globally in high-end manufacturing and has only limited competitiveness in the tele-
communication, equipment manufacturing, petrochemical, and automobile industries, despite hav-
ing a small but growing number of firms emerging as leaders, such as Huawei in the telecommu-
nications domain. This limited competitiveness is caused by a poor innovation structure, weak
capabilities in indigenous innovation, a low industrial concentration rate, and a high degree of
foreign control in some areas. >’

25 Chen Xuanjin, Wang Yuandi, and Qu Xihua, “F 2= G H7TEUCR STy 5~ 0 ERMS 30 1) B b5 Hb 3R [Compari-
son of Scientific Outlook Between China and Developed Countries Under the Background of Indigenous Innova-
tion], B & BRAF 5T [Science and Technology Management Research] (2014/13): 20-25.

26 Long Guoqiang, “4>3k:# — % 17 K 2 78” [The New Round of Global Technological Innovation], 1

BUR M [www.gov.cn], May 22, 2015, http://www.gov.cn/zhengce/2015-05/22/content 2866560.htm.

27 Jia Jingfeng, “H BIBE BB AT A B RH H g H LB Bk 5 A7 [Director of the CAS Institute of Policy and
Management: Chinese Technology Faces Both Opportunities and Challenges in Global], 7 [E 3 [& %]
[Chinanews.com], July 14, 2012, http://www.chinanews.com/cj/2012/07-14/4032359.shtml.

28 Lu Tie and He Jun, “+=Frp [E Tl & B BT EH 5 B A % [“13th Five-Year” New Situation and Policy

Adjustment for China’s Industrial Development], %% >] 5¥£ 2% [Study and Exploration] (2015/6): 81.

2 Wei Jigang, “F& [E 5 5577\l & & 158 4 SR 0 S SR 282180 [Development and Competitiveness of China’s Key

Industries and Policy Recommendations], & & Hlf 5T [Development Research] (2010/10): 72.
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Another senior Chinese scholar who is critical of that government’s S&T development plans is
Huang Qunhui, director of the CASS Institute of Industrial Economics. Huang claims that Made
in China 2025 does not address the fundamental question of identifying China’s core competencies
as a manufacturing power. The plan also ignores the importance of improving productivity for the
whole manufacturing sector. Huang’s conclusion is that the plan is simply a replica of traditional
industrial policies with a greater intensity of policy support and longer planning periods. >

30 Jin Hui, “#-RH0E L 5K 5% o El i& 2025: $2 7 E PR3 4+ /77 [Experts from Chinese Academy of Social Sciences
Talked about “Made in China 2025”: Enhance Global Competitiveness], BRI £ [finance.sina.com], August 5,
20135, http://finance.sina.com.cn/china/20150805/005922875945.shtml.
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A. MILITARY STRATEGY AND DEFENSE AND DUAL-USE SCIENCE AND TECHNOLOGY
DEVELOPMENT PLANS AND STRATEGIES

The modernization of China’s defense science, technology, and industrial base is a pressing priority
for the Chinese authorities in the face of an increasingly complex external security environment
and the PLA’s ever-growing technological demands. With abundant funding available, a major
challenge for the relatively young and inexperienced armament community is to successfully guide
the long-term transformation of the country’s military technological capabilities.

A critical instrument in managing this process is the formulation and implementation of a compre-
hensive set of defense and civil-military dual-use science and technology research, development,
and acquisition strategies and plans (Figure 3). This section looks at the most important of these
plans and strategies:>!

e The PLA’s Weapons and Equipment Development Strategy (WEDS, 1025 2% 88 & 1 1%
and long-, medium-, and short-term Weapons and Equipment Construction Plans (WECP, i
AR BRI/ R

e The 863 High-Technology Research and Development Plan (7= AW 58 & 1%

e The 995 High-Technology Development Plan (/5187 L#%)

e The 2006—2020 Medium- and Long-Term Defense Science and Technology Development
Plan (MLDP, [E iR} Tl A BIRL2 A1 AR ke k)

The WEDS and WECP represent the regular weapons and equipment research, development, and
acquisition process while the 863, 995, and MLDP are special plans to address specific capabilities
requiring additional attention and support.

The Relationship Between China’s National Military Strategy and Its Defense
Science and Technology Strategies and Plans

To understand the rationales, activities, and goals of these strategies and plans, it is necessary to
examine the strategic and organizational context behind their formulation. From an organizational
perspective, these S&T strategies and plans are closely tied and subordinate to the country’s na-
tional-level military strategy, which is known as the Military Strategic Guidelines (MSG). The
MSG comprises “the overall principles (& )5 )ll) and guiding principles (i 24X4i) for planning and
guiding the development and utilization of the armed forces.”3? The Central Military Commission
(CMC) is responsible for the formulation and issuance of the MSG, which is carried out in coor-
dination with other PLA departments.

31 There are a handful of other S&T plans and programs, such as the 973 and SEI programs, that have military and/or
dual-use-related activities, but they are much smaller in scale and impact compared to the four strategies, programs,
and plans discussed here.

32 PLA National Defense University Army Building Research Department, Study Guide for Jiang Zemin Thought on
National Defense and Army Building [VT% R 1E B F1 75 B 2 & AR 2% 211324, 2nd ed. (Beijing: Chinese Com-
munist Party History Publishing House, April 2004), 56-67.

33 On the process for this, see Zhang Wannian writing team, 5K J74:A% [Biography of Zhang Wannian] (Beijing: Lib-
eration Army Press, 2011), 59-72.
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Although the MSG is classified, a number of published official documents and academic studies
shed useful insights into its likely contents, especially as it relates to defense S&T requirements.>*
The 2015 defense white paper offers the most detailed and authoritative discussion of the MSG
that has been released by the Chinese military authorities.* This white paper is titled “China’s
Military Strategy” (hereafter referred to as the 2015 Military Strategy) and points to a significant
revision to the country’s military strategy that emphasizes preparation for maritime conflict, infor-
mation-era warfare, and the prioritization of the oceans, outer space, and cyberspace as the new
“critical security domains.”

The 2015 Military Strategy provides an assessment of the global strategic environment that high-
lights several significant technological trends. The first is that the global revolution in military
affairs is at a new stage and is “posing new and severe challenges to China’s military security.” Of
particular concern is the threat from long-range, precise, smart, stealthy, and unmanned weapons.
A second feature of the rapidly evolving technological landscape is the emergence of new domains,
of which outer space and cyber-space are emphasized as the “new commanding heights in strategic
competition.” A third accelerating trend is a fundamental change in the nature of warfare towards
informationization, which refers to the information age and the rise of information-related pro-
cesses and capabilities. The 2015 Military Strategy points out that it is the “major powers”—pri-
marily referring to the United States, but also including other countries such as Russia—that are
in the vanguard of this process and are “speeding up their military transformation and force re-
structuring.”

The impact of informationization is deemed to be so profound that the new military strategy has
adjusted its definition of the nature of future warfare that the PLA should be preparing to fight and
win from “local wars under conditions of informationization,” which has been the guiding formu-
lation since 2003, to winning “informationized local wars.” PLA analysts say that this is a signifi-
cant revision in terminology because the role of informatization has been elevated from being
important to becoming the dominant factor. >

The 2015 Military Strategy points out that a key goal of informationized warfare is to gain infor-
mation dominance through the building of systems of systems, especially focused on a number of
capabilities:

e Better utilization of information resources

e Strengthening reconnaissance, early-warning, and command and control systems

e Development of medium- and long-range precision strike capabilities

e Improving comprehensive support systems

34 David M. Finkelstein, “China’s National Military Strategy: An Overview of the ‘Military Strategic Guidelines’,”
in Right Sizing the People’s Liberation Army: Exploring the Contours of China s Military, eds. Roy Kamphausen
and Andrew Scobell (Carlisle, PA: Army War College, 2007), 67—140.

35 State Council Information Office, “China’s Military Strategy,” May 25, 2015.

36 Wen Bing, “Correctly Locate the Basic Point for Preparation for Military Struggle,” Study Times [# >J i $i2] 8
(July 2015).
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Moreover, the 2015 Military Strategy stresses the importance of “maritime military struggle” in
future preparations for military struggle. This signals that the PLA Navy now stands at the top of
priorities among the service arms. There is also an important change in naval strategy that adds
“open seas protection” (IZL{F#" I2) to the list of the PLA Navy’s chief missions alongside its tra-
ditional “offshore defense” strategy. By comparison, the 2010 and 2013 defense white papers had
only mentioned that the PLA Navy was developing “open sea” capabilities.>’

The 2015 Military Strategy offers a general framework of the modernization requirements of the
PLA’s service arms:

e The ground forces are shifting from theater defense to a more mobile transregional role, espe-
cially through the building of multi-functional and modular units that are able to engage in
joint and trans-theater operations.

e The navy is expanding its missions from “offshore defense” to “open seas protection,” which
requires the building of capabilities for “strategic deterrence and counterattack, maritime ma-
neuvers, joint operations at sea, comprehensive defense, and comprehensive support.”

e The air force is turning from a traditional focus on territorial air defense to also emphasizing
offensive operations and building an air-space force structure geared towards informationized
operations, which includes strategic early warning, information countermeasures, airborne op-
erations, and strategic projection.

e The Second Artillery is strengthening its nuclear offense capabilities to be better able to con-
duct deterrence and counterstrike operations as well as building up conventional medium- and
long-range precision strike missile capabilities.

The section termed ‘military force building’ (% 5+ /J & ## %) in the 2015 Military Strategy is con-
cerned with modernization and reform issues, which includes consideration of defense S&T mat-
ters.>® There is a brief discussion on armament development in which the document points out that
“China’s armed forces will speed up the upgrading of weaponry and equipment, and work to de-
velop a weaponry and equipment system that can effectively respond to informationized warfare
and help fulfill the missions and tasks.” The military strategy adds that particular emphasis will be
placed on information dominance, systems building, and indigenous innovation.

The PLA’'s Weapons and Equipment Development Strategy and
Construction Plans

While the MSG provides broad strategic principles and general guidelines on weapons require-
ments and acquisition issues, the detailed nuts and bolts of programmatic management, strategic
design, planning, and implementation is contained in the supporting WEDS and WECP. These
planning documents represent the long-term vision and roadmap for implementation of the Chi-
nese defense establishment’s S&T development for its weapons and equipment capabilities. Not
surprisingly, they are classified, and there are only occasional references as to their role and im-
portance in guiding the PLA’s technological modernization. However, in an article marking the

37 State Council Information Office, The Diversified Employment of China’s Armed Forces (Beijing, April 2013)
and State Council Information Office, China’s National Defense in 2010 (Beijing, March 2011).
38 The equivalent section in the MSG is termed ‘army building’ [ ZE BA 22 14 ].
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end of the General Armament Department (GAD) as part of the restructuring of the PLA high
command at the end of 2015, the China Military Industry News ("1 [E % T. ), the GAD’s news
mouthpiece, disclosed for the first time that one of its accomplishments was to establish “scientific
planning of long-term defense science and technology and weapons and equipment development
through a 20-year development strategy, 10-year construction outline, and 3 five-year plans.”>’

The WEDS provides the overall strategic rationale for the country’s armament development. It
offers long-term planning stability for 10 to 20 years and provides an integrated approach involv-
ing input from across the entire defense establishment. Moreover, it is a rigorous assessment that
looks at regional and global strategic, military, and technological trends, and the nature of future
war and compares these with China’s national and military economic, industrial, and technological
capabilities to support armament research and development. As one PLA study noted,

In the formulation of military equipment development plans, it is necessary to use a military
equipment development strategy as their foundation. Chiefly, this means considering the
country’s situation for a relatively long period of time in the future, and the country’s mil-
itary strategy policies, as well as analyzing and making predictions for the international
strategic environment, the security environment on the country’s periphery, and the mili-
tary equipment needs of the country’s troops in future military conflicts.*

The WEDS comes in two categories: a national-level version and service-level variants. The na-
tional-level WEDS is produced by the PLA General Armament Department and is a comprehen-
sive and integrated strategy for the PLA and defense S&T establishment. This WEDS is described
as “subordinate to and serves” the MSG and also takes into account the country’s national devel-
opment strategy and the MLP.*!

The national-level WEDS appears to have been first introduced in the beginning of the 2000s,
unlike the MSG with origins dating back to the 1950s. An article in the PLA’s official media
mouthpiece the Liberation Army Daily in October 2002 on weapons modernization mentioned that
the PLA was in the process of implementing a “weapons and equipment development strategy”
along with the 2000—2005 10th Five-Year “Weapons Construction Plan” (%% % % ¥ 11-%l|) that had
been formulated by the CMC and PLA general headquarters. **

A major reason why the PLA was a latecomer in putting together an overarching weapons devel-
opment strategy is that it did not establish a unified and high-level armament decision-making and
policy planning system until the formation of the GAD in 1998. Prior to the GAD’s creation, the
Commission for Science, Technology, and Industry for National Defense (COSTIND) was in
charge of the defense S&T portfolio. It had devised a long-range defense S&T strategic roadmap
in 1986 entitled “China’s Defense Science and Technology to 2000.” This strategic guidance was

39 “For Seventeen Years, We Walked Together,” H'[E % T3 [China Military Industry News], December 31, 2015.
40 FEREAER 22 [The Study of Military Equipment] (Beijing: National Defense University Press, 2000), chap. 9.

4! Fu Guangming and Ji Hongtao, “Exploration of Hu Jintao’s Strategic Thinking on Strengthening Military with
Science and Technology,” H'[E % FF} ¢ [China Military Science] 5 (2011).

42 Tju Cheng, “Creating a New Situation in the Weapons and Equipment Modernization Effort,” fft it £} [Libera-
tion Army Daily], October 14, 2002.
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much longer than the WEDS and was a consensus document reflecting the input of more than
2,000 military and civilian experts.*

PLA service arms also formulate their own WEDS that are specifically designed to address their
own service requirements. The PLA Navy appears to have been the first service to develop a
WEDS, in the mid-1980s. This was due to the influence of its commander at the time, Admiral Liu
Huaging, who was a strong advocate of long-term armaments planning.** A major source of ten-
sion exists between the national and service WEDS. The national WEDS is aimed at encouraging
joint service cooperation while the service versions are engaged in inter-service competition for
funding and project approval.

The WECP is responsible for the implementation of the strategic requirements and tasks that are
set out in the WEDS. There are different versions of the WECP based upon duration (ten, five, or
one year) and organizational level (national or service arm). At the pinnacle is the national-level
Long-term Weapons and Equipment Construction Plan (LWECP) that extends over a 10-year plan-
ning period and covers the entire defense establishment. This plan is:

primarily used to direct the formulation of military equipment development plans and the
implementation process of significant policy decisions and to indirectly guide specific
management actions. The [long-term] military equipment development plan holds a dom-
inant position among military equipment development plans: that of the foundation of other
military development planning work. *°

The LWECP is regularly adjusted and updated.

Operational implementation is carried out by a five-year Medium-Term Weapons and Equipment
Construction Plan (MWECP) and a one-year Short-Term Weapons and Equipment Construction
Plan (SWECP). The MWECP parallels the five-year planning cycle that the PLA and Chinese
economy practices, which means that the current 12th FYP will be replaced with a 13th edition in
2016. The MWECRP is responsible for the direct formulation and guidance of defense S&T-related
research, development, acquisition, maintenance, and resource allocations, while the SWECP is a
detailed implementation plan focused on specific projects.

The Chinese military authorities are tightly guarded over the contents of these armament strategies
and plans, but occasionally do offer broad hints about their general principles. In an article in the
GAD’s main newspaper shortly after the accession of Xi Jinping as the country’s paramount leader
in late 2012, Executive Deputy GAD Director Lt-Gen. Li Andong, a prime architect of the arma-
ment modernization effort between the early 2000s and mid-2010s, talked about the need to
strengthen the strategic guidance for the country’s armament building. * Li highlighted a number
of key points:

4 Yan Xin, ed., " E 244% E B B R B (—) [Overview of the Development of China’s Contemporary Defense
Science and Technology, Part 1] (Academic Video Publishing House, 2004), 168-70.

X435 F1Z 5% [Memoirs of Liu Huaqing] (Beijing: Liberation Army Press, 2004), chap. 17.

4 The Study of Military Equipment, chap. 9.

46 Li Andong, “Implement the Scientific Development Concept, Strengthen the Strategic Direction of Armament
Building,” *'[E % T4k [China Military Industry News], December 5, 2012.
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The importance of a unified central leadership: Li said that a top requirement for the PLA
high command is to strengthen armament integration between the air force, ground forces, and
navy. This means “raising the level of coordination and combination and preventing the estab-
lishment of separate stand-alone systems.” Li also hinted at the fierce inter-service rivalry on
armaments development and how disruptive it could be to the armament planning process. He
said that it was important to “resolutely safeguard the authority and binding force of the plans.
Once the armament building plans are approved, no one can change them freely or act in their
own way.”

Prioritizing the building of offensive capabilities: For much of the PLA’s history, the focus
has been on developing defensive capabilities to deter against invasion and encroachment of
its territorial integrity. This has shifted decisively in the past one to two decades with the coun-
try’s development and expanding external interests. The priority now, Li pointed out, is to “lay
stress on the development of offensive weapons according to the requirement of combining
offense and defense.”

Establishing credible strategic deterrence capabilities: The PLA should ensure that its stra-
tegic deterrence capabilities are operationally tested and deployed so that an “effective and
credible deterrence can be guaranteed,” Li pointed out. This suggests, for example, that the
PLA Navy’s ballistic missile submarine fleet will be regularly deployed rather than sit in port.

Promoting asymmetric development: One of the foremost priorities in the PLA’s armament
building since the late 1990s has been the development of asymmetric capabilities targeted at
the vulnerabilities of a stronger opponent, of which the foremost candidate is the United States.
Li stressed that “what we should do is to concentrate on developing our unique armaments that
can effectively overpower the enemy through systems sabotage against the vital parts and sys-
tem weaknesses of the opponent.” Likely key areas include precision missile capabilities such
as anti-ship ballistic missiles, kinetic and non-kinetic anti-satellite assets, and cyber tools.

Selective development of advanced armaments: The principle of selectivity was first put
forward by Deng Xiaoping in the 1980s during a period of scarce resource allocations for de-
fense modernization. But with surging funding and strong end-user demand, this guidance ap-
pears to have been largely ignored as the PLA and defense industry pursue an ever-lengthening
list of weapons projects. Tied with this selectivity requirement is a stress on the pursuit of
advanced capabilities, especially by “leaps and bounds.” Li points out that, “We should develop
key defense technologies and weapons that will play a decisive role in future wars... and spare
no effort to achieve successful results in these crucial projects.” This priority on high-end in-
novation at the global technological frontier has benefited the development of capabilities such
as stealth aircraft, hypersonic air vehicles, aircraft carriers and carrier-borne combat aircraft,
precision missiles, and high-performance computers. But as economic growth slows, there will
be pressure on the pace of defense spending and investment, which will force policymakers to
choose how to balance quantitative versus qualitative armament development.

Striving for indigenous innovation: Li urged the defense establishment to foster homegrown
innovation to limit foreign dependence, but he is aware that there are competing bureaucratic
interests on this issue. The defense industry is especially keen to promote technological self-
reliance, as they benefit the most from resource allocations. The PLA, and especially the war-
fighters, want the best available capabilities as soon as possible, which may mean sourcing
from foreign suppliers. Li noted that while self-reliant innovation is critical, “we should grasp
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opportunities and actively carry out international cooperation.” The prime focus of this foreign
engagement would be with Russia.

e Pursuing civil-military integration: The armaments apparatus is one of the principal propo-
nents for integration of the civilian and defense economies, and Li points out that the emphasis
should be on encouraging civilian entities to participate in research, development, and produc-
tion along with repair, maintenance, and other support services. Li also says that civil-military
integration would help to promote market competition by establishing a competitive procure-
ment process, although there would almost certainly be strong resistance from the country’s
dominant defense industrial corporations.

Li’s instructions offer some interesting insights into the current state of China’s armaments strate-
gies and plans. First, a major focus of China’s armament development is on how to counter a
stronger adversary, primarily the United States, through credible deterrence and asymmetric capa-
bilities. Second, armament development is making solid progress, and the Chinese defense S&T
system appears to be making a decisive shift from engaging in absorption and the making of tech-
nologically limited products to the development of more innovative and capable capabilities, es-
pecially in meeting the PLA’s more demanding requirements. Third, despite the progress being
made, the structure and processes in which armament development is taking place continues to
suffer from deep-seated structural problems such as compartmentalization, weak institutionaliza-
tion, and heavy reliance on foreign technologies.

Recent Reforms of the PLA Armament System

At the end of 2015, the PLA’s armament system underwent a far-reaching reorganization as part
of a broader restructuring of the Chinese military establishment. A number of key changes took
place.*

e The GAD was reorganized into the CMC Armament Development Department (CADD) and
has been given responsibility for the centralized unified management (£& "1 4t &) of the mili-
tary armament system.*® One of the now-defunct GAD’s chief roles was to oversee the arma-
ment development of the ground forces. The GAD units responsible for this have been trans-
ferred to a newly created PLA Land Forces command.

e The GAD Science and Technology Committee was elevated to a commission directly report-
ing to the CMC and is now known as the CMC Science and Technology Committee (CSTC).

Although it will take some time before these reforms are fully implemented and can be adequately
assessed, some initial speculative thoughts can be offered. First, the promotion of the CSTC from
the GAD to the CMC demonstrates that the Chinese military authorities, and especially Xi, are
increasingly serious about engaging in higher-end STI activities and establishing a high-level co-
ordinating mechanism through the CSTC to provide operational leadership and guidance. Lt-Gen.
Liu Guozhi, who was the GAD S&T Committee director, will lead the CSTC. He has spent much

e R R (ST IR E 57 A1 ZE BA B 19 2 WL [Central Military Commission Issues ‘Opinions Concern-
ing Deepening the Reform of National Defense and the Armed Forces’], Xinhua, January 1, 2016.

48 “Ministry of National Defense Holds News Conference on CMC Administrative Reform and Reorganization,”
China Military Online, January 11, 2016.
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of his career engaged in high-technology R&D. Liu has a PhD in physics from Tsinghua Univer-
sity, is a member of the CAS, and has technical expertise in accelerator physics and high-power
microwave technology.*

Second, the ability of the new CADD to carry out its mandate of providing centralized manage-
ment of the armament system looks to have a greater chance of success than the GAD, which was
hamstrung by its institutional bias towards the oversight of the ground forces. The nature of the
relationship between the CADD and the armament departments belonging to the service arms will
be critical in determining how much jointness versus compartmentalization there will in the PLA’s
armaments development. The authority and influence of the CADD will benefit with the appoint-
ment of GAD Director Gen. Zhang Youxia as its new head. Zhang reportedly has close ties with
Xi through princeling-related links and has been touted as a contender for a CMC vice-chairman-
ship.>°

Special Plans for Defense and Dual-Use Science and Technology Development

China’s plans for defense and dual-use S&T development are shrouded in secrecy and not well
understood. Besides the MWECP already discussed, there are at least three other important me-
dium and long-term special plans: the MLDP, the 995 High-Technology Development Plan, and
the 863 dual-use High-Technology Research and Development Plan.

Medium and Long-Term Defense Science and Technology Development Plan

The MLDP was drawn up in the early 2000s by COSTIND in tandem with the MLP, with the
shared goal of overcoming the technological gap with the world’s leading technological powers
by 2020. The MLDP focuses on guiding defense-related basic and applied R&D and improving
the conditions for innovation. An outline of the MLDP highlighted nearly two dozen issues of
focus, of which the most important include the following: !

e Enhancing capacity for indigenous innovation and build up the defense innovation sys-
tem: This would be carried out by accelerating the reform of the defense R&D system through
initiatives such as expanding the number of high-quality defense laboratories engaged in basic
research, building technology application centers, establishing closer linkages with leading ci-
vilian universities and research institutes, developing a robust service support apparatus to en-
able activities like technology transfers and commercialization, and allowing defense industrial
enterprises to play a more involved role in innovation.

e Creating a favorable environment to promote innovation: The authorities recognize the
importance of developing a robust governance and norms-based regime that cultivates prac-
tices, behavior, and established rules of the road that promote and safeguard innovation. This
includes promoting and strengthening incentives for innovation, such as the building up of an

4 “Former GAD S&T Committee Director Liu Guozhi Appointed Director of New CMC S&T Committee,” T
[# [The Paper], January 11, 2016.

30 “Former GAD Director Zhang Youxia Becomes New Director of CMC Armament Development Department,”
B [F [The Paper], January 14, 2016.

5T Commission on Science, Technology, and Industry for National Defense, “[E B R} 43 Tl Fp & HARL 22 FN 5 AR & g
FRIZNE [Outline of Defense Medium- and Long-Term Science and Technology Development Plan], May 29,
2006. See also “China Unveils Plan for Developing Defense Technologies,” Xinhua News Agency, May 25, 2006.
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IPR protection system, improving planning and coordination to overcome entrenched compart-
mentalization, constructing a comprehensive defense standards apparatus, forging a rigorous
evaluation system, and reforming management procedures and the innovation cultures of R&D
organizations that have long been accustomed to a state-dependent ‘iron rice bowl’ mentality
to make them more responsive to market and end user requirements.

e Increasing the scale and channels of investment in defense science and technology: State
funding for defense R&D has been growing strongly since the late 1990s, but the MLDP seeks
to broaden the sources of this investment flow by requiring defense enterprises and research
institutes to invest at least 3 percent of their sales revenues in R&D and also allowing them to
tap the capital markets for fund-raising through public and private offerings, bonds, and bank
loans. The MLDP also promises to establish preferential investment policies, such as tax breaks
and generous land use rights.

e Improving the ability to leverage foreign sources of technology and knowledge transfers:
While the MLDP is avowedly techno-nationalist and emphasizes the overriding importance of
self-reliant innovation, it also balances this objective with the need to look overseas to absorb
advanced technologies and know-how as well as finding opportunities for international R&D
cooperation, including encouraging defense enterprises and research institutes to set up joint
research centers and laboratories.

e Meeting the PLA’s requirements for advanced weapons and equipment: The MLDP
points to the importance of adhering to the armament needs of the PLA as set out in the MSG,
which includes advancing R&D from the late industrial age to the information era.

¢ Promoting civil-military integration: Finding ways to bring about civil-military integration
is strongly encouraged, especially with the goal of making breakthroughs in industrial bottle-
necks. A top priority is in advanced manufacturing.

e Cultivating a capable scientific and engineering workforce: An Achilles heel of China’s
defense S&T modernization has been the lack of well-trained and experienced scientists and
engineers. The MLDP calls for the establishment of various initiatives to address these man-
power shortages, such as through talent training plans, special priority on critical disciplines,
and the establishment of defense science, technology, and innovation teams.

The ‘995’ New High-Technology Plan

One of the most important and least known Chinese plans promoting defense S&T development
in the twenty-first century is the New High-Technology Plan (/&5:#7# AR _L#£). It is more com-
monly known as the 995 Plan in reference to the US bombing of the Chinese embassy in Belgrade
in May 1999 that was the spark for the establishment of this project.>? The Chinese authorities do
not publicly acknowledge the existence of this plan, but it is mentioned in media reports (usually
indirectly), military journals, resumes of Chinese scientists and engineers, and project listings of

52 The Chinese embassy was hit by several precision-guided munitions launched from a US strategic bomber on
May 7, 1999, as part of a NATO bombing campaign against the Milosevic regime. The United States said that the
attack was accidental and caused by inaccurate targeting data, but there was a strong negative reaction from the Chi-
nese government that disputed the US explanations. 995 refers to the year (99) and month (fifth month, or May) in
which the Belgrade bombing took place.
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university laboratories and companies engaged in defense-related work.> However, in a valedic-
tory message by the GAD upon its reorganization into the CMC Armament Development Depart-
ment at the end of 2015, it confirmed the existence of the 995 Plan by noting that one of its out-
standing contributions in its 17-year history was the “organization and implementation of phases
1, 2, and 3 of the New High-Technology Plan.” The reference to the three phases suggests that the
995 Plan was organized in five-year stages to correspond with the five-year weapons and equip-
ment development plans.>*

The Chinese leadership’s reaction to the Chinese embassy attack in Belgrade was to sharply inten-
sify efforts to develop strategic weapons systems, or what the PLA terms shashoujian (5%F-4H)
capabilities.>®> According to Gen. Zhang Wannian, who was the CMC executive vice chairman
during the Belgrade Embassy crisis, the CMC convened an emergency meeting immediately fol-
lowing the bombing, and one of the key decisions made was to “accelerate the development of
shashoujian armaments.”>

Zhang pointed out that then CMC Chairman Jiang Zemin was especially insistent on the need to
step up the pace of development of shashoujian megaprojects, saying that “what the enemy is most
fearful of, this is what we should be developing.”>” Although the enemy’s identity was not made
explicit, it was clearly the actions of the United States, and Jiang’s guidance to the Chinese defense
S&T system was to focus on the R&D of asymmetric capabilities targeting US vulnerabilities.

Jiang also put forward a number of other guiding principles, which most likely formed the outline
of the 995 Plan:

e “Do some things but not others, concentrate on developing arms most feared by the enemy’:
Be selective and focus on asymmetric capabilities.

e “Significantly boost S&T innovation and make breakthroughs as soon as possible”: Emphasis
on higher-end innovation, which requires a more risk-taking R&D model.

e “Assassin’s mace weapons should become the vanguard of the PLA’s combat capabilities”: This
means the development and deployment of advanced high-technology weapons is the PLA’s
foremost priority.

e “Adhere to self-reliance, but actively introduce and digest advanced foreign weapons and tech-
nology’’: Stepping up efforts to acquire foreign technology transfers by whatever means avail-
able, especially by reverse engineering.

53 See, for example, Sun Hong and Li Lin, “On the Modes of Advancing Weapons and Equipment Development with
Chinese Characteristics,” China Military Science, June 2005; and “Chinese Defense Science and Technology Indus-
try’s Tasks for the New High-Technology Program for This and Next Year Are Extremely Heavy,” China News Ser-
vice, April 20, 2004.

34 “For Seventeen Years, We Walked Together.”

35 In the defense science and technology domain, shashoujian is used by Chinese leaders and analysts to refer to the
development of armaments that target an enemy’s vulnerabilities. Other less precise, but more colorful, definitions
of this term are assassin’s mace, trump card, or silver bullet.

36 Zhang Wannian writing team, 5K /3 -4% [Biography of Zhang Wannian], 416.

57 1bid., 419. Possible candidates that fit into the shashoujian category include anti-ship ballistic missiles such as the
DF-21D, anti-satellite missiles, and stealth aircraft.

38 Biography of Zhang Wannian, 416.
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One of the most revealing descriptions of the 995 Plan came in a public talk in 2012 by Maj-Gen.
Yao Youzhi, a recently retired but influential strategist from the Academy of Military Sciences, the
PLA’s most important research institute on defense affairs. Yao said that the 995 Plan was estab-
lished in response to the US bombing of China’s Belgrade embassy and its purpose was to accel-
erate research and development of new weapons systems.>’ “Without 995, the PLA would not have
been able to get new generations of weapons developed as quickly as was achieved,” Yao said, and
referred to the 2009 National Day military parade in which 40 types of new weapons were dis-
played as evidence of the impact. “Who should we be ultimately thankful for” in enabling the PLA
to make such progress, Yao asked rhetorically. “We should be grateful to the Americans.” This
remark suggests that the 995 Plan was primarily aimed at the United States.

To ensure that these major weapons projects receive high-level attention, the CMC established a
New High-Technology and Engineering Leadership Small Group ({1 % Z 25 & AH: LTRSS
/N2H-995 LSG) in 1999 with the CMC chairman as its head. This coordinating body is responsible
for providing top-level unified leadership and management of the development of high-technology
weapons systems. %’ This leading group appears to have similar characteristics and roles as the
Central Special Committee (7 JL4F 7122 71 £), which was established in the early 1960s to man-
age the development of the country’s nuclear weapons and strategic launch capabilities and con-
tinues to function to the present day.®! The activities of the 995 LSG are rarely disclosed, but a
defense industry newspaper reported in December 2014 that there was a 995 LSG attended by Xi
Jinping that took place in conjunction with an All-Army Armament Conference (4= % %4 TAE

2.0

The ‘863’ High-Technology Research and Development Plan

In the mid-1980s, a group of four senior scientists and engineers who were closely involved in the
country’s strategic weapons projects of the 1950s and 1960s petitioned China’s paramount leader
Deng Xiaoping to support the development of S&T development in strategic areas that were
deemed crucial to the country’s national security and economic competitiveness. In the post-1978
reform era, funding for national security-related topics had been drastically cut and the scientists
were worried that the country’s strategic R&D capabilities were in danger of being lost. Deng
approved the proposal, which led to the creation of the “High-Technology Research and Develop-
ment Plan,” although it is better known as the ‘863’ Plan to commemorate the date of its establish-
ment in March 1986.

% Talk by Yao Youzhi at the Shenzhen Culture Forum, August 18, 2012, http://www.szccf.com.cn/wghg_con-
tent_662.html.

60 Zhou Bisong, " [E 45 0 i{ A% 55 44 B 1R IE M 7 [Research on the Path for the Construction of Weapons with
Chinese Characteristics] (Beijing: National Defense University Press, 2012), 39.

61 Tai Ming Cheung, “The Special One: The Central Special Committee and the Structure, Process, and Leadership
of the Chinese Defense and Strategic Dual-Use Science, Technology, and Industrial Triangle,” paper presented at
Conference on the Structure, Process, and Leadership of the Chinese Science and Technology System, University of
California, San Diego, July 2012.

62 “AVIC Studies and Implements Spirit of All Army Armaments Work Conference,” " [ i 4% #7 8] WX [China Avia-
tion News], December 15, 2014.
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The 863 Plan initially highlighted seven areas deemed central to China’s future national security
and economic prowess: automation, biotechnology, energy, information technology, lasers, new
materials, and space technology. Several more sectors were added subsequently, including envi-
ronmental technology, marine technology, and earth observation and navigation technology. The
plan was directly modeled on the organizational structure and operational procedures of the Maoist
strategic weapons plan. &

The 863 Plan has grown significantly in size, scope, and importance, especially since the beginning
of the twenty-first century when funding sharply increased in scale (Figure 4). Through the estab-
lishment of expert leading groups and specialized research centers, this plan helped to introduce,
nurture, and diffuse cutting-edge technological products and processes in leading economic sec-
tors. In the information technology industry, for example, projects have focused on the develop-
ment of high-performance computing, optical electronics, telecommunications, and artificial intel-
ligence.

The 863 Plan was intended to straddle the civil-military divide. One study suggests that there was
a programmatic goal in which 39 percent of projects would be for civilian use, 45 percent would
be of a dual-use nature, and the remaining 16 percent would be for national security applications. %

Figure 4. Annual 863 budget expenditures, 2000-2012 (civilian projects only)
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Source: Ministry of Science and Technology, 863 and Science and Technology Plan annual reports 2001 to 2013.

3 Evan Feigenbaum, China s Techno-Warriors: National Security and Strategic Competition from the Nuclear to the
Information Age (Palo Alto, CA: Stanford University Press, 2003).

64 Han Hua, “Z [ 863 T H [ 7€ % 5= KWtk 5 5 5 S VA5 B 78 [Study of the Procurement Decision-Making and
Fixed Asset Assessment of Projects Belonging to the Military 863 Program] (PhD dissertation, Huazhong Science
and Technology University, 2007), 2.
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Defense scientists and engineers have played active roles in many projects to ensure that defense
requirements are taken into consideration and to identify and gain access to any technologies that
may be useful for military application. The 863 Plans that are of most value for military application
include the space, laser, optoelectronics, very large scale integrated circuits, turbofan engines, and
new materials plans.® The GAD is directly in charge of the 863 space and laser project domains.
According to official accounts, nearly 10,000 defense scientists and engineers have been involved
in the 863 Plan, working on more than 1,500 research projects and making more than 100 important
technological breakthroughs by the early 2000s in areas such as space technology, computers and
information technology.°® The Shenzhou manned space plan was one of the leading achievements
of the 863 plan.

One complaint leveled against the 863 Plan during the 1990s was that it was too preoccupied with
basic and esoteric R&D projects, with little effort devoted to applying its output for the country’s
development. This led to a major strategic readjustment of the plan at the beginning of the twenty-
first century. This also reflected the efforts of the government to promote commercialization
throughout the S&T community. Other government plans that have also contributed to the devel-
opment of dual-use civil-military technologies include the Torch plan, which is intended to com-
mercialize high-tech R&D inventions, and the 973 Plan.

Although the 863 Plan enjoys strong political support and generates high-quality research results,
the central authorities announced in 2015 that the plan would be included in a far-reaching over-
haul of the S&T funding process that is aimed at consolidating around 100 plans managed by forty
government agencies. The new management structure will have five categories of plans, of which
most, if not all, of the projects belonging to the 863 Plan will fall under the portfolio of the National
Key Research and Development Plan ([E 5 5 i fiff & 11-%l]). Other categories that might take re-
sponsibility for 863-related activities include the National Major Science and Technology Plan (
X B} K% 1) and National Natural Science Fund (& H 2R E} # % 4). Government
agencies will no longer be responsible for the operational management of these plans, which will
be carried out by professional S&T management organizations.

This reform will not be completed until 2017, so the exact nature of the post-863 successor plan
has yet to be finalized. The actual impact will depend on successful implementation of reforms.
This revamping of the S&T funding system will primarily affect the civilian portion of the 863
Plan; there is little information as to how the military 863 component will be affected.

B. CIVILIAN SCIENCE, TECHNOLOGY, AND INDUSTRIAL DEVELOPMENT PLANS

China’s Science and Technology Plans: Background and Progress

While the state has gradually retreated from direct management of the Chinese economy in the
post-Mao reform era, the S&T sector stands out as being subject to more state planning than ever
in its history. Besides the regular five-year plans, the Chinese authorities have enacted a raft of
blueprints that provide a top-down hands-on guidance on the means and ends for China to catch
up with the rest of the world. They range from comprehensive formulations such as the MLP to

65 “Very large scale integrated circuits” refers to the combination of thousands of transistors into a single chip.
% Liu Cheng, “Creating a New Situation in the Weapons and Equipment Modernization Effort.”
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more specialized documents targeting particular areas such as strategic emerging industries and
advanced manufacturing (Figure 5).

This section reviews five key state plans: 1) the MLP; 2) the SEI; 3) the 973 Plan; 4) the five-year
planning process, especially the 12th and 13th FYPs; and 5) the Made in China 2025 plan and
related Internet Plus plan, introduced in May and July 2015 respectively. In addition, there will be
a review of the CAS’s “Roadmap to 2050” and an examination of recent efforts by the central
authorities to consolidate the proliferation of scores of overlapping plans that have been established
over the past few decades.

National Medium- and Long-Term Plan for Science and Technology Development
(2006—2020)

When President Hu Jintao and Premier Wen Jiabao assumed power in the early 2000s, they began
to examine the formulation of a large-scale initiative to improve the country’s S&T capabilities,
especially in critical strategic areas. Under Wen’s direction, planning began in 2003 on what be-
came known as the MLP.®” The MLP was conceived by a leadership that saw the first 20 years of
the twenty-first century as a strategic opportunity to catch up with the world’s leading advanced
economic and technological powers. The drafting of the plan took three years, and thousands of
scientists, engineers, academics, economists and military experts examined 20 issue areas deemed
vital to China’s S&T competitiveness. They included agricultural S&T, basic science, S&T popu-
larization, energy and resource S&T, national security, the national innovation system, and manu-
facturing, 68

The nature of the MLP preparatory process was a throwback to the height of Cold War central
planning in the late 1950s when China embarked on its first long-term S&T development plan.
The 12-year national S&T plan launched in 1956 had 12 key tasks (not unlike the megaprojects
contained in the MLP) that were intended to support the building of key strategic sectors such as
nuclear energy, missiles, computers, and automation technology. ®® This plan was implemented un-
til the early 1960s, but no new detailed long-term plans were drawn up until the 20062020 MLP.
Other mostly failed attempts at long-range S&T planning initiatives included: 1) a ten-year plan
issued in 1963 that replaced the earlier 12-year S&T blueprint but which was aborted during the
Cultural Revolution; 2) a medium-term development plan for 1978—1985; and 3) a 1990-2000
S&T development outline.” There was also a proliferation of other shorter planning efforts and
development plans such as the regular five-year plans and the 863 and 973 plans.

%7 State Council, “Guidelines for the Implementation of the National Medium- and Long-Term Plan for Science and
Technology Development (2006-2020),” February 2006.

%8 Cao, Suttmeier, and Simon, “China’s 15-Year Science and Technology Plan”; Hao Xin and Gong Yidong, “China
Bets Big on Big Science,” Science, March 16, 2006, 1548—49.

% Xie Guang, chief ed., Dangdai Guofang Keji Shiye [ The Contemporary Chinese Defense Science and Technology
Sector] (Beijing: Contemporary China Press, 1992), 32.

0 Liu Li, Research Priorities and Priority-Setting in China (Stockholm: Vinnova, 2009), 15.
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Major debates took place during the drafting of the MLP over the fundamental orientation of the
plan.”! One debate revolved around the relationship between indigenous innovation and technol-
ogy imports. Leading economists argued that China should retain its existing technological devel-
opment model of attracting foreign multinationals and encouraging technology transfers to boost
the country’s S&T competence. Many scientists opposed this view and insisted that China could
not depend on getting core technology from other countries. The scientific community eventually
prevailed and the MLP reflects the changed focus in the Chinese S&T development model towards
indigenous development.

A second polarizing issue was whether the focus should be on the implementation of megaprojects
in which the state played a central organizing role, or the emphasis should be on a more decentral-
ized, bottom-up, market-driven process. Those who advocated the adoption of the “small science”
(/INE}2#) approach said that pursuit of large-scale projects diverted resources from more original
and innovative investigator-driven projects. Some of these scientists, especially US-based Chinese
scholars, were critical of plans like the 863 that they said were biased, inefficient, non-transparent,
and awarded based on insider connections.’?> But those in favor of the “Two Bombs, One Satellite”
(M5 — AL)-inspired “Big Science” (KF}5%) model could count on high-level political support,
and they eventually won out in this debate.”

The MLP was promulgated in 2006 and has a strong techno-nationalist tone. In viewing the fun-
damental relationship between national security and technological development, the MLP defines
this linkage in stridently realist terms: “Facts tell us that we cannot buy true core technologies in
key fields that affect the lifeblood of the national economy and national security.” To address this
vulnerability, one of the central concepts put forward in the MLP is the notion of indigenous or
independent innovation (zizhu chuangxin, F E4137), which seeks to promote the country’s S&T

capabilities through improving the absorption and “re-innovation (F38!13#7)” of foreign technology
as well as investing in the building of a national innovation system to nurture development of
original, homegrown innovation.

Another fundamental principle of the MLP is the centrality of national security in the development
of a world-class independent S&T capability. Consequently, defense and civil-military dual-use
priorities are of utmost importance. In the published version of the MLP, however, there are few
details of defense-related S&T projects. They are instead contained in the MLDP. The MLP seeks
to blur the classical distinction between civilian and military technologies and points out that S&T
development should benefit both civilian and defense needs at the same time.

"I See Cao, Suttmeier, and Simon, “China’s 15-Year Science and Technology Plan,” for a discussion of the debates.
72 Cao, Suttmeier, and Simon, “China’s 15-Year Science and Technology Plan”; Hao Xin and Gong Yidong, “China
Bets Big on Big Science.”

73 The “Two Bombs, One Satellite” model refers to the success of the Chinese defense research and development
system in the development of nuclear weapons and space capabilities between the late 1950s and early 1970s.
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One of the MLP’s signature initiatives is the development of 16 major special projects that are
considered important for enhancing national competitiveness (Table 1). Thirteen of these so-called
megaprojects were identified in the MLP, but another three were unnamed because they were clas-
sified defense projects. A sizeable number of the open projects could have both civilian and defense
applications, which was one of the guiding principles in the selection of many of these plans. They
included high-grade, computer numerically controlled (CNC) machine tools, core electronic com-
ponents and high-end universal chips, high-resolution Earth observation systems, nuclear power
stations with large-scale advanced pressurized water reactors and high-temperature and gas-cooled
reactors, large passenger aircraft, and the Shenzhou manned space flight and Chang’e lunar explo-
ration projects.

The performance of these megaprojects have been decidedly mixed. Several of the key strategic
plans with both civil and military potential applications have made significant progress in their
development, of which the manned space flight and lunar exploration projects stand out. This can
be attributed in large part to the extensive high-level leadership support and substantial funding
they have received. Not surprisingly, projects that are less related to strategic and security con-
cerns, such as those in the environmental pollution and healthcare areas, have lagged in their de-
velopment.

Table 1. List of announced MLP megaprojects

Administration
Ministry of Industry and Information Technology (MIIT)

Project Name

Core electronics, high-end general chips, basic
software

ULSI manufacturing technology and complete
sets of technology

Next generation broadband wireless mobile
communication

Beijing, Shanghai municipal governments

MIIT, Datang Electronics, Chinese Academy of Sciences
(CAS), Shanghai Institute of Microsystems, China Putian
Corporation

National Development and Reform Commission, MIIT

High-end CNC machine tools and basic
manufacturing technology

Large-layer oil and gas fields and coal-bed
methane development

China Petroleum, China United Coal-bed Methane Company

Large-scale advanced pressurized water reactor
nuclear power

Ministry of Science and Technology (MOST), National Energy
Bureau, Tsinghua University

Water pollution control and treatment

Ministry of Environmental Protection

Genetic transformation breeding of new plants

Ministry of Agriculture

Create major new drugs

MOST, Ministry of Health, PLA General Logistics Department

Prevention and control of major infectious
diseases

MOST, Ministry of Health, PLA General Logistics Department

High-resolution Earth observation system74

China National Space Administration, State Administration for
Science, Technology, and Industry for National Defense
(SASTIND)

Large passenger aircraft

MIIT, Commercial Aircraft Corp. of China

Manned space flight and lunar exploration project

PLA General Armament Department, SASTIND, CAS, China
Space Technology Industry Corporation

74 High-resolution earth observation systems are capable of taking imagery at a resolution of of 1-2 meters, which
allows them to distinguish man-made objects. This makes them useful for both military (reconnaissance and target-
ing) and civilian purposes.



34

Overall, the Chinese authorities appear to have been a little disappointed with the MLP’s progress.
A review of the state of the country’s STI development at a July 2012 conference led by Hu and
Wen was highly critical of the poor returns on the enormous amount of investment that had been
poured into the S&T system since the commencement of the MLP. Between 2006 and 2012, RMB
4.3 trillion ($668.6 billion) had been invested in R&D, of which around half came from central
government appropriations. > The conference noted that there was chronic waste and disorderly
implementation of development plans because of extensive duplication of activities and a deeply
fragmented bureaucratic apparatus, a focus on imitative rather than truly innovative projects, and
a lack of progress in developing core technologies.’® Many of these criticisms were echoed by
Wen in a leading Communist Party-affiliated journal, in which he judged that the “Chinese capac-
ity for indigenous innovation is weak, Chinese industrial technology is at a low level, and Chinese
basic and cutting-edge research is unimpressive.””’

A number of steps were taken following the conference to address the shortcomings of the STI
system and undertake a course correction of the MLP. A policy document issued in September
2012 entitled “Opinions on Deepening Reform of the Science and Technology Management Struc-
ture and Speeding Up Construction of the National Innovation System” put forward a number of
initiatives. Key reforms that were highlighted included: 1) emphasizing the pivotal role of enter-
prises in innovation; 2) improving collaborative innovation between enterprises, universities, and
research institutes; 3) revamping the S&T management system by addressing compartmentaliza-
tion and improving performance evaluations; and 4) bolstering the governance regime such as by
strengthening IPR. This was followed in February 2013 with the unveiling of a ‘“National Innova-
tion Capability Building Plan’ that was intended to make the national innovation system more
rational and integrated through efforts such as revamping national engineering centers, optimizing
the distribution of regional innovation capabilities around the country, and increasing R&D outlays
for enterprises.’®

While the MLP will continue to be an important roadmap to guide China’s S&T development to
the end of this decade, the interest and support for the plan in the Xi Jinping era is far less enthu-
siastic. Its chief supporter and architect Wen Jiabao retired in 2013, which deprives the MLP of a
high-level advocate, and Xi has turned his focus to new initiatives such as the innovation-driven
development concept and the Made in China 2025 and Internet Plus plans.

75 For purposes of comparison, a conversion to dollars has been provided for all foreign currency amounts, using the
annual rate for the period December 17, 2014-December 17, 2015 from OANDA Corporation
(http://www.oanda.com/currency/historical-rates/). For euros to dollars, the rate used was 1.0936; for RMB to dol-
lars, the rate used was .1555. The dollar equivalents may vary slightly from those given in sources cited in the re-
port.

76 “Chinese Top Leaders Call for Innovation in Science, Technology,” Xinhua, July 7, 2012,
http://news.xinhuanet.com/english/china/2012-07/07/c_131701407.htm.

77 Wen Jiabao, “J& TRt TAE R JLA 7@ [Several Problems Regarding the Science and Technology Work], 774
BUR M3 [www.gov.cn], July 16, 2011, http://www.gov.cn/ldhd/2011-07/16/content_1907593 .htm.

78 “China’s First Plan for Building Independent Innovation Capability Published,” Science and Technology Daily,
February 21, 2013.
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The Strategic Emerging Industries Initiative

Only a couple of years after the adoption of the MLP, the Chinese authorities began to draft a new
S&T development plan that was aimed at supporting innovation in what they viewed as areas of
vital strategic economic importance to the country’s long-term global competitiveness. This was
dubbed the Strategic Emerging Industries initiative (Zhanluexing Xinxing Chanye % B& M HT 45=
M) and was in response to the onset of the 2008 global financial crisis that threatened to seriously
dent China’s economic growth.”

The SEI initiative offers an important broadening of the boundaries of what constitutes the strate-
gic innovation system, from its traditional national security-oriented, techno-nationalist orientation
to cover a more diverse and economically directed techno-globalist set of actors (especially pro-
vincial authorities and enterprises), and new development priorities. Central government agencies
involved in the management of the SEI plan include the National Development and Reform Com-
mission (NDRC), the Ministry of Commerce (MOFCOM), MOST, MIIT, the Ministry of Finance
(MOF), and the State Intellectual Property Office. The NDRC is in charge of a special ad hoc inter-
ministerial coordination group to formulate SEI plans and policies.

Seven newly industrializing sectors were selected to become the backbone of China’s next phase
of industrial modernization and technological development (Table 2). Four of these areas were
already included in the MLP, such as high-end equipment manufacturing, next-generation infor-
mation technology, biotechnology, and advanced materials. Alternative energy, energy efficient
and environmental technologies, and new-energy vehicles were added for the first time.

Each of these seven sectors has numerous subsectors identified for priority development, so the
actual footprint of the SEI plan is extensive. The high-end equipment manufacturing sector, for
example, covers the development of the aviation, railway, space, marine engineering, and intelli-
gent manufacturing equipment sectors. Of the seven industries, only the high-end equipment man-
ufacturing and advanced materials would also directly benefit the defense sector.

The State Council released a policy document in October 2010 that set out the scope and goals of
the SEI initiative. “The Decision on Accelerating the Development of Strategic Emerging Indus-
tries (1 45 B 5¢ T DB & A R ik & M8 2% 7 Ik 1 L 3E ) put forward a highly ambitious tar-
get of the SEIs to produce eight percent of GDP by 2015 and 15 percent by 2020.% It was not until
2012, however, that the central authorities began to issue concrete policies and measures to imple-
ment the plan. The principal document was the 2011-2015 12th Five-Year Plan on Development
of Strategic Emerging Industries, which laid down specific goals, sub-industry priorities, key pro-
jects, and supportive policies.®! This was followed by several catalogues put out by the MIIT and

7 US—China Business Council, “China’s Strategic Emerging Industries.”

8 State Council, “Decision on Accelerating the Development of Strategic Emerging Industries,” October 2010,
www.gov.cn/zwgk/2010-10/18/content 1724848.htm.

81 State Council, “12th Five-Year Plan on Development of Strategic Emerging Industries,” July 2012,
www.gov.cn/zwgk/2012-07/20/content 2187770.htm.



http://www.gov.cn/zwgk/2010-10/18/content_1724848.htm
http://www.gov.cn/zwgk/2012-07/20/content_2187770.htm
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NDRC that provided classification of specific industries entitled for SEI policy implementation
and for detailed lists of technologies and products. %

Table 2. The seven sectors of the SEI initiative

automobile industry

drive motors, electronic controls,
plug-in hybrid electric vehicle, battery
electric vehicle, and fuel cell electric
vehicle technology

new energy automotive industry;
advance R&D efforts and global
cooperation

Lead
SEI Focus Goal ministry(ies)
Energy-saving High efficiency and energy saving, By 2015, industrial added value | NDRC, MEP,
environmental industry | advanced environmental protection, reaches RMB 4.5 trillion MIIT, MWR
key technology, equipment, products, | ($699.75 billion) (2 percent of
and services for resource recycling, GDP)
clean coal, seawater comprehensive
utilization
New information New mobile communication, next- Accelerate the construction of MIT
technology industry generation Internet, tri-networks the next-generation information
integration, cloud computing network; breakthrough in new
integrated circuits, new displays, generation IT technologies
high-end software, high-end servers,
information services, digital virtual
technology
Biology industry Biomedical, biomedical engineering Attain economic growth and be NDRC
products, bio agriculture, bio competitive in global markets by
manufacturing, marine biotechnology | 2015
High-end equipment Aviation equipment, satellites and Achieve RMB 6 trillion ($933 MIT
manufacturing industry | their applications, railway vehicles, billion) in sales in 2015, making
marine engineering equipment, up 15 percent of total equipment
intelligent manufacturing equipment | manufacturing industry; a pillar
for the national economy
New energy industry New generation nuclear power, solar | By 2015, proportion of new en- NDRC, MIIT
energy thermal applications, solar ergy consumption should reach
thermal and solar PV electricity, wind | 12—-13 percent
energy technology equipment, smart
grid, biomass energy
New material industry | New functional materials, advanced By 2015, total industrial value MIIT
structural materials, high-perfor- should reach RMB 2 trillion
mance fiber and composites (carbon | ($311 billion) with annual rate in-
fiber, aramid fiber, ultra-high molecu- | crease of 25 percent; popularize
lar weight polyethylene fiber), and 30 new materials
common basic materials
New-energy Key technologies for power cells, Cultivation and development of | MIIT

82 Ministry of Industry and Information Technology, “Classification Catalogue of Strategic Emerging Industries,”
November 2012, www.miit.gov.cn/n11293472/n11293832/n12845605/n13916913/14990105.html; National Devel-

opment and Reform Commission, “Guiding Catalogue for Strategic Emerging Industries’ Key Products and Ser-
vices,” February 2013, www.ndrc.gov.cn/zcfb/zctbgg/2013gg/t20130307_531611.htm.



http://www.miit.gov.cn/n11293472/n11293832/n12845605/n13916913/14990105.html
http://www.ndrc.gov.cn/zcfb/zcfbgg/2013gg/t20130307_531611.htm
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The SEI initiative represents a spin-off from the mainstream techno-nationalist framework to the
incorporation of a more cooperative ‘techno-globalist’ oriented approach. One of the new guiding
principles is an emphasis on expanding international cooperation in all seven sectors to “make
better use of global S&T achievements” and allow Chinese firms to compete more effectively in
external markets.®> Another difference from the MLP is that the SEI is aimed primarily at devel-
oping technological capabilities for social and economic goals, such as tackling environmental
pollution and nurturing sustainable energy resources, while there is limited attention paid to na-
tional security considerations.

The ‘973’ National Basic Research Plan

The National Plan on Key Basic Research, more commonly known as the 973 Plan, was estab-
lished in 1997 under the management of MOST with the central goal of strengthening support for
early-stage basic research on major scientific issues related to economic and social development.®*
Many of the key areas of scientific investigation designated by the 973 Plan are based on research
projects supported by the National Natural Science Foundation of China.

The plan originally supported seven areas that included agriculture, energy, information technol-
ogy, resources and environment, health sciences, materials science, and research at the major sci-
entific frontiers. Integrated multidisciplinary sciences were added as a focus area in 2003. An ad-
ditional four areas were added in 2006: nanotechnology, quantum control research, protein, and
development and reproduction.

A key priority for the 973 Plan is cross-disciplinary research with the purpose of generating new
areas of scientific knowledge. The plan also seeks to support research teams led by junior and mid-
level scientists to nurture the next generations of scientific leadership.

From 1998 to 2004, the overall budget for the 973 Plan was RMB 4.2 billion ($653.1 million).
This nearly tripled to RMB 11.5 billion ($1.79 billion) during the 11th FYP.3¢ In an effort to reform
its S&T management system, however, MOST announced in January 2015 that the 973 Plan would
be merged with other major S&T plans by 2017. The aims of this reform are to further improve
innovation and to promote more efficient use of research funds by delegating power to independent
institutes in order to limit corruption in academic circles.®’

83 “Hu Jintao at 29th Politburo Collective Study Session Emphasizes Need to Firmly Seize Historic Opportunities
and Earnestly Step Up Efforts to Promote Rapid and Sound Development of Strategic Emerging Industries,” Xinhua
Domestic Service, May 31, 2011.

8 Ministry of Science and Technology, “National Basic Research Program of China (973 Program)” website, ac-
cessed October 14, 2015, http://www.most.gov.cn/eng/programmes1/200610/t20061009_36223 .htm.

85 «[E| ZX i LA 7L R 1R (973 1K) KEEiC” [Chronicle of Events: National Program on Key Basic Re-
search Project (973 Program)], H [E 2 filiF} 2% [China Basic Science] (2008/5): 61-63.

8 European Commission, Erawatch, “National Basic Research Development Programme (973 Programme)” ac-
cessed October 14, 2015, http://erawatch.jrc.ec.europa.eu/erawatch/opencms/information/country pages/cn/sup-
portmeasure/support_mig_0004.

87 Yi Junying, “H [E RBHIF 28 9% /3 Fe B /pi A <863 S5 X4 # HU Y [Issuance of New Plan for Management of Sci-
entific Research Funding in China: 863 and Other Programs Will Be Eliminated], Xinhua News, January 8, 2015,
http://www.gh.xinhuanet.com/2015-01/08/c_1113917119.htm.



http://www.most.gov.cn/eng/programmes1/200610/t20061009_36223.htm
http://erawatch.jrc.ec.europa.eu/erawatch/opencms/information/country_pages/cn/supportmeasure/support_mig_0004
http://erawatch.jrc.ec.europa.eu/erawatch/opencms/information/country_pages/cn/supportmeasure/support_mig_0004
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The Five-Year Plans and Xi Jinping’s Innovation-Driven Development Strategy

Since China first adopted the Five-Year Plan model of economic management in 1953, it has be-
come, as Scott Kennedy points out, “the most authoritative statement of the leadership’s economic
priorities and identifies broad policies on how to achieve them.”®® Like the Chinese economy, the
FYP has undergone considerable evolution since its establishment. From a mandatory planning
instrument during the central planning era, the FYP turned into a tool for coordination, guidance,
consensus building, and evaluation since the early 1990s and today is a “continuous cycle of pol-
icymaking.” %

In the post-1978 reform and open door era, the FYPs have played an important but declining role
in contributing to the strong growth of the Chinese economy, which averaged 9.8 percent between
the 6th and 12th FYPs (Table 3).”° The 12th FYP almost certainly represents the end of the high-
growth era of Chinese economic development, which is reflected in the trajectory of declining
growth rates over the course of the plan. GDP growth in 2011 was an impressive 9.3 percent,
despite the continuing effects of the global financial crisis. Growth in 2012 and 2013 slowed to an
annual average of 7.7 percent, and further declined to 7 percent in 2014 and 6.9 percent in 2015.
The annual average growth of the 12th FYP was 7.8 percent, which was nearly one percent higher
than in the plan’s original outline.!

S&T priorities assumed growing importance during the progress of the 12th FYP. The pace and
scale of R&D funding enjoyed robust growth and reached above 2 percent as a percentage of GDP
for the first time ever in 2013. This deepening investment was rewarded with a number of major
S&T accomplishments. The space sector was one of the stand-outs with the Shenzhou and Tian-
gong manned space flight plans, the Chang-e lunar exploration project, Gaofen-2 earth remote
sensing satellite, Kuaizhou solid rocket launch vehicle, and the Beidou satellite navigation plan.
Other notable achievements included the development of Jiaolong unmanned underwater vehicle,
Tianhe-2 supercomputer, high-temperature superconductors, and important advances in stem cell
research. Minister of Science and Technology Wan Gang also pointed out progress in transporta-
tion technologies, such as the increase in the speed of China’s high speed rail locomotives from
250 to 380 km/hour and an increase in the number of alternative energy vehicles operating in China
to 120,000. Progress has also been made in information technologies, including advancements in
the Internet industry, e-commerce, domestic CPUs, and operating systems, and China has estab-
lished the world’s largest 4G telecommunications network with 70 million users.®?> While these

88 Scott Kennedy, “Impressions of the 13th FYP Proposal,” in State and Market in Contemporary China: Toward
the 13th Five-Year Plan, ed. Scott Kennedy (Lanham, MD: Center for Strategic and International Studies and Row-
man & Littlefield, 2016), 48—49.

8 Oliver Melton, “China’s Five-Year Planning System: Structure and Significance of the 13th FYP,” in Kennedy,
State and Market in Contemporary China, 42—43.

% For a good overview, see Barry Naughton, Growing Out of the Plan: Chinese Economic Reform, 1978-1993
(Cambridge: Cambridge University Press, 1996).

M G5Bk T (PR NIRRT [ [ R 22 5 At 2 A e B+ A LA ARG L) St o S0Pt # 75 [MIid-
term Evaluation Report of the State Council on the Implementation of the Outline of the Twelfth Five-Year Plan for
National Economic and Social Development of the People’s Republic of China], National People’s Congress, Na-
tional Development and Reform Commission website, April 9, 2014, http://www.npc.gov.cn/npce/xinwen/2013-
12/26/content 1820964.htm.

92 “MOST Minister Wan Gang Discusses S& T Reform and Development.”
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results are encouraging, in overall terms they represent a meager return for the enormous amount
of resource allocations that have been expended on S&T. Total state expenditures on S&T during
the 12th FYP was around RMB 3 trillion ($466 billion).*

In the search for a new development model, the Chinese authorities have sought to embrace the
market to spur sustainable long-term growth and pave the way for a more market-oriented and
bottom-up approach to innovation. This was underlined at the Third Plenum of the 18th Party
Central Committee in November 2013 with the issuance of the “Decision on Major Issues Con-
cerning Comprehensively Deepening Reform.” This decision is an ambitious statement of intent
by Xi to undertake major reforms on numerous fronts, including in the economic, ST1I, social, and
defense domains. One of the central points highlighted in the plenum document was that reforms
should allow the “market to play a decisive role in allocating resources.”*

Table 3. Annual average GDP growth in China between the 6th and 12th Five-Year Plans

GDP growth
Five Year Plan (average annual %)
6th (1981-1985) 10.8
7th (1986-1990) 8.0
8th (1991-1995) 12.3
9th (1996—2000) 8.6
10th (2001-2005) 9.8
11th (2006—2010) 11.3
12th (2011-2015) 7.8
13th (2016—2020) 6.5 (13th FYP)
6.6 (World Bank)
5.54 (EIU)
6.2 (IMF)
6.4 (Rhodium Group)

Notes: For historical GDP data, see the World Bank, “GDP Growth (Annual %),” accessed February 19, 2016,
http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG. The World Bank 2016—2020 forecast is an average of esti-
mates provided for the years 2016 and 2020. All other forecasts are averages of estimates provided for 2016-2020.
The Rhodium Group forecast is its forecast for a soft landing. For World Bank, EIU, and IMF forecasts, see Knoema,
“China GDP Growth Forecast 2015-2020 and Up to 2060, Data and Charts,” accessed February 19, 2016,
http://knoema.com/logqwx/china-gdp-growth-forecast-2015-2020-and-up-to-2060-data-and-charts. For the Rhodium
Group forecast, see Daniel H. Rosen and Anna Snyder, “China’s Outlook: Now and in 2020,” Rhodium Group, August
8, 2014, http://rhg.com/notes/chinas-outlook-now-and-in-2020.

93 State expenditures on S&T for 2011-2013 come from National Bureau of Statistics and Ministry of Science and
Technology, 2014 China Statistical Yearbook on Science and Technology (Beijing: China Statistics Press, 2014), 15.
The figure for 2014 comes from the “2014 Statistical Bulletin of National S&T Investment,” Xinhua, November 23,
2015. The 2015 figure is an estimate based on the same ratio of S&T expenditure as a percentage of total govern-
ment expenditures as in the previous year.

94 “CPC Acknowledges Market’s “Decisive” Role,” Xinhua, November 12, 2013, http://news.xinhuanet.com/eng-
lish/china/2013-11/12/c_132882359.htm.
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In the STI arena, the Chinese leadership has come up with the concept of “innovation-driven de-
velopment ([E Z B3 X5l & f2),” which represents a significant shift from the state-led top-down
approach that has been the dominant model of STI development over the past few decades.”’

While “innovation-driven development” was first mentioned as a major new initiative at the 18th
Party Congress in 2012, it was not until 2014 that it began to be fleshed out by Chinese leaders.
At a meeting of the Financial and Economic Affairs Leading Group (FEALG) in August 2014, Xi
ordered the NDRC and FEALG to take the lead to formulate detailed guidance for implementation
of the innovation-driven development strategy. This resulted in the issuance of the “Opinions on
Accelerating Implementation of the Innovation-Driven Development Strategy through Strength-
ening Institutional Reforms” by the State Council in March 2015.%

It is noteworthy that the drafting process was led by the NDRC and FEALG because these two
entities are heavyweight players in economic policymaking and have significantly more bureau-
cratic clout and political influence than ministerial-level organs such as MOST. One important
caveat is that the NDRC is a leading bastion of conservative state planning in Chinese economic
policymaking and implementation, and has reportedly clashed with more reform-minded leaders
about its willingness to carry out reform initiatives, such as over urbanization policy.”’ There have
been some efforts in the past few years to tackle the NDRC’s deep-rooted anti-reform skepticism,
such as appointing pro-reform outsiders like current NDRC director Xu Shaoshi and deputy direc-
tor Liu He to its leadership and rolling back its approval authority for major projects.®

The Opinions contain a number of major reform targets:

1. Identify and remove institutional barriers to innovation. Key areas of focus include over-
hauling the IP protection system and removing industrial monopolies, which the central au-
thorities have long advocated but have been stymied by powerful vested interests.

2. Improve the incentive structure for innovation outcomes for researchers so that they are
better rewarded for their work, such as the ability to earn payment and equity rights to their
innovations.

SIS ThE: ST IR B AR HI S JL 4 86 [Li Naisheng: Several Considerations on Deepening S&T Sys-
tem Reform] 7 [ # & AAMH 11 H AL [China Education and Research Network], September 14, 2015,
http://www.edu.cn/zhuan_jia_ping_shu_1113/20131204/t20131204_1047871.shtml. Xi quoted in “FH7 BT I f&
P = U 5K S R RIS B A R AT 45 AR AR A B3 17 [Notice on MOST Beginning 13th
FYP National Key R&D Plan to Prioritize Key R&D Tasks by Soliciting Suggestions], February 13, 2015,
http://www.most.gov.cn/mostinfo/xinxifenlei/fgzc/gfxwi/gfxwj2015/201502/t20150216_118249.htm.

96 e e g [ 55 6 5 IR AR S ATL A1) 505 o bR S 18T 9K ) i R g 45 T3 UL [CPC Central Committee
and State Council Opinion Regarding Deepening the Reform of Institutional Mechanisms, Accelerating Implemen-
tation of Innovation-driven Development Strategy], #14£4L [Xinhua News], March 13, 2015,
http://www.gov.cn/xinwen/2015-03/23/content_2837629.htm.

%7 For background on NDRC’s institutional roots and areas of responsibility, see Gregory C. Chow, “Economic
Planning in China,” Princeton University Center for Economic Policy Studies Working Paper No. 219, June 2011,
https://www.princeton.edu/ceps/workingpapers/219chow.pdf. See also Peter Martin, “The Humbling of the NDRC:
China’s National Development and Reform Commission Searches for a New Role Amid Restructuring,” China Brief
14, No. 5, March 6, 2014, http://www.jamestown.org/programs/chinabrief/sin-

gle/?7tx_ttnews%5Btt news%5D=42057&cHash=8866680e4f4¢57e¢8997beb2ctbaa7aaa#. VsNogMeMIFc.

%8 “The Humbling of the NDRC.”
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http://www.gov.cn/xinwen/2015-03/23/content_2837629.htm
https://www.princeton.edu/ceps/workingpapers/219chow.pdf
http://www.jamestown.org/programs/chinabrief/single/?tx_ttnews%5Btt_news%5D=42057&cHash=8866680e4f4e57e8997beb2cfbaa7aaa#.VsN6qMeMlFc
http://www.jamestown.org/programs/chinabrief/single/?tx_ttnews%5Btt_news%5D=42057&cHash=8866680e4f4e57e8997beb2cfbaa7aaa#.VsN6qMeMlFc
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3. Reform the S&T research system, especially the roles played by research institutes and
university research units, through improved or new mechanisms for technology transfer and a
better supporting system for the conduct of basic research.

4. Strengthen and develop financial innovation mechanisms, by scaling up venture capital
investment, expanding the role of the capital markets to supporting technological innovation,
and broadening indirect financing channels.

5. Establish robust and institutionalized market-oriented mechanisms to promote innova-
tion, such as allowing the business sector a greater voice in government innovation decision-
making, placing companies at the forefront of the commercialization of innovation, and pay-
ing more prominence to indirect regulatory mechanisms such as fiscal, taxation, and procure-
ment policies.

Additional policy recommendations address the cultivation of human talent, international coop-
eration, and strengthening policy coordination and governance regimes.

This innovation-driven development strategy (IDDS) was officially promulgated by the Chinese
authorities in May 2016 and provides a “top-level design and systemic plan” for China’s innova-
tion over next 30 years.” Specifically, the IDDS charts three stages of turning China into global
innovation champion:

1. Becoming an “innovative country” by 2020: This means forging an innovation-friendly en-
vironment with improved intellectual property protection, better incentives, and a compre-
hensive set of policies and regulations.

2. Joining the leading edge of advanced innovation countries by 2030: The goal is for China
to enter the ranks of the world’s top tier of innovation leaders in select areas by the end of the
next decade.

3. Becoming a strong global innovation power by 2050: The aspiration is for China to be-
come the world’s most advanced science and technology country by the middle of this cen-

tury.

In a speech at the National Science, Technology, and Innovation Conference in May 2016, Xi
explained the key themes of the IDDS, which included: 1) emphasizing the importance for China
to develop original and cutting-edge innovation; 2) promoting the development of big science pro-
jects; 3) finding a better balance between the role of the state and market in innovation develop-
ment; and 4) stressing that innovation was not simply about science and technology but also in-
cluded the innovation of institutional mechanisms.'%

The 13th FYP ushers China into a new phase of economic growth in which it faces increasingly
challenging headwinds that will significantly affect the speed and nature of its economic and S&T
development. The Chinese authorities acknowledge that the country is “entering a new normal of

9 Ministry of Science and Technology, Outline of the National Strategy of Innovation-Driven Development, May
23, 2016, http://www.china.com.cn/zhibo/zhuanti/ch-xinwen/2016-05/23/content 38515829.htm.

100 X Jinping’s speech on “Struggle To Build a Strong Country in Science and Technology of the World” to the Na-
tional Science and Technology Innovation Conference, Conference of Academicians of the Chinese Academy of
Sciences and Chinese Academy of Engineering, and 9th National Congress of the Chinese Association for Science
and Technology, Xinhua Domestic Service, May 31, 2016.
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economic development and facing not only great strategic opportunities but complicated and tough
challenges.” 1°! Technological innovation is being highlighted as a core component in the estab-
lishment of a new development model. The leadership is also keen to ensure that the long-range
S&T objectives that it had set out in the MLP will be met by the end of this decade. The authorities
point out that, “the five years from 2016 are a critical stage for building a moderately prosperous
society in all aspects. The 13th Five-Year Development Plan will focus on realizing this goal.”!%?

The authorities have highlighted a number of areas to which the 13th FYP will pay particular
attention:

1.

Agriculture: Support for key agricultural research in high-yield crops, the control and pre-
vention of agricultural pollution, amelioration of heavy metal pollution, smart agricultural
equipment, livestock, food processing, storage and transportation, and the efficient use of
marine fisheries and forestry resources as well as research into livable towns.

Energy: Support for research into energy efficient and new energy technologies, including
clean coal technologies, renewable energy, alternative energy, nuclear energy, and nuclear
safety, as well as basic research into smart grid technologies.

Industry: Support for research in smart manufacturing, key and basic materials, new mate-
rials, precision and standard parts, manufacturing processes, major equipment, big data,
cloud computing, broadband communications, network security, remote sensing, and navi-
gation and positioning as well as the services generated from these technologies.

Environment: Support for environmental research into clean water, clean soil, ecological
restoration, hazardous chemical management, deep water, oil, gas, and mineral resources
exploration, waste material resources, marine engineering equipment, natural disaster moni-
toring and early warning systems, and basic research into climate change.

Health: Support for research on the prevention and control of major diseases, vaccine de-
velopment, early drug development, the modernization of traditional Chinese medicine, re-
productive health, in vitro diagnostics, biomedical materials, mobile health, bio-manufactur-
ing of chemical products, and food safety.

New-type urbanization: Support for research into smart cities, green buildings and indus-
trialization, transportation and smart transportation, rail transportation, public safety and
emergency rescue.

Basic research related to national strategic requirements: Support for research into tech-
nologies deemed to be of strategic importance, especially through the use of large-scale re-
search facilities, with the goal of achieving important technological breakthroughs in the
next 10 years. This includes nanotechnologies, stem cells, proteins, child development and
reproduction, quantum control, and climate change as well as deep space, deep sea, deep
underground, and blue water research.

Major international science projects: Support for China’s participation in major interna-
tional S&T projects, especially those that assist China’s integration into global innovation
networks. '

101 “Nation Outlines Goals for 13th Five-Year Plan,” Xinhua, July 21, 2015.
102 Tbid.
103 “Notice on MOST Beginning 13th FYP National Key R&D Plan.”
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In addition, there is an emphasis on bioengineering, new materials including carbon fiber and gra-
phene, and a 5G telecommunications network. '%4

The Made in China 2025 and Internet Plus Plans

The two major plans guiding Chinese industry for the next 10 years and beyond are the Made in
China 2025 and the Internet Plus plans, released in May and July 2015, respectively (see Figure
6). Although not officially linked, taken together the plans are a response to broad trends in global
manufacturing and IT development that has been dubbed “Industry 4.0” or the fourth industrial
revolution after the steam, electrical power, and computer revolutions. Industry 4.0 leverages nine
technology areas: autonomous robots, simulation, horizontal and vertical integration, the Internet
of Things (IoT), cybersecurity, cloud computing, additive manufacturing, augmented reality, and
big data and analytics. '%°

According to the Boston Consulting Group,

Industry 4.0 will make it possible to gather and analyze data across machines, enabling
faster, more flexible, and more efficient processes to produce higher-quality goods at re-
duced costs. This in turn will increase manufacturing productivity, shift economics, foster
industrial growth, and modify the profile of the workforce—ultimately changing the com-
petiveness of companies and regions. %

Both plans offer a mixture of new policy initiatives as well as a continuation of current measures,
but much of the implementation remains undefined. The major new emphasis of both plans is a
reliance on market principles instead of government direction to spur innovation. At the same time,
both plans take a “megaproject” approach by prioritizing certain industries. Although specific im-
plementation measures have not been announced, they will most likely include increased funding,
perhaps through quasi-government investment funds, for mergers and acquisitions (M&A) as well
as R&D, and policy measures to spur innovation by micro, small, and medium enterprises.

104 o= FAUHE T R TREQIHTHR] A9 TAE R PRI SR B BBl [The 13th FYP Mega Projects Innovation Plan
Pushes Bioengineering and New Materials], Xinhua, June 17, 2015, http://news.xinhuanet.com/finance/2015-
06/17/c_127924425 htm.

105 The “Internet of Things” is the linkage of sensors and actuators embedded in physical objects through wireless
networks, often using the same Internet protocol (IP) that connects the Internet. Michael Chui, Markus Loffler, and
Roger Roberts, “The Internet of Things,” McKinsey Quarterly, March 2010, http://www.mckinsey.com/in-
sights/high_tech_telecoms_internet/the internet of things.

106 Michael RuBmann Lorenz, Markus Lorenz, Philipp Gerbert, Manuela Waldner, Jam Justus, Pascal Engel, and
Michael Harnisch, “Industry 4.0: The Future Productivity and Growth in Manufacturing Industries,” Boston Con-
sulting Group, April 2015, 4.
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Made in China 2025

Chinese leaders and policy planners recognize that the country’s economic competiveness and
national security rest on a strong and advanced manufacturing base.!’” China’s competiveness,
however, is being eroded as it becomes less attractive as the world’s low-cost manufacturer. In
response, global manufacturers have begun to look at ways of increasing productivity that depend
less on where a company builds or sources its products and more on a holistic approach that takes
into account other factors such as market size, logistics, and energy prices. As part of this approach,
companies worldwide are increasingly turning to advanced manufacturing techniques and tech-
nologies to achieve the productivity gains and lower costs once associated with destinations such
as China (see Box 1). Made in China 2025 appears to be a direct response to this trend.

Compared to the MLP and SEI, Made in China 2025 is different in several respects. First, it focuses
on the entire manufacturing sector and industrial processes, not just innovation or a specific indus-
try. Development of traditional industries and modern services are also promoted in the plan. Sec-
ond, market mechanisms are more prominent than in the MLP or SEI. Enterprises, especially small
and medium enterprises, are expected to play more important roles. Despite those differences,
Made in China 2025 inherits some key components of these other plans. The megaproject format
will still serve as a major mechanism to support S&T projects. Meanwhile, many of the industries
listed as priorities in Made in China 2025 have also been included in the SEI. '%8

A State Strong Manufacturing Power Building Leading Small Group (1% 5% ] 3& 5 [ 2 %5 451 5 /s
“H) led by Vice Premier Ma Kai and administered by MIIT has been established to oversee the
plan. It will coordinate efforts to improve China’s manufacturing sector across state agencies and

among all levels of government as well as to review major plans, policies, projects, and important
work. 1%

Made in China 2025 Origins

Made in China 2025 was first proposed in a government work report by Premier Li Keqiang in
March 2015 and is the country’s first ten-year blueprint to empower China through manufacturing
by encouraging innovation and raising efficiency. This initiative is based on research results from
a joint project begun in 2013 by the Chinese Academy of Engineering (CAE) and MIIT that sought
ways to raise the quality of Chinese products and reshape the country as a manufacturing power. ''°
The project concluded that manufacturing is essential for China to build itself into a world power.
However, China’s manufacturing sector is facing severe internal and external challenges.

107 e [6] i) 3& 20257: g 1 il i& 5 [H 2 % [“Made in China 2025”: The Way to Become A Manufacturing Power],
Xinhua, March 23, 2015, http://news.xinhuanet.com/comments/2015-03/23/c 1114725622 .htm.

197 Scott Kennedy, “Made in China 2025,” Center for Strategic & International Studies, June 1, 2015,
http://csis.org/publication/made-china-2025.

108 State Council, “[E 4555 T E & [E i 2025) )il %0 [Made in China 2025 Plan Unveiled to Boost
Manufacturing], May 8, 2015, http://www.gov.cn/zhengce/content/2015-05/19/content_9784.htm.

109 << 1] o p il v ] ¢ o) 3 i ] g 152 405 /N S LT 41K [State Council Establishes State Strong Manufacturing
Power Building Leading Small Group Headed by Ma Kai], A [K: [People’s Net], June 24, 2015, http://poli-
tics.people.com.cn/n/2015/0624/c1001-27201253 . html.

N0 ee= g (1) FRE &I [ 3E 20257 [Li Kegiang’s Flagship Plan: Made in China 2025], ifeng.com, March
11, 2015, http:/finance.ifeng.com/a/20150311/13545234 0.shtml.
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Box 1. Advanced Manufacturing

Advanced manufacturing, defined “as a set of highly flex-
ible, data-enabled, and cost-efficient manufacturing pro-
cesses,” and called “Industry 4.0” by some, offers the po-
tential to reduce production costs by 20-40 percent by
harnessing the power of information technology to ad-
vance manufacturing processes. Characterized as a
fourth wave of industrial advancement that follows the
steam power revolution, the widespread use of electric-
ity, and the adoption of automation, this new wave will
feature interconnected networks of sensors, machines,
workpieces, and IT systems, making it possible “to
gather and analyze data across machines, enabling
faster, more flexible, and more efficient processes to pro-
duce higher-quality goods at reduced costs.”

According to the Boston Consulting Group, advanced
manufacturing will lay “the foundation for the adoption of
new business models, production processes, and other
innovations.”? Advanced manufacturing technologies
can enable companies to customize products, make
smaller batches for specific customers, rapidly adjust
production lines to accommodate for design changes,
and shorten R&D cycles by generating prototypes faster.
It can also stimulate innovation by “allowing the creation
of new kinds of products that are not cost effective when
using conventional processes.”

Advanced manufacturing leverages several trends: a
larger role for IT in the manufacturing process; increas-
ing use of modeling and simulation to improve manufac-
turing processes; acceleration of innovation in global
supply chain management; increasing flexibility to meet
customer needs; and more sustainable manufacturing.
These trends will be expressed through the adoption of
technologies that link hardware, software, businesses,
and customers through networking and other information
technologies. Technologies that figure large in this vision
include:

e Big Data to collect data from multiple sources such
as production and customer management systems
to improve quality control, save energy, and
improve equipment service.

e Industrial IoTs to connect sensors and field devices
so that they can interact in order “to decentralize
analytics and decision making, enabling real-time
responses.”

e Cloud computing to increase data sharing across
the usual boundaries to “enable more data driven
services for production systems.”

e Autonomous robots, which will enable “manufactur-
ers to cost-effectively produce items at smaller
scale while also enhancing quality.”

e Integrated computational materials engineering to
build and test products virtually before they are
manufactured to enable companies to build prod-
ucts “better, faster, and cheaper.”

o Digital manufacturing to virtually create production
lines in order to optimize work flow.

e Industrial Internet and flexible automation to
facilitate communication between manufacturing
equipment lines in order to automatically adjust
production.

e Additive manufacturing to make small batches of
products and reduce material waste.

e Cybersecurity to protect these increasingly
interconnected industrial processes from computer
network attack.*

A 2012 assessment of global advanced manufacturing
trends argues that the coordinated use of these technol-
ogies forms “an enterprise-level concept of advanced
manufacturing” where advances take place “through
tighter integration of R&D and production, mass custom-
ization, increased automation, and a focus on the envi-
ronment without increasing costs or sacrificing perfor-
mance.”> These trends will push advanced
manufacturing toward “new frontiers,” “with automated
processes based on sensors, robots, and condition-
based systems reducing the need for human interven-
tion, while providing information to drive process im-
provement.”

Notes
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Internally, although China’s manufacturing sector is the largest in the world, it is still weak in terms
of core technology and innovation and is perceived as producing low-quality goods and lacking
globally recognized brands. China’s manufacturing sector is also inefficient and a major polluter.
The sector’s industrial structure also suffers from decades of top-down central planning that means
that it does not respond efficiently to market forces and suffers from excess capacity. '!!

Externally, China is being squeezed out of the low-end market by low-cost competitors such as
Vietnam. At the same time, Chinese manufacturers do not have the technological sophistication of
competitors from advanced industrialized economies. Moreover, manufacturing has become a new
focus of global economic competition, with developed countries introducing strategies and plans
to revitalize their manufacturing sectors. Most notable is Germany’s “Industry 4.0” plan from
which the Made in China 2025 plan draws inspiration.!'? The main difference between China’s
plan and the plans of developed countries, however, is that while the manufacturing base of coun-
tries such as the United States and Germany is already developed, the development level of China’s
manufacturing sector remains uneven. As a consequence, China is faced with the daunting chal-
lenge of upgrading many backwards industries to current levels of manufacturing before it can
aspire to tap the potential of a potentially new manufacturing revolution. ''®

Made in China 2025 Goals

The Made in China 2025 plan outlines a three-step strategy for China to comprehensively upgrade
its industrial economy and achieve its stated goal of becoming a world-leading manufacturer by
the one-hundredth anniversary of the founding of the People’s Republic of China in 2049. The first
step is to make significant advances in innovation as well as manufacturing efficiency to realize
basic industrialization by 2025. The second step is to be able to compete with the developed man-
ufacturing powers by 2035. The last step is to be a leading world manufacturer. To achieve this
goal, Made in China 2025 sets up clear principles, tasks, tools, and focused sectors. !'*

The plan’s guiding principles are to establish innovation-driven manufacturing, emphasize quality
over quantity, achieve green development, optimize the structure of Chinese industry, and nurture
human talent. The plan states that a number of favorable policies will be introduced to deepen
institutional reforms, strengthen financial and tax support, complete a multi-level talent training
system, facilitate small and micro enterprises, and improve organization and implementation
mechanisms. '3

HEee b [E )38 2025) fifiszz DY . 3 2 v i) i 5 B AT 25 XR B 1T 538 [Interpret ‘Made in China 2025°: The
Task Is Arduous and Urgent], MIIT website, May 19, 2015,
http:/www.miit.gov.cn/n11293472/n11293832/n11294042/n11481465/16595213.html.

N2 ([ is 2025) fifise = FRE HE & R I i 35 38 55> [Interpret “Made in China 2025”: Situa-
tion and Environment Facing China’s Manufacturing Industries], Xinhua, May 19, 2015,
http://news.xinhuanet.com/finance/2015-05/19/c_127818527.htm.

13 e [ Tolk 4.0 1R, B S BeEn & E & 2025) » [China’s Industry 4.0 Plan, The State Council Issued
“Made in China 2025”], sohu.com, May 20, 2015, http://auto.sohu.com/20150520/n413369391.shtml.

e ([ f1liE 2025) B2 7S: #li&ss E =2 E " H#E > [Interpret “Made in China 2025”: “Three-Step”
Strategy to Become A Manufacturing Power], MIIT website, May 19, 2015,
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115 “Made in China 2025 Plan Unveiled to Boost Manufacturing.”
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Nine tasks have been identified as leading priorities:

A S A

Enhance the national innovation capability in manufacturing.
Advance integration of information technologies and industrialization.

Strengthen industrial capability in core components, advanced basic technologies, key basic
materials, and the industrial technology base.

Enhance quality and brand-building.

Push green manufacturing.

Vigorously promote development in key areas.

Further promote structural adjustment of the manufacturing sector.
Actively develop service-oriented manufacturing and producer services.
Raise the level of the internationalization of manufacturing development.

To fulfill these tasks, the plan introduces five sub-plans intended to facilitate government involve-
ment when market mechanisms alone are insufficient:

1.

Manufacturing innovation center (industrial technology research base) construction
plan: Establish 15 manufacturing innovation centers by 2020 and 40 by 2025 to conduct
R&D on basic and common technologies for key industries.

Intelligent manufacturing plan: Significantly improve the level of intelligent manufactur-
ing in key areas by 2020 through the integration of new information technologies and equip-
ment innovation.

Core industrial capability strengthening plan: Support development in core components
and industrial technology and raise the ratio of domestic core components and materials to 40
percent by 2020 and 70 percent by 2025 of overall supply, which is currently dominated by
foreign products with more than 80 percent in certain areas. ''®

Green manufacturing plan: Implement a special technological transformation project in
traditional manufacturing sector and cut emissions by 20 percent by 2020, compared to the
2012 level. '’

High-end equipment innovation plan: Establish independent design and manufacture of
advanced equipment capabilities in aviation, transportation, marine engineering, manufactur-
ing, nuclear, and healthcare by 2020.

116 Zhu Minghao, “SZE) il i3 558 [ 255 7R kb LAtk 4547 [Need to Work on Core Components to Become a Manufac-
turing Power], #' [ LMV [China Industry Review], August 3, 2015, http://www.chinaeinet.com/article/de-
tail.aspx?id=10690; Huang Xin, “75 5L fil 5 KA¥58” [Lay a Solid Foundation to Grow Stronger], 35 H i} [Eco-

nomic Daily], February 26, 2014, http://paper.ce.cn/jjrb/html/2014-02/26/content_189990.htm.
117 Manufacturing Power Strategic Research Committee, Research on the Manufacturing Power Strategy (Beijing:
Publishing House of Electronics Industry, 2015), 263-77.
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Made in China 2025 Industry Support
In addition to the five sub-plans, the plan also prioritizes 10 industrial sectors for policy and fund-
ing support. Each is discussed in further detail below. The 10 sectors are:

A A o b

New generation information technology
Automated machine tools and robotics
Space and aviation equipment

Maritime equipment and high-tech shipping
Modern rail transportation equipment

New energy vehicles and equipment

Power generation equipment

Agricultural equipment

New materials

10. Biopharma and advanced medical products

NEW GENERATION INFORMATION TECHNOLOGY INDUSTRY

Efforts to promote the next generation of information technology will focus on three main tech-
nology areas: microchips and associated equipment, information and communication equipment,
and processor systems and industrial software.

1.

Microchips and associated equipment: China has identified microchips as a critical founda-
tional component of its high-tech industrial economy. Microchips, also known as semiconduc-
tors or integrated circuits, are small electronic devices made up of a collection of resistors,
capacitors, and transistors on a small chip. Microchips are used in nearly all modern electronic
devices and have become the foundation of the computing revolution.

The plan will focus on raising the technological level of Chinese microchips and improving
core intellectual property and design tools. Prioritization of microchip research will be on mak-
ing breakthroughs in core chips related to information security and the electronics industry and
promoting the use of domestic chips. It will also focus on mastering high precision packaging
and additive manufacturing technologies in order to improve the independent development
capability of the packaging industry.

Information and communication equipment: This area will focus on enabling Chinese in-
dustry to master technologies related to new types of computing, high-speed Internet, advanced
storage, and systems-level security. It will have the goal of making breakthroughs in 5G com-
munications technology, processors and servers, ultra-high-speed, large-capacity intelligent
optical transmission technologies, and “future network” (AR %%) technologies. Industry
will pursue advancements in quantum computing and neural networks and will research and
develop high-end servers, large capacity storage, new types of routers, new types of intelligent
terminals, next-generation base stations, and network security equipment.

Processor systems and industrial software: The focus will be on developing operating sys-
tems in information security and making breakthroughs in intelligent design and simulation,
and industrial software, such as manufacturing IoT and big data for industry. Industry will be
encouraged to develop high-end autonomous control industrial platforms and related applica-
tion software and establish improved integrated standards for industrial software.
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HIGH-END NUMERICAL CONTROL EQUIPMENT AND ROBOTICS

The high-end numerical control equipment domain will focus on developing precision, high-speed,
highly efficient flexible computer numerical control and basic manufacturing equipment and inte-
grated manufacturing systems. It will seek to increase the speed of numerical control and additive
manufacturing technologies and equipment. With reliability and precision as the focus, industry
will develop high-end numerical control equipment, servomotors, bearings, and gratings.

China’s principal goals in the robotics area are to actively develop new products, promote stand-
ardization, modular development, and expand market applications of robotics in the automobile,
mechanical, electronics, hazardous materials, national defense, chemical, light, healthcare, and
domestic services industries. Another key goal is to make breakthroughs in the integrated design
and manufacturing of robot bodies, reducers, sensors, servomotors, control equipment, and drivers.

AVIATION AND SPACE

China’s goals for its aviation industry are to speed up the development of large commercial single-
aisle aircraft and to begin R&D of wide-body aircraft. It will encourage foreign participation in
the R&D of large helicopters and promote regional aircraft, helicopter, unmanned aerial vehicles,
and general aviation industrialization. The industry will seek to establish an independent capability
to manufacture advanced engines and make breakthroughs in high thrust to weight ratio and ad-
vanced turboprop engines and high bypass ratio turbofan engines. It will also strive to develop
advanced mechanical equipment and systems and form a comprehensive research, development,
and production chain.

China’s space industry, on the other hand, will develop a next generation of launch vehicles and
heavy launch vehicles. It will expedite the development of national civil-use space infrastructure,
new types of satellites, air-space-ground broadband Internet systems, long-term, persistent satellite
remote sensing, communications, and navigation technologies, promote human spaceflight and
lunar exploration, and develop deep space exploration at a moderate pace. While no definition has
been given as to what “moderate pace” means, it could suggest that priority is being placed on
remote sensing, communication, and navigation over manned space flight and lunar exploration.

MARINE ENGINEERING EQUIPMENT AND HIGH-TECHNOLOGY SHIPPING

China aims to develop deep-sea exploration and resource extraction, and marine industrial support
equipment. It will promote the development of deep sea stations and large-scale floating structures
and will form a marine engineering equipment testing, monitoring, and appraisal capability to im-
prove marine resource use. The industry will also focus on making breakthroughs in luxury cruise
liner design and manufacturing, improving the international competitiveness of its liquid natural
gas carriers, and mastering the integration of components and equipment.

ADVANCED RAIL TRANSPORTATION

China’s goal for its railway industry is to quicken the application of new materials, new equipment,
and new processes. It will seek to achieve key breakthroughs in safety and environmentally
friendly and digitally networked technologies and will research and develop advanced and reliable
products and products that are light, modularized, and pedigreed. The ultimate goal is to develop
a world-class rail transportation system that occupies the higher end of the global industrial chain
and is environmentally friendly and able to meet customer needs.
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ENERGY EFFICIENT AND ALTERNATIVE ENERGY VEHICLES

China will continue to support electric vehicles and fuel cell vehicle development and work to
master low carbon, informationized and intelligent technologies. It will improve electric propul-
sion, drive motor, high efficiency internal combustion engines, advanced transmissions, light-
weight materials, and intelligent controls.

ELECTRICAL POWER GENERATION EQUIPMENT

China will promote large-scale clean coal technologies, high-capacity hydropower plants, nuclear
power plants, and heavy-duty gas turbines. It will promote the development of alternative energies,
renewable energy technologies, advanced energy storage devices, and smart electrical grids at the
transmission and end-user levels. It will also promote the manufacture of high-power electrical
devices and high-temperature materials.

AGRICULTURE

China will focus on the development of grains, cotton, oil, and sugars and other staple foods as
well as economic education on advanced equipment used in farming and on the management, col-
lection, transportation, and storage of agricultural products. It will quicken the development of
large tractors and farm implements, large-scale high-efficiency combines, and their core technol-
ogies. and improve the ability of agricultural equipment to collect information, make smart deci-
sions, and work with greater precision.

NEW MATERIALS

New materials can allow technologies to be more efficient or faster, or to add new capabilities.
Development of new materials will focus on specialty metals, high-performance structural mate-
rials, functional polymers, inorganic nonmetals, and advanced composites. The plan will acceler-
ate the development of advanced melting, solidification molding, vapor deposition, profile pro-
cessing, the efficient synthesis of new materials, and other key technologies and equipment. It will
strengthen basic research and breakthrough industrialization bottlenecks. The development of
dual-use materials is highlighted, as well as the need to speed up their transformation into products
and to pay attention to disruptive materials such as superconductors, nanomaterials, graphene, and
biological materials.

BIOMEDICAL AND HIGH-PERFORMANCE MEDICAL EQUIPMENT

The plan calls for the development of pharmaceuticals, traditional Chinese medicine, and biolog-
ical technologies for major diseases. This includes new mechanisms and targets for chemical
agents, antibody drugs and antibody conjugates, new structures of protein and peptide drugs, new
vaccines, and clinical medicines. It will also focus on the development of imaging equipment,
medical-use robots, biodegradable stents, wearable medical products, telemedicine, bio 3D print-
ing, and stem cell technologies and applications.

The Internet Plus Plan

Another major initiative to transform Chinese industry is the Internet Plus plan, which is intended
to encourage the development of e-commerce, industrial networks, Internet banking, and to in-
crease the international presence of Chinese Internet companies. The official purpose of Internet
Plus is “to more deeply integrate the internet with the economy and society” by fostering new
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industries and public services.''® Similar to the Made in China 2025 plan, Internet Plus will be led
by an inter-ministerial group and an advisory committee.

Internet Plus has four foci. The first is to transform China’s traditional, labor-intensive manufac-
turing sector into an IT-driven base that is more efficient and can expand its market reach globally.
To enable this transformation, a second focus is on increasing the role of small and micro enter-
prises in developing platforms and applications by creating a policy environment that is more fa-
vorable to these types of companies. A third focus is to expand access to credit to these smaller
companies by encouraging e-banking and crowd-sourced funding. The fourth focus is on expand-
ing and improving fixed and broadband communication networks, especially in rural areas and
less-developed western regions of the country. Underlying these initiatives is a commitment to let
market forces guide the implementation of Internet Plus rather than relying excessively on gov-
ernment fiat.

Transforming Manufacturing

The initiative to transform manufacturing is based on the development of new market-oriented,
Internet-based products and business models. A particular emphasis of Internet Plus is integrating
nine broad economic sectors with mobile Internet, cloud computing, big data, and the IoT to im-
prove R&D and increase access to consumers through the use of crowd-sourced design, cloud
manufacturing, and business-to-business platforms.

The Internet Plus plan will require industries to utilize cloud and big data platforms and wireless
sensor networks. The plan seeks to enhance the ability of public cloud services to migrate industry
to the cloud, accelerate content delivery networks, and optimize data center layout. In doing so, it
will emphasize industrial cloud innovation test sites and a number of industrial cloud experimental
centers. '’

This focus on developing cloud computing, big data, and the IoT also requires the development of
component technologies. China has set its sights on making breakthroughs in core chip technolo-
gies; addressing weaknesses in the high-end server, high-end storage device, database and middle-
ware industries; and accelerating the development and application of cloud operating systems, in-
dustrial control real-time operating systems, intelligent terminal operating systems, and sensors
and human-computer interaction technologies.

The outsourcing of critical business processes to third parties raises concerns about the security of
cloud computing. 2 The Chinese government appears to recognize this risk and plans to
strengthen the security of information network infrastructure and personal information protection.
The plan calls for the implementation of national information security projects, development of

118 State Council, “[E 4% Bt o< T AR HERE B BL M +7173) K148 5 & I [State Council Guiding Opinions Governing
“Internet Plus” Activities], July, 1, 2015, http://www.gov.cn/zhengce/content/2015-07/04/content 10002.htm.

9 <[] 25 Bt o8 T3 B AR5 L HEBDME B AL AN TV AL TR BE Rk & % g TAE 1% 50 14 35 [State Council Report on
Informationized Building and Promoting the Integration of Informationization and Industrialization Development
Work Situation], June 29, 2015, MIIT website,
http://www.miit.gov.cn/n11293472/n11293832/n13095885/16682295.html.

120 “Guide to Cloud Computing for Manufacturing,” Search Manufacturing ERP, accessed September 14, 2015,

http://searchmanufacturingerp.techtarget.com/guide/SearchManufacturingERPcom-Cloud-Guide.
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Internet security application demonstration projects, and the upgrading of security standards for
core technologies. It will also improve network security monitoring,.

Increasing the Role of Small and Micro Enterprises

Increasing the role of small and micro enterprises is a policy reversal from the Hu Jintao admin-
istration’s emphasis on growing the role of large state-owned enterprises (SOEs). '?! With this new
emphasis, the Xi Jinping administration appears to be following the lead of other countries in
recognizing that established companies are often not well suited to recognize market opportunities
and develop innovative—especially disruptively innovative—products. To assist smaller compa-
nies, the plan will take steps to improve the policy environment for human resources, capital allo-
cation, industrial parks, and taxation to make it easier for small and micro enterprises to be founded
and to operate. The Internet Plus plan also encourages successful Internet and communication
technology companies to provide technology and management expertise to small enterprises
through technology incubators, S&T parks, and demonstration bases and by improving access to
crowd-sourced design and funding. %

An area of increased attention will be the creation and protection of IPR for small and micro en-
terprises. The plan will support the creation of an open-source software community through the
support of independent R&D by enterprises and national S&T plans. It will guide educational
institutions, social organizations, enterprises, and individuals in initiating open-source projects and
participating in international projects. It will also encourage enterprises to build an ecosystem for
open-source development to promote open-source standards and IPR.

Companies with a competitive advantage will be encouraged to acquire foreign companies or to
pursue joint ventures with them to sell overseas. The plan will fully utilize government and indus-
try alliances and industry associations. It will encourage agencies to provide information consul-
tation, legal assistance, tax advice, and other services to enterprises to expand overseas markets,
and it will support industry associations, industry alliances, and companies to jointly promote Chi-
nese technology and Chinese standards to drive overseas application.

Expanding Access to Capital

To facilitate access to capital for these new small and micro enterprises, the government plans to
encourage Internet banking. Small and micro enterprises, according to 2013 State Council statis-
tics, created 80 percent of new jobs in China, account for 60 percent of GDP, and contribute up to
50 percent of tax revenue in China. However, they account for less than 25 percent of total lending
from China’s state-owned banks. '>* This lack of available credit has forced SMEs to resort to non-
bank institutions for credit, including shadow banks that operate outside of government regula-
tions. The bias against lending to SMEs in China not only results from government regulations

121 Michael Wines, “China Fortifies State Businesses to Fuel Growth,” New York Times, August 29, 2010.

122 “China to Step Up Integration of Information, Industry: Minister,” Xinhua, June 29, 2015, http://en.peo-
ple.cn/n/2015/0629/¢202936-8912767.html; “Cabinet Stresses ‘Internet Plus’ Strategy,” CCTV.com, June 24, 2015,
http://english.cntv.cn/2015/06/24/ART11435154475044265.shtml; State Council, “Full Text: Report on the Work of
the Government (2015),” March 16, 2015, http://english.gov.cn/archive/publications/2015/03/05/con-

tent 281475066179954.htm.

123 Kwong Man-ki, “China’s Cabinet Calls for Easier Access to Credit for Small Firms,” South China Morning Post,

July 16, 2013, http://www.scmp.com/business/banking-finance/article/1283496/chinas-cabinet-calls-easier-access-
credit-small-firms.
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that have strict loan to deposit ratios and high reserve requirements, but also from 1) government
policy that directs credit to certain industries; and 2) biases toward SOEs and against lending to
private corporations. In contrast with SOEs, which usually are better credit risks because of im-
plicit state guarantees and favored market positions, SMEs often have little collateral and inade-
quate credit histories. This last phenomenon is exacerbated by a lack of loan officers who can
accurately judge the creditworthiness of loan applicants. '2*

Expanding and Improving Communication Networks

The plan’s fourth goal is to increase the market for these new technologies by establishing high-
speed broadband networks that cover smaller towns and rural areas, especially in western China.
The central government will continue to develop its 4G communications network while speeding
up research on a 5G mobile communications network. It will also continue plans for a national
data center; establish a large cloud computing center; improve the websites of SMEs, governments,
and public service platforms; and support the development of IPv6. '3

China plans to accelerate the implementation of its “broadband China” (%77 H[E) strategy by
implementing a new generation of national information infrastructure projects to promote broad-
band fiber-optic networks and upgrade its mobile communications network. With this plan, China
also seeks to substantially increase access, reduce fees, and improve revenue mechanisms to sup-
port the construction of broadband in rural and remote areas. The country will also improve the
Beidou satellite navigation system’s global service capabilities and accelerate the commercial de-
ployment of next-generation Internet.

The government has two timelines for the achievement of these goals, with the final timeline co-
inciding with the end of the first phase of the Made in China 2025 plan. By 2018, the Internet Plus
plan intends to:

1. Improve the quality and efficiency of economic development by promoting the development
of the Internet in manufacturing, agriculture, energy, and environmental protection; improve
the efficiency of labor; and promote the development of e-commerce and e-finance.

2. Improve public services through the development of Internet applications for healthcare, edu-
cation, and transportation.

3. Integrate the industrial base with network architecture, improve fixed and mobile broadband
networks, and accelerate the development of the next generation of Internet and the IoT,
cloud computing, and artificial intelligence.

4. Stimulate the development of the Internet by making more data publicly available, improving
standards, and improving the laws and regulations of the financial credit system.

By 2025, the goal is to have a sound, collaborative Internet Plus-manufacturing ecosystem that is
an important source for economic and social development.

124 See Kellee S. Tsai, “Financing Small and Medium Enterprises in China: Recent Trends and Prospects Beyond
Shadow Banking,” Hong Kong University of Science and Technology Institute for Emerging Market Studies, May
2015; and Douglas Elliot, Arthur Kroeber, and Yu Qiao, “Shadow Banking in China: A Primer,” Brookings Institu-
tion, March 2015.

125 Internet Protocol version 6 (IPv6) is the most recent version of the addressing protocol that provides a unique
identifier for each computer on a network. The new protocol will increase the number of available IP addresses, ena-
bling, among other things, continued expansion of the Internet.
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Assessing the Made in China 2025 and Internet Plus Plans

China’s commitment to leveraging the trends of advanced manufacturing to reposition itself away
from low-cost manufacturing and towards the manufacture of more value added products raises
questions about their originality and effectiveness. Although both the Made in China 2025 and
Internet Plus plans talk of emphasizing the role of the market in determining technology develop-
ment and of a strong sector made up of small and micro businesses, they carry many of the trap-
pings of conventional state-directed planning. This appears to be especially present in the role of
new industrial investment funds. Ostensibly operating on market principles, these funds are mainly
financed by government entities and SOEs, raising questions about their autonomy from govern-
ment leaders who may be more inclined to interfere with market processes. The quasi-governmen-
tal nature of these investment funds raises questions about whether these new funding mechanisms
have been established to get around WTO restrictions on the direct funding of certain industries.
Moreover, the plan calls for national development banks to expand credit in unspecified ways to
manufacturing companies.

China’s commitment to supporting small and micro enterprises may also be less than it seems. The
Made in China 2025 plan speaks of larger enterprises supporting the development of small and
micro enterprises, but it does not necessarily discuss fostering the latter to achieve a market niche
of their own. Instead, it may be intended for these small and micro enterprises to help facilitate the
competiveness of larger corporations.

China’s adherence to its indigenous innovation policy is highlighted in the Made in China 2025
plan with its mention of “self-sufficiency and control of high-tech manufacturing platform soft-
ware and major application areas,” and the creation of industrial standards and security testing.
The plan also specifies that Chinese firms are to handle the majority of local infrastructure devel-
opment by 2025.

In sum, the Made in China 2025 and Internet Plus plans appear geared towards creating national
champions. This raises the concern that the modernization of China’s manufacturing base will
involve tolerating Western companies while seeking ways to replace them with domestic compa-
nies. To date, this has mainly occurred on the low end of the technology scale but, if successful,
could result in Chinese industry being more capable of competing with the United States at the
upper end of manufacturing, where value-added may be more important than cost. Ultimately,
however, China’s success at implementing the Made in China 2025 and Internet Plus plans rests
on its ability to develop a strong IT industry. 2

China may make genuine progress in modernizing its manufacturing sector, but the United States
can still maintain its lead, even if the gap is narrowed. The United States remains a strong manu-
facturing power with $3.4 trillion worth of goods manufactured annually, three-quarters of which
is consumed domestically. '* In fact, the Boston Consulting Group argued in 2013 that the United
States is now “one of the lowest-cost countries for manufacturing in the developed world” and is

126 Stephanie S. Shipp, Bhavya Lal, Justin A. Scott, Christopher L. Weber, Michael S. Finnin, Meredith Blake, Sher-
rica Newsome, and Samuel Thomas, “Emerging Global Trends in Advanced Manufacturing,” Institute for Defense
Analyses, March 2012, 29.

127 Boston Consulting Group, “US Manufacturing Nears the Tipping Point,” March 2012, 4.
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on the verge of an advanced manufacturing “renaissance” where worker productivity, supply chain,
and logistical advantages may lead companies to begin locating or relocating manufacturing facil-
ities to the United States.!'?® Boston Consulting Group identifies seven industrial sectors where
rising costs in China will make it more economical to shift manufacture of goods consumed in the
United States to the United States: 1) computers and electronics; 2) appliances and electrical equip-
ment; 3) machinery; 4) furniture; 5) fabricated metals; 6) plastics and rubber; and 7) transportation
goods. '?’ These industries account for nearly $2 trillion of US consumption and nearly $200 bil-
lion in imports from China. '** Boston Consulting Group estimates that a resurgent US manufac-
turing sector could reduce the import of goods in these seven industries by 10 to 30 percent from
China by the end of the decade, adding $20 billion to $55 billion to the US economy. This reloca-
tion, coupled with improved competitiveness with Western Europe, could create 2—3 million jobs
in the United States. '*!

If realized, these predictions could mean that United States manufacturing not only survives but
also prospers despite new competition from Chinese companies. It will mean, however, that US
companies must 1) maintain a commitment to innovation that keeps them ahead of foreign com-
petition; and 2) treat the manufacturing process as an integrated whole that emphasizes more than
just labor costs. It may also mean that although some manufacturing returns to the United States,
companies may still retain their China-based factories to serve the Chinese domestic market. In
this case, the global manufacturing industry could see a multipolarization of high-end manufactur-
ing where companies establish factories in large markets to service regional customers rather than
using one country as a global manufacturing base.

Science and Technology in China: A Roadmap to 2050

In 2007, the CAS embarked on a two-year study to examine long-term S&T trends to the middle
of this century and assess their implications for China’s development. The project, “Science and
Technology in China: A Roadmap to 2050 (' [ )R F AR il 7] 2050 1% 2% &), had three
overarching objectives: 1) to ensure economic growth and national competitiveness; 2) to promote
social harmony; and 3) to nurture sustainability between humankind and nature.

CAS President Lu Yongxiang was the mastermind behind the project and provided its strategic
guidance. The timing for the study was surprising, as the MLP had only been drawn up a year
earlier and provided a detailed path for China’s S&T development until 2020. Lu has explained
that the 2050 Roadmap originated from discussions at CAS about its long-term S&T strategic
development priorities. There was a realization that the planning was insufficiently long range,
especially on critical S&T challenges that were at early stages of research, such as nuclear

power. 13
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CAS mobilized the extensive intellectual resources of its workforce, which boasted of more than
100 of the country’s foremost research and development institutes. More than 300 CAS experts
were involved in the project, including 60 academicians, and their work covered eight broad cate-
gories:

Sustainable energy and resources

Environmentally friendly advanced materials and intelligent manufacturing

Ubiquitous information networking

High-value agriculture and biology

Ecological and environmental conservation

Space and maritime exploration and development

Healthcare

National and public security

© NNk L=

The roadmap put forward twenty-two S&T initiatives that it deemed to be of strategic importance
to China’s long-term development. Six are related to China’s international competitiveness, in-
cluding the production of high-quality raw materials and the development of exascale high-perfor-
mance computing capabilities. Seven concern China’s sustainability, such as the development of
geothermal power generation, next-generation nuclear energy production, and research into stem
cell and regenerative medicine. Two initiatives focus on national and public security, which relate
to space situational awareness and social computing and parallel management systems. Four ad-
dress basic science efforts that are likely to produce transformative breakthroughs, such as in the
exploration of dark matter and dark energy, artificial life, and synthetic biology. The final three
were in highly promising emerging areas of cross-disciplinary research that include nano-science,
mathematics and complex systems, and space exploration.

While the 2050 Roadmap was primarily intended for the academy’s own long-term planning, Lu
and the CAS leadership also likely saw the project as a way to maintain its hard-won efforts to
remain a close advisory body to the Chinese leadership on S&T development. The chief rival to
CAS for the ear of the leadership on S&T matters is MOST, which was responsible for the drafting
and implementation of the MLP. '3 Guo Huadong, a senior CAS official and head of the research
team on the space technology strategy segment of the 2050 Roadmap, said that the study was “not
an official plan, but more of a strategic suggestion to the decision makers.”!** While Guo was
referring to his space report, the comment was also reflective of what the CAS leadership may
have intended for the overall roadmap.

The 2050 Roadmap received substantial media coverage when it was issued in 2010; however, its
overall policy impact appears to be modest. In speeches or public deliberations on S&T matters,
senior officials have only occasionally mentioned the roadmap. There has also been little reference
to the roadmap in major S&T policy documents like with the 12th or 13th FYPs or the Made in
China 2025 plan. This is despite the fact that some of the key areas of the 2050 roadmap address

133 Richard P. Suttmeier, Cong Cao, and Denis Fred Simon, “China’s Innovation Challenge and the Remaking of the
Chinese Academy of Sciences,” Innovations 1 (summer 2006): 78-97.
134 “China ‘May’ Send Manned Flights to Moon, Set up Base by 2030,” China Daily, June 12, 2009.
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current high priorities such as space and oceanic exploration and development, advanced manu-
facturing, and information networking.

Challenges and Recent Reforms to China’s Science and Technology System

Despite impressive progress in China’s S&T catching up to Western countries over the past two
decades, the country’s leadership is deeply concerned that there is too much duplication, insuffi-
cient original innovation, and chronic waste.'*>> When policymakers reviewed the MLP in 2012
after its first six years, there was considerable disappointment expressed that many of the weak-
nesses that plagued the S&T system had not been resolved, but rather, ignored, because of the
plentiful supply of funding.

Xi Jinping’s first major policy speech on S&T reform came at a joint meeting of the CAS and CAE
in June 2014 where he expressed a dim view about the state of the country’s innovation capabili-
ties. He pointed out that “China’s foundation for science and technology innovation is still not
firm. China’s capability for indigenous innovation, and especially original innovation, is still weak.
Fundamentally, the fact that we are controlled by others in critical fields and key technologies has
not changed.” 1%

In a diagnosis of what Xi referred to as “the chronic malady of impotence, obstruction, and grid-
lock in converting S&T achievements into actual productive forces,” a key bottleneck is that “the
link between innovation and conversion is insufficiently tight at every phase.” Xi said that the only
way to overcome this fundamental problem was that “reform of the science and technology system
must be deepened. All ideological barriers and institutional obstructions that constrain scientific
innovation must be broken down.” Xi gave a list of structural and policy reform measures that
were needed:

e  Place STI at the “core of overall national development and accelerate the formulation of
top-level designs that promote the strategy of innovation-driven development.”

e  Remake the national S&T innovation strategy.

e  Overhaul the structure and process for resource allocations to support S&T development.

e  Strengthen unified planning and coordination of STI efforts.

e Tackle fragmentation, especially of stove-piping and overlapping redundancies.

e Improve the basic research system.

e  Accelerate the establishment of a national S&T reporting system.

e Implement key national science plans.

135 Tang Yuankai, “Research Funding Overhaul,” Beijing Review, February 12, 2015, http://www.bjre-
view.com.cn/nation/txt/2015-02/09/content_668368.htm.

136 “Speech by Xi Jinping at the 17th Conference of the Chinese Academy of Sciences and 12th Conference of the
Chinese Academy of Engineering,” Xinhua, June 9, 2014.
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The abysmal rate of return on S&T investment is a major concern for the Chinese authorities. The
country’s annual total expenditure on R&D increased by 23 percent on average over the last dec-
ade.'®” China invested 1.98 percent of its GDP on R&D between 2006 and 2012, which amounted
to RMB 2.42 trillion ($376.3 billion), with more than RMB 1 trillion ($155.5 billion) invested in
2012 alone. This placed China in the second tier of S&T powers alongside the likes of the United
Kingdom and Canada, although with a considerable gap to reach the top tier of countries that spend
more than 2.5 percent of their GDP on R&D (see Figures 7 and 8). Of the amount that is spent on
R&D, the Chinese government invested RMB 1.21 trillion ($188.2 billion) or 11.99 percent of the
central budget in S&T efforts.

This increase in funding has been accompanied by a proliferation of funding plans. S&T planning
is now done through nearly 40 organizations and nearly 100 funding mechanisms (including the
863, 973, and other plans), with MOST controlling no more than 20 percent of the funding. !*® This
patchwork of funding mechanisms has led to redundancy, fragmentation, and inefficiency. '*

In a perverse way, the large sums of funding allocated to S&T, coupled with lax oversight, has
corrupted China’s S&T system and created an atmosphere where winning financial support is more
important than obtaining research results. The focus on generating income forces top researchers
to spend as much as half of their time on business development, resulting in an over-reliance on
graduate students to conduct research. '*’ The time constraints placed on researchers due to the
constant search for funding also leads to researchers to plagiarize or falsify results to get projects
done quickly. Researchers also repeat projects, rework existing papers, buy papers, or pay publish-
ers to publish their research output. !

Corruption

Corruption has also been a perennial problem. In October 2014, seven professors in five universi-
ties were investigated for illegally receiving more than RMB 25 million ($3.9 million) in research
funds.'*? In April 2014, Shen Weichen, Party secretary and executive vice president of the China
Association for Science and Technology, was placed under investigation for corruption and in De-
cember 2014 was kicked out of the Communist Party. !4

137 Jane Qiu, “China Goes Back to Basics on Research Funding,” Nature.com, March 11, 2014, http://www.na-
ture.com/news/china-goes-back-to-basics-on-research-funding-1.14853.

138 “MOST Minister Wan Gang Discusses S&T Reform and Development (Transcript)”; “State Council Publishes
Notice on Deepening Management Reform.”
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142 Tbid.

143 corb [F] R}l J5 7 41 A5 1 R 4E TR AU 54t B 3 [Former Party Secretary of China Association for Science
Shen Weizhen Expelled from Party and Position for Adultery], ifeng.com, December 22, 2014,
http://news.ifeng.com/a/20141222/42770557_0.shtml.
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Figure 7. R&D expenditures as a percentage of GDP for selected countries, 2005-2012 average
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Figure 8. China’s gross expenditures on R&D as percentage of GDP, 1994-2014
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Avenues for corruption are manifold. Research organizations establish multiple front companies
which do nothing but serve as funding conduits for the same research. These types of activities are
facilitated by overlapping funding mechanisms that are stove-piped and do not coordinate with
each other, allowing researchers to fund the same research through multiple sources. '** Corruption
is also exacerbated by the nature of Chinese society with its focus on the importance of relationship
building, known as guanxi (3¢ %) . Much of the funding and approval process is said to require
guanxi. As one analyst puts it, “Many individuals and organizations in order to get projects must
use guanxi. The topic requires guanxi. The delivery requires guanxi. The evaluation requires
guanxi.” 1%

Another structural problem is the disparity between the number of people employed in S&T work
and the relatively low amount of impactful research generated. There are more than 3.2 million
Chinese researchers and scientists, but the overall quality of their scientific output is generally
low.'%® A similar situation exists with patents. Although the overall number of patents is high, there
is a deficit of core patents and innovative patents.

Exacerbating these systematic flaws is a lack of incentives to promote high-quality research and
mechanisms for properly evaluating research. There is also little tolerance of failure and a lack of
academic freedom. Many researchers write positive reviews of their own research and pay others
to sign them.'¥” In other instances, government leaders with little or no science or engineering
background determine research topics and evaluate the results.'*® The system for nominating and
appointing academicians from the CAS and the CAE is also flawed. Many academicians are nom-
inated to improve the prestige of an organization, and they win appointment through well-financed
campaigns. '*’ Appointments are also influenced by the substantial benefits given to those who
become academicians, with some provinces ranking academicians at the same level as vice minis-
ters. 10

S&T System Reforms

The critical problems facing China’s STI system have led to a number of broad reforms being
introduced in the past few years (Table 4). A key goal of the reforms is to shift the government
from a direct hands-on role to a more indirect role in plan management by confining its involve-
ment to the making of general policies, long-range planning, and oversight.'*! Agencies such as
MOST will no longer play a decisive role in allocating resources, and they will let the market
determine research priorities. MOST’s influence will be limited to providing policy incentives
such as tax breaks and beneficial procurement policies. The reform of the S&T system is under the
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oversight of the State S&T Organizational System Reform and Innovation System Building Lead-
ing Small Group (S&T System Reform LSG) (B ZXHH7 il il A Q8T & R 1 905 /)

that is headed by Vice Premier and Politburo Standing Committee member Liu Yandong. !>

The joint council will oversee a number of plan management organizations (PMOs), such as the
National Natural Science Foundation of China, and will replace the multitude of agencies that now
oversee S&T plans in accepting applications, awarding projects, monitoring work, and evaluating
results. These PMOs will be expected to have extensive experience in the management of projects
and will be guided by a board of directors, board of supervisors, and a constitution. The PMOs
will also rely on a group of vetted expert reviewers selected from a reviewer database to conduct
peer review of applications. !>

Table 4. Reform measures initiated in 2014-2015

Date Action

March 12, 2014 State Council issues document on science and research plan fund management reform

June 5, 2014 Politburo Standing Committee releases plan on improving the CAS and CAE academi-
cian system
Sept. 29, 2014 Central Leading Group for Comprehensively Deepening Reforms considers the Central

S&T Finance Plan (Project, Funding) and Management Reform Plan (S 4 74k 5 2
AN P R BB TR (BT e ) BRSO T R)

Oct. 27, 2014 Central Leading Group for Comprehensively Deepening Reforms considers the “Opinions
on the Opening Up of Major National Basic Science and Engineering Infrastructure and
Large Equipment to Society” (" 4> TR A B 4515 /N i il iod [ 5% KR HIT L il 1 it
AR TYACE ) 22 T T L)

Nov.19, 2014 State Council Executive Office issues “Draft Law on Promoting the Transformation of
S&T Accomplishments” with a request to the NPC to consider ([H 4%k # 55 213 i il it

CIRAERH R AL IR) BIERER, PR WaEEAKERLHIN)

Dec. 3, 2014 State Council Executive Office releases policy on promoting Zhongguancun as a test bed
for S&T reforms

Jan. 12,2015 State Council Issues “Scheme on Deepening the Reform of the Central Government S&T
Plan (Projects, Funds, etc.) Management” (3¢ T-i&fb R BR R TR (BT, 244
ERE T R)

March 13, 2015 Central Committee and State Council Issue “State Council Opinions on Deepening Sys-
tem and Organizational Reform and Accelerating the Implementation of an Innovation-
Driven Development Strategy” (I 45 B 5¢ TR AA AL 1] 25058 0 SE e 01 38 SR 3 A F ok s
L)

Sept. 24, 2015 Central Committee and State Council Issue “Implementation Plan for Deepening S&T

System Reform” (PRALFFRE 44 il S50 S2 i 77 £2)

Source: “2014FERHGIE R B2 AL R E /1&” [An Account of the 2014 S&T Reform Development:
Innovation Aggregates Chinese Power], January 8, 2015, http://news.qg.com/a/20150108/025191.htm.

152 State Council, “[E FREH R #ill B AN GHTR R 2 5405 /N 3 H 23 [State S&T System Reform and Inno-
vation Building Leading Small Group Convenes Meeting], July 31, 2013, http://www.gov.cn/Idhd/2012-07/31/con-
tent 2195192 .htm.
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A strategic advisory and comprehensive review committee (i%H% & 5455 PEH Z 1 2) com-
prised of experts from a cross-section of S&T disciplines, industry, and the economy was created
in 2014. This committee will conduct research and advise the joint council on matters related to
S&T planning, management, and funding. In order to establish a unified plan evaluation system, a
national S&T expert reviewer database will be established, and the committee will provide opin-
ions and advice on standardizing the evaluation of plan management organizations. Under the di-
rection of the joint council, it will pay special attention to large S&T plans. The committee will
also work with academic advisory organizations, societies, and associations. '>*

This new system is designed with a “dynamic adjustment mechanism” that is intended to establish
a uniform evaluation and monitoring mechanism to ensure that research and funding are properly
accounted for. It will also have a publicly accessible national S&T management information sys-
tem that will provide information on applications for awards, project reporting, funding, and eval-
uations. *® In normal practice, projects that have reached the end of their funding cycles will be
automatically terminated. In some cases projects will be eligible for continuation beyond their end
date, especially if a new S&T plan or key research project has been approved covering the termi-
nated research topic.!>® A “black list” of organizations and researchers ineligible to receive fund-
ing will be maintained. Competition for awards will be transparent and managed by a third party. !>’
In 2014, the Chinese government launched a national S&T management platform that established
a database of central government-financed S&T projects in order to prevent many of the financial
abuses discussed above.'*® In some cases, S&T funding regulations have been loosened to allow
for activities normally associated with running a research plan. S&T funding will now take into
account indirect expenses, administrative activities, incentives for researchers, support for gradu-
ate students, and outside consulting. !>’

These structural reforms represent an important initial effort to address some of the most serious
deficiencies in the Chinese S&T system. The effectiveness of these reforms will depend on the
success of the implementation process. But much more will need to be done to overhaul a man-
agement system that has its organizational and normative roots in the Socialist central planning
era and that was not designed to manage the huge amounts of funding now being invested in S&T
activities.

154 Ibid.

155 «“State Council Publishes Notice on Deepening Management Reform™; « (5% ) £ E N % [“Plan’s” Main
Content], January 14, 2015, MOST website, http://www.most.cn/ztzl/lhzt/1hzt2015/twb-
blhzt2015/twwm2015/201503/t20150303_118358.htm.
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Establishment of Five New Consolidated S&T Plans and Funds
to Replace Existing Specialized S&T Plans

Another major reform underway is the consolidation of the unwieldy number of S&T funding
plans into just five plans in order to streamline the path from science to technology to market. !¢
This process began in 2014 with six pilot projects. !

From 2015 to 2017, existing plans, including the 863 Plan, 973 Plan, the National Science and
Technology Infrastructure Plan, and research plans administered by the NDRC and MIIT, will be
merged, and funding will be consolidated within these five comprehensive plans (Figure 9). All
five will be governed by a unified national S&T management platform to avoid the duplication of
funding already discussed. These plans are the: '

1. National Natural Science Fund: This fund will support basic and cutting-edge research as
well as the development of research personnel and teams to strengthen original innovation.

2. National Major Science and Technology Plan: This fund will support large-scale strategic
projects and major industrialization projects that require coordination at the national level.

3. National Key R&D Project: This fund will focus on individual technologies identified as es-
sential to China’s S&T and economic development. This includes funding for research on agri-
culture, energy, life sciences, and health-related S&T projects that will have a long-term impact
on society and China’s core competiveness, indigenous innovation capabilities, and national
security. It will also address basic and long-range scientific questions, critical technologies and
products, and large-scale international cooperation. Another goal is to strengthen inter-depart-
mental, inter-industrial, and cross-regional R&D efforts through coordinated innovation.

4. Special Fund for Technology Innovation: This fund will streamline funding activities by con-
solidating various funding plans supervised by the NDRC, MOF, MOST, MIIT, and
MOFCOM. It will encourage the use of private capital and financial capital to foster technology
innovation and will create government-guided angel investing, venture capital, and risk com-
pensation mechanisms. In addition, the government will use indirect measures to support inno-
vation and improve tax incentives and government purchasing policies to promote innovation.

5. R&D Base and Professional Special Plan: This plan will improve and support the develop-
ment of research facilities and human resources. It will merge MOST-managed state key labor-
atories, state engineering research and technology centers, S&T infrastructure platforms, and
the Creative Talents Promotion Plan, as well as NDRC-managed state engineering laboratories,
state engineering research centers, and state certified enterprise technology centers. It will also
improve and better link talent development plans. '¢*
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Figure 9. China’s state strategies and plans for science and technology development (post 2017)

The National Key R&D Plan (NKRDP) is by far the largest and most important of these five new
categories and was officially established in February 2016. The plan is designed to be as broad and
inclusive as possible, supporting R&D in areas such as agriculture, healthcare, energy, environ-
ment, industrial competitiveness, innovation, and national security. '** Unlike the legacy programs
that the NKRDP replaces that were divided according to where they were on the R&D spectrum
(from basic research to engineering development), the new plan covers all the phases of the re-
search, development, and production cycle with the goal of improving commercialization rates. '

Existing S&T programs that have been subsumed into the NKRDP include the 863 Plan, 973 Plan,
National S&T Support Program ([ ZFHZ 3 #£1H4)]), and International S&T Cooperation and
Exchange Project ([EFrEl&1E 5287 % I0). In addition, industrial technology research and
development funds managed by NDRC and MIIT, and not-for-profit industrial research projects

164 Ibid.
165 Ibid.
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managed by other government agencies have also been placed under the jurisdiction of the
NKRDP. 166

At the outset, the NKRDP has taken over responsibility of 59 existing key projects (E £ % 1) as
well as another 36 brand-new projects that have been recommended for research funding by the
State S&T System Reform and Innovation System Construction Leading Group (& Z Bl /4]
R AT AR R 21591 F /N4 that was then ratified by the State Council. '%” The leading group
listened to specialist advice that was provided by more than 900 high-level outside experts along
with input from government agencies. MOST, MOF, and NDRC also were involved in the review
process by assessing recommendations and picking those that would best fit with current national
development strategies such as Made in China 2025, the Internet Plus plan, “One Belt, One Road,”
and the Energy Development Strategy Action Plan. Other considerations in project selection in-
cluded making sure that there was a healthy balance across different priority industrial sectors,
such as agriculture, energy resources, ecology/environment, and health. '6®

Nine projects were unveiled at the same time as the NKRDP was announced: '*

Nanotechnology

Quantum control and quantum information

Big science equipment frontier research

Protein machines and life process regulation

Food production efficiency

Modern food processing, storage, and transportation technology and equipment

Major animal epidemic prevention and control and efficient and safe breeding technology
Forest resource cultivation

AR SR RN AN A

Smart agricultural machinery and equipment

166 %973, 863 11 XIHUH [E X E it & it XA 2 [973 and 863 Programs Cancelled; National Key R&D Plan Offi-
cially Launched], Xinhua News Agency, February 16, 2016, http://news.scien-
cenet.cn/htmlnews/2016/2/338353.shtm.

167 The leading group was established in 2012 and is headed by Liu Yandong, the senior party leader in charge of the
S&T portfolio. See B ZX B SUE AN G 14 R B/ N AT 88— IR & W XISE R ERFIF L [State
S&T System Reform and Innovation System Construction Leading Group Opens its First Meeting, Liu Yandong
Presides and Speak], Xinhua, July 30, 2012, http://news.xinhuanet.com/politics/2012-07/30/c_112574602.htm.
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National Key R&D Plan], £}4% Hi [S&T Daily], February 17, 2016, http://news.scien-
cenet.cn/htmlnews/2016/2/338356.shtm.
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Regarding Release of National Key R&D Plan Nanotechnology, etc. Key Projects, 2016 Programs Application
Guide], Ministry of Science and Technology, Doc. No. 36, February 16, 2016,
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In December 2015, MOST had provided details of application guidelines of six pilot research pro-
jects that would be included in the NKRDP: !7°

Stem cells and transformation

Digital medical equipment

Air pollution causes and control technology

New energy vehicles

Chemical fertilizers and pesticide reduction and efficiency technology

AN o e

Seven types of major crop breeding

The project selection process for the NKRDP is still in a transitionary stage and the end goal is for
MOST, MOF, and the NDRC to take the lead. They, along with another 31 government agencies,
will establish an independent interministerial-level decision-making body to pick future projects.
One senior Chinese S&T advisor said that there was so far little consensus among these agencies
as to the final design for this entity.!”! The other four remaining programs are expected to be
launched by the end of 2016, although full-scale implementation is not scheduled for completion
until 2019.172

170 <o s 5% T AT 1B 5% = AU R T RIAR A % T 2016 4R 55— b 150 H FR R 6 e 18 %0 [MOST Notice Re-
garding Release of National Key R&D Plan Pilot Projects, 2016 First Project Set Application Guidelines], Ministry
of Science and Technology, Doc. No. 384, December 14, 2015, http://program.most.gov.cn/htmledit/BDO00AFF-
9047-59BC-D7BE-ACFA174F48BF.html.

17! Interview, San Diego, February 2016.

172 Hou Jianguo stated that the set of S&T reforms outlined in Doc. No. 64 would be completed in three years. S&T
Daily, February 17, 2016.
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ENERGY IN CHINA

Energy planning is a core function of the Chinese party-state, and it retains a tight grip not only
through the government administrative apparatus but also within state-owned energy-related en-
terprises that are led by high-ranking party members. Energy is essential to every aspect of an
economy, and China’s history leaves its government concerned that neglect might lead to short-
ages. The oil and gas sector, the grid companies, the power generating companies, most coal min-
ing operations, and the majority of power generation equipment manufacturing in China are state-
run. The Chinese government has opened up select energy subsectors to private enterprises, espe-
cially in new technology areas such as solar and wind energy, and encouraged cooperation with
international companies ranging from licensing to joint ventures in areas where it has sought out-
side technology (such as renewables, nuclear power, and offshore oil production). The overarching
concern, however, has been to maintain domestic control of what is viewed as a strategic lifeline
of the Chinese economy.

This interest in domestic state ownership is informed by a strong concern over scarcity and of
vulnerability. These worries stem from the CCP’s history, in particular the Sino-Soviet split of
1960, which led to Soviet restrictions and ultimately the curtailment of oil sales to China.'”® Alt-
hough energy supplies can be fungible in the long run, they are not easily substitutable in the short
term because of the heavy investment needed in source-specific infrastructure. Moreover, trans-
portation relies heavily on the supply of liquid fuels. At the beginning of the 1960s, the fledgling
Chinese economy found itself seriously imperiled.!”* China’s great stroke of fortune was the dis-
covery of the vast Daqing oilfield in 1959, which quickly went into full-scale production in
1961.'7° Daging and, to some extent, a few smaller fields in northeast China provided the country
with thirty years of energy independence. Since 1993, however, China has become a net oil im-
porter due to rising domestic demand and the falling output from Daqing’s oilfield. '’

The analysis of the Chinese energy landscape proceeds as follows. It begins with a brief description
of the major plans. A discussion of the drivers of China’s energy policy, and of conservation and
diversity of supply, two major themes in the planning documents, follows this introduction. The
discussion then goes into detail on the 12th FYP, and Table 5 (pp. 74—75) provides specifics on
Chinese progress toward meeting its current FYP goals.

The Chinese energy system is then described, first the government structure and its policymaking
bodies and then how the major industries themselves are organized. This is followed by an exam-
ination of how the Chinese government sees these plans in a global context. The analysis then

173 Monique Taylor, The Chinese State, Oil, and Energy Security (New York: Palgrave Macmillan, 2014).

174 The Great Leap Forward (1958-1960) was Chairman Mao’s attempt to leap directly to a communist future, by-
passing a Soviet model of development that he saw as slow. It involved the creation of backyard steel mills and
other attempts at local industrialization, and the collectivization of agriculture. The result was a crash in agricultural
productivity and the largest famine in human history, with death estimates ranging from 20—45 million. Frank Dikot-
ter, “Mao’s Great Leap to Famine,” New York Times, December 15, 2010, http:/www.ny-
times.com/2010/12/16/opinion/16iht-eddikotter16.html; “Mao and the Great Leap Forward,” researched by Edwin
Daniel Jacob, Center for the Study of Genocide and Human Rights, Rutgers University, accessed June 24, 2016,
http://www.ncas.rutgers.edu/mao-and-great-leap-forward.

175 “History of Daqing Oilfield,” Daqing Oilfield website, accessed October 15, 2015,
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moves to two critical areas for energy planning, demand and technology (since the interest in in-
digenous innovation is important to energy planners). Finally, two major policy issues for the sec-
tor, market reform and environmental protection, are considered.

China’s Energy Plans

Energy is a key element of the five-year planning process, and the overall People’s Republic of
China Five-Year Economic and Social Development Plan provides the essential targets and guid-
ance for this critical sector. Greater detail is provided in sectoral and provincial FYPs.

The specific technology and quantity targets (detailed in the discussions of each industry) are con-
tained in the sectoral plans (Figure 10). These include plans for the coal, oil and gas, and power
sectors, and a large number of subsectoral plans for nuclear energy, renewable energy, smart grid,
and natural gas development. Within the renewables category, there are also specific plans for
solar, wind, hydro development, and technology.

Besides the specific energy plans, there are critical environmental plans that affect these sectors,
since most pollution ultimately arises from the burning of fossil fuels. These key plans include
those for: 1) environmental protection, covering all the major pollutants that affect human and
ecosystem health, mainly SO, NOx and particulates); 2) energy efficiency, including subsectoral
plans for industrial energy efficiency; and 3) climate change, which relies on energy efficiency
plans, as well as nuclear and renewable energy development, for all of its gains.

The provincial plans are also important, especially as they pertain to energy efficiency and envi-
ronmental targets. These targets are allocated to each province, who then allocates targets to cities
and counties.

The Chinese authorities also try to plan for critical resources beyond the five-year planning cycles.
The longest commitments in these plans are embodied in the climate planning process, where the
Chinese government has committed to the UN Framework Convention on Climate Change to
“peaking carbon dioxide emissions around 2030 and making best efforts to peak early,” and re-
ducing the carbon intensity of the economy (carbon dioxide per unit GDP) by 60 to 65 percent by
2030 from a 2005 baseline.!”’

This follows through from China’s 2014—2020 Climate Change Action Plan, which calls for im-
plementing nuclear, renewable, and energy efficiency plans.!’® It also calls for restructuring the
Chinese economy away from energy-intensive industries and toward both greater value-added sec-
tors and the service sector, which is also an overall 13th FYP goal. Moreover, the plan provides a
roadmap for developing carbon trading. This began with pilot projects and is now being developed
into a nationwide carbon-trading system. These climate targets reflect both what needs to be
achieved in these areas, and what Chinese planners actually believe they can achieve, since they
are based on years of modeling. !”®

177 “Enhanced Actions on Climate Change,” submitted by the government of China to the UN Framework Conven-
tion on Climate Change on June 30, 2015.

178 <[] 58 NS AR A K (2014-2020 £E)” [China National Climate Change Plan (2014-2020)], 2014.

179 A literature survey of the major modeling exercises in the public domain is provided in Warwick J. McKibbin et
al., “China’s Carbon Future: A Model-Based Analysis,” Brookings Institution, December 31, 2015.
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Another planning document is the 2007 Medium- and Long-Term Plan for Renewable Energy. The
overall thrust of this plan, which is still underway, is the importance of implementing the Renew-
able Energy Law, which includes provisions for increasing the production of renewable energy
and for connection to the state grids. The specific targets of this plan have been subject to extensive
modification, and the 2020 targets for solar, wind, and hydropower have already been surpassed.
For example, the wind target of 30 gigawatt (GW) was surpassed before the 12th FYP began in
2011. The solar target of 1.8 GW was met in the 12th FYP’s first year, and the hydro target of 300
GW in 2014.

Subsequent plans have given higher targets. Given the rate of growth, especially in both wind and
solar, the 13th FYP targets issued in March 2016 will be instructive. The 2007 plan does provide
capacity estimates that may be more relevant, with exploitable hydro resources estimated to be
540 GW, while economically feasible hydro is at 400 GW, suggesting that China will soon com-
plete its hydro build-out. Feasible wind potential was estimated at 300 GW onshore, and a total of
1000 GW on and offshore. Solar potential was not given in GW, but the plan suggests large poten-
tial, with two-thirds of China’s territory receiving more than 2,200 hours of sunshine annually. '*°

Climate planning contributes directly to the type and direction of energy development, as it relies
on the implementation of energy efficiency and non-fossil energy plans. The impact of air pollution
planning is even more complex: 1) it constrains fossil fuel growth in order to meet targets; 2) it
affects the fossil fuel mix, since coal is more polluting than natural gas; and 3) it can affect the size
and type of industries, since small-scale industry is difficult to regulate and often easier to simply
shut down. '8! The key targets are both in the national FYP as well as in the Air Pollution Action
Plan of 2013, which gives strict 2017 targets for three major regions: the Beijing-Tianjin airshed,
the lower Yangtze River airshed, and the Pearl River airshed.

The Overriding Determinants of Chinese Energy Policy

China’s sense of vulnerability to external cut-off, combined with the real experience of scarcity in
oil supply (as well as electric power, where supply was often unable to keep up with demand),
informs China’s energy policy to this day. While there is no longer a realistic way for China to be
independent in oil and gas, nor in nuclear power since its uranium supplies are imported, the em-
phasis on independence is now often linked to technology concerns. Traditionally, ‘energy inde-
pendence’ was synonymous with ‘energy security,” and generally referred to security of supply.
Today these concepts are more encompassing. While Chinese are still first concerned with the
international supply of fuels, equally important is concern for control of technology, in other words
patents and licenses without fees.

Energy security also encompasses domestic concerns such as potential supply risks, including
weather or transport disruptions. Fuel supply security is also a major concern motivating the plans
related to energy efficiency and conservation listed earlier. Diversification to address the interna-
tional and domestic risks to energy security are clearly addressed in the Medium- and Long-term

180 See “Medium and Long-Term Development Plan for Renewable Energy in China,” September 2007,
http://www.martinot.info/China_RE_Plan_to_2020_Sep-2007.pdf, for a useful English language summary of the
plan.

181 Jessica Mary Yu, “Blue Skies Over Beijing? Decaying Suburbs Bear Cost as China Cuts Pollution,” Reuters, Jan-
uary 26, 2016.
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Development Plan for Renewable Energy in China (2007-2020), and the multiple separate plans
for wind, solar, and hydropower; for new fossil fuel sources, particularly shale oil and gas; and for
nuclear power.

In the examination of the multitude of five-year, medium- and long-term, comprehensive and sec-
tor-specific energy development plans, three major approaches emerge. The first is an emphasis
on conservation. Conservation is a core value in the overall FYPs, as well as the 12th Energy
Development Five-Year Plan; the various sub-plans on energy efficiency, industrial energy effi-
ciency vehicles, and smart grids; and those related to climate change, including the National Cli-
mate Change Plan (2014-2020) and China’s Policies and Actions on Climate Change (2015).
While there have been times, particularly in the early 2000s, where an emphasis on supply growth
superseded a policy focus on conservation and efficiency, current efficiency efforts beginning with
the 11th FYP in 2006 build on a legacy that extended from 1949 through the late 1990s.

China’s efforts to conserve energy and use it more efficiently clearly complement US and many
other countries’ interests in reducing carbon emissions and dependence on fossil fuels. To this end,
the Chinese effort to increase the efficiency of its coal-fired power plants and to develop more
modern and cleaner (and potentially carbon-capture ready) technologies contributes both to its
own efforts to reduce carbon and air pollution and to that of other developing countries, which are
often its customers for new power plants.

China’s second strategic response to vulnerability and its lack of true energy independence is to
emphasize diversity of supply. This diversification applies not only to seeking imported fuel from
multiple sources, but also to an active effort to develop alternative energy supplies. China today
has the largest installed hydroelectric power capacity, and unlike many other major hydro produc-
ers, like the United States, Canada, and Norway, it continues to have an active dam-building
plan. '8 It also has by far the most active nuclear power development plan in the world, and it is
installing wind and solar power projects at a rapid rate.

While these efforts support global climate change and energy security goals, at the same time
Chinese energy planning documents express the view that the energy system is inherently compet-
itive, embodying a sense of potential conflict with the United States and other countries. The 12th
Five-Year Energy Plan lists five major international concerns:

1. Increasing international competition for resources. Chinese policymakers are concerned that
there are ever more rapidly growing countries in need of energy. They do not see an abate-
ment in the international political and economic pressure for energy resources, particularly
for oil.

182 <3 1 Current Hydropower Capacity and Generation,” in “Renewable Energy Technologies: Cost Analysis Se-
ries—Hydropower, International Renewable Energy Agency (IRENA),” June 2012, http://cleanleap.com/3-global-
hydropower-capacity-and-generation-trends/3 1-current-hydropower-capacity-and-generation.
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2. Rapidly changing supply and demand. As new sources open up in such places as West Africa
and the United States (exemplified by the shale revolution), other countries’ demand also rap-
idly changes, such as Japan’s increase in oil demand in the post-Fukushima era, as it closed
down its nuclear power plants. '3

3. Price volatility. The rapid increase and then equally rapid fall in global oil prices has been
difficult for Chinese energy planners to manage. China operates with state-set prices at the
consumer level for both liquid fuels and electricity, but it has tried very hard to align these
prices with the international market. Shifting oil and gas prices have made this type of plan-
ning difficult. It also makes investment decisions extremely challenging.

4. Climate change. Concerns here are centered on international pressure, both in terms of
China’s emissions rights (how much of total world emissions China would be entitled to in
an agreement) and the potential that other countries would use trade barriers to enforce their
view of China’s emissions entitlements. This is in addition to domestic concerns about envi-
ronmental protection and the need to limit the environmental damage caused by energy use.

5. Competition for leading innovative technologies. The plan specifically cites the competition
for new clean technologies and suggests competition in areas including energy conservation,
low-carbon development, energy storage, and energy-related IT. It repeatedly states the need
for Chinese ownership of IP and seeks to foster “indigenous innovation.”

Indeed, in each of the separate energy technology plans, the third strategic focus, indigenous in-
novation, is a top priority. The stated desire is to localize all technological aspects of the energy
supply chain. However, as will be discussed in further detail, not all of these efforts have the same
government and corporate interests behind them. While China has made tremendous progress in
localizing power generation technology, for example, it is much further behind in oil and gas de-
velopment technologies. Many of these gaps appear unlikely to be bridged in the near future.

Although Chinese domestic priorities offer complementarities for international cooperation such
as with their efforts to conserve and diversify sources, concern for environmental protection, and
prudent use, their views of the international environment also suggest a strong competitive impetus
that entails risks for other countries, including the United States.

The 12th Energy Development Five-Year Plan: Goals and Progress

China’s 12th Five-Year Plan set a number of key goals for energy consumption and environmental
protection under the overall notion of “energy efficiency and pollution abatement” and in accord-
ance with China’s international climate commitments. Key targets included reducing energy inten-
sity by 16 percent, carbon intensity by 17 percent, and key air pollutants by 8 percent. There were
also specific targets for each energy source, as detailed in Table 5.

183 According to McKinsey Solutions, the share of electricity generated from fossil fuels increased in Japan from 63
to 87 percent between 2011 and 2013, and oil consumption in power plants witnessed a sharp increase from 2011 to
2014. Tanay Vora and Sharad Saxena, “Japan’s Uncertain Energy Future in the Post-Fukushima Era,” McKinsey
Energy Insights, January 2015, https://www.mckinseyenergyinsights.com/insights/
japan%E2%80%99s-uncertain-energy-future-in-the-post-fukushima-era.aspx.
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Table 5. Energy plan goals and achievements

Goals as stated in 12th FYP Status
Expected Actual
Expected 5-year 5-year
annual cumulative Actual cumulative

Indicator (units) 2010 2015 goal | growth rate | growth rate 2015 CAGR growth rate | 2020 goal’

Energy consumption and efficiency
Total primary energy 3,250 4,000 4.3% 23.1% 4,300 5.8% 32.3% 4,800
consumption (MTCE)
Total electricity con- 4,200 6,150 8.0% 46.4% 5,550° 5.7% 32.1%
sumption (TWh)
Energy intensity (energy 0.81 0.68 (—16%) 0.6622 -18.2
consumption per unit of
GDP) (tce/RMB 10,000)
Thermal power coal 333 323 -0.6% -3.1% 315° -1.1% -5.4% ~300
consumption (gce/kWh)
Power line loss rate 6.5% 6.3% (-0.2%) 6.6%° 1.5%

Energy production and supply
Domestic primary en- 2,970 3,660 4.3% 23.2% 3,6202 4.0% 21.9% 4,200
ergy production (MTCE)
Coal production (MTCE) 3,240 4,100 4.8% 26.5% 3,695% 2.7% 14.0%
Crude oil production 200 200 0 0 214.6? 1.4% 7.3%
(Mt)
Natural gas production 94.8 156.5 10.5% 65.1% 134.62 7.3% 42.0%
(bcm)
Non fossil energy pro- 280 470 10.9% 67.9% N/A N/A N/A
duction (MTCE)

Electricity development
Electricity capacity 970 1,490 9.0% 53.6% 1,5073 9.2% 55.4%
(GW)
Coal-fired power (GW) 660 960 7.8% 45.5% 990.23 8.5% 50.0%
Hydropower (GW) 220 290 5.7% 31.8% 319.4° 7.7% 45.2% 350
Nuclear power (GW) 10.8 40 29.9% 270.3% 26.08° 19.3% 141.5% 58
Natural gas-fired power 26.4 56 16.2% 112.1% N/A N/A N/A
(cwy
Wind power (GW) 31 100 26.4% 222.6% 129.32 33.6% 317.1% 200
Solar power (GW) 0.86 21 89.5% 2,341.9% 43.22 118.9% | 4,923.3% 100
Environmental protection

Carbon intensity (car- (-17%) N/A —20%° 40-45%
bon emission per unit of 2010 2010 2015
GDP) baseline baseline baseline
Coal-fired power sulfur 2.9 1.5 —-12.4% —-48.3% N/A N/A
dioxide emissions
(9/kWh)
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Table 5. Energy plan goals and achievements (continued)

Goals as stated in 12th FYP Status
Expected 5- Actual
Expected year 5-year
annual cumulative Actual cumulative
Indicator (units) 2010 2015 goal |growth rate | growth rate 2015 CAGR growth rate |2020 goal'
Environmental protection (continued)
Coal-fired power nitro- 3.4 1.5 -15.1% -55.9% N/A N/A N/A
gen oxide emissions
(g/kWh)
Livelihood Improvement
Per capita residential 380 620 10.3% 63.2% 531.18 6.9% 35.0%
electricity consumption
(kWh)
Green energy demon- 108 200 13.1% 85.2%
stration counties
Population using natural | 180 million | 250 million 6.8% 38.9%
gas

Notes: The expected annual growth rate (col 4) is calculated as Compound Annual Growth Rate (CAGR), which is equal to
(2015 Goal/2010 Actual)"ea) — 1. Actual CAGR (col 7) is equal to (2015 Actual)/2010 Actual)("¥ea) — 1. All numbers in paren-
theses are government target listed in the 12th FYP. MCTE = million tonnes of coal equivalent; TWh = terawatt hour; tce =
tonne of coal equivalent; gce = gram of coal equivalent; Mt = million tons; and bcm = billion cubic meters.

Sources:

1. “[ S5 B A0 A T 9% T B R IR R B AT 3hit-R1 (2014-2020 4E) fiE 407 [Action Plan on Energy Development Strategy
(2014-2020)], The State Council website, November 19, 2014, http://www.gov.cn/zhengce/content/2014-11/19/con-

tent 9222.htm.

2. 2015 FE RAF M2 kK ST A#"[2015 National Economy and Social Development Statistics], National Bureau of
Statistics website, February 29, 2016, http://www.stats.gov.cn/tjsj/zxfb/201602/t20160229 1323991.html.

3. ‘B KRR A 2015 FE44k 4 F s &” [National Energy Administration Released 2015 Total Energy Consumption Statis-
tics], National Energy Administration, January 15, 2016, http://www.nea.gov.cn/2016-01/15/c_135013789.htm.

4, “PERATIAE H ¥ H:2015 4 4= [ R AR P2 & 36.95 121” [Coal Industry Daily News: The Production of Coal in 2015 is 3.695
Billion Tons], January 20, 2016, http://finance.qg.com/a/20160120/035257.htm.

5. A NS AR AL TAE S #4050 [Great Achievements in Addressing Climate Changes during “12th Five-Year”], Na-
tional Development and Reform Commission, February 23, 2016,

http://zys.ndrc.gov.cn/xwfb/201602/t20160223 775157.html.

6. Total household electricity consumption is 727.6 billion in 2015 (“National Energy Administration Released 2015 Total
Energy Consumption Statistics”) and the 2015 population is 1.37 billion (“2015 National Economy and Social Development
Statistics”).

According to the Midterm Evaluation Report of China’s 12th FYP in 2013, China was behind
schedule in meeting targets for the first two years. Progress lagged on four energy and environ-
ment-related binding targets, which are for energy intensity, carbon dioxide emissions, rationali-
zation of energy consumption, and nitrogen oxide emissions. By 2014 China had moved more
rapidly and ultimately exceeded goals in all these hard targets, and by 2015 they had achieved
significantly more than the targets in all these areas.

The uneven progress—in particular slow progress on some goals for the first two years and then
rapid catch-up—is fairly typical of Chinese local government response to five-year plans. Similar
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progress was demonstrated on the energy intensity goal in the 11th FYP, with escalating compli-
ance in the later years. This is particularly striking for NOx emissions, where the implementing
regulations for power plants, a major source and the main change in control in this FYP cycle, did
not come into effect until July 2014. Thus, most of the build-out of abatement equipment did not
begin until 2012.'%* The clear exception to this pattern of rapid catch-up is natural gas production,
where it appears unlikely to meet its 156.5 billion cubic meters (bcm) target. The issues with nat-
ural gas are detailed in the demand and technology sections that follow.

The Structure and Process of Chinese Energy System

China’s great energy needs are supplied for the most part by state-owned enterprises operating
under the supervision of the central government. While the CCP sets overall policy, its instructions
tend to be broad and simply set general direction and guidance. These goals are on the order of
increasing and diversifying the energy supply, developing new technologies, controlling costs, and
mitigating pollution. Government agencies are responsible for the technical work of setting spe-
cific long-term targets and choosing specific plans as well as day-to-day policy work. One example
is the role of the Leading Group (%15 /N2) coordination structure for China’s energy industry.
While some leading groups, such as foreign affairs, are run by the CCP, the previous Leading
Group for National Energy Resources ([E ZZ #4015 /N4H) and its post-2010 successor, the Na-
tional Energy Commission, are under the State Council. This is also true for the other two leading
groups relevant to energy policy: the Leading Group for Science, Technology, and Education ([
FEHHE ST /M) and the Leading Group for Environmental Protection ([E 4% B P55 R4
GF/NAH). 1

China no longer has an energy ministry, which it did at certain times in the past. It also no longer
has specific ministries for coal, oil, or other energy sources. All of these ministries were turned
into SOEs in the 1980s. The result is a complex structure overseen by the National Energy Com-
mission (Box 2) as well as directly by the State Council, with multiple ministries playing important
roles (Box 3). Traditionally, the energy sector has had more autonomy than other sectors, and its
companies could pursue their own plans. During the mid-2000s, when oil prices were high, energy
policy became a much higher central government concern, with the premier and the head of the
NDRC rather than one vice premier and one vice chairman directly involved. Today, with oil prices
lower, central government focus has lessened, but at the same time a series of corruption scandals,
particularly those that have damaged the petroleum sector, have reduced the energy sector’s ability
to act independently. The result is much greater caution, particularly in the oil and gas sector.

Moreover, the heads of the major SOEs are high-ranking party members, in some cases more sen-
ior than ministers, and consequently are often able to operate with a considerable degree of auton-
omy. '8¢ This independence is enhanced and coordination impaired by the complex set of agencies
with differing degrees of power and influence in the energy sector. Nevertheless, the high level of
the NEC itself speaks to the overall importance of energy in national policy.

184 Author interviews in Beijing, November 2015.

185 Alice Miller, “The CCP Central Committee’s Leading Small Groups,” China Leadership Monitor 26 (2008): 1—
21.

136 For instance, Sinopec CEO Wang Yupu is a member of the CCP Standing Committee, while Environment Minis-
ter Chen Jining is not. This discrepancy was even greater before the oil industry lost standing in the anti-corruption
campaign.
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Box 2: The National Energy Commission

The National Energy Commission was established in 2010 to replace the Leading Group for National
Energy Resources. Coordinating bodies exist at different levels of government.

The fact that the NEC is chaired by the Premier shows that it is a very high-level coordinating body
and one that can actually expect responses from the ministries under its purview.

The key indicator for where power lies is in the structure of its secretariat, which is headed by the di-
rector of the NDRC, with the National Energy Administration (NEA) director serving as vice director.

While both the NDRC and the NEA have policy responsibility, the NDRC ranks above the NEA. Plac-
ing day-to-day coordination of energy policy in the hands of the NDRC, which is one of China’s most
powerful ministries, gives the NEC secretariat significant authority.

The members of the NEC are all at the ministerial level and are from nearly 20 state, financial, and

national security organizations:

Ministry of Environmental Protection

Ministry of Transport

Ministry of Water Resources

Ministry of Commerce

People’s Bank of China

State-owned Assets Supervision and
Administration Commission (SASAC)

State Administration of Taxation

State Administration of Work Safety

China Banking Regulatory Commission

People’s Liberation Army General Staff
Department

State Council

Leading Group on Financial and Economic
Affairs

Ministry of Foreign Affairs

National Development and Reform
Commission

Ministry of Science and Technology

Ministry of Industry and Information
Technology

Ministry of State Security

Ministry of Finance

Ministry of Land and Natural Resources

Sources: “Government Structure and Ownership: Nuclear Power in China Appendix 1,” World Nuclear Associa-
tion website, updated September 2015, http://www.world-nuclear.org/info/Country-Profiles/Countries-A-F/Appen-
dices/Nuclear-Power-in-China-Appendix-1--Government-Structure-and-Ownership/; “Li Kegiang Takes the Post
of National Energy Commission Chairman,” China Council for International Cooperation on Environment and De-
velopment website, July 23, 2013, http://www.cciced.net/encciced/newscenter/latest-
news/201307/t20130723_256063.html.




Box 3: Ministerial Supervision

The main ministries and commissions that have major roles in the daily implementation of energy policy

and long-term planning are as follows:

National Development and Reform Com-
mission (NDRC): Sets overall energy policy,
including climate change policy, and supervises
permitting of new projects. It also supervises
the National Energy Administration, which is a
subministerial body.

National Energy Administration (NEA): Car-
ries out much of the day-to-day work of admin-
istering energy policy and issuing project per-
mits. This includes recommending standards,
priorities, and plans to the NDRC. In 2013, the
NEA absorbed the State Electricity Regulatory
Commission, giving it specific regulatory au-
thority over the power market, as well as re-
sponsibility for power safety and reliability.

Ministry of Water Resources (MWR): Regu-
lates the hydropower industry and also plays a
key role in setting water use policy for thermal
and nuclear power plants. Many new thermal
power plants in China are air-cooled, and nu-
clear power plants are located near the coast,
where they can use seawater.

Ministry of Land and Resources (MLR): Ad-
ministers all land use permits. This covers min-
ing, drilling and facility construction.

Ministry of Science and Technology
(MOST): Sets policy and provides funding for
R&D in advanced technologies.

Ministry of Industry and Information
Technology (MIIT): MIIT has some policy
involvement in all SOEs, but its involvement in
the energy sector concerns non-fossil energy. It
houses the China Atomic Energy Agency
(CAEA), the regulator for nuclear planning (not
safety, which is under the Ministry of Environ-
mental Protection). CAEA is under SASTIND,
which oversees the country’s

industry and the emerging civil-military dual-
use sector. Nuclear-related development con-
tinues to be closely connected with the defense
establishment despite being housed under a ci-
vilian ministry. MIIT is also involved in both
standard and target-setting, particularly for the
wind and solar sectors.

Ministry of Environmental Protection (MEP):
Regulates the environmental impact of energy
through three key functions: 1) Sets pollution
standards for all pollutants except greenhouse
gases, 2) Evaluates Environmental Impact As-
sessments at the project approval stage; and 3)
Administers comprehensive pollution monitor-
ing and enforcement at the operations stage. It
also houses the National Nuclear Safety Ad-
ministration, the country’s nuclear safety regu-
latory body.

State-owned Assets Supervision and Ad-
ministration Commission (SASAC): SASAC
governs the largest state-owned enterprises in
China (currently 112 entities). Fifteen of these
SOEs are major energy producers and another
seven are major equipment manufacturers or
service providers. In some areas, such as oil
and gas, the electric grid, and nuclear manufac-
turing and generation, SASAC-controlled com-
panies enjoy monopoly control over the entire
sector. In others, such as power generation
equipment they represent a clear majority. In
power generation and coal production, SASAC
controls a minority of the sector. Heads of
SASAC-controlled companies are appointed ei-
ther by the CCP’s Central Organization Depart-
ment or by SASAC itself. SASAC’s main func-
tion is to ensure these firms pay dividends to
the government. In other words, SASAC acts
as the firms’ owner and as such enjoys consid-
erable power.
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Energy Policymaking and Planning

Energy policymaking is centered in the NDRC and NEA. For most purposes, NEA acts as a bureau
of the NDRC, and their major function is planning. NDRC is the heir to the old State Planning
Commission and continues to have a number of planning functions, particularly in relationship to
the key industries under the FYPs, of which energy is one.'*’ The planning functions include pro-
duction and consumption targets for all major fuels, investments in new technologies, and the des-
ignation of both priority projects and priority localities. The planning process states not only which
technologies will be emphasized but also where such development should take place. NDRC and
NEA also issue permits for all major projects and thus act as the gatekeeper and final arbiter for
most major energy investment decisions.

Projects may originate with either companies or governments. Project approvals are then made at
different levels of the state bureaucracy. The approval level is determined by the type of industry
and the size of the investment. The central authorities only become involved with large-scale pro-
jects, as defined by investment size, but this threshold varies by industry. As a result, small-scale
projects often wind up under the national government’s radar. For example, many small-scale fos-
sil fuel (often diesel or fuel oil) power plants were built along China’s east coast, especially during
years when there were energy shortages. Numerous small-scale coal mines were also opened.
However, these small-scale projects have created inefficiency and safety concerns. The small-scale
mines are in particular a serious work safety hazard because they are cheaply run, lack modern
equipment, and are too numerous for frequent inspections. The small power plants are far less
efficient than large-scale operations. In recent years, the central government has made a concerted
effort to close these down. However, it is still the case that small wind plants and small production
facilities do not require national-level approval.

Major energy projects, including refineries, high-voltage transmission lines, and nuclear and hydro
power plants, require national-level approval. As of April 2015, fossil fuel power plants require
provincial project approval, although they must first be in the national plan. All decisions about
primary resource development, such as international involvement in oil wells and coal mines also
require national approval.

Innovation policy is dispersed among competing state agencies. While NDRC retains a great deal
of power once technologies have reached the commercialization stage, in the R&D stage MOST
plays a critical role, allocating most of the research funding under China’s 863 (applied research)
and 973 (basic research) plans. Research money is also funneled to CAS, which in theory is the
ministerial equal of MOST. However, MOST not only funds university and company-based re-
search, but also funds key laboratories that compete with CAS.

In addition to performing research, CAS and CAE both perform a critical role in evaluating and
recognizing excellence in science. They act as the gatekeepers for academic standing. They are
able to provide outside evaluation on scientific quality and to influence the direction of research
funding. MOST’s influence, however, is more direct, since it funds both its own plans and many
academic and industrial research projects. MOST is very much a leader in promoting the idea of
indigenous innovation and trying to reduce the amount of licensed technology in the energy sphere,

187 The State Planning Commission was founded in 1952. It was renamed the State Development Planning Commis-
sion in 1998, and then became the NDRC in 2003.
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although the effectiveness of this strategy varies considerably in different areas of energy technol-
ogy.

Because energy projects are large, MOST alone cannot support energy innovation. One of China’s
greatest strengths in this area is its willingness to invest in large demonstration projects and in full-
scale commercial deployment of new and relatively untested technologies. These projects require
approval from NDRC, NEA, and other entities such as MEP and MLR. If projects are especially
large or in strategically important areas, as many energy projects are, they will require State Coun-
cil approval. !%8

Of course, many planned projects do not make it off the drawing board. Many locally-proposed
energy projects, some with cutting-edge technology, are never implemented or have been subject
to long delays. For example, localities proposed at least a half-dozen integrated generation com-
bined cycle (IGCC) coal-fired power plants. This technology has been considered the best way to
produce cleaner power from coal, since it is more energy efficient than conventional generation
and pollutants are removed prior to power generation. '3 However, only one, the GreenGen project
in Tianjin, a full scale IGCC with demonstration-sized carbon capture and storage (CCS) is well
underway. The first-stage power plant is already completed. A second stage that will include fur-
ther carbon capture is under construction, and this will be followed by a third 400 MW stage.'*°
GreenGen has been led by Huaneng, China’s largest power company. Other centrally-owned gen-
eration companies, coal companies, and investment companies have stakes as well. Given the cost,
the central government has not approved other proposals.

Similarly, while provincial companies and governments have long lists of coal gasification projects
for which they seek the go-ahead, observers expect that many will not be approved because of
coal’s environmental impact and China’s efforts to cap its use. !

In the solar sector, more than ten solar thermal power plant plans have been announced in China,
and yet there is little evidence of construction for most of them. For projects where costs are still
being debated, technology is uncertain, or the environmental costs are significant, a local an-
nouncement will not necessarily lead to central government approval and actual implementation.

A number of other ministries come into play on international projects, which range from dam-
building activity to oilfield development. At the very least, the Ministry of Foreign Affairs,
MOFCOM, and the NDRC all have their stakes. Depending on the type of overseas operation and
likely concerns, other bureaucracies (including the PLA, if there are national security concerns)
might also be involved. As noted earlier, the size of the project often determines the level of central
government involvement. There certainly are overseas investments that the central government is
not fully informed about, but given the capital requirements for energy investments, this scenario
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in the energy sector is relatively rare. The balance of decision-making is not necessarily with the
ministries, as SOE leaders may outrank them.

New regulations on outbound investment issued by the NDRC in 2014 have loosened up approvals
overall, but there has been little impact on the energy sector. The typical size and sensitive nature
of energy investments still require state vetting. Any transaction over $1 billion requires NDRC
approval, while sums above $2 billion require State Council approval. Moreover, central SOEs in
this sector automatically need NDRC approval. NDRC approval is also required for investments
in industries deemed sensitive, including cross-border hydro and power and grid development, or
in countries deemed sensitive, including both those lacking diplomatic relations with China and
those with potential political problems, including civil war and unrest. %>

The Make-up of China’s Energy Industry
China’s energy industry is dominated by large SOEs, particularly in traditional priority areas such
as oil and nuclear. There is more diversity in areas where the Chinese government has been less
concerned with shortages and international pressure, such as power generation and coal. The most
open sectors are new energy sectors, such as wind and solar, which the government does not yet
expect to produce large amounts of energy.

The Coal Sector

Coal mining is by far the most open part of China’s energy industry sector, and coal prices are free
of state control. Since the 1980s, the sector has been opened up to thousands of private and local
companies as well as numerous provincial and local state-owned companies. !> The one SASAC-
controlled national coal SOE, Shenhua Coal, is ranked in the top two hundred of the Fortune 500
list. Shenhua produces more than 300 million tons of coal a year, about 7.5 percent of China’s total
annual coal production of nearly 4 billion tons. Shenhua and some of the larger provincial SOEs
are diversified power companies, having invested heavily in mine-mouth power plants. It is also a
world leader in coal liquefaction technology development.

In recent years, the Chinese government has cracked down heavily on small coal mines, closing
thousands per year as part of a plan targeted in the 12th FYP.!** The impetus has been both envi-
ronmental and mine safety, which are intimately linked. Small mines are often cut in ways that
endanger workers’ lives and the land and water quality of communities surrounding them. The coal
that small mines produce is also of lower quality, since the large SOEs control the better resources,
and so they add disproportionately to China’s urban air pollution problem.

The Petroleum Sector
The petroleum sector is concentrated and highly state-controlled; however, it is important to note
that state control runs in both directions. There are three major companies in this sector: Sinopec,
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the China National Petroleum Corporation (CNPC), and the China National Offshore Oil Corpo-
ration (CNOOC). The heads of these companies tend to be high-ranking party members, which
means that this sector is able to exert more pressure on the government than most industrial sectors
in China. The leadership is less high-ranking after the Zhou Yongkang corruption scandal that
toppled a number of senior petroleum executives, but it is still the case that the chair of Sinopec is
a member of the CCP Central Committee. '*

The assets of these companies, as detailed below, are divided such that they compete with each
other on a very limited basis.

Ranked number 2 on the Fortune 500 list, Sinopec is the largest oil refiner in Asia and is ranked
number 2 on the Fortune 500 global list. In the original 1983 oil company structure, Sinopec was
responsible purely for downstream refining and product distribution. It now sees some competition
in this sphere from CNPC and even from the much smaller CNOOC in the retail space. At the
same time, Sinopec has been allowed to move upstream and is active in new areas, such as gas
production. Sinopec CEO Wang Yupu is a member of the CCP Central Committee. Given the
company’s interest in localizing oil and gas technology, it is worth noting that Wang has a PhD in
petroleum engineering. While most of his career was in the oil sector (including 20 years at the
Dagqing oilfield), he came to this position directly from being a deputy director of the CAE, where
he is an academy member.

CNPC is the largest of the three companies and ranks fourth in the Fortune 500 list. Its international
arm is PetroChina. When the oil sector was first divided in 1983, CNPC was put in charge of the
onshore upstream sector, which involves petroleum exploration, development, and production. It
continues to dominate this sector, but it now also has refineries. In addition, it is active in acquiring
assets internationally in countries ranging from Peru to Sudan and South Sudan.!'®® CNPC lost
large numbers of senior managers in the wake of the Zhou Yongkang scandal. Its new CEO, Wang
Yilin, is relatively low-ranking for the head of a Chinese oil giant, but comes from a posting at the
CCP Central Discipline Inspection Commission.

CNOOC is the smallest of China’s three majors and is ranked 72nd in the Fortune global 500 list.
It was created purely to engage in joint venture offshore oil exploration at depths of 5 meters or
greater (depths of less than five meters are defined as onshore and are the purview of CNPC).
CNOOC Chairman Wang Hua and CEO Li Fanrong are both career CNOOC employees and are
not members of the CCP Central Committee.

The company has been more ambitious in the past decade, attempting to develop its own deep
offshore rig (shelved in 2015 when the price of oil fell) and to work with Brazil’s Petrobras Cor-
poration. It has also acquired interests in some US shale gas projects.
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CNOOC:’s largest attempt to diversify was the failed Unocal acquisition in 2005, where CNOOC
withdrew after it became clear that it would not be able to survive the Committee on Foreign
Investment in the United States process (the committee under the US Department of Treasury that
reviews foreign investments). CNOOC’s bid was likely to fail both because it was a state-owned
enterprise and because it was from a sector in China where competition was limited. Although the
review never took place, the deal’s failure is still the subject of ill feelings among Chinese oil
executives, who had not expected to face such opposition, especially since Unocal’s assets were
almost entirely outside of the United States. The negative outcome has made Chinese companies
much more skeptical about whether US markets are completely open.

Although CNOOC was founded explicitly to work with international companies, all three corpo-
rations now engage in joint ventures both domestically and internationally in exploration and de-
velopment, refining, and LNG terminals. Much of the traditional onshore oil development was the
exclusive domain of CNPC, but in 1993 the Tarim Basin in Xinjiang Province was opened to joint
ventures. It never came up to its anticipated level of production, however.

As China’s domestic production has shifted from the exclusively state-owned Dagqing field to the
offshore ConocoPhillips-CNOOC joint venture Bohai field in the Bohai Bay east of Tianjin, inter-
national cooperation has only deepened. Major Western oil service firms like Schlumberger and
Halliburton have long worked in the Chinese oil sector, and in most circumstances Chinese com-
panies have relied on them for the sophisticated technologies needed to service offshore wells.
There now is an ambition to increase the technical capacity of this sector and to see it move into
new areas such as natural gas development, which has traditionally been quite weak because of
poor policies and low supplies of traditional natural gas (discussed further in the section on natural

gas).

China does not have any independent pipeline infrastructure. Pipelines are owned by the oil ma-
jors, and access to this infrastructure by other companies is difficult.

The Power Sector: Generation and Equipment

The Chinese power sector is dominated by state-owned firms at the national, provincial, and local
levels. Prices are controlled, but there are large numbers of generating companies, resulting in
considerable competition for government recognition and grid connections.

China’s single national electricity company was divided in 2002 into generation and grid compa-
nies. The “Big Five” national generation companies formed—Huaneng, Huadian, China Power
Investment Corporation, Guodian, and Datang—together produce less than 40 percent of China’s
total electricity. Three other generation companies now also have national prominence: Shenhua
(a state-owned coal company and major power generator), China National Nuclear Corporation,
and the Three Gorges Corporation. Added to the Big Five, national-level companies control
slightly less than half of generation. Provincial and private or semi-private firms make up the rest,
resulting in multiple options for provincial energy planners and the grid companies.

While all eight of the large generating companies (“gencos’) are SASAC-controlled, only one of
their CEOs, Huaneng’s Cao Peixi, is a member of the CCP Central Committee. Huaneng has al-
ways been the largest and most powerful of the gencos. Its previous CEO, Li Xiaopeng, is the son
of former Premier Li Peng. International firms are allowed to invest in the generation portion of
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the sector, but international investment is less than 10 percent of total investment in the sector, and
very little of this investment is in wholly owned facilities. !’

State Grid and Southern Grid are the country’s only two grid companies, and they face controlled
prices for electricity purchases and sales. While in theory there are two national grids, in reality
very little electricity is sold between provinces. Each provincial grid essentially operates inde-
pendently. A great deal of electricity moves across provincial lines, but this is mainly in the form
of dedicated high-voltage lines from hydropower projects in western China to high energy con-
suming provinces in the south and east. Both State Grid and Southern Grid are SASAC-controlled
companies. While the current chairman of State Grid Liu Zhenya was an alternate member of the
CCP 17th Central Committee, he was not a member of the 18th Central Committee.

NDRC has announced plans to reform State Grid and Southern Grid, ultimately leading to separate
transmission and distribution companies, a move that is expected to take years to complete. At the
same time, the grid companies and the generating companies themselves will also be allowed for
the first time to make bulk sales to industrial users, rather than selling only according to set tariffs
established by NDRC. !*® These moves are expected to lower the cost of industrial electricity,
which has been high by world standards. '*® To date, the grid companies have benefited from con-
trolled prices, while the gencos have often been squeezed by the variable coal price on the one
hand and fixed prices for sale to the grid on the other. If distribution is opened up as planned, this
could benefit gencos and reduce the power and wealth of the grid companies.

China is a major player in hydropower construction and development, with large SOE construction
and development companies such as Sinohydro, Three Gorges, International Water and Electric,
and Gezhouba (International Rivers) building and operating hydropower dams in China and other
countries.

Likewise, China has an ambitious nuclear plan entirely dominated by SOEs with international
cooperation. The Chinese government has restricted nuclear development to two SOEs, China Na-
tional Nuclear Corporation (CNNC) and China’s State Nuclear Power Technology Corporation
(SNPTC), both under direct SASAC supervision. A limited number of gencos are allowed to build
and operate nuclear power plants. One major impetus for these restrictions appears to be to ensure
strict safety and quality supervision.

In July 2015, SNPTC merged with China Power Investment Corporation to become State Power
Investment Corporation.?®® This move was reportedly intended to enhance export ambitions.
While China’s nuclear development has involved substantial international cooperation, including
the licensing of Areva technology for its second-generation plants and the purchase of Westing-
house technology for the third generation, the explicit ambition is to produce a wholly domestic
design.
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A key part of the power supply is the production of the equipment that generates the power. These
companies are central to China’s strategies for indigenous innovation and for how it accesses in-
ternational technology. The corporate structure for power generation equipment manufacture is as
follows:

e Traditional generation equipment: The more traditional coal and hydro generation markets
are dominated by major SOEs, several of which are large SASAC-controlled companies. These
are firms that have long been fostered by the central government, such as Harbin Electric and
Dongfang Electric. However, today there are also a number of provincial-level SOEs, such as
Shanghai Electric, that compete in this space as well.

e Natural gas turbines: China mainly imports natural gas turbines as local manufacturers are
unable to provide the same level of quality.

e IGCC: Coal gasification is an area where until recently China imported most of its equipment,
but it now has competitive domestic manufacturers particularly for gasification equipment.
However, turbine quality for IGCC projects is still an issue, and whether Chinese turbines meet
specifications depends on the level of quality demanded for specific projects.

e Wind power: China is a major wind power manufacturer, which is a diverse sector with both
state-owned and private companies. None of the SOEs yet rank as major players in the tradi-
tional energy sector. Many, however, have received assistance from both provincial and na-
tional plans.

e Solar power: The solar sector has developed independently of central government involve-
ment, and many of the major players are private firms. Originally, they focused on the interna-
tional market, especially in places that offered solar power subsidies, like Germany and Cali-
fornia. Since the 2008 financial crisis, China has increasingly offered support for solar build-
out domestically, and many solar firms are now also focused on the domestic market. As de-
tailed in the section on solar technology, China’s main product is a commodity silicon cell, but
there is interest in expanding into new technologies.

Chinese Views of the Global Energy Context

In the 12th Five-Year Energy Development Plan, the Chinese government outlines its views of the
context in which energy policy is made. This has implications for the United States because the
fundamental Chinese outlook is of competition and short supply. China sees most of the interna-
tional interaction as “pressure,” whether that is competition for resources and technology, or inter-
national pressure on China for a greater response to climate change.

At the same time, the Chinese authorities view their domestic situation as a significant constraint
on their energy options. The 12th FYP states that the prospect for “energy security is grim.” This
reflects the fact that China has only 6 percent of the world’s oil reserves. The FYP estimates that
crude production can be maintained only at 200 million tons (1.5 billion barrels) per year, and that
domestic natural gas supply can meet only 30 percent of new demand. Chinese policy focuses both
on the inevitability of rising petroleum imports and specific concerns with the lack of control not
only over oil assets but also over sea lanes used to transport oil.

The one bright spot from a supply point of view is coal, where supplies are plentiful. Coal use,
however, is constrained by its adverse environmental impact. The 12th FYP states that “the green
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economy is pressing,” and provides a list of environmental challenges. They include overdepend-
ence on coal, excess use of water and water contamination, energy production byproducts contam-
inating soil and wasting land, acid rain, and the world’s highest emissions of major pollutants and
greenhouse gases. In the international context, the 12th FYP expresses concerns about pressure,
but once it turns to domestic concerns, it says quite frankly that the current model is environmen-
tally unsustainable. From the domestic perspective, opportunities for complementarity with other
countries’ energy plans, including those of the United States, increases dramatically. The concern
for reducing environmental impacts speaks to a shift from dependence on fossil fuels, especially
coal, and to China’s growing emphasis on renewables, nuclear energy, and energy efficiency.

Energy efficiency is the first core concern in the FYPs. Most recent planning indicates an im-
portant shift from previous plans, particularly the 11th FYP with its sharp focus on the energy
efficiency sector. The improvements achieved under the 11th FYP were remarkable. Most notable
was an overall 19.1 percent reduction in energy intensity (energy consumption per unit GDP),
achieved through a rigorous command and control plan focused on the most energy-intensive
heavy industry sectors. Specific technology and process mandates included appointing energy
managers and establishing checklists for large companies, along with closures of thousands of
small, inefficient operations in the power, cement, and iron and steel sectors.?’!

Sectoral shift was a major mandate in the 12th FYP, in contrast to the 11th FYP. The 12th FYP
mandated a shift away from the energy-intensive heavy industrial economy, specifically iron and
steel, nonferrous metals, building materials, and the chemical industry. This shift in sectoral em-
phasis follows on what has long been an international recommendation for the Chinese economy
to “rebalance.”?? Until recently, this effort has been unsuccessful. However, there are indications
that a real shift is now taking place in the service sector and also possibly in the higher value-added
manufacturing sector, as opposed to both primary commodities and export processing.

Some analysts argue that pessimism about China’s current economic slowdown is a misreading of
this shift.?%® A shift of even a few percentage points to the service sector from heavy manufacturing
has a much greater impact on overall energy consumption than do more technical fixes within
those sectors. Consequently, the recent fall-off in electricity demand in China could bode well for
a more fundamental change in the overall economy.?** Power consumption in 2015 rose a mere
0.5 percent to 5.55 trillion kWh, compared to a 3.8 percent increase in 2014.2% Continued slowing
electricity growth seems likely, as power production actually fell in 2015 and the Chinese economy
continues to shift away from heavy manufacturing. Moreover, China’s great infrastructure build-
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out is reaching completion, as already evidenced by the surpluses in steel, cement, and other build-
ing materials predicted in Lawrence Berkeley National Laboratory’s models of Chinese energy
demand. %

This overall economic shift to the service economy will likely benefit global environmental efforts.
The shift supports China’s efforts to let carbon emissions peak in the 2020s. It also is likely to
encourage current efforts to reduce local air pollution, as services are best marketed from modern,
attractive cities. There will be more global competition in these sectors as Chinese services de-
velop. This will probably take time, however, as this has been an undeveloped portion of the mar-
ket. More global competition in heavy industry would be expected as well. A recent report by the
East-West Center found that while the Chinese service sector has grown quickly in the last three
years, it still has a 13 percent lower share of GDP than is typical of a country at its level of per
capita GDP.2"7 As domestic demand for China’s heavy industrial products declines, a huge effort
is already underway in plans such as One Belt, One Road to create an international market for
these products.

Energy infrastructure is China’s third domestic policy priority. While the build-out for rail and
roads may be nearing completion, energy infrastructure is still a concern. Much of this concern
focuses on electricity, with improvements to long-distance transmission, local grids, and distribu-
tion to consumers; moving more energy across provincial lines; and reducing service disparities
between urban and rural areas. New pipelines are also under consideration, especially as part of
efforts to encourage natural gas use. The latter has international implications, as a major issue is
the difficulty of negotiating deals with Russia. Although one pipeline is under construction, the
fate of the overall 2014 deal with Russia is still uncertain, due in part to fluctuating natural gas
prices.

Technology is the fourth critical area. The overall environment is stated as a need to focus on low-
carbon technologies, including a shift to renewables and natural gas. This effort again comple-
ments global environmental efforts, but China’s various energy S&T plans highlight its indigenous
innovation efforts. The desire is to use local technology to the largest extent possible. This often
puts Chinese policy in conflict with other countries’ goals to sell more technology. It is worth
noting that the United States is not the only country affected by this effort, and, depending on the
technology, may not see the largest impact.

Energy system reform is the final overall area. Key reform goals are reducing monopolies and
the prominent place of coal in the system and ensuring that new and renewable energy sources are
effectively integrated into the grids. Limited progress has so far been made in reducing monopo-
lies. Current reform at State Grid may have some impact, but mainly in the form of shifting retail
electricity sales to separate entities, not breaking up the transport network. Surprisingly, there has
been virtually no reform of the oil and gas commercial structures, even in its weakened state after
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the fall of Zhou Yongkang. The central government is missing out on this golden opportunity to
curb the monopolistic powers of a politically weakened oil and gas sector, and it appears unlikely
that it will be able to undertake such reforms in the foreseeable future.

A shift away from coal is already in progress. The shift will be slow, but the growth of nuclear
power and renewables means that it will happen over time, with this shift resulting in China’s
peaking its greenhouse gas emissions some time before 2030. Similarly, the grid integration issues
for renewables in particular are real, particularly problems with fluctuations and managing diverse
sources. Much of the emphasis on “smart grid” is really an effort to resolve these problems. Price
reform, the most obvious portion of market reform, is not mentioned in these plans, and there is
relatively little action on this front.

China’s energy system is a mixture of more market-driven prices, in particular the price of raw
coal, and controlled prices. Many of these price controls are responses to the monopoly conditions
of both the grid system and the oil market. Despite this overall structure, there are some ways the
Chinese authorities could reform electricity prices without becoming hostages to monopoly pric-
ing. The first is that the generation companies are competitive. This is not a concentrated sector.
The series of electricity market reforms over the course of 2015 will allow for some limited com-
petition in that the generating companies will be able to sell their power directly to industrial cus-
tomers. 2 Whether they will be able to negotiate prices with the grid companies is not as clear.
China’s challenge is to come up with a way to enable more competition without favoring cheap
coal. Currently, electricity dispatch rules, the rules by which State and Southern Grid are required
to purchase power, specify when more expensive, but cleaner, sources are required.

A second opportunity for price reform would be to bring in time-of-day and other peak pricing
measures. In general, Chinese demand-side management efforts have been hobbled by lack of
flexible pricing in both electricity and oil and gas. With growth in both consumer and service sector
demand, flexible pricing could be a significant energy efficiency tool, but it does not appear to be
as high on the Chinese government’s wish list as new technology.

Market Demand

China is now the second largest economy in the world and overall the second largest energy con-
sumer after the United States. Consequently, its largest impact on the United States is simply as a
large player in the market. However, fossil fuel markets are highly volatile and subject to many
other influences besides changes in demand. Indeed, demand changes tend to be fairly slow and
predictable in comparison to political changes in supplier countries, new finds, and other supply
changes that affect markets. Nevertheless, China’s large and growing influence on the global en-
ergy market is a predictable part of the global energy future.

Demand for Coal

China has plentiful supplies of coal, which means that imports are likely to continue to be a small
fraction of total consumption. Coal imports currently stand at less than 4 percent of the total Chi-
nese coal market, and coal imports declined by 30 percent in 2015.2% China’s influence on the
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Rules to Reform Electricity System, NE21.com says,” Bloomberg Business, March 22, 2015.

209 “China’s Slowing Power Consumption Highlights Clean Energy Gains,” Bloomberg News, January 18, 2016.
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global coal market is relatively small, and there is nothing in the various planning documents to
suggest any policy to change this. However, given the relatively poor quality of Chinese coal, it is
conceivable that at some point there may be more demand for higher-quality foreign coal, espe-
cially for its power plants. There are potential suppliers in the Asia Pacific region, including Vi-
etnam, Indonesia, and Australia. One question is whether at some point US coal might also be of
interest. While the amount might be small, this could conceivably become a flash point at West
Coast ports given the concerns of US environmentalists. At the very least, any expansion of coal
export port capacity would be likely to get mired in years of licensing and challenges to environ-
mental impact studies. Given the decline in Chinese demand, an uptick in US exports seems rela-
tively unlikely despite some interest in coal-producing regions.

The more near-term changes are China’s commitments to: 1) reduce greenhouse gas emissions,
especially reducing carbon intensity 17 percent by 2020 and topping out total emissions by 2030
if not earlier; 2) improve ambient air quality in its large urban regions, including lowering the air
pollutant PM2.5 by 2017 in the Beijing area by 25 percent, in the Shanghai region by 20 percent
and in the Pearl River Delta by 15 percent; and 3) cap total coal consumption at around the current
level of 4 billion tons per year by 2020.2'°

The net result of these commitments and plans is that coal consumption is unlikely to ever go much
higher than its current level, and what coal is used will be employed with increasing efficiency.
China has already mandated substantial improvements in industrial efficiency, and these standards
will continue to be raised. The current target for electric power, which uses 50 percent of China’s
coal, is that new power plants use no more than 300 grams of coal per kilowatt hour (KWh as
China committed to in its June 2015 submission to the UN Framework Convention on Climate
Change). Moving away from simple supply-side efficiencies, current efforts have also focused on
improving grid efficiency in both lines and transformers, and building energy efficiency as com-
mercial and residential use becomes a greater part of the rebalanced global economy.

From an environmental perspective, these changes will be positive for the efforts of all countries,
including the United States, that seek to reduce climate gases and other pollutants. However, it is
important to consider the follow-on effects in other energy sectors. Attempts to limit coal con-
sumption will mean increased demand for other fuels.

Demand for Natural Gas
China’s expressed goal is to increase natural gas use by 10 percent annually to reach 10 percent of
total primary energy consumption by 2020. However, demand grew by only 5.7 percent in 2015,

210 pPM2.5 is particulate matter less than 2.5 micrometers in diameter. The smaller the particle, the easier it is for it to
pass through the lungs and into the bloodstream, causing greater health damage. Current air pollution policies focus
on these tiny particles. Some PM2.5 is produced directly from combustion, but more of it is a secondary pollutant in
the air, produced from a number of primary pollutants, including sulfur dioxide, nitrogen oxides, and volatile or-
ganic compounds, all of which are emitted at various stages in energy production and consumption.
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and most of that was due to a late in the year price cut.?!! The Chinese government’s own projec-
tion for increased demand in 2016 is a modest 6.1 percent.?'? The Chinese government had raised
natural gas prices to encourage gas project development, but with world oil prices low and pushing
down the price of coal, natural gas is now overpriced. Observers expect the Chinese government
to lower the natural gas price shortly. However, this type of inflexible pricing model is one of a
number of institutional challenges to the expansion of supply.?!?

China has some of its own natural gas, but projected expansion in consumption depends on multi-
ple additional sources, including coalmine and coalbed methane, shale gas, piped gas from Russia
and Central and Southeast Asia, and LNG imports. None of these sources have grown as fast as
projected. While China will seek to import more gas, its demand growth and impact on world
markets will be relatively modest. China’s international purchases are generally pure market trans-
actions and are likely to have little impact on the United States as the latter has its own supply of
domestic gas and is little affected by international pricing. The one question might be Russian gas,
where both countries would stand to benefit politically from a strong gas-trading relationship.
However, by all accounts, China and Russia are having trouble moving forward with their bilateral
gas deals precisely because of the volatility of the market. They are also having trouble with price
discovery. In other words, given the limited number of deals and the volatile market neither side
is comfortable with where the price is likely to be in the future.?!*

Because of its high cost, natural gas in China is generally used by households rather than industry,
as there is a strong cultural preference for cooking over a flame. There has been some growth in
gas-fired power plants, but they are still a small fraction of the total number of plants in China.
Natural gas is rarely used in industrial applications due to its high costs. As a result, China’s pet-
rochemical industry relies heavily on coal gasifiers rather than natural gas.

There are a number of industries, such as glass and cement, where shifting from coal to natural gas
would be important in raising quality because gas provides more consistency, leading to more
uniform firing characteristics. As China seeks to move up the value chain, these types of shifts will
be important, but so far manufacturers have resisted because of the high price of gas.?!?

Demand for Nuclear Power

The Chinese government has long been interested in developing civilian nuclear power. Nuclear
energy offers both environmental and energy security advantages. On the environmental front it
produces neither local air pollutants, nor greenhouse gases, and while neither of these issues were
prominent considerations when the Chinese government began to encourage the development of
the nuclear sector, they now make it particularly attractive. Nuclear energy’s advantage for energy
security, a concern of much longer standing, is the ability to diversify supply in ways that are a
useful balance to both coal and oil.

21 Aibing Guo and Sarah Chen, “China Diesel Use Slumps as Natural Gas, Gasoline Demand Gains,” Bloomberg
News, January 24, 2016, http://www.bloomberg.com/news/articles/2016-01-25/china-diesel-use-slumps-as-natural-
gas-gasoline-demand-gains.
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214 Author interview with Edward Chow, Center for Strategic and International Studies, August 28, 2015.

215 Author interview with Fugiang Yang, Natural Resources Defense Council, August 23, 2015.
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Nuclear power is a viable substitute for coal in the Chinese power industry. The target in the 12th
FYP was 40 GW of installed capacity by 2015. The Chinese authorities are developing nuclear
power rapidly, but in general they have not executed their most ambitious plans. Moreover, current
plans were slowed specifically by a safety review after the 2011 Fukushima accident. That review
was completed by mid-2012, and certification of new plants resumed. '

According to the International Atomic Energy Agency’s (IAEA) database, as of 2014, there were
28 operational plants in China with approximately 25 GW installed capacity and another 24 GW
under construction with an equal amount of installed capacity.?!” From these figures, it is unclear
whether the 40 GW target would have been reached by the end of 2015, but the 2020 target of 58
GW looks to be more easily obtainable. This 2020 goal is scaled down from earlier goals of 70—80
GW installed capacity.?'®

When the relatively slow rate of growth in nuclear power over the 1990s and early 2000s is exam-
ined, combined with the four-year pause after the 2011 Fukushima accident and public discussions
of safety, it appears that China’s ambitious nuclear goals have been curtailed to ensure feasibility
within safety parameters. Chinese planners emphasize safety far more consistently when related
to nuclear power than any other energy sector. In fact, the nuclear section of the 12th five-year
energy plan is the only area where “safety first” is a stated part of the plan.?!° The five-year plan-
ning process includes a separate nuclear safety plan with specific targets for numbers and types of
inspections and the issuance of new safety regulations. Since the start of the 12th FYP (with the
exception of the Fukushima review), there has been a clear increase in the speed with which new
plants are being opened. 22

In contrast to oil, where much of the Chinese supply involves significant political risk and where
China has come under international criticism for supporting unsavory regimes, China has a number
of options for purchasing nuclear fuel. The sources are both more politically diverse, ranging from
Australia to Central Asia, and closer to China. Consequently, while the Chinese goal is to increase
its self-reliance, uranium sourcing appears robust and diverse enough to reduce energy security
concerns. Currently 25 percent of nuclear fuel originates from domestic sources.??! China is de-
veloping new domestic mines, however, and plans to raise the domestic supply to meet one-third
of demand although the target date for these plans is unclear. It is also unclear whether the Chinese
government will be able to meet this goal since some experts believe China has only 1 percent of
total recoverable reserves and that these supplies are of poor quality. Under these circumstances,

216 Yun Zhou, “China Responds to Fukushima,” Bulletin of the Atomic Scientists, June 28, 2012.

217 “China, People’s Republic of,” IAEA Power Reactor Information System database,
https://www.iaea.org/PRIS/CountryStatistics/CountryDetails.aspx?current=CN.
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clear Power Plant Construction After a Four-Year Freeze,” Global Times, June 15, 2015.
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some analysts estimate that Chinese uranium imports could constitute 17 percent of global demand
by 2020.%*

China is also becoming more independent in nuclear technology. While its second-generation nu-
clear power plants are based on Areva technology that still requires license fees, its third-genera-
tion CAP1400, a passive 1400 MW design based on the Westinghouse AP1000 (now owned by
Toshiba), is purchased foreign technology. The agreement with Westinghouse specified that the
Chinese would own the technology and any improvements, and could use it domestically and for
export of any power plant larger than 1,350 MW.?? The Chinese say they now have fully indige-
nous IP.?** Moreover, when looking at beyond third-generation technology, China is now leading
global research efforts (see Nuclear Technology section). As a result, nuclear technology looks to
be an area where China will not only become self-sufficient, but is striving to become a major
exporter. This means that China is no longer an attractive nuclear customer but instead is a major
competitor to the United States and other major nuclear exporters.

Given that total installed capacity of coal-fired power plants in China is over 900 GW, nuclear
power currently only substitutes for coal at the margins. Hydropower is another major clean alter-
native power source, with over 300 GW of installed capacity in China. But nuclear energy is the
Chinese government’s preferred long-term play, and it is growing far more rapidly than natural
gas, while coal development is slowing and will likely taper off soon with the 2020 coal cap.

Demand for Renewables

Renewables are growing rapidly as well, but it is worth noting that installed capacity numbers are
not directly comparable to fossil fuel and nuclear power plants. While fossil and nuclear energy
can run close to 100 percent capacity (with some breaks for maintenance, and China’s plants are
running at considerably less than full capacity during the current economic slowdown), a well-run
wind or solar plant in optimal conditions might only reach around a 30 percent utilization rate
because the sun does not always shine, nor the wind always blow. Chinese solar and wind plants
though run at lower capacities. For example, in the wind sector, Chinese plants run at little over
20 percent capacity, while US plants run at around 33 percent.??> Consequently, while nuclear
installed capacity is well below that for both wind and solar, actual electricity generated by nuclear
plants already is likely to exceed that of solar power generation, and may well meet that of wind
power within the next decade.

Demand for renewables is driven more by government policy through targets in the FYP than by
market demand. The Chinese solar industry had already exceeded the 12th FYP target of 21 GW
installed solar PV in 2014, and reached 43 GW of installed capacity in 2015. This represents ex-
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traordinary growth. In 2015 alone, the Chinese solar industry installed at least 15 GW, and report-
edly as much as 16.5 GW.??® At the beginning of this FYP period in 2011, China had less than 1
GW of installed solar capacity (Table 5, pp. 74—75).

The overall goals are ambitious. While already the world leader in installed capacity, Chinese wind
power is targeted to reach 200 GW installed capacity and solar 100 GW by 2020. This is an espe-
cially heavy lift for solar power, since the goal is 21 GW by the end of the 12th FYP, but solar is
developing rapidly after a relatively late start. Development plans for solar include large-scale
grid-connected development in North Central and Western China, with 10 GW planned for each
area. In addition, there is a new emphasis on microgrids, with a push (still in its infancy) to develop
small-scale distributed power.??’” Wind development began much earlier than solar in China, and
as of the end of 2015 China had 129.3 GW installed around the country.??®

Most renewable energy in China relies heavily on local manufacturers and technology. Chinese
firms have been major players in solar cell fabrication globally, and while some of its cells are not
as technologically efficient as those of competitors, when compared by cost per kWh they are
actually very cost effective.?? According to the International Energy Agency, China produced 61
percent of photovoltaic cells and 66 percent of photovoltaic modules in 2014. China was also the
largest consumer with 27 percent of the market, and its installed capacity is now second behind
Germany and growing much faster. The United States has a much smaller share of the production
market with only 2 percent of photovoltaic cells and modules.?*°

Because of the large size of the components, most wind energy technology is built close to where
the demand is centered. This has allowed China to establish a large wind-manufacturing sector and
with clear, long-term goals its businesses have been able to invest and expand the manufacturing
base. Chinese companies engaged in strategic partnerships in the 1990s and early 2000s, especially
with European wind manufacturers, but at this point they operate mainly on their own.?*! Chinese
firms are likely to fulfill the demand created by the current five-year and 2020 renewables goals.
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Demand for Oil

Demand can be expected to increase for imported oil to fuel the growth in transport, especially
personal vehicle ownership. In the short term, the Chinese government has no expectations about
increases in domestic production, with the 12th FYP projecting output to be flat. However, the
Energy Development Strategy Action Plan (2014-2020) suggests that the government would still
like to see steady increases in oil production over the medium term. The British Petroleum (BP)
Energy Outlook 2035 projects Chinese oil consumption to more than double by 2035.%%? Whether
growth is that high will depend to a significant extent on whether vehicles continue to run on
petroleum or whether China’s electric vehicle programs succeed in replacing this demand.

Regardless of long-term trends, in the short to medium term, China will continue to increase oil
imports. The recent liberalization of crude imports by so-called teapot refiners (small refiners
mainly in Shandong) also means that crude importation has become easier. Whether China also
produces more domestically is a larger question. The US Energy Information Agency reports that
expanded production in China would require the development of tight oil and deep offshore oil. >3
Both of these are difficult prospects in the existing low-price environment.?** While CNOOC has
been exploring deep offshore, analysts do not see large-scale development to be likely without an
increase in prices.>*

Chinese energy plans have multiple approaches to curbing the increased demand for oil. The na-
tional target is to have 30 percent of urban traffic in the form of public transport by 2020. Even
with enormous public transport efforts, including the construction of metros in 35 cities, the Chi-
nese Electric Vehicle Plan projects that there will be 150 million passenger vehicles (of all engine
types) on the roads in 2020 and 250 million in 2030.%3¢ In addition to plans for EVs, there are also
efforts around non-food-based ethanol, biodiesel, and other alternative fuels, but these are in the
early R&D phase at present. While significant efforts are being made to reduce dependence on
imported oil, none of these initiatives are a short-term fix. Chinese policy on liquid fuels can be
expected to continue to seek secure oil sources internationally, and oil demand will be a significant
factor in shaping Chinese attitudes toward Africa and the Middle East. Analysts see international
acquisitions by Chinese companies as similar to those of other oil giants. While a decade ago the
Chinese focus internationally was mainly CNPC acquiring equity in developing countries, today
Chinese companies pursue a variety of strategies in terms of both type of purchase and the part of
the supply chain, with interests both upstream (exploration and development) and downstream
(production and products).?*” CNPC’s investments in Sudan have been among its most controver-
sial, and it has continued to operate there throughout its civil war. It has signed new agreements
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with both Sudan (2015) and South Sudan (2014), and continues to be the major international player
in that region. 2*® However, many Chinese investments are far less controversial. The two largest
have been outright purchases: the $15.1 billion purchase of the Canadian company Nexen by
CNOOC and the $7.24 billion purchase of the Swiss company Addax by Sinopec.?*’

Indigenous Innovation

Indigenous innovation, essentially China’s “go it alone” policy focused on producing technology
with domestic IP, is a key goal in the 12th FYP, the MLP, and the individual plans for the energy
sectors. The stated goal is to have Chinese technologies that are commercially dominant in every
sector. There are clearly some sectors where Chinese technology is the global leader, such as coal-
fired power plants and high-voltage long-distance transmission lines. In other sectors such as wind
and solar technology, China is commercially dominant, but this may have more to do with cost
than technology. In other areas, including much of the oil and gas industry, while plans state the
intention to use local IP, the industry still uses a great deal of international technology. The Chinese
government is also the world’s largest state investor in energy R&D. Kelly Sims Gallagher, senior
policy advisor in the White House Office of Science and Technology Policy, estimates that “the
Chinese government appears to be investing approximately three times as much as the US govern-
ment in energy R&D.”?*° There is likely to be considerable variation in the stated plans, however.

One key point is that China’s commercial dominance in many sectors is also in large measure due
to the size of its market. In the past decade, overall energy consumption has more than doubled.
As a result, China has been a major global consumer for almost all energy technologies. In many,
including most parts of the power sector, such as generation, transmission, and pollution abatement
equipment, it has been the dominant consumer. China’s advantages as a low-cost manufacturer are
compounded when its companies are also close to its consumers, reducing logistical costs and
offering the possibility of greater responsiveness.

Coal Mining

Improving coal mining technology is a key technology target for China. While deaths have de-
clined rapidly in recent years, China’s coal mine death rate continues to be the world’s highest. !
The Chinese government has addressed part of the problem by closing small and private mines
and consolidating other mining companies. Consolidation makes mine inspection more feasible
and 1s intended to ensure that mining companies have sufficient funds to invest in better and safer
equipment.
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The result has been some significant opportunities for international companies, and a number of
US heavy-equipment firms are active in this sector. As with any sector in China, investing is not
without risk, as was demonstrated by Caterpillar’s massive write-off and allegations of fraud at a
Chinese mining machinery company it purchased in 2012.2*> However, a large number of firms,
including Caterpillar, are active in this space and continue to produce equipment in China for sale
to Chinese coal-mining firms. Chinese mines today seek to be more mechanized, reduce their
workforces, and capture coalmine methane for both environmental and safety reasons. While offi-
cial plans stress developing more domestic technology, it appears that upgrading has been a higher
priority than domestic sourcing, and that a number of US companies are sufficiently ensconced in
the Chinese market that they are able to maintain sales. As noted earlier, coal mining itself is peak-
ing in China and total output will decline over the next decades. This will mean that demand for
new mining equipment will not be as robust over the longer term, while Chinese firms will also
become more competitive.

Coal-fired Power Plants

China is already a world leader in coal-fired power plant technology, and its energy plans commit
to still further improvements. This consistent effort has extended since the early 1980s, and con-
tinued investment can be expected.?** Three areas are highlighted in the country’s long-term plans:

e improving efficiency in critical power plant technology, where China is already the world’s
leader;

e improving fluidized bed technology, which is a technological solution to the cost of end-of-
pipe pollution abatement; and

e development of IGCC with carbon capture technology.

China already leads the world in the production and sale of conventional and super critical power
plants, and sells them for considerably less than its competitors.?** While international companies
offer some technologies that are not manufactured in China, Chinese firms produce a standard
power plant at a highly competitive price that makes it an attractive option for many customers.
Moreover, China has become the global leader in project financing for power, and offers highly
competitive concessionary financing. As a result, China now dominates the international market
for power plants of all types, but particularly coal and hydro plants (Figure 11). In India, for ex-
ample, private power producers purchase mainly Chinese equipment, although the state-owned
power producer still acquires Indian-made products mainly from joint ventures with European
manufacturers.?* India is just one example of the growth in China’s customer base. The main
competition for Chinese power coal-fired plants is not in the United States, so there is not a direct
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impact on the US trade position. The greater impact is indirect, as many countries weigh what
power source they want to add to their electricity grid.

The low cost of Chinese coal-fired power plants competes with both renewables, where China is
also a major player, and with natural gas, especially in the wake of the gas revolution in the United
States. The United States is highly competitive in the production of gas turbines. Moreover, gas-
fired power plants have the added attraction of being relatively fast to construct and low in carbon
relative to coal, as well as not producing either sulfur dioxide or much particulate pollution (alt-
hough they do produce high amounts of mono-nitrogen oxides.

China has been selling power plants internationally for a number of years, but this effort is being
reinforced by President Xi Jinping’s “One Belt, One Road” initiative. This grand scheme envisages
a “New Silk Road Economic Belt” extending from China across Central Asia to Turkey, and a
“Twenty-First Century Maritime Silk Road” linking China to Southeast and South Asia and Africa.
The major emphasis of this plan is that Chinese companies should “go out” to seek new investment
and trading opportunities.>* While the plan ostensibly encourages outward investment, the major
impact in the energy sector, according to the Eurasia Group’s Erica Downs, has been a shift from
seeking energy plays to seeking to sell major infrastructure projects. Premier Li Keqiang has spe-
cifically emphasized selling high-end capital goods, including power plants. >’

Figure 11. Chinese involvement in power projects outside of China since 2000
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For developing countries, the growth of the Chinese power equipment industry has given them a
wealth of options for the source and type of power they wish to add to their grids at a time when
many of them still need to increase their supply of basic energy services. Some of these options,
including for renewable and nuclear power from China, are low carbon. But the low cost and high
quality of Chinese coal-fired power generation equipment and the price pressure this increased
competition has had on the whole market means that coal-fired power plants are still an attractive
option for many countries. A study of power plants planned and under construction by Phillip
Hannam and several other scholars found that a number of countries, including India, Indonesia
and Vietnam, are experiencing a shift from more diverse sources, including hydro and natural gas,
to coal.?*® The purchase of a new plant often means locking in coal use for fifty years. This brings
with it profound climate implications, as well as human health risks in the consuming countries.

Pollution Abatement

Beginning with the 11th FYP in 2006, the Chinese government became serious about its pollution
abatement targets. For the first time, it established “hard” targets for two pollutants: chemical ox-
ygen demand (COD), a measure of water pollution, and sulfur dioxide (SO>), an air pollutant. It
met its water goal in the 11th FYP and exceeded its SO, goal.?** It then added goals in the 12th
FYP for NOx and ammonia nitrogen, one air and one water pollutant. Within the energy sector,
the air pollutant targets so far have primarily addressed coal-fired power generation, but this is
changing. The addition of a NOy goal adds regulation to China’s small number of gas-fired power
plants. In addition, the increased stringency of these targets is now also affecting the oil and gas
sectors by requiring upgrades of refineries, both for their own emissions and for the quality of the
products they produce.

Chinese coal is relatively high in ash and contains what might be considered a medium level of
sulfur, which must be removed through end-of-pipe technology.?*° Chinese power developers rely
primarily on local suppliers for basic pollution abatement technologies, which include electrostatic
precipitators, flue-gas desulfurization (FGD), and a variety of NOy abatement options. The build-
out of FGD capabilities during the 11th FYP was the largest demand spike ever seen globally. "
Chinese power plant executives report that Chinese-made FGD equipment costs one-tenth of an
international import, and they largely used these cheaper, domestically-produced technologies to

248 Hannam et al., “Developing Country Finance.” Note that in some sense this is a hypothetical shift. These coun-
tries are all building new coal-fired power plants. Hannam et al.’s argument is that the mix of new power plants is
more skewed toward coal than the existing mix of power generation in these countries and they suggest (although
they do not actually have a causal story, just a powerful correlation) that this is due to inexpensive Chinese power
plants.

249 See Table 5 (pp. 74—75 in this report).

230 Author interview with Weidong Wang, Lawrence Berkeley National Laboratory. September 10, 2015.

23! This is a calculation based on the size of coal-fired generation capacity, where only the United States would be
comparable. China installed virtually all of its FGD equipment during the 11th FYP, covering 86 percent of all its
plants. Jeremy Schreifels, Yale Fu, and Elizabeth Wilson, “Sulfur Dioxide Control in China: Policy Evolution Dur-
ing the 10th and 11th Five-Year Plans and Lessons for the Future,” Energy Policy 48, July 4, 2012. The United
States has used a greater variety of methods to control SO2, including low sulfur coal, and only 58 percent of US
plants today have scrubbers. Energy Information Administration, “Coal Plants Without Scrubbers Account for a Ma-
jority of US SO2 Emissions,” Today in Energy, December 21, 2011.
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meet the rising demand. While initially there was criticism from foreign firms that Chinese equip-
ment was less efficient, the difference turned out to be a result of specifications, not quality. Once
tighter air quality regulations were adopted in 2012, Chinese plants upgraded their equipment. >3

As aresult of its own build-out, China is now a leading competitor in conventional pollution abate-
ment technology. Most of this technology is not new and there is very little IP involved. Chinese
prices for such technology are now so far below competitors that China would appear to have a
clear edge in developing country markets. While this looks like a loss for international competitors,
including those from the United States, the reality is that most developing countries, including
China, were buying very little of this equipment before China entered the market and drove down
prices. If countries such as India and Indonesia upgraded their own facilities with low-cost pollu-
tion abatement equipment, the potential lives saved would be in the millions annually.

While most conventional pollutants can be addressed with off-the-shelf technology, Chinese plan-
ners are also interested in developing next-generation technologies. The 13th FYP (2016-2020) is
expected to be the toughest yet in terms of both pollution and carbon targets.?>* The Chinese au-
thorities are supporting the development of two alternative coal-fired power plant technologies:
fluidized bed and IGCC. The IGCC technology also offers the possibility of integrating with CCS
technology—methodologies for capturing carbon dioxide from flue gas and piping and storing it
underground.

CCS is an added cost to power generation, so it is unlikely to be implemented unless there are
mandatory and/or international carbon reduction commitments. However, China is pushing ahead
with technology development and is now leading the world in the development of capture tech-
nologies, specifically through its GreenGen IGCC project.?** The IGCC project also presents an
option for more efficient coal use. Absent a requirement for carbon capture, it is not clear how
often this option will be chosen. Conventional coal-fired power plants have become much more
efficient at a much lower cost. The greater challenge for China is that it is not a world leader in
turbine technology. The GreenGen project uses imported turbines for at least some of its func-
tions.?> Given the lack of traditional natural gas supplies, China had not invested as heavily in
turbines as it has in coal boiler technologies and is now working to catch up.?%¢

Organizations like the Thermal Power Research Institute in Xian clearly see potential in a carbon-
constrained world for marketing CCS units not just in China but in other coal-dependent countries.
While China is moving ahead rapidly with demonstration projects, this is actually an area where
there is potential for fruitful bilateral cooperation with the United States. While the Chinese are

232 Lijian Zhao, C. James, and D. Seligsohn, “China Adopts World-Class Pollutant Emissions Standards for Coal
Power Plants,” World Resources Institute, June 15, 2012.

253 Chuin-Wei Yap, “China’s Big Industry Braces for Five-Year Pain,” Wall Street Journal China Realtime blog,
September 18, 2015.

234 Shisen Xu, “Moving Forward with the Huaneng Greengen IGCC Demonstration,” Cornerstone, September 30,
2014; “Greengen Fact Sheet: Carbon Dioxide Capture and Storage Project,” Carbon Capture & Sequestration Tech-
nologies @ MIT, January 5, 2015.

255 GreenGen plant site visit, Tianjin, China, October 2010.

2% Gallagher, The Globalization of Clean Energy Technology, 146.
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ahead on capture, the United States is more advanced on storage technologies.?’ The two coun-
tries have cooperated in this area for a number of years. Both are active in the Carbon Sequestration
Leadership Forum, and one of the Clean Energy Research Centers, established in 2009, is dedi-
cated to CCS research. Scaling this type of research up to larger demonstration projects would
require greater funding.

Nuclear Technology

A major attraction of the Chinese nuclear industry, however, is technology. China began training
large numbers of nuclear engineers in the 1950s for its nuclear weapons plan. Civilian nuclear
power development followed at the beginning of the 1970s, but the first nuclear power plant pro-
posal, the 310 MW domestically designed Qinshan 1 pressurized water reactor, was approved only
in 1981. Construction took another decade, and it finally opened in 1991.2%8

At the same time, the Chinese nuclear power industry began seeking international partners and
initiated the Daya Bay project in Guangdong Province in 1982. In 1985, the China National Nu-
clear Power Corporation (CNNC) signed a joint venture with China Light and Power Co. from
Hong Kong, and in 1986, the joint venture company agreed to purchase power plant technology
from Framatome (which later became Areva). Talks with Framatome had begun in 1978, but the
900 MW plant itself was not commissioned until 19942

This slow pace of nuclear power development continued. As of 2000, China had just Qinshan and
two plants at Daya Bay in operation, and a decade later installed capacity reached just 10 GW, a
goal that was originally set for 2000.2%° According to Liu Xinrong, former Vice President of the
Second Research Design Institute of the Nuclear Industry, the focus during the 1990s was on “self-
reliance and localization.”?%! There were some additional international deals, including the pur-
chase of two Candu units from Canada, which came on line in 2003.

The major turning point occurred in 2004 when the State Nuclear Power Technology Corporation
(SNPTC), which had advocated for imported technology, won the argument with CNNC, which
had pushed for the self-reliance model.?® This led to an agreement in 2007 with Westinghouse
Corp., which had been acquired by Toshiba Corp. of Japan a year earlier, for the purchase of four
third generation AP1000 reactors and the ultimate transfer of the AP1000 technology to China. 2%

257 Author interview with Sarah Forbes, US Department of Energy, August 30, 2015.

233 JAEA Country Nuclear Power Profiles, 2013 Edition, “China (Updated 2003),” http://www-
pub.iaea.org/MTCD/publications/PDF/CNPP2013_CD/countryprofiles/China/China.htm.

2% Information on Daya Bay comes from the China Light and Power website, accessed January 26, 2016, and S.
Charbonneau, “Framatome Contribution to Chinese NPP Development and Standardization,” presented to the Inter-
national Conference, Nuclear Option in Countries with Small and Medium Electricity Grid, Opatija, Croatia, 1996,
http://www.iaea.org/inis/collection/NCL CollectionStore/ Public/29/035/29035049.pdf.

260 Liu Xinrong, “The Status and Trends of Nuclear Power Development in China,” presentation, September 6,
2013.

261 Personal knowledge from discussions as US Embassy energy officer in the early 1990s.

262 World Nuclear Association, “Nuclear Power in China,” updated January 6, 2016.

263 Ibid. See also David Winning, “Westinghouse Seals China Deal; Four Nuclear Plants to Be Open by 2015, More
Accords Seen,” Wall Street Journal, July 25, 2007.
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As of now, China is moving forward briskly in civilian nuclear technology development. A central
plank of its strategy has been the ‘re-innovation’ of foreign technology that is modified and re-
branded as Chinese indigenous output. This is the case with the third-generation CAP1400, which
is a modified version of the AP1000 pressurized water reactor to which China acquired full tech-
nology rights from Westinghouse in 2007 (Figure 12).

The Chinese nuclear industry is now building and marketing the CAP1400 domestically and glob-
ally. The first of these plants, the Hualong One, is currently under construction in Fuqing, Fujian.
CNNC is actively seeking international markets with the goal of selling six to eight reactors by
2020. CNNC Vice President Li Xiaoming has stated that the company is actively seeking markets
in Europe, North Africa, and Latin America, and that “new prospects” include Egypt, Saudi Ara-
bia, and Sudan.?%* Generous state-backed export financing is available for these deals. While some
of these countries might arouse nonproliferation concerns, China carefully abides by international
nonproliferation protocols as a IAEA member, and its projects are subject to international inspec-
tion.

Table 6 shows all the international projects currently under consideration. Only the first plant, a
conventional second generation plant in Pakistan, is actually under construction. With China yet
to finish completion of its first third-generation plant that is based on technology transferred from
Westinghouse, it is reported that prospective international buyers are skeptical of China’s offer-
ings. 2%

Figure 12. The ‘re-innovation’ of China’s nuclear reactor technology
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Source: Lin Tian, “CAP1400 Design and Construction,” PowerPoint presentation, June 27, 2013, slide 13,
https://www.iaea.org/NuclearPower/Downloadable/Meetings/2013/2013-06-24-06-28-TM-NPTD/14-snerdi.pdf.

264 Lyu Chang, “Nuclear Reactor Exports on Cards,” China Daily, June 17, 2015.
265 Charlie Zhu and David Stanaway, ““Made in China’ Nuclear Reactors a Tough Sell in Global Market,” Reuters,
March 6, 2015.
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Table 6. Export sales and prospects for Chinese nuclear power plants

Country
and Estimated Construction Planned Status,
project Type cost Company start completion financing
Pakistan
Chasma CNP300 $2.37 CNNC March 6, 2013 2016 for Under construction,
3&4 billion (Chasma 3) Chasma 3; Chinese finance 82%
2017 for of $1.9 billion
Chasma 4
Karachi Hualong $9.6 billion | CNNC N/A N/A Planned, $6.5 billion
Coastal One vendor finance, maybe
1&2 82% China finance
Romania
Cernavoda | Candu 6 €7.7 billion | CGN November 2013 | N/A Planned, to complete
3&4 ($9.21 partially built units,
billion) Chinese finance
Argentina
Atucha 3 Candu 6 $5.8 billion | CNNC November 2015 | N/A Planned, with local
(contract involvement and
signed)? $2 billion Chinese fi-
nancing
Atucha 4 or | Hualong $7 billion CNNC November 2015 | N/A Vendor financing
other site One (contract envisaged
signed)
United Kingdom
Bradwell Hualong CGN October 2015 2025 Promised future
One (contract opportunity
signed)
Turkey
? AP1000 or SNPTC N/A N/A Exclusive negotiations
CAP1400 involving Westing-
house

Sources: “Nuclear Power in China,” World Nuclear Association, accessed January 8, 2016, http://www.world-nu-
clear.org/info/Country-Profiles/Countries-A-F/China--Nuclear-Power/; “Chashma 3 Gets Its Dome,” World Nuclear
News, March 22, 2013, http://www.world-nuclear-news.org/NN-Chashma_3 gets_its dome 220313a.html; “Romania
Expresses Support for China's Role at Cernavoda,” World Nuclear News, January 25, 2016, http://www.world-nu-
clear-news.org/NN-Romania-expresses-support-for-China-role-at-Cernavoda-25011601.html: “Nuclear Power in Ar-
gentina,” World Nuclear Association, February 2016, http://www.world-nuclear.org/information-library/country-pro-
files/countries-a-f/argentina.aspx; "Hinkley Point Nuclear Agreement Reached,” BBC News, October 21, 2015,
http://www.bbc.com/news/business-34587650.

While Chinese nuclear exports are still in their infancy, the attractions are clear. If the Chinese
succeed in beginning operations with Hualong One, it will be state-of-the-art, and reports are that
it costs two-thirds of competing international models.?%® At the same time, international companies
still see potential for contracts in China. Westinghouse CEO Daniel Roderick told Bloomberg
News in December 2015 that he expects Westinghouse to be competitive against Chinese manu-
facturers in upcoming bids to construct nuclear power plants in China, pointing to an estimated
need to build thirty AP1000 plants over the next decade. These could be either Hualong One or
Westinghouse models. While Roderick expressed optimism, other commentators have pointed to
delays in Westinghouse’s current projects, as well as the cost differential.?®’

266 Tetsuya Abei, “State-Owned Enterprises Eye Overseas Power Projects,” Nikkei Asian Review, January 5, 2016.
267 Stephen Stapczynski et al., “Westinghouse Races China for $1 Trillion Nuclear Power Prize,” Bloomberg Busi-
ness, December 9, 2015.
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The Chinese nuclear energy industry has among the most active R&D plans for fourth-generation
nuclear power development, especially in terms of demonstration projects rather than the core
science behind it. Tsinghua University’s Institute of Nuclear and New Energy Technology origi-
nally developed a 10 MW demonstration facility on the outskirts of Beijing. Tsinghua signed a
memorandum of understanding (MOU) with MIT in 2003 to share research. 2%

China also began construction in 2012 on a much larger 210 MW facility, still called a demonstra-
tion, in Shidaowan, Shandong Province, with an expected completion date of 2017.2%° This pebble-
bed technology is still highly experimental, but if successful its modular design could enhance
both safety and versatility.?’® China also has an MOU with South Africa to work on this design.?’!
The US side does not have any fourth-generation demonstration facilities and its focus has been
primarily on research.

With the largest market anywhere in the world for new nuclear power plants, China’s nuclear
industry has been able to negotiate excellent terms with foreign suppliers. China has increased the
proportion of domestic IP with each successive generation of power plants, in part because of its
negotiating position as a monopsony buyer and in part because of its heavy investment in nuclear
engineering education. China has a long history of producing nuclear engineers that dates back to
the 1950s. Starting in 2007, Chinese universities expanded these plans, adding five different nu-
clear specialties and expanding the number of students.?’? At the same time, nuclear engineering
education has stagnated in the United States.

Hydropower

Chinese companies already lead the world in new hydropower installations and are very active in
exporting of hydro projects, such as the Merowe Dam in the Sudan and the Mayitsone Dam in
Burma. Hydro projects are an important part of the One Belt, One Road initiative and are precisely
the type of projects the Chinese government wants to encourage in an economic slowdown. They
use large amounts of Chinese equipment and raw materials and considerable Chinese labor. As of
early 2014, China had been involved in 304 international dam projects.>”

Smart Grid

The China Smart Grid Major Science and Technology Industrialization Project 12th FYP lists the
full range of smart-grid related technologies as priorities for indigenous innovation. These include:
1. Renewable grid connections and electricity storage

2. Grid interconnection and long-distance transmission

3. Automation and network controls

268 “MIT, Tsinghua Collaborate on Development of Pebble-bed Nuclear Reactor,” MIT News, October 22, 2003.
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2014.

270 Christina Larson, “China Wants Nuclear Reactors, and Lots of Them.” Bloomberg Business, February 21, 2013.
27 Rod Adams, “Pebble Bed Reactor MOU Between China and South Africa,” Atomic Insights, March 30, 2009.

272 International Atomic Energy Agency (IAEA), “Human Resources for Nuclear Power Expansion,” (undated, but a
follow-up to a 2009 TAEA report), accessed September 20, 2015, https://www.iaea.org/sites/default/files/gc54inf-3-
att5_en.pdf.

273 Frauke Urban and Johan Nordensvard, “China Dams the World: The Environmental and Social Impacts of Chi-
nese Dams,” E-International Relations, January 30, 2014.
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4. Smart metering
5. Demand-side response technologies
6. Electric vehicle charging and support

However, it does not appear that equal emphasis is being placed on all six areas. To understand
Chinese thinking on smart grids, it is important to understand how they are viewed and defined in
China. Grid interconnection and, to a lesser extent, automation and network controls in the list of
priorities are the objects of most Chinese focus. These priorities align with China’s efforts to im-
prove the grids’ physical infrastructure and ensuring system security and efficiency.?’* Priorities
in Western countries are linked more to smart metering and demand-side management, but these
issues receive much less attention from Chinese energy planners, even though they are addressed
in the development plans.

The Chinese system continues to struggle with the integration of renewable energy into the grid.
Part of the problem is institutional, such as rigid pricing systems and divisions between provinces.
The biggest headaches are technical, especially managing fluctuations in supplies of renewa-
bles.?”> Variability comes in two forms: 1) longer-term (when the sun shines or the wind blows),
and 2) shorter-term (changes in solar intensity or wind speed and direction). The former requires
better grid management and better storage. The latter requires better technical integration of the
grid. These areas provide opportunities for international cooperation, and there is a real need in
particular for more work on cost-effective storage. Much of the assistance to date on shorter-term
fluctuations has come from projects with German entities.>’® There is considerable potential, how-
ever, for cooperative work with US organizations in this area, and the September 2015 agreement
between the National Renewable Energy Laboratory (NREL) and State Grid makes US—China
cooperation more likely.?”” NREL and its Chinese partners, organized through the NDRC’s Energy
Research Institute, are currently implementing five projects on grid integration as well as four on
standards and certification, in addition to several more policy-oriented projects. This is a consid-
erable increase in technical cooperation, where NREL and its Chinese partners had previously
completed one project each in grid integration and standards and certification.?”8

While demand-side management appears increasingly likely to be able to assist with China’s en-
ergy efficiency efforts, relatively little has been applied in practice. As noted earlier, the major
effort has been within-sector efficiencies in the 11th and 12th FYPs to shift the economy toward
less energy-intensive and higher value-added activities, including both high-technology manufac-
turing and services. The current Chinese energy pricing structure does not enable retailers to in-
centivize time switching or otherwise foster demand-side change. This is a regulatory and institu-
tional issue, not a technological constraint. Even if China were to use more of these types of
technical grid management tools, it is unlikely to become a large market.

274 Author interview with Lingwei Zheng, China Energy Group, Lawrence Berkeley National Laboratory, September
10, 2015.

275 Author interview with Joanna Lewis, Georgetown University, August 27, 2015.
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ternational/uscrep _projects.html.
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Looking to the external market, China’s clear comparative advantage is in long-distance, high-
voltage transmission. China has installed more of such lines in recent years than any other country,
with major advances in efficiency. As Chinese firms build power plants internationally, it can be
expected that they will provide the transmission infrastructure as part of the package. China’s ad-
vantage in these areas is that it can easily assemble a full package, including the power plant,
pollution abatement, and transmission.

Electric Vehicles

New EVs are one of the seven priority areas highlighted by the SEI plan included in the 12th FYP.
The effort actually got underway prior to the 12th FYP after Wan Gang became S&T minister in
2007. Wan, a former Audi executive, has been particularly focused on building up the Chinese
automobile industry and chose EVs as the best choice. His logic is that other OECD countries
already dominate the market for conventional vehicles and for hybrids. Moreover, Chinese com-
panies have not been able to license hybrid technologies from Japanese firms.?’ Consequently,
China’s only choice is to leapfrog advanced competitors into the EV market.

MOST has made major use of the 863 applied research plan to fund initiatives in this area. On
paper, the plan promotes comprehensive development, and uses the slogan “3 Vertical, 3 Horizon-
tal” (=2 —Hi):

e Three vertical: hybrid cars, pure EVs, fuel cell vehicles
e Three horizontal: batteries, motors, control systems

Many of the targets of the 863 Plan are of the kind that Chinese groups use to meet targets, but do
not actually show whether there is substantive progress, such as one for 3,000 new patents, without
any evaluation of whether the patents are meaningful or important. But the overall goals are to:

e Reach an overall vehicle efficiency of 20km/liter (or 47 mpg) by 2020

e Use 10 percent of total electricity output in support of all electric vehicles
e Develop the EV industry in 30 cities

e Have available 400,000 charging points and 2,000 filling stations by 2015

These goals seem unlikely to be reached, however. The infrastructure gaps are the most obvious.
As of 2014, the entire country had 723 filling stations (up from 76 in 2010), and the number of
charging points had increased from a little more than 1,000 to 28,000.2%° The Chinese automobile
industry also has not succeeded in producing the quality of lithium ion batteries originally
sought. 28!

According to Columbia University Energy Institute’s David Sandalow, this is the second effort by
the Chinese government to jump-start the electric vehicle industry. The first effort in 2009 petered
out, and Sandalow is skeptical that the latest effort will be any more successful. The largest struc-
tural issues are the proliferation of auto manufacturers in China and the need for cooperation from

2% Gallagher, The Globalization of Clean Energy Technology, 149.

280 «“Research and Markets: China Electric Vehicle Charging Station and Charging Pile Report 2015-2016,” Busi-
nessWire, March 23, 2015.

81 Gallagher, The Globalization of Clean Energy Technology, 57.



106

State Grid.?®?> An examination of the Chinese auto industry shows that repeated efforts to consoli-
date have failed.?®* With the proliferation of firms comes local protectionism.

At the same time, Sandalow said the need for grid company cooperation is much greater in China
than would be the case in the United States because more than 50 percent of vehicles in the United
States are parked overnight with access to an outlet. This is not the case in China. In general, this
speaks to a larger problem of cross-ministerial cooperation and integration. The outlet access prob-
lem could also have been reduced if new buildings were required to install outlets in garages.
Given the speed of urban construction in China, requiring the installation of outlets in new build-
ings would have expanded outlet access rapidly.

In sum, electric automobiles continue to be an area where the Chinese are experimenting. How-
ever, it does not seem likely that EV development will enable them to become dominant players
in the world auto industry any time soon. The industry case study on electric vehicles later in the
report provides additional information.

Wind

Chinese entities have made great strides in the wind sector and are widely regarded as being at
world-class levels for technology and deployment.?®* As in other areas, the Chinese government’s
goal is to have all components designed locally. The targets in the Wind Power Technology De-
velopment 12th FYP address cutting-edge technologies, infrastructure, and other adjustments per-
taining to grid connection issues. The goals in the planning process include:

1. Production of much larger turbines. China wants to mass produce 3—5 MW direct drive wind
turbines and components, and to develop 7 MW turbines. The stretch goal is 10MW offshore
turbines.

Development of better long-term wind resource data.

3. Development of national testing and certification systems (essentially an IP issue, since certi-
fication systems specify types of intellectual property).

Two additional goals to reduce the stress of the grid-connection issue are:

e Development of more non-grid wind for industrial use

e Development of direct industrial applications (industries generate own power so not reliant
on the grid)

The general view in the wind industry is that because many components are large they tend to be
built close to market. Because China has provided consistent government support and has a natural

282 Author interview with David Sandalow, Columbia University, August 25, 2015.

283 For example, see article by Norihiko Shirouzu (Wall Street Journal, February 5, 2009) that said China’s auto in-
dustry was going to be reduced from its then-80 firms, and an article by Sumantra B. Barooah (Aufo Car Profes-
sional, June 9, 2015) reporting that the government intended to cut back 20 firms from the current more than 100
manufacturers.
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market, the wind industry has flourished, according to Kelly Gallagher. %% Observers find that do-
mestic deployment has been particularly critical for a successful wind industry. %

Chinese manufacturers have been successful in exporting wind components to both OECD and
Asian regional markets.?®” At the same time, some manufacturers, in particular GE, Gamesa, and
Vestas, have had some success in marketing wind turbines in China. Whether the foreign presence
in China will expand or remain limited is the subject of considerable debate among analysts. %

Solar Power

While wind capacity in China developed initially in response to domestic demand and government
policy, the solar industry began as a rural electrification policy, but blossomed when the industry
spotted the export opportunity afforded by solar subsidy plans in some OECD nations.?% What
had become a singular focus on exports changed after the abrupt shrinking of international solar
markets following the 2008 global financial crisis, but China continues to maintain a robust export
trade in solar cells. This development has been on par with international producers, especially
when calculated on a cost per kWh basis, but there has not been much new solar technology de-
veloped in China. The mass production cell business has been based on imported production lines.
As Kelly Gallagher has pointed out, the industry continues to rely heavily on imported technology
and IP from foreign research institutes.>*°

There are some indications in the Solar Energy Development 12th FYP, however, that the Chinese
government would like to see more solar-related R&D taking place in China. The plan calls for
the establishment of a national solar laboratory, but there have been few indications that this is
currently underway. The Chinese government would also like to foster research into bringing solar
costs down. Targets in both the solar and solar technology plans call for improving materials, re-
ducing imported inputs, and bringing the price of solar cell technology and production equipment
to international levels.

The plan comes with a lengthy slogan:

One goal (large-scale generation and break-even cost with conventional power), two break-
throughs (scale of production and of technology application), three technologies (crystal-
line silicon cells, thin film, and new cell technology), and four directions (deployment of
materials, devices, systems and equipment).
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Despite this emphasis in the plan on replacing imports, the history of the Chinese solar industry
would suggest this course of action is unlikely.

After the 2008 financial crisis, China’s focus was on the deployment of large-scale and rooftop PV
domestically and demonstration projects for new technologies.?! Chinese solar deployment has
been aided by a feed-in tariff. At the end of 2015, it was reported that NDRC planned to reduce
the feed-in tariff by US $0.003 to US $0.02 per kWh. Given falling prices for equipment, this drop
is not expected to slow down solar installation. Some analysts expect the change in pricing to
encourage distributed and off grid solar power. %>

The 12th FYP called for greater efforts to deploy solar thermal plants and the establishment of
microgrids. There have been a number of solar deals with foreign firms announced in the past few
years, but so far none have advanced very far. The latest deal is a 2014 joint venture between US
company Brightsource and Shanghai Electric.?*® The two companies have said that they plan to
build two 135 MW towers with molten salt storage, with the possibility of four additional units.?**
If the challenges of high capital costs and issues with storage can be resolved, many areas in north-
ern and western China are well suited to solar thermal.

Microgrids have also gotten off to a slow start. The goal has been to foster more distributed gen-
eration, and the 12th FYP had a target for the establishment of 30 microgrids. While there are a
few experimental microgrids currently in operation, the NEA did not issue guidelines for more
widespread development until July 2015.2%° One of the challenges with microgrids and other re-
lated developments has been the entrenched bureaucracy of the grid companies, State Grid and
Southern Grid, which operate as monopolies in their regions. There is hope that grid system re-
forms announced in April 2015 will ultimately produce a more conducive environment for distrib-
uted generation, but these reforms have yet to make much of an impact. The grid bureaucracy has
proven extremely difficult to disentangle and overcome.?*® Changes in tariffs may help boost this
part of the industry.

Solar energy is an area where US, international, and Chinese companies share considerable com-
plementarities. Despite the intentions to focus on domestic supply articulated in Chinese planning
documents, Chinese companies have been allowed considerable freedom to collaborate with inter-
national companies, purchase IP, and interact with foreign markets according to their own interests.

2! Ibid.

292 Saurabh Majapatra, “China’s Solar Tariff Cut Likely to Boost Off-grid Market,” Clean Technica, December 30,
2015.

293 “BrightSource and Shanghai Electric Partner to Deliver Huanghe’s CSP Projects,” BrightSource Energy, Novem-
ber 10, 2014, http://www.brightsourceenergy.com/brightsource-and-shanghai-electric-partner-to-deliver-
huanghe%E2%80%99s-csp-projects#.VOPNgZMrL Vo.

294 Stephen Lacey, “Concentrating Solar Power Isn’t Worth Much Without Storage, Say Leading Executives,”
Greentech Solar, September 16, 2015.

295 Brian Publicover, “China to Start Developing Microgrid Demonstration Projects,” ReCharge, July 23, 2015.
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International firms have continued to design new technologies and sell production lines to China.
Moreover, the use of low-priced, mass-produced solar cells in the United States has also fostered
an industry of solar fabricators and installers. While US manufacturers have found support for their
concerns about Chinese subsidies from the US International Trade Commission, the industry over-
all is integrated with different parts of the business in different countries. >’

Natural Gas

For decades China paid little attention to natural gas development. The general view was that China
had few reserves, and thus the system was established without much attention to the potential needs
or design of a natural gas industry. Petrochemicals in China rely primarily on goal gasification for
feedstock. The oil majors, CNPC, Sinopec, and CNOOC, were established to focus on oil. Interest
in natural gas has grown more recently, because of: 1) the potential to reduce air pollution in
China’s severely polluted cities; 2) a strong association with a higher quality of life; 2) plentiful
international sources accessible by pipeline or tanker; and 4) the US shale revolution, which has
opened the eyes of Chinese planners to the potential of exploiting unconventional gas from shale
or tight gas and from coalmine and coalbed methane.

The Natural Gas 12th FYP calls for a broad-based effort to expand all types of gas exploitation:

e Conventional gas, although growth in this area is limited.
¢ Coalmine methane, which is critical for mine safety as well as supplying energy.

e LNG, with government plans calling for major expansion despite concerns about foreign
dependence and terminal safety. Other than nuclear energy, this is one of the few places
where safety shows up in the plans. Imports were 15 percent in 2010 and projected to
reach 35 percent by 2015.

e Shale gas, where there are plans, but relatively little action so far.

The natural gas FYP lists a variety of technologies that it would like to produce indigenously, but
when Chinese companies have attempted shale gas development, they have both partnered with
international majors and employed oil service companies. If shale gas were to take off in China,
international companies, including experienced US companies, would likely assume a leading role.

The Chinese majors have not shown much enthusiasm for shale gas development. In fact, both
Sinopec and a Henan firm were fined in 2014 for failing to honor a commitment to develop shale
resources. >°® At the same time, Shell has scaled back its collaboration with CNPC, ostensibly “be-
cause of geological challenges and the area’s dense population.” However, there have been rumors

27 Steven Mufson, “US Imposes Tariffs on Chinese Solar Panels,” Washington Post, May 17, 2012; Barua, Tawney,

and Weischer, “Delivering on the Clean Energy Economy.”

298 Miller, “The CCP Central Committee’s Leading Small Groups™; “HF A L4 §1 797 J3 AhgE: FE TS < H 2k
%3777 [Sinopec Was Fined ¥ 7.97 Million; Foreign Media Commented that Chinese Shale Gas Projects Lost Mo-

tivation], Sina, October 6, 2014, http://finance.sina.com.cn/chanjing/cyxw/20141106/090020746896.shtml; Lucy
Hornby, “China Levies First Fines for Slow Progress on Shale Gas,” Financial Times, November 4, 2014.
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that Shell was unhappy with the shale project for years.?* The general view was that CNPC did
not have the flexibility needed to manage a shale gas project.

The geological challenges, however, appear to be a real issue. As a team from Columbia Univer-
sity’s Center for Global Energy Policy outlined in 2014, China’s underground geology is quite
complex, and the shale resources are in highly mountainous areas. This issue, combined with the
fact that most information on the geology is proprietary and held by individual companies, makes
shale development riskier and more costly than in the United States.>?° Developing shale gas in
China turns out to be far more complicated than simply applying US technologies. David Sandalow
has pointed out that the technologies, and even logistics support, need to be adapted to local con-
ditions. Trucks, for example, need to be able to handle much more mountainous terrain.**! While
these technical challenges are undoubtedly surmountable with sufficient economic incentives and
a willingness to engage experienced international firms on favorable terms, present incentives are
insufficient.

One additional major issue is that CNPC owns the pipeline system. While the 12th Natural Gas
FYP calls for 100 percent localization of pipeline construction, it does not address the uncertainty
other potential developers face in shipping their gas.’*? While the Chinese government is well
aware that the shale revolution in the United States has relied heavily on independent oil companies
and not the majors, even in the wake of the Zhou Yongkang scandal there have been no real moves
to break up the oil industry and make it more competitive.

Over the longer run, however, shale gas resources are likely to be developed in China. Experience
in the oil exploration and development sector suggests that when the Chinese government wants
to see more rapid action, there are also likely to be more opportunities for US and international
firms. In the meantime, some of the pricing issues are likely to be resolved more quickly, encour-
aging other sources of gas, particularly imports. The fundamental diversification and air pollution
drivers are still there.>%

With increased gas use will come greater demand for gas turbines for electric power. This is an
area where US and European firms are well ahead technologically. Beijing will shutter the last of
its four coal-fired power plants in 2016, and it is expected that other eastern cities will follow suit
as they endeavor to meet tough 2017 air quality targets.*** While some coal will be replaced with
renewables, energy planners used to 24/7 reliability are likely to turn to gas for a significant portion
of coal replacement.

2% Eduard Gismatullin, “Shell Trims China Shale Venture on Sichuan Population Challenges,” Bloomberg Business,
September 5, 2014.

3% David Sandalow, Jingchao Wu, Qing Yang, Anders Hove and Junda Lin, “Meeting China’s Shale Gas Goals,”
September 2014, Center for Global Energy Policy, Columbia University, http://energypolicy.columbia.edu/sites/de-
fault/files/energy/China%?20Shale%20Gas percent20Shale percent20Gas WORKING%20DRAFT per-
cent20DRAFT_Sept%2011 percent2011.pdf.

301 Author interview with David Sandalow.

392 Author interview with Erica Downs.
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304 Feifei Shen, “Beijing to Shut All Major Coal Power Plants to Cut Pollution,” Bloomberg Business, March 23,
2015.




111

Oil

Oil has always been an area where external investment is controlled and allowed only in select
onshore areas and joint ventures offshore. There has been more willingness to import foreign tech-
nologies, however, especially for offshore development and onshore areas with difficult terrain.
The Chinese majors, CNPC, Sinopec and CNOOC, are making a concerted effort to improve their
offshore drilling. CNOOC has been exploring very deep offshore in the South China Sea on its
own. All three Chinese oil companies have had stakes in various Brazilian projects, where the
goals are not just to increase supply, but to jointly develop deep underwater technologies.**> While
leading US and international companies appear comfortably in the lead technologically at this
point, the Chinese are certainly indicating more interest in entering this area.

Market Reform

Institutional and structural issues are much greater impediments to some of China’s energy goals
than technology, even though technology is often at the forefront of the development plans. The
energy planning documents list a number of reforms that the Chinese government would like to
see. It is worth noting that while some industrial structures have been remarkably tenacious, like
the make-up of the oil and gas industry, others have witnessed considerable change, especially the
break-up of the old power generation monopoly into generating companies after 2002. Meaningful
reform can be expected to occur over time, but not all reforms will happen with equal speed or
thoroughness.

Major areas cited for reform in state plans include:

e Price reform: The Chinese government has done a great deal to bring prices more in line with
world market prices over the last decade. In fact, energy in China is expensive for industrial
and commercial users, since the Chinese grid charges businesses more than households for
electricity. However, pricing systems, except for coal, are not flexible. As evidenced by the
current, overly high price of natural gas, the pricing system, with its bureaucracies and set
formulas, can find itself out of sync with world markets.>* While this pricing regime is ex-
pected to continue for the foreseeable future, the most likely area for immediate reform is retail
electricity pricing. More bulk sales can be expected in the short term while more tiers and
variation can be expected over the longer term to enable a better structuring of demand.

e Natural monopolies: The most obvious area of immediate reform is within the grid compa-
nies. Reforms have already been announced to separate transmission and distribution, but this
process will be slow and cumbersome. State Grid is politically powerful, and Chinese planners
will also want to ensure that reforms do not risk the steady supply of electricity to Chinese

305 Author interview with William Norris, George Bush School of Government, Texas A&M University, September
5,2015.

306 China’s natural gas prices at the “city gate” averaged US $13.40/MMBtu in 2013 and 2014 and were
$11.40/MMBtu after April 2015, according to Sergey Paltsev and Danwei Zhang, “Natural Gas Pricing Reform in
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hua-MIT China Energy and Climate Project, Report No. 282, July 2015. In November the “city gate” price was low-
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Street Journal, November 18, 2015). This compares with US “city gate” prices of between $4.00 and $4.65 between
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Markets 7, No. 3, 3rd quarter 2014.
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businesses and consumers. Another important dimension is that many parts of the gas business
are run as monopolies, although planners do not seem to be focused reforming this aspect.
Reforms that might help move forward gas development include allowing coal companies to
participate in gas development and creating pipeline companies.

e Oversupply of companies in some areas: Planners are still concerned about the large number
of coal mining companies and the proliferation of solar companies. The coal industry has un-
dergone considerable consolidation in recent years, and this is expected to continue as coal
demand falls. However, the solar industry is less controlled by the central government and is
often more connected to local interests, so it is not clear how much influence central plans will
have in curbing excessive numbers of firms.

Environmental Goals

Environmental goals now have a major impact on the energy policy environment. In 2007, “Energy
Efficiency and Pollution Abatement” became a top-level national policy. Beginning with the 12th
FYP in 2011, all energy-related plans have environmental targets. The issue of environmental
clean-up was no longer seen as a separate goal to be left to the MEP, and energy planning has
become a core aspect of making environmental improvements. One key strategy that affects every
aspect of the energy industry is substituting cleaner fuels for coal. These include renewables, nu-
clear power, hydropower, and natural gas. Equally important are efforts to reduce air pollution
emissions from fossil fuel sources, namely coal, oil, and natural gas.

Pollution abatement has so far mainly affected the power sector, while energy efficiency efforts
have covered a much broader range of sectors. Starting with the 12th FYP and especially with new
targets for overall ambient air pollution in the Beijing, Shanghai, and Pearl River Delta metropol-
itan regions coming into effect in 2017, regulating power alone will not be enough. All other sec-
tors can be expected to feel growing pressure to improve.

This should lead to two critical changes over the next decade. The first is that petroleum refiners
will need to engage in serious upgrades. Improving vehicle emissions requires a coordination of
vehicle and fuel upgrades. Without cleaner fuel, pollution abatement equipment in vehicles will
not function properly. Consequently, more stringent regulation of refiners will be critical to achiev-
ing pollution targets.

In theory, China’s petroleum refiners have already been producing gasoline since 2013 at the China
IV (Euro IV) standard, but there is a great deal of concern about insufficient enforcement of this
standard. "’ Refiners are obliged to produce China IV for diesel by 2015, and then bring in China
V (Euro V) standards for gasoline in 2017 and diesel in 2018.3% The China IV standard brings
China up to the standard the EU imposed in 2005—2006 (for diesel and gasoline), and the China V
standard is the EU 2009-2011 standard. Europe currently has a Euro VI standard for gasoline,

307 The Chinese standards for vehicle emissions are essentially the same as European standards, with I being the
most basic, and VI the highest that is required in Europe today. The standards contain detailed specifications for
both technology and performance.

308 The International Council on Clean Transportation, “China V Gasoline and Diesel Fuel Quality Standards,” Janu-
ary 2014.
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which China has not announced plans to impose.>% Improving vehicle emissions requires a coor-
dinated effort between vehicle upgrades and fuel upgrades. Without cleaner fuel, pollution abate-
ment equipment in vehicles fails to function properly. Consequently, more stringent regulation of
refiners will be critical to achieving pollution targets.

The second needed change is a shift away from small-scale industrial use of coal. China is unusual
in that almost half of its coal use is outside the power sector.?!” In most countries, coal is used
primarily in power and then in a few other large-scale industrial sectors. It is very difficult to make
pollution abatement cost effective for small users. The more common strategy is for these users to
switch to other energy sources, including gas, electricity, and waste heat from power plants. Var-
ious Chinese cities are trying all of these approaches, and the effort to establish a natural gas price
that is both low enough for consumers and high enough to encourage gas development is an im-
portant part of this switch.*!!

Finally, the energy sector needs to be concerned about more than just air pollution. A number of
energy applications use large amounts of water, the most obvious being fracking and power gen-
eration. China already has a number of regulations to limit the amount of water used in cooling,
from using dry cooling in the northern interior to locating nuclear power plants near the coast
where they can use seawater. Both fracking and solar thermal power present new challenges. Solar
thermal power typically uses large amounts of water for both cooling and cleaning, and these plants
in China would be in the arid interior.*!? Fracking operations use a large quantity of water and
affect water quality as well. Moreover, China’s largest shale basin is in Sichuan, an area with con-
siderable seismic activity.3!?

Chinese Urbanization Plans

The exodus of hundreds of millions of people from the Chinese countryside to urban areas in the
past few decades represents one of the largest mass migrations in human history. This massive
population redistribution has placed immense stress on the country’s urban infrastructure, public
services, and regulations. With tens of millions of people expected to join this exodus to the cities
in the coming years, the Chinese authorities are having to devote growing political attention and
economic resources to managing this challenging situation.

In March 2014, the State Council released a long-anticipated National New-type Urbanization Plan
(see Table 7). The plan sets goals for addressing the challenges faced by China’s rapid urbanization
but also seeks to further increase the urbanization rate from 52.6 percent in 2012 to 60 percent by
2020. This would equate to an additional 100 million rural residents moving to urban areas.

309 “China: Light Duty: Emissions,” http://transportpolicy.net/index.php?title=China: Light-duty: Emissions; “EU:
Light Duty: Emissions,” http://transportpolicy.net/index.php?title=EU:_Light-duty: Emissions.

310 Xiangkun Ren et al., “China’s Policies for Addressing Climate Change and Efforts to Develop CCUS Technol-
ogy,” Cornerstone 1, No. 4, December 2013.

311 Information in this paragraph comes from author fieldwork in several provinces, 2013-2015.

312 China’s Northwest is similar to the US Southwest in having abundant sun and little water. Nicole T. Carter and
Richard J. Campbell, “Water Issues of Concentrating Solar Power (CSP) Electricity in the US Southwest,” Congres-
sional Research Service, June 8, 2009.

313 Sandalow et al., “Meeting China’s Shale Gas Goals.”




114

Table 7. Targets of the National New-type Urbanization Plan

Indicator 2012 2020
Urbanization Level

By residency 52.6% ~60%
By household registration (hukou) 35.3% ~45%
Basic Public Services

Rate of migrant workers’ children receiving public education NA 299%
Urban unemployed, migrant workers, and new labor force entrants NA 295%
covered by free basic-professional-skills training plan

Urban residents covered by basic pension 66.9% 290%
Urban residents covered by basic medical insurance 95% 98%
Urban residents covered by affordable housing 12.5% > 23%
Infrastructure

Ratio of urban residents using public transport as a share of all motor 45% 60%
vehicle transport in cities with population over 1 million (2011)

Access to urban public water supply 81.7% 90%
Access to urban sewage systems 87.3% 95%
Access to urban waste treatment facilities 84.8% 95%
Speed of urban household broadband Internet 4 mbps =50 mbps
Access to urban community service facilities 72.5% 100%
Resource and Environment

Urban development land per capita NA <100 m?
Ratio of urban renewable energy consumption 8.7% 13%
Ratio of urban green buildings in new building construction 2% 50%
Ratio of green zones in urban areas 35.7% 38.9%
Ratio of prefecture-level cities with air quality meeting national standards 40.9% 60%

Source: “E F#H B (2014-2020 4£) ” [National New-Type Urbanization Plan (2014-2020)], 44t
[Xinhua], March 16, 2014, _http://www.gov.cn/zhengce/2014-03/16/content 2640075.htm.

The Chinese authorities are deeply concerned that this large and concentrated population of rural
immigrants, sometimes called “second-class citizens” in the media, could represent a serious
source of social instability.*!* The plan calls for the “gradual elimination” of the chief cause of
this second-class status: the household registration system, or “hukouw” (J* I1). The hukou system,
adopted in 1950s, ties people’s access to public services such as healthcare and education to their

314 “Moving On Up: The Government Unveils a New “People-Centered” Plan for Urbanization,” Economist, March
22, 2014, http://www.economist.com/news/china/21599397-government-unveils-new-people-centred-plan-urbanisa-

tion-moving-up.
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residential status. In this system, a person’s residential, or hukou, status, was defined by their place
of birth and occupation. A clear distinction was made between rural and urban residency, and it
was exceedingly difficult for rural residents to register as urban residents. This entrenched situation
has made it challenging for rural migrants to gain equal access to the urban welfare system, even
if they have resided in a particular city for an extended time. 3!

The reform of the hukou system, as detailed in the urbanization plan, will abolish the distinction
between urban and rural, and grant rural migrants better access to urban public services. Such
efforts include ensuring access to education for migrants’ children, increasing healthcare insurance
coverage and investment in basic healthcare resources, and establishing special training plans for
rural workers.*'® While this reform appears to be an overhaul of the entire system, in practice, as
experts have noted, it amounts to “a fairly small step.”*!” On one hand, bigger cities, which mi-
grants prefer, continue to maintain the principle of population control, and the barrier to obtaining
urban status in such cities remains high. On the other hand, in small or middle-sized cities where
local governments are unwilling or unable to invest more on social services, other settlement cri-
teria have been created to replace the old hukou barriers.>!®

The plan also aims to optimize urban distribution layouts by nurturing cities of different sizes and
establishing an urbanization development model that promotes high-density, public transit-ori-
ented cities and green production and green consumption. Provision of public services such as
education, health care, affordable housing, and employment is also a key focus of the plan. It calls
for a comprehensive plan for the construction of schools, healthcare facilities, and cultural and
sports venues based on population growth trends and distribution. It also advocates innovative
mechanisms to supply public services, where government provision of public services will be
higher and actual suppliers and methods will be diversified.

While the movement of 100 million rural residents to cities over the next five years is ambitious,
it continues the urbanization rates experienced over the past decade. China’s urbanization rate
grew from 41.8 percent in 2004 to 53.7 percent by the end of 2014. This has meant approximately
16 million people per year relocating to urban areas.*"”

This planned expanded migration into the cities up to 2020 will cause new demands on China’s
infrastructure, energy supply, and other sectors. As part of the plan, the Chinese authorities will
expand the existing rail and national highway network to cover all cities with populations greater
than 200,000. The high-speed rail network will cover all cities with populations of more than
500,000. Real estate construction will receive a large boost from intensifying residential demand.
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For example, one estimate shows that in 2011 15 million Chinese residents moved from rural to
urban areas, and approximately 15-20 percent of the total urban population (35—46 million fami-
lies) planned to buy homes within three months. 2

Provincial and local governments have also drawn up urbanization plans for their regions. Sichuan
provincial governor Wei Hong, for example, announced that Sichuan plans to promote this “new-
type” urbanization by increasing investment on urbanization infrastructure by 20 percent to RMB
150 billion ($23.3 billion) in 2015. Through the Construction Plan of Ten Major Infrastructure
Projects in Cities and Towns, the Sichuan provincial government and its Development and Reform
Commission plan to invest heavily in local roads and bridges, flood control and drainage, sewage
treatment, garbage disposal, water supply and conservation, heat and gas supply, ecological parks,
and electric power and communication.*?! Similar projects will be implemented in many other
provinces.

Energy demand will also rise sharply. Studies show that the average per capita energy and elec-
tricity consumption of Chinese urban citizens is 3.5 times and 3 times that of rural residents, re-
spectively.®?? Moreover, for each percentage increase of the urbanization rate, Chinese national
energy consumption increases 60—80 million tons of coal equivalent (TCE). Consequently, by
2020, new energy consumption is expected to exceed 360—480 million TCE.3?* Some Chinese ex-
perts, however, view this new urbanization as having minimal impact on China’s near-term eco-
nomic prospects but a more profound impact over the medium to long term. They argue that de-
velopment of the “new urbanization” is a long process, as it takes time to construct city
infrastructure and change consumption habits. ***

China’s continued urbanization will have a major long-term impact on income levels. In 2014,
urban residents’ incomes were almost three times as high as rural residents. Furthermore, since
2011, urban consumption accounted for almost 80 percent of China’s total consumption and will
account for an even greater share in the coming years. %’

China’s urbanization plans offer multiple opportunities for US interests. The major opportunities
come from China’s desire to make its cities and infrastructure more “eco-friendly.” The underlying
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issue of this “eco-friendly” approach are concerns about energy consumption and the pollution
associated with it. Energy consumption in China has already reached a high level compared to
Japan, the United States, and India. Such massive energy consumption has become one of the
biggest constraints to China’s economic development and a top contributor to its polluted environ-
ment. As more urbanization will likely raise energy consumption, China strives for energy-effi-
cient technologies and alternative energy sources.>*® Already, many US entities are taking ad-
vantage of this opportunity. For example, the US Secretaries of Commerce and Energy led a
mission to China in April 2015 with the goal of promoting US smart city products and service
exports to China. These include green buildings, building management, green data centers, carbon
capture, utilization, and storage (CCUS), energy-efficient technologies, clean air and water tech-
nologies, waste treatment technologies, smart grids, and green transportation.3*” The United States
and China are also working together to promote deployment of CCUS through a variety of bilateral
and multilateral platforms, including the US—China Fossil Energy Protocol, the US—China Clean
Energy Research Center, the US—China Climate Change Working Group, and the Carbon Seques-
tration Leadership Forum. 3

Chinese regulations and investments point toward continued opportunities for US companies in
these fields. As of 2014, the State Council mandated that any construction project the government
invested in and any single building area over 20,000 m? must meet the green building standards of
China’s 3-Star Rating System.>*’ China has also widely adapted the US Leadership in Energy and
Environmental Design (LEED) certification with a current total of 196 LEED-certified and 596
LEED-registered projects in China.*°

The Chinese government also began attracting private capital through joint ventures and wholly
foreign owned enterprises in public infrastructure projects in April 2014.%! One area is the market
for power transmission and distribution. China is already the world’s leading consumer of smart
grid technologies, and is currently constructing smart grid operation and control systems and in-
stalling smart meters across the country. It is forecast that total investment in this area will reach
$20 billion annually through 2020.3
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March 2013, http://www.gov.cn/zwgk/2013-01/06/content_2305793.htm.

330 US Department of Commerce, US Commercial Service, “Doing Business in China: 2014 Country Commercial
Guide for US Companies,” http://export.gov/china/build/groups/public/@eg_cn/
documents/webcontent/eg_cn_078667.pdf.

31 “Construction and Green Building,” Export.gov, December 10, 2014, http://www.export.gov/china/do-

ingbizinchina/leadingsectors/eg_cn 081022.asp.
332 US Department of Energy, “Joint Department of Commerce and Department of Energy Smart Cities,” 3-4.
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Chinese Priorities for Technology Acquisitions from the United States
and Foreign Countries

Current Chinese state plans for science, technology, industrial, energy, and defense development
all call for the need to “strive for indigenous innovation.” This is a phrase that first appeared in the
MLP and is commonly associated with the promotion of original homegrown innovation. Another
aspect of innovation that the Chinese plans highlight is combining foreign and local technology
and knowledge in new ways as well as absorbing and upgrading imported technology.

The Chinese authorities have articulated a four-step approach to carry out this absorb and combine
strategy of Introduce (5| i), Digest (¥H14), Absorb (M U%), and Re-innovate (5 €1Hr), or
‘IDAR’:3%

1. Imntroduce: This refers to the targeting and importation of foreign technologies and knowledge
through a diverse range of channels, including legitimate and illicit means such as research,
development, or production joint ventures, licensed transfers, and traditional and cyber-espio-
nage.

2. Digest: Following the acquisition of foreign technology and knowledge, the next step is to
digest and make sense of what has been collected and disseminate the findings. A network of
several hundred defense and civilian S&T analytical organizations have been established to
carry out this work. They are located across the defense and civilian S&T system.

3. Assimilate: Chinese authorities in both the defense and civilian industrial economies are in-
vesting heavily to build up state-of-the-art technology and engineering ecosystems to support
efforts to assimilate and combine digested foreign technologies with local technologies. This
includes the establishment of an extensive array of entities such as national engineering re-
search centers, enterprise-based technology centers, state key laboratories, national technology
transfer centers, and high-technology service centers. These facilities then engage in reverse
engineering and other types of manufacturing processes to produce advanced copies of foreign
models, or they ‘re-innovate’ to combine Chinese and foreign components and platforms.

4. Re-innovate: The Chinese defense and civilian sectors have been able to ‘re-innovate’ a grow-
ing list of advanced foreign technological products since the beginning of the twenty-first cen-
tury. They include sophisticated fighter aircraft such as the Russian Su-27 (the Chinese version
is known as the J-11B) and carrier-borne Su-33 (J-15) jets, high-speed trains based upon Eu-
ropean and Japanese designs, and third-generation nuclear power stations that are improved
versions of the US Westinghouse AP1000 reactor.

The IDAR strategy is most clearly set out in a 2006 supplementary document to the MLP that calls
for encouraging the introduction of advanced foreign technology that can be digested and absorbed

333 State Council, “Guidelines for the Medium- and Long-Term National Science and Technology Development Pro-
gram (2006-2020).” See also Li Hong, Qian Li, and Chong Xinong, “iX &+ A 5] i 58 E B 608 & R ai g
R 4> [Discussion of China’s Technology Introduction and Indigenous Innovation Policy], Bl & [ Modern
Finance and Economics] No. 12 (2007): 67-70; and Qiao Weiguo and Chen Fang, “5| 33k 7 14 W U F- 61 37 1 B A
£ 5552 9] FBUT 9T [Research on the Policy System and Implementation of Technology Import, Absorption, and
Re-Innovation], BURHF 5T [Science and Technology for Development] No. 11 (2010).
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for re-innovation. The document, titled the “Opinions to Encourage Technology Transfer and In-
novation and Promote the Transformation of the Growth Mode in Foreign Trade,” was issued by
a group of eight powerful government economic, financial, and planning agencies that included
the NDRC, MOF, and MOFCOM. ¥

The central goal of the “Opinions” is the building of a sophisticated advanced apparatus that brings
in foreign technology transfers and allows for the effective absorption and re-innovation of prod-
ucts that China can effectively claim to be homegrown. A number of industrial sectors are high-
lighted that would benefit from this approach, including ICT, biotechnology, civilian aviation and
aerospace, advanced materials, and machinery manufacturing.®* Key initiatives that are empha-
sized include:

e Actively seeking bilateral and multilateral technical cooperation

e Improving and expanding open-source international information services that can be dis-
seminated to local actors

e Encouraging and helping firms to go abroad to gain access to foreign R&D knowledge
e Attracting more multinational firms to set up R&D institutes and facilities in China

US and Foreign Technology Areas of High Priority for Chinese Acquisition

Following up on the “Opinions,” the NDRC, MOF, and MOFCOM in 2007 issued the “Catalogue
of Encouraged Technologies and Products for Import” (Import Catalogue) that provided a detailed
list of key advanced technologies (Jti#%7K) and important equipment (2235 4%) along with

resource-based products and raw materials (F YR i« J5E A4 £L) that the Chinese government
is keen to acquire from overseas, especially from the United States. The catalogue also highlights
key industries (B £i47 V) from which it seeks foreign technological assistance for development.
In the initial 2007 Import Catalogue, the list contained 44 advanced technologies, 106 types of
important equipment, and 66 key industries. >*

In the most recent version of the Import Catalogue that was published in 2015, the list covers 492
items (see Appendix B). In the advanced technology category, there are a list of 243 technologies
that cover a diverse range of areas, including agricultural production, environmental protection,
energy saving, logistics, advanced manufacturing, transportation equipment such as high speed
rail and electric and conventional automobile technologies, and energy-related technology includ-
ing shale, gas, renewable, and coal liquefaction technologies. Not surprisingly, many of the tech-
nologies that are listed in this catalogue are included in the state S&T development plans such as

334 Ministry of Commerce, National Development and Reform Commission, Ministry of Science and Technology,
Ministry of Finance, General Customs Administration, General Tax Administration, State Intellectual Property Of-
fice, and State Foreign Exchange Office, “Opinions to Encourage Technology Transfer and Innovation and Promote
the Transformation of the Growth Mode in Foreign Trade,” July 14, 2006,
http://www.most.gov.cn/ztzl/gjzctx/ptzcyjxh/200802/t20080225 59303.htm.

335 For an example of how one industry implemented this strategy, see “Railway Ministry: Our Country’s Railway Is
About How to Introduce, Absorb, and Re-Innovate,” Xinhua, April 29, 2007, http:/news.xinhuanet.com/poli-
tics/2007-04/29/content_6043932.htm.

336 National Development and Reform Commission, “Catalogue of Encouraged Imports of Technologies,” Novem-
ber 7, 2007.
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the SEI and MLP. Technologies of a strategic nature with the potential for civil-military dual-use
as well as defense applications include:

e Design and manufacturing technology for 10-petaflop high-performance computers>*’
e Aircraft engines, gas turbine blade and high-temperature precise casting technology
e Manufacturing technology for the production of large-scale integrated circuits

e Large sized transonic wind tunnel aerodynamic system design and manufacturing tech-
nology

e Manufacturing technology for high-performance aluminum and titanium alloy used for
aerospace products

e High-powered laser manufacturing technology

There are 151 items contained in the category for important equipment. Technologies that have
relevance for strategic and national security requirements include:

e Key parts and components used in aircraft manufacturing, especially engines, avionics sys-
tems, primary flight control systems, power supply systems, landing gear systems, fuel sys-
tems, auxiliary power units, and hydraulic systems

e Satellite manufacturing key components, in particular control and propulsion subsystems,
measurement and control subsystems, power supply subsystems, digital transmission
subsystems, navigation subsystems, repeater subsystems, antenna subsystems, and camera
subsystems

Several of the 79 sectors that are listed in the category of technologies wanted for the develop-
ment of key industries that have strategic and national security implications include:

e Advanced nuclear reactor construction and equipment manufacturing

e Large and medium-scale computers, 10-petaflop computers, portable microcomputers, high-
end servers, large-scale analog simulation systems, and large size industrial computer con-
trolled manufacturing

e Aviation engine development and manufacturing

Technology Acquisition Requirements in the Made in China 2025 Plan

An extensive number of technological areas are identified as important priorities for development
in the Made in China 2025 plan. Although the plan makes fleeting reference to indigenous inno-
vation (it is only mentioned twice), a key goal is to boost the technological and manufacturing
capabilities of Chinese companies so that they can compete domestically and globally. This is to
be achieved by upgrading the entire research, development, and production chain, with a particular
emphasis on localizing the output of components and finished products. Another focus of the plan
is to encourage Chinese outward investment, with an emphasis on countries linked to the One Belt,
One Road initiative. These countries would serve as markets for Chinese goods. (See pages 169—
171 for more discussion of this initiative.)

337 Petaflop refers to the ability of a computer to do one quadrillion floating point operations per second. China’s
Tianhe-2 supercomputer, which has the title of the world’s fastest supercomputer, is a 33.86 petaflop machine.



121

Foreign technology acquisition will still be an important driver in the Made in China 2025 plan
because China is still catching up in many of the areas highlighted for priority development. These
include:

e Design and manufacturing of microchips

¢ Information and communications equipment, especially focused on high-end computing,
high-speed Internet, advanced storage, 5G communications technology, processors and
servers, and ultra-high-speed and large-capacity intelligent optical transmission technologies

e Processor systems and industrial software with a focus on information security and intelligent
design and simulation

e High-end computer numerical control (CNC) equipment and robotics

e Aviation and space, especially in commercial narrow and wide-body airliners, helicopters,
unmanned aerial vehicles, aircraft engines, next-generation launch and heavy launch space
vehicles, satellites, air-space-ground broadband Internet systems, and long-term, persistent
satellite remote sensing, communications, and navigation technologies

e Marine engineering equipment and hi-tech shipping, which includes deep sea exploration and
marine industrial support equipment for the development of deep sea stations and large-scale
floating structures

e New materials, in particular high-performance structural materials, functional polymers, inor-
ganic nonmetals, and advanced composites. Additional priority will be given to disruptive
materials such as super conductors, nanomaterials, graphene, and biological materials

The United States, and US companies more specifically, are among the front-runners in most, if
not all, of these technologies and industries. For example, four of the top ten semiconductor com-
panies investing in R&D in 2015 were US entities, including the top two, which were Intel and
Qualcomm. **8

Technology Acquisition Requirements in the Defense Domain

China’s requirements for foreign defense technology and knowledge are likely to be as or more
extensive than on the civilian side. These needs are extremely difficult to discern because the PLA
and Chinese defense industry rarely openly disclose detailed requirements as their civilian coun-
terparts have done with the Import Catalogue. However, there is considerable overlap between
defense science, technology, and industrial development plans and their civilian versions, provid-
ing a useful starting point to understand Chinese technology requirements that are more strategic
and dual-use in nature.

SASTIND director Xu Dazhe has noted that there is a close connection between the country’s
newly formulated Defense Science and Technology Industry 2025 Plan ([ B £l 12)1.2025) and
the Made in China 2025 plan.*° While little is known about the defense plan, areas of Made in
China 2025 that include defense and dual-use priorities are the space, aviation, and shipbuilding
sectors. There is speculation that the development of advanced military turbofan engines, which

338 “IC Industry R&D Grew 0.5% Last Year, Says IC Insights,” Electronics Weekly.com, January 22, 2016.
339 “SASTIND Party Group Studies Spirit of Li Keqiang’s Speech,” [E % [E B £+ Tk 5 [State Administration for
Science, Technology, and Industry for National Defense], June 16, 2015.
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has long been an Achilles heel of the Chinese defense industry, is a key priority for both of these
plans.3*

The US Defense Department has pointed out that China’s accelerating efforts to pursue civil-mil-
itary integration (CMI) is providing an important conduit for the transfer of foreign advanced tech-
nologies for defense and dual-use. The Pentagon’s annual report to Congress on Chinese military
developments in particular points to the aviation and space industries as of growing concern to
“increasing access to foreign technology from highly developed countries.”**! Critical technolo-
gies highlighted include key hot section technologies, materials such as carbon fiber and radar-
absorbent material, multi-axis machine tools, avionics, data fusion and integration technologies,
and engine/flight controls.*?

Chinese military strategies and doctrines provide some broad strategic priorities for technological
development that would require input from foreign sources. The 2015 Military Strategy, for ex-
ample, highlights several areas that support an emphasis on informationized warfare:

e Better utilization of information technology resources: This would suggest development
of technological capabilities that are able to better collect, analyze, and distribute large
amounts of information.

e Strengthening reconnaissance, early-warning, and command and control systems: This
would cover assets related to command, control, communications, computers, intelligence,
surveillance and reconnaissance (C4ISR), which would include development of secure tacti-
cal and strategic communications systems. Some examples would be data links; headquar-
ters-level and operational-level command and control systems; electronic warfare capabilities
such as jamming equipment, computer network operations, radar systems, airborne early
warning; space-based sensor capabilities such as electro-optical and synthetic aperture radar
satellites; and airborne sensors such as unmanned aerial vehicles and airborne signals intelli-
gence aircraft.

¢ Development of precision strike capabilities: Key areas of focus would include short (less
than 1,000 km), medium (1,000-3,000 km), intermediate (3,000—5,500 km), and interconti-
nental range (greater than 5,500 km) ballistic missile-related technologies such as propulsion
and guidance systems; land-, air-, and sea-launched cruise and anti-ship cruise missile tech-
nologies such as inertial guidance, satellite guidance, and terrain contour matching technolo-
gies; ground attack munitions; and hypersonic weapons-related technologies.

The United States is a leading target of Chinese acquisition efforts because its defense and tech-
nology companies possess much of the world’s most advanced defense and dual-use capabilities.
Long-standing US sanctions and export controls against China prevent trade in militarily sensitive

340 “SASTIND Confirms ‘Defense Industry 2025° Plan,” [ ##iF %534k [Shanghai Securities News], June 19, 2015.
341 Office of the US Secretary of Defense, Annual Report to Congress: Military and Security Developments Involv-
ing the People’s Republic of China 2015, April 2015, 16, http://www.defense.gov/Portals/1/Docu-
ments/pubs/2015_China_Military Power Report.pdf.

342 Hot section technologies are components and technologies that comprise the hot sections of engines, most nota-
bly combustors and turbines. The Chinese aviation industry has encountered enormous difficulties in the successful
development and production of aircraft engine hot sections, especially in areas such as turbine blades.
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technologies and products, so China’s main avenue to gain access to these assets is through espi-
onage, both conventional and cyber.?** According to a Washington Post article on a confidential
assessment by the US Defense Science Board in 2013, foreign hackers had gained access to de-
signs of more than two dozen major US weapons systems. This included plans for the PAC-3
Patriot missile system, Terminal High Altitude Area Defense (THAAD), Aegis ballistic missile
system, F-35 joint strike fighter, F/A-18 fighter jet, V-22 Osprey, S-70 Black Hawk helicopter,
and the US Navy’s Littoral Combat Ship.>*

While the Defense Science Board apparently did not accuse China of stealing the designs, many
other US government agencies and US cybersecurity firms have been far less reticent to identify
China as the primary culprit in cyber-espionage. The Washington Post also reported that a classi-
fied 2013 US national intelligence estimate (a consensus assessment of the US intelligence com-
munity) concluded that the United States was being subjected to a massive cyber-espionage cam-
paign that was threatening the country’s competitiveness and security. China was reportedly the
most aggressive transgressor. Industries that came under Chinese attention included the energy,
finance, IT, aerospace and automotive sectors.>* In February 2013, the independent information
security firm Mandiant released a report showing that an arm of the PLA systematically infiltrated
141 companies in over 20 major industries, including 115 US companies. These attacks began in
2006, and largely included companies in industries listed under China’s SEI initiative.>*¢

The Chinese authorities categorically deny that they engage in cyber-espionage activities and point
out that they are also victims of cyber-theft. Although US President Barack Obama and Chinese
President Xi Jinping agreed in September 2015 to halt commercial cyber-espionage activities
against each other, China would lose an invaluable mechanism to advance its military and broader
strategic technology capabilities were it to halt such operations. >’

How Can the United States Better Protect Against lllegal Chinese Technology Acquisition?
The United States should redouble its efforts to deny China access to strategic technologies, both
to safeguard its technological edge and also to impose costs on China. China has proven adept at
pursuing a fast-follower strategy of acquisition, buying or stealing technology and the underlying
intellectual property from both the United States and Russia. Efforts to deny China easy access to
US military technology and intellectual property will, at the least, drive up the cost in terms of
time and effort that China is forced to expend to acquire it. In other cases, such efforts may force

343 The United States imposed sanctions on the export of militarily sensitive technologies to China in 1989 to punish
the Chinese government for its crackdown on civilian protesters in Beijing. The sanctions regime has been tightened
in subsequent years because of US concerns over China’s security policies and posture, especially over issues such
as cross-strait relations. For a detailed history, see Hugo Meijer, Trading with the Enemy: The Making of US Export
Control Policy Toward the People’s Republic of China (Oxford: Oxford University Press, 2016).

344 Ellen Nakashima, “Confidential Report Lists US Weapons System Designs Compromised by Chinese Cyber-
spies,” Washington Post, May 27, 2013.

345 Ellen Nakashima, “US Said to Be Target of Massive Cyber-Espionage Campaign,” Washington Post, February
10, 2013.

346 Office of the United States Trade Representative, “2013 Special 301 Report,” May 2013, 33,
https://ustr.gov/sites/default/files/05012013%202013%20Special%20301%20Report percent202013 percent20Spe-
cial percent20301 percent20Report.pdf.

347 According to testimony by National Security Agency Director Adm. Michael Rogers to the Senate Armed Ser-
vices Committee in April 2016, China was still targeting and exploiting US government, defense industry, academic,
and private computer computers. See http://www.armed-services.senate.gov/imo/media/doc/Rogers_04-05-16.pdf.
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China to seek less capable substitutes to US technology. In still other cases, the United States and
its allies may be able to deny China access to critical technologies.

Such efforts should include both improved information security and updated technology transfer
restrictions. Information security forms the first line of defense for US technology, and far too
often China has been able to steal critical information because of poor information security prac-
tices. Information security measures in both government and private industry should be strength-
ened. Industrial espionage on the scale that China has been conducting cannot and should not be
isolated from the overall Sino-American relationship. US leaders must make it clear that the con-
tinuation of such activities, whether actively abetted or passively tolerated by the Chinese govern-
ment, will have a tangible negative impact on the US—China relationship. The United States may
have to take measures that will trigger Chinese retaliation. Absent such action, however, it is
doubtful that the Chinese defense S&T sector will forgo the considerable benefits that accrue to it
from stealing US technology.

Given the vital importance of information security and cybersecurity for the United States and
China, the issue requires the attention and engagement of the highest levels of the two countries’
leadership. One recommendation is that the presidents of both countries should be actively en-
gaged in meeting with each other to address concerns and find ways to forge robust and enforcea-
ble bilateral agreements to curb the most dangerous and egregious practices, not unlike the nuclear
arms control treaties that were worked out in the 1960s and 1970s.

Technology transfer restrictions also need to be updated, both to reflect the current international
technology market and to maximize their effectiveness. Moreover, it is in the national interest of
the United States for the government and private industry to work cooperatively to develop best
practices and share threat information. To be effective, however, such measures should prioritize
those technologies that are likely to provide the greatest battlefield edge in the future. In the de-
fense and national security realm, this would include space and cyber capabilities, unmanned sys-
tems, high-speed propulsion, advanced aeronautics, autonomous systems, electromagnetic rail
guns, and directed-energy systems.



PART Il

IMPLICATIONS FOR US NATIONAL SECURITY AND
ECONOMIC COMPETITIVENESS



126

A. IMPLICATIONS FOR US NATIONAL SECURITY

This section of the report undertakes a diagnostic net assessment of US strengths and weaknesses
as compared with Chinese strengths and weaknesses, together with their economic, political, and
military underpinnings. It argues that China has exploited a series of favorable asymmetries in its
competition with the United States. It concludes by suggesting how the United States might exploit
some of its enduring advantages to preserve US superiority in the Western Pacific and beyond.

US Strengths

The United States possesses a series of enduring strengths that affect its national security, including
those provided by its strategic geography, economic strength, society, military power, and alli-
ances and partnerships. All too often, however, the United States has failed to exploit these
strengths to the extent it could or should. It has focused instead on how others can leverage their
strengths against US weaknesses rather than on how the United States can best use its strengths to
exploit the weaknesses of competitors.

Geography

As an insular power, the United States has enjoyed security from military attack throughout much
of its history. With friendly powers to the north and south and the Atlantic and Pacific oceans to
either side, the United States has not had to worry about the threat of invasion since the War of
1812.

The development and deployment of nuclear weapons coupled with long-range delivery means—
first bombers and then ballistic missiles—changed that equation, allowing adversaries to strike the
United States from afar. Today, the United States is vulnerable to Russian and Chinese nuclear-
armed intercontinental ballistic missiles (ICBMs), and in the near future will be vulnerable to
North Korean ICBMs as well. China may also develop conventional long-range strike systems. In
addition, the advent of cyber weaponry allows adversaries to strike the US homeland. Finally, as
the September 11, 2001, terrorist attacks vividly demonstrated, non-state actors possess the ability
to inflict a large number of casualties on the United States.

Even in the face of such developments, the US geostrategic position remains an enduring strength.
Threats to the homeland, although real and growing, remain relatively low due to the security
provided by the Atlantic and Pacific oceans and friendly neighbors to the north and south.

The Economy

The United States possesses great economic strength as well. It has the world’s largest economy
and is also the world leader in innovation. US economic growth provides resources for defense
and national security. When the economy is growing, it becomes politically easier to afford both
national security and social spending. Conversely, when economic growth is sluggish, the trade-
off between guns and butter is sharpened. Moreover, technology developed by the civilian econ-
omy has benefited US national security, for example, the way the automotive, shipbuilding, and
aircraft industries were harnessed for military production during World War II or, more recently,
the way that developments in information technology originating in the civilian economy benefit
the military today.
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The fact that the United States has long been the world leader in innovation also benefits US na-
tional security. In many cases, the US government has benefited from innovation that originated
in the private sector. However, government policies have enabled US defense scientific and tech-
nological innovation in a number of notable cases. The space program in the 1960s and 1970s and
the Strategic Defense Initiative in the 1980s both produced new militarily useful technologies far
beyond the initial goals of the programs. Defense Department grants for 6.1 basic research in uni-
versities and support for university-affiliated research centers have also provided much-needed
funding to spur innovation. In addition, the Defense Advanced Research Projects Agency
(DARPA) has served a unique role in developing innovative technology for national security.

At least since the early Cold War, the United States has relied upon technological innovation to
provide an edge against quantitatively superior adversaries. **® During much of the Cold War, the
United States both relied upon its nuclear arsenal to offset numerically superior Soviet conven-
tional forces, as well as the qualitative superiority of US nuclear weapons to offset the Soviet
nuclear arsenal. Near the end of the Cold War, the United States relied upon conventional precision
strike systems, advanced sensors, and command and control systems to counter the Soviet Union’s
ground and air forces. These transitions serve as antecedents to the current “Third Offset Strategy,”
which seeks to use innovation to offset the growing capabilities of competitors such as China.

Society

American society is the source of other advantages that benefit US national security. For example,
the United States possesses demographic strengths that are nearly unique in the world. US fertility
rates are among the highest in the developed world. Although the United States is aging, it is doing
so to a lesser extent and more slowly than other major powers. As a result, the economic and fiscal
costs of aging will be significantly lower for the United States than its competitors. As Nicholas
Eberstadt has commented, “if the American moment passes, or US power in other ways declines,
it won’t be because of demography.” 34’

Immigration also serves as a source of American advantage. The US population includes emigrants
from literally every country in the world who speak the full breadth of the world’s languages. More
importantly, it is one of only a handful of states that has the ability to bring new emigrants to its
shores, weave them into the fabric of the society, and make them full members of that society
within an individual’s lifetime.

America’s role as a beacon of immigration has benefited US national defense for the better part of
a century, to include the refugees from Nazi Germany and Fascist Italy who played a key role in
the US atomic bomb program, the German scientists who helped build the US missile and space
industry, or immigrants from South and East Asia who play central roles in Silicon Valley today.
Ironically, it was an emigrant from the United States, Qian Xuesen, who became the father of the
Chinese missile and space plans. 3>

348 See, for example, Thomas G. Mahnken, Technology and the American Way of War Since 1945 (New York: Co-
lumbia University Press, 2008).

3% Nicholas Eberstadt, “Born in the USA: America’s Demographic Exceptionalism,” The American Interest 2, No.
5, 52-58.

330 Iris Chang, Thread of the Silkworm (New York: Basic Books, 1995).
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Military Strength

The United States possesses considerable military strength as well. It spends more on defense than
the next seven states combined, an investment that has yielded the most capable military in the
world. The United States possesses the world’s largest nuclear force, with a deployed inventory of
approximately 1,900 strategic nuclear weapons: 450 ICBMs with 450 warheads, 288 SLBMs with
1,152 warheads, and 60 bombers with 300 warheads.>*! It is also only one of only two countries
in the world (the other being Russia) to possess a nuclear triad.

The United States also possesses the world’s most capable army, with nearly a decade and a half
of recent combat experience in Iraq and Afghanistan. It is a force that is proficient in combined-
arms warfare and is highly networked. The United States also possesses the world’s most capable
navy, a force that is globally deployed and capable of projecting power rapidly. It is also unique
in possessing a truly global air force.

The United States has been able to exploit space effectively for intelligence, surveillance, and
reconnaissance (ISR); communications; and precision navigation and timing. The US space capa-
bility has multiplied the effectiveness of US ground, sea, and air forces, networking them together
and increasing their situational awareness. The United States is also the world leader in exploiting
the cyber dimension to support military operations.

Since the end of World War II, the US military has been based upon forward-deployed forces in
Europe and Asia (and, since the 1980s, the Middle East), backed up by power projection from the
United States. The US military is unique in possessing a truly global force posture, with forces
deployed worldwide supported by bases and other facilities located on every inhabited continent,
linked together by a global sea and air transportation network.

Alliances and Partnerships

The allies of the United States are another considerable strength. These include the members of
the North Atlantic Treaty Organization in North America and Europe as well as Japan, Australia,
South Korea, the Philippines, and Thailand in the Pacific. US allies include some of the most
prosperous and militarily capable states in the world. Beyond formal allies, the United States also
has friendly relationships with a number of key states in the Asia-Pacific region, including India
and Vietnam.

Allies provide a number of advantages to the United States. In some cases, they provide military
capabilities additive to those of the United States. For example, Australian forces have fought side-
by-side with US armed forces in every war that the United States has fought in the last century,
beginning with World War 1. In other cases, allies provide capabilities that are in demand but in
short supply in the US armed forces. For example, the Japan Maritime Self-Defense Force main-
tains anti-submarine warfare and mine countermeasures (MCM) forces that help make up for the
limited capacity of the US armed forces in these areas. Cooperative defense programs with allies
help increase interoperability with allies and gives the United States access to allied science and
technology. Access to allied bases and facilities also allows the United States to forward-deploy
forces closer to the scene of potential crises and conflicts, reducing response times and wear-and-
tear on forces. In a number of cases, allies bear much of the cost of these facilities.

35! International Institute for Strategic Studies, The Military Balance (Abingdon, UK: Routledge, 2015), 40.
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US Weaknesses

Although the United States possesses considerable strengths, it is not without weaknesses, which
in many cases derive from aspects of its strengths. For example, whereas its insularity has provided
territorial security for most of the United States, it is far from its territorial possessions, allies, and
interests in the Western Pacific. Such a geographic reality has long been a concern of US planners.
During the 1920s and 1930s, for example, considerable US Army and Navy planning had to con-
tend with the imperative of defending the Philippines, then a US territory, from attack by Japan, a
more proximate power.>>> Because the United States was ultimately unsuccessful in deterring a
Japanese attack on the Philippines and preventing the Imperial Japanese Army from conquering it,
it was forced to launch a multi-year campaign to liberate the islands at great cost.

Today, the United States faces the need to deter coercion of its allies and friends in the Western
Pacific, including Japan, the Philippines, and Taiwan. It also faces growing threats to US territory
in the region, including Guam. In an era in which US forward bases and forces are increasingly
vulnerable, the importance of long-distance power projection will increase.

Similarly, although the United States possesses the world’s largest economy, it is a mature econ-
omy characterized by low growth rates. This limits the amount of resources available for defense.
Moreover, debt servicing and social spending continue to claim an increasing share of US govern-
ment spending, further limiting what is available for defense. In addition, the United States faces
decreasing buying power for its defense dollar as personnel and hardware costs continue to rise.

The American way of war also contains weaknesses. For example, it relies upon a relatively small
number of fixed forward bases, on both US and allied territory. The ability of the United States to
project power over great distances is also dependent upon the use of space assets for ISR; commu-
nication; weather; and precision, navigation, and timing. Should the United States be denied access
to those bases, or should they become unusable, projecting power would be considerably more
difficult. Similarly, denying US forces the ability to use space assets would complicate military
operations, notwithstanding the fact that the US military is attempting to reduce its reliance on
space.

Finally, although on balance America’s allies represent a considerable strength, they could also
create vulnerabilities. Although the United States and its allies have shared interests, they are not
identical. As a result, allies could entrap the United States in local conflicts. For example, some
fear that US security assurances to the Philippines give Manila incentives to behave more bellig-
erently toward China than would otherwise be the case. >

Chinese Strengths

China has a number of noteworthy strengths. One flows from China’s strategic geography. Tradi-
tionally, China has been able to use its continental size to its strategic advantage. In other words,
China has been able to follow a strategy of defense-in-depth. Although historically most of the

352 BEdward S. Miller, War Plan ORANGE: The US Strategy to Defeat Japan, 1897—1945 (Annapolis, MD: Naval
Institute Press, 1991); Louis Morton, “War Plan ORANGE: Evolution of a Strategy,” World Politics 11, No. 2 (Janu-
ary 1959).

333 This is an argument put forward by Chinese analysts. See “Emboldened Manila May Upset US Rebalancing to
Asia,” Xinhua, April 28, 2014.
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threats to China have come from the land, since the end of the Cold War, China has enjoyed peace-
ful land borders and has resolved almost all of its land territorial disputes with its neighbors with
the sole exception of India. This has allowed the Chinese leadership to concentrate their attention
to the expansion and modernization of the PLA Navy and Air Force, which traditionally lacked the
resources and organizational prestige of the army.

The ability of the CCP to exert control over the Chinese population has traditionally been a
strength, albeit one that preoccupies the CCP leadership. Moreover, the need to control the popu-
lation imposes considerable costs, especially the need to maintain an extremely large and costly
internal security apparatus. The official Chinese internal security budget overtook the official de-
fense budget in size in 2011.%>* Along with this control, the authoritarian nature of the Chinese
political system allows the leadership to engage in the effective mobilization of resources and
capabilities across the country if required.

The greatest source of strength has been the remarkable growth of the Chinese economy over the
past 35 years. Annual GDP growth has been near double digits and the Chinese economy is now
the second largest in the world. The growing prosperity and sophistication of the Chinese economy
has supported rapid growth in the defense budget, which has increased by an annual average of
around 10 percent over the past 25 years. >3

The rapid modernization of the Chinese defense economy over the past two decades has turned
one of its biggest strategic weaknesses into an emerging strength. China’s defense economy has
been enjoying a remarkable renaissance in its fortunes since the turn of the twenty-first century.
Driven by leadership concerns about mounting challenges to the country’s external security envi-
ronment and rapid advances in the global technological order, investment into research, develop-
ment, and acquisition has soared. Greater efforts are being made to acquire and absorb foreign
technologies, and the existing defense innovation system is being remade.

This has resulted in significant improvements in technological, economic, and industrial perfor-
mance. Defense corporations are posting record annual profits and the armaments R&D pipeline
is bulging. The aviation sector, for example, is simultaneously engaged in the development or
production of more than half a dozen combat and transport aircraft, while the shipbuilding industry
has at least four active nuclear and conventional submarine programs along with research, devel-
opment, and construction of aircraft carriers, destroyers, and numerous other surface warships.
The PLA Navy is estimated to have laid down, launched, or commissioned more than 60 ships and
smaller craft in 2014 alone, with the same number expected in 2015.3%° The space industry is also
pursuing highly ambitious across-the-board development, including manned, lunar, anti-satellite,
and satellite projects. >’
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A number of key factors have played instrumental roles behind the improving performance of the
Chinese defense economy. They include high-level leadership support, a well-defined long-term
vision backed up with detailed development plans, a shift from technology-push to demand-led
innovation, the growing role of defense corporations, the nurturing of a defense innovation system
and overhaul of the R&D apparatus, and efforts to promote the integration of the civilian and
defense economies.

Top Leadership Support

High-level and sustained support and guidance from the political and military leadership elites is
essential in the Chinese defense economy’s ability to carry out innovation activities. Leadership
backing and intervention has been vital in addressing entrenched bureaucratic fragmentation, in-
stitutional compartmentalization, and chronic project management problems that cause prolonged
delays, decision-making paralysis, and cost overruns. Without outside leadership involvement, it
is likely that many achievements of the defense economy would not have happened, especially the
turnaround in the defense economy since the end of the 1990s. 3%

The central leadership’s direct and continuing involvement and oversight in the operations of the
defense economy and of critical projects is essential. This is often done through the establishment
of leadership small groups and special committees. The committed involvement of the country’s
top leaders is also critical, and the defense economy has been fortunate that Xi Jinping has taken
an active interest in defense issues. Xi has paid particular attention to the development of China’s
defense and overall innovation capabilities, as demonstrated by his intensive engagement in de-
fense and S&T matters. Between November 2012 when Xi assumed power and the end of 2014,
Chinese media reported that he took part in 21 events related to military and defense science,
technology, and industrial issues. This included 17 inspection visits to defense facilities and his
appearance in four major defense-related meetings. By comparison, Xi’s predecessor Hu Jintao
visited just a handful of defense facilities during the same period of his tenure.*>’

Activities that signaled Xi’s interest in defense S&T issues include:

e Inspection of the Liaoning aircraft carrier and J-15 carrier fighter plant, Liaoning
Province, September 2013: Within his first year as CMC chairman, Xi made a high-profile
visit to tour the Liaoning aircraft carrier in Dalian and to inspect the progress of the J-15
fighter aircraft at Shenyang Aircraft Corporation.>®® This was a clear demonstration of Xi’s
keen interest in the development of China’s naval airpower capabilities.

e Tour of National University of Defense Technology, Changsha, Hunan, November 2013:
Xi has emphasized on his military visits that the defense S&T establishment’s duty is to serve
the needs of war-fighters. He noted during an inspection to the National University of De-
fense Technology, the military’s leading high-technology R&D establishment, that the work
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of defense scientists and engineers should be “closely linked with real combat and army ser-
vice.” This fits with Xi’s calls to the PLA to strengthen its preparations for “military strug-
gle,” which means enhancing combat readiness. *¢!

e Politburo study session on military innovation, Beijing, August 2014: Xi chaired a study
session of the full Politburo that was devoted to the examination of global trends in military
innovation. Xi pointed out that a global revolution in military S&T affairs is currently taking
place “at a speed so fast, in a scope so wide, at a level so deep, and with an impact so great
that it has been rarely seen since the end of World War Two.” Xi said this represented both a
challenge and opportunity, which required China’s defense establishment “to vigorously pro-
mote military innovation.”3¢?

e Keynote speech at the All-Army Armament Conference, Beijing, December 2014: With
the leaderships of the PLA’s armament apparatus and defense industry in attendance, Xi af-
firmed the “historical achievement” of the PLA’s weapons development, and urged accelerat-
ing the pace of construction. He emphasized the importance of “unifying thinking” and
“gathering consensus,” which may have been hints of policy differences over the Third Ple-
num reform issues. >%

Shifting the Defense Economy from Technology-Push to Demand-Pull

Major organizational reforms in the late 1990s allowed the PLA to gain primacy in guiding defense
S&T R&D. Previously, the institutional interests of the state-owned defense industry overwhelm-
ingly drove armaments development, while the PLA’s requirements were secondary. Before the
1990s, the PLA had little option but to accept the output of the defense economy. As the quality of
indigenous equipment steadily declined, the PLA became increasingly reluctant to procure these
arms and began to look overseas for weapons in the 1990s, especially from Russia. This practice
faded in the 2000s with the improvement in the quality of its domestic weapons.

A key reason behind this improvement is the role of the GAD, which is responsible for ensuring
that military end-user needs are being served. To ensure that defense companies are in compliance
with its requirements, the GAD has created incentive structures and monitoring mechanisms. First,
it has imposed tougher competitive and evaluation procedures in the development and procurement
of weapons systems. Second, the GAD has been willing to withhold or postpone orders for equip-
ment that do not meet its requirements.

The Central Role of Defense Conglomerates
The rise of China’s ten major state-owned defense corporations since the beginning of the twenty-
first century has had a major impact in shifting the center of gravity for research, development,
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and innovation from research academies and universities towards enterprises. These conglomer-
ates, which each have between 100 to more than 200 subsidiaries, have sought to transform them-
selves from loss-making quasi-state bureaucracies to more market-driven enterprises. They have
been allowed to reduce the size of their workforces, and shed heavy debt burdens, and given access
to new sources of investment, especially from the capital markets. 36+

Combined with a strong pickup in defense and civilian orders, these companies have become
highly profitable since the mid to late 2000s. Around two-thirds of the defense industry’s annual
revenue comes from civilian operations, such as automobiles and white goods. >

The aviation, space/missile, defense electronics, and naval sectors have been the chief beneficiar-
ies of this rising tide of defense procurement, while the ordnance industry has enjoyed considerable
success from sales of civilian products such as motor vehicles. These corporations are now en-
gaged in an ambitious expansion strategy to become global arms and strategic technology cham-
pions.

Construction of a Defense Innovation System and R&D Base

The Chinese defense innovation system, and especially its R&D component, has been undergoing
a significant overhaul and expansion to meet growing demand for its services from the PLA and
as part of a larger development of the national innovation system. The development of a robust
defense R&D system is a top priority in defense S&T development plans such as the MLDP, which
emphasizes a number of key goals. A top priority is the shifting of ownership and funding of key
portions of the state-controlled defense R&D apparatus to the country’s defense conglomerates.
The primary goals of this reform include: 1) reducing the dependence on state funding of the R&D
apparatus; 2) increasing the amount of investment that firms devote to R&D, especially in applied
and commercial development; and 3) speeding up the exploitation and commercialization of pro-
prietary R&D output. 3¢

Another high-level priority is the development of an extensive defense laboratory system to pave
the way for long-term technological breakthroughs. Around 90 laboratories belonging to both the
defense industry and PLA have so far been established. It will take some time before these research
outfits are able to conduct high-quality R&D because they lack experienced and top-rated scientific
personnel. 3¢

Civil-Military Integration

Intensifying efforts since the early 2000s to forge close linkages between the civilian and defense
economies have allowed the defense industry to gain access to more advanced and more globalized
civilian sectors. This has led to the development of some modest functional and geographical pock-
ets of civil-military activity since the early to mid-2000s. The electronics, IT, high-technology, and
automotive sectors have been in the vanguard.
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Another area of growing CMI activity is the competitive opening up of the defense research, de-
velopment, and acquisition system to the private sector. Until a few years ago, this was the exclu-
sive preserve of the ten state-owned conglomerates that monopolized the aviation, space and mis-
sile, ordnance, nuclear, electronics, and shipbuilding sectors. More than 500 private firms have so
far received licenses that allow them to bid for contracts by mid-2013.3¢8 It is likely, however, that
the overwhelming flow of business still goes to the established state giants, which have deep-
seated connections in a non-transparent and under-regulated system.

The use of capital markets to fund the development and production of weapons projects is the third
area in which CMI initiatives are being pursued. This has potentially the most significant near- and
longer-term impact on innovation. While defense companies have been allowed to list subsidiaries
on stock markets since the 1990s, this was limited to their non-defense operations. This changed
in 2013 when SASTIND permitted firms to issue share placements using military assets as secu-
ritization.

China Shipbuilding Industry Corporation (CSIC) became the first defense firm to undertake a pri-
vate share placement in September 2013 and raised RMB 8.5 billion ($1.3 billion) from 10 uni-
dentified Chinese parties to acquire production facilities to manufacture warships. Military assets
that CSIC used as collateral in the transaction included warships and landing craft. CSIC explained
that the funds would “satisfy the development and manufacture of a new generation of weapons
and equipment,” adding that, “we need urgent large-scale technological improvements and need
to expand our financing channels.”*%° Dalian Shipyard is one of the CSIC facilities slated to re-
ceive proceeds from the ‘share placement.’

The aviation industry, in the form of monopoly giant Aviation Industries Corporation of China
(AVIC), has been the most active in tapping the financial markets with several of the most im-
portant entities in its defense portfolio conducting share placements.*’® They include Chengdu
Aviation Corporation, which produces the PLA Air Force’s J-10 fighter aircraft and is developing
the J-20, China’s first ever stealth fighter; AVIC Precision Machinery Corporation, which under-
takes precision manufacturing; and AVIC’s engine operations, which is responsible for jet engine
development and production. After raising more than $2 billion for its engine business, AVIC is
integrating all of its engine facilities into a single consolidated entity with the hope that this inte-
gration will finally allow the company able to overcome its long struggle to build its own advanced
turbofan engines.”!

The high level of state commitment to the defense economy shows few signs of weakening, despite
the noticeable slowing of growth in the national economy in the past couple of years. For defense
R&D, the investment in national S&T activities is a useful proxy indicator of political support and
the trajectory in growth rates in the S&T sector. China’s R&D expenditure in 2014 is estimated to

3% Bi Jingjing and Ren Tianzuo, chief eds., China Civil-Military Integration Development Report 2014 [ [E % [X;
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have reached RMB 1.34 trillion ($208.4 billion), which is around 2.2 percent of GDP and a sizeable
jump from the 2013 spending of RMB 1.19 trillion ($185 billion).3”> However, it is not known
how much was spent on defense-related activities. The Chinese authorities have set a target in the
MLP for S&T spending to reach 2.5 percent of GDP by 2020, which would mean even higher rates
in budget growth for the next few years.

Chinese Weaknesses

China also faces a wide range of weaknesses that stand in the way to its efforts to become a global
power. Three in particular flow from China’s strategic geography as a continental power. First,
although China has enjoyed peaceful continental borders since the end of the Cold War, that peace
cannot be guaranteed into the future. Tension between China and India, including friction over
territorial disputes along the Sino-Indian border, is on the rise. Similarly, relations between China
and Vietnam are strained. In addition, Chinese strategists are concerned about the potential for
instability in Central Asia. As well, the currently cordial relations between Beijing and Moscow
cannot be guaranteed over the long term. Should China face a hostile power or disorder on its
borders, it would face a sharper trade-off between investing in land power, on the one hand, and
air and space power on the other.

Second, China is increasingly dependent upon sea lanes of communication (SLOCs) that it is un-
able to control. Sea-borne commerce is vital to Chinese prosperity, and China is increasingly de-
pendent upon imports of food and raw materials for its well-being. Although China’s leadership
recognizes this vulnerability and is according defense of SLOCs a higher priority, Beijing lacks
the ability to safeguard China’s access to resources. The PLA Navy is not strong enough to protect
those SLOC:s, nor is it likely to be strong enough to do so in the foreseeable future.

Third, although the vast majority of China’s population is made up of Han Chinese, the existence
of large groups of non-Chinese minorities, particularly on China’s periphery, is a point of concern
for the Chinese leadership. China’s three largest provinces, Xinjiang, Tibet, and Inner Mongolia,
all have large non-Chinese populations, and separatism is a major concern for Beijing.

The Chinese economy could turn into a weakness as well. Although the economy has been a source
of great strength in recent decades, there is justifiable concern about the sustainability of the Chi-
nese economic model. The CCP leadership has recognized the need to move from an export-led
model of growth to one dependent on domestic consumption. In making such a move, however,
the CCP leadership is gambling that an increasingly prosperous Chinese population will still be
willing to accept an authoritarian political system.

Beyond the political implications of these shifts, there are reasons to question whether the Chinese
economy will be able to continue to deliver as it has in the past. As China’s economy matures and
shifts from export-led to consumption-led growth, lower growth rates are to be expected. Reduced
Chinese economic growth would, in turn, limit the overall pool of resources available to the PLA.
Whereas the CCP leadership has not had to trade guns for butter in recent years, it may have to
make such trade-offs in the future. Several related trends will likely further erode the buying power
of the Chinese military. First, personnel costs have risen and will likely continue to rise to ensure
that the PLA can recruit and retain the skilled manpower required to operate and maintain modern
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weaponry. Second, as with other modern militaries, the costs of defense S&T, as well as acquiring
and maintaining hardware, will increase.

Finally, China lacks allies. The friends that it does have, such as Pakistan and North Korea, are
often problematic. Pakistani territory has at times provided a safe haven for jihadist groups, in-
cluding those active in western China. China’s relations with North Korea under Kim Jong-Un
have been especially strained as Pyongyang has ignored Beijing’s entreaties to curb its nuclear
weapons development. While China and Russia have forged steadily closer ties in the post—Cold
War era, especially in the military and arms trade domain, a lingering and deep distrust remains an
obstacle to further development of these ties.

Although Chinese investment in military modernization has yielded substantial new capabilities,
the PLA retains a number of weaknesses, including in the areas of organization and human capital,
combat capabilities, and the defense industry.>”® The principal constraints and weaknesses that the
Chinese defense economy faces at present stem from its historical foundations and the uncertain
efforts to overcome the corrosive legacy of its difficult history.>’* The institutional and normative
foundations and workings of the Chinese defense industry were copied from the former Soviet
Union’s command defense economy and continue to exert a powerful influence to the present day.
The PLA and defense industrial regulatory authorities are seeking to replace this outdated top-
down administrative management model with a more competitive and indirect regulatory regime,
but there are strong vested interests that do not want to see any major changes. >’

Monopolies

One of the biggest hurdles that PLA and civilian defense acquisition specialists point out is the
defense industry’s monopoly structure. Little competition exists to win major weapons systems
and defense equipment because China’s six defense industrial sectors are closed to outside com-
petition and dominated by a select handful of state-owned defense corporations. Contracts are typ-
ically awarded to these corporations through single sourcing mechanisms. Competitive bidding
and tendering only takes place for non-combat support equipment, such as logistics supplies.>’¢

An effort in 1999 to inject more competition by splitting corporations that monopolized their sec-
tors did little to curb monopolistic practices because the new firms focused on different areas of
business in their domains, and there was little direct rivalry. These powerful defense firms have
subsequently sought to reverse this effort at “de-monopolization” by finding ways to remerge or
collaborate. In 2008, the aviation industry made the first, and so far only, successful challenge by
reconsolidating its two post-1999 entities into a single monopoly structure.?’” There have been
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occasional reports that the space and shipbuilding sectors might also seek to re-establish a single
holding company arrangement. 3’8

Bureaucratic Fragmentation

A second serious weakness that has seriously handicapped the effectiveness of Chinese defense
economy is its bureaucratic fragmentation. This is a common characteristic of the Chinese organ-
izational system but is especially virulent within the large and unwieldy defense sector.?” A key
feature of the Soviet approach to defense industrialization that China imported was a highly strat-
ified structure and process. There was strict separation between the defense and civilian sectors as
well as between defense contractors and military end-users, compartmentalization between the
conventional defense and strategic weapons sectors as well as among the different conventional
defense industrial subsectors, and division between R&D entities and production units. Key rea-
sons for this excessive compartmentalization include an obsessive desire for secrecy and the pow-
erful influence of the deeply ingrained Chinese model of vertical functional systems (tiao tiao, 5k
2%) that encouraged large-scale industries like those in the defense and supporting heavy industrial
sectors to become independent fiefdoms. 3%

This severe structural compartmentalization is a major obstacle to the development of innovative
and advanced weapons capabilities because it requires consensus-based decision-making that is
carried out through extensive negotiations, bargaining, and exchanges. This management by com-
mittee is cumbersome, risk-adverse, and results in a lack of strong ownership that is critical to
ensure that projects are able to succeed the thicket of bureaucratic red tape and cut-throat compe-
tition for funding.

This entrenched bureaucratic fragmentation is a prominent feature of the armament management
system. Although the GAD is one of the PLA’s four general headquarters departments with a seat
on the CMC, it is only responsible for managing the armament needs of the ground forces, People’s
Armed Police, select space plans, and the militia.*3! The navy, air force, and Second Artillery have
their own armament bureaucracies, and competition is fierce for budgetary resources to support
projects favored by each of these services. The compartmentalized structure serves to intensify
parochial interests and undermines efforts to promote joint undertakings. Coordination gaps and
bureaucratic rivalry are also problematic between the GAD and the General Staff Department
(GSD) and General Logistics Department (GLD) in areas such as policy planning, resource allo-
cations, and drafting of longer-term development plans.**? The reorganization of the PLA head-
quarters departments at the end of 2015 and their incorporation into an expanded Central Military
Commission was intended to address the problem of bureaucratic fragmentation.
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The research, design, and acquisition (RDA) system also suffers from compartmentalization along
many segments of the RDA process. Responsibilities for R&D, testing, procurement, production
and maintenance are in the hands of different units, and under-institutionalization has meant that
linkages among these entities tend to be ad hoc in nature with major gaps in oversight, reporting,
and information sharing.*** The fragmented nature of the RDA process may help to explain why
Hu Jintao was apparently caught by surprise by the first publicized test-flight of the J-20 fighter
aircraft that occurred during the visit of US Defense Secretary Robert Gates in January 2011.3%4

Weak Management Mechanisms

A third major weakness is that the PLA continues to rely on outdated administrative tools to man-
age projects with defense contractors in the absence of the establishment of an effective contract
management system. The PLA did implement the use of contracts on a trial basis in the late 1980s
with the introduction of a contract responsibility system.>** These contracts are administrative in
nature, however, and have little legal standing because of a lack of a developed legal framework
within the defense industry. Consequently, contracts are vague and do not define contractual obli-
gations or critical performance issues such as quality, pricing, or schedules.%¢

Moreover, the PLA acquisition apparatus is woefully backward in many other management ap-
proaches and tools compared to its counterparts in the United States and other advanced military
powers. It has yet to adopt total life-cycle management methods, for example, and many internal
management information systems are on stand-alone networks that prevent effective communica-
tions and coordination.*®” One analyst said that this often meant that the only way for project teams
to exchange information was through paper transactions, which is cumbersome, slow, and restricts
the ability to share information. %%

Outdated Pricing Regime

A fourth serious weakness is the lack of a transparent pricing system for weapons and other mili-
tary equipment, representing a lack of trust between the PLA and the defense industry. The existing
armament pricing framework is based on a ‘cost-plus’ model that dates to the planning economy,
in which contractors are allowed 5 percent profit margins on top of actual costs.**’ This model has
a number of drawbacks that hold back efficiency and innovation. One is that contractors are in-
centivized to push up costs as this would also drive up profits. Another problem is that contractors
are not rewarded with finding ways to lower costs such as through more streamlined management
or more cost-effective designs or manufacturing techniques. Contracts rarely have performance
incentives, which discourages risk-taking or any willingness to adopt innovative approaches. Yet
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another issue is that contractors are dissuaded from making major investments in new technologi-
cal capabilities or processes because of the low profit margin. >

To address this long-standing problem, the PLA, MOF, and NDRC held a high-level meeting on
armament pricing reform in 2009 that concluded that the outdated pricing system had seriously
restricted weapons development and innovation.*! A number of reform proposals were put for-
ward: 1) provide incentives to contain costs; 2) switch from accounting procedures that focus on
ex post pricing to ex ante controls; and 3) expand from a single pricing methodology to multiple
pricing methods. Some of these ideas were incorporated in a document issued after the meeting
entitled “Opinions on Further Pushing Forward the Reform of Work Concerning the Prices of Mil-

itary Products” (3¢ T-#E —BHEHE 2 R i TAR O RO 3R S ). >

At the beginning of 2014, the GAD announced that it would conduct and expand upon pilot pro-
jects on equipment pricing. These reforms include strengthening the pricing verification of pur-
chased goods, improving cost controls, shifting from singular to plural pricing models, from ‘after-
purchase pricing’ to ‘whole process pricing,” and from ‘individual cost pricing’ to ‘social average
cost pricing.’*** These represent modest steps in the pricing reform process, but the PLA will con-
tinue to face fierce opposition from the defense industry on this issue.

Corruption

A fifth impediment is corruption, which appears to have thrived with the defense industry’s uncer-
tain transition from centralized state planning to a more competitive and indirect management
model.*** PLA leaders have highlighted the RDA system as one of a number of high-risk areas in
which corruption can flourish (along with the selection and promotion of officials, the enrollment
of students in PLA-affiliated schools, funds management, and construction work).*>

At the PLA’s annual conference on military discipline inspection work in January 2014, CMC
Vice-Chairman General Xu Qiliang, who heads the PLA’s anti-corruption efforts, pointed out that
armament research, production, and procurement was one of two areas that required “better over-
sight.”*°® The other area that Xu highlighted was construction projects, which has been plagued
by a number of high-profile corruption scandals in recent years. These include the case of GLD
Deputy Director Lieutenant General Gu Junshan, who amassed a huge fortune from lucrative real
estate kick-backs.*’

The almost complete absence of public reporting on corruption in the defense industry and RDA
system means that the extent of the problem is not known. Military authorities justify this lack of

3% Cheung, “An Uncertain Transition,” 53.

391 Zong Zhaodun and Zhao Bo, “Major Reform Considered in Work on the Prices of Our Army’s Armaments,” Lib-
eration Army Daily, November 13, 2009.

32 Ibid.

393 «“ Armament Work: It Is the Right Time for Reform and Innovation,” Liberation Army Daily, February 13, 2014.
3% Corruption is defined broadly in China as covering the improper behavior of state, party, or military officials, but
the more common Western definition is the abuse of public office for personal gain in violation of rules.

395 “PLA Gets Tough on Duty Crimes,” Xinhua, December 1, 2014.

3% «“CMC Vice Chairman Stresses Effective Anti-Corruption,” Liberation Army Daily, January 17, 2014.

397 “How a PLA General Built a Web of Corruption to Amass a Fortune,” Caixin Wang, January 16, 2014.
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transparency as necessary because many of the cases could involve classified plans. In the latest
anti-corruption crackdown that began with Xi Jinping’s ascent to power at the 18th Party Congress
in November 2012, only a handful of defense industry executives were arrested on corruption
charges.3"8

Chinese Threats and US Responses

China’s pursuit of a range of counter-intervention capabilities, including ballistic and cruise mis-
siles, advanced aircraft and air defenses, and cyber and space capabilities poses a significant chal-
lenge to the United States and its allies.>*” First, China’s deployment of such capabilities is con-
straining US options to project power and thereby undermining its credibility among allies and
friends. Second, China’s military modernization, and US responses to it, are imposing considerable
costs. Third, China’s defense investments have resulted in Beijing seizing the momentum in its
competition with the United States; the United States is forced to respond to China’s moves rather
than vice versa. 4%

To date, China has been able to exploit geographic, political, technological, and doctrinal asym-
metries to its advantage. Indeed, in each case China has been able to impose an unfavorable bal-
ance on the United States:

e Interms of geography, China has been able to exploit the tyranny of distance. Whereas the
United States has to project power over thousands of miles to protect its interests, China has
been able to pursue an “offensive defense” strategy to pursue its aims.

e In terms of alliances, China has been able to exploit the fact that the United States relies
upon forward-based assets stationed on allied territory. Its defense investments both raise
the cost of hosting US forces for allies and also undermine their confidence in US security
guarantees.

e In terms of technology, China has been able to exploit the growth and spread of precision
strike systems through the development and deployment of what the Soviets termed a “re-
connaissance-strike system”—a network of sensors, command and control systems, and
weapons allowing them to strike accurately at a distance.

e In terms of doctrine, China has developed capabilities aimed at defeating the US style of
power projection, which relies upon fixed forward-based assets and large power projection
forces centered on carrier strike groups.

398 See, for example, “Wu Hao, Deputy General Manager of AVIC Heavy Machinery Under Investigation for Cor-
ruption,” Xinjing Bao, June 4, 2014.

39 M. Taylor Fravel and Christopher P. Twomey, “Projecting Strategy: The Myth of Chinese Counter-Intervention,”
Washington Quarterly 37, No. 4 (Winter 2015), 171-87. Although Fravel and Twomey are narrowly correct that
Chinese military doctrine does not explicitly contain a “counter-intervention” campaign, elements of Chinese cam-
paign theory are clearly aimed at countering the intervention of an outside power in a regional conflict. Similarly, a
significant portion of the Chinese force posture appears to have been developed and procured for that purpose.
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tury,” in Thomas Mahnken, Joseph Maiolo, and David Stevenson, eds., Arms Races in International Politics: From
the Nineteenth to the Twenty-First Century (Oxford: Oxford University Press, 2016).
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US policymakers have recognized for nearly a decade and a half that China’s military moderniza-
tion poses a growing challenge to US freedom of action in the Western Pacific. However, the De-
partment of Defense has been slow to respond, mainly due to a focus on countering al-Qaeda and
waging wars in Iraq and Afghanistan. *°!

Concern over China’s military modernization, and the threat it poses to the United States and its
interests, is long standing. For example, the 2001 Quadrennial Defense Review, which was drafted
prior to the September 11, 2001 terrorist attacks, argued that the Defense Department’s moderni-
zation efforts should focus on overcoming six emerging strategic and operational challenges:

1. protecting critical bases of operations, including the US homeland, forces abroad, allies, and
friends, and defeating weapons of mass destruction and their means of delivery;

2. assuring information systems in the face of attack and conducting effective information oper-
ations;

3. projecting and sustaining US forces in distant anti-access or area-denial environments and
defeating anti-access and area-denial threats;

4. denying enemies sanctuary by providing persistent surveillance, tracking, and rapid engage-
ment with high-volume precision strike against critical mobile and fixed targets;

5. enhancing the capability and survivability of space systems and supporting infrastructure;
and

6. leveraging information technology and innovative concepts to develop an interoperable, joint
C4ISR architecture and capability that includes a joint operational picture that can be tailored
to user needs. %2

The first five of these challenges can be traced, at least in part, to Chinese military modernization
efforts.

Not long after the 2001 QDR was completed, and before it was released, US defense strategy
shifted markedly. The Defense Department’s focus on Asia and the challenges associated with
China’s rise shifted to the Middle East and the threat posed by al-Qaeda and its affiliates. In Octo-
ber 2001, the United States launched Operation Enduring Freedom against al-Qaeda and its Tali-
ban hosts in Afghanistan. In March 2003, the United States and its allies launched Operation Iraqi
Freedom to overthrow the government of Saddam Hussein in Iraq.

Despite a growing commitment to the Middle East, the Defense Department recognized the grow-
ing challenge posed by China’s acquisition of new military capabilities. The 2006 QDR argued
that the pace and scope of Chinese military modernization was jeopardizing regional military bal-
ances and called for efforts to improve allied military capabilities, diversify the US basing structure
in the Pacific, and pursue “investments that capitalize on enduring US advantages in key strategic
and operational areas, such as persistent surveillance and long-range strike, stealth, operational
manoeuver and sustainment of air, sea, and ground forces at strategic distances, air dominance,
and undersea warfare.” 4%

401 Aaron L. Friedberg, Beyond Air-Sea Battle: The Debate over US Military Strategy in Asia (Abingdon: Routledge
for 1ISS, 2014).

402 UJS Department of Defense, “Quadrennial Defense Review Report,” September 30, 2001, 30.

403 US Department of Defense, “Quadrennial Defense Review Report,” February 6, 2006, 29-30.
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Concern over Chinese military modernization continued to grow under the Obama administration.
The 2010 QDR emphasized the need to counter anti-access capabilities. As the report acknowl-
edged:

Anti-access strategies seek to deny outside countries the ability to project power
into a region, thereby allowing aggression or other destabilizing actions to be con-
ducted by the anti-access power. Without dominant US capabilities to project
power, the integrity of US alliances and security partnerships could be called into
question, reducing US security and influence and increasing the possibility of con-
flict. 404

The report also called for the Navy and Air Force to develop a “joint air-sea battle concept for
defeating adversaries across the range of military operations, including adversaries equipped with
sophisticated anti-access and area denial capabilities.”4*>

Air-Sea Battle

The advent of “Air-Sea Battle” thus represented the first large-scale, organized response to China’s
development of anti-access/area-denial capabilities. In August 2011, the Navy and Air Force es-
tablished the Air-Sea Battle Office to manage the development and implementation of the Air-Sea
Battle Concept.*® The focus of the effort was to “preserve the [United States’] ability to defeat
aggression and maintain escalation advantage despite the challenge posed by advanced weapon
systems.” Its “central idea” was to “develop networked, integrated forces capable of attack-in-
depth to disrupt, destroy, and defeat adversary forces.”*"” The initiative sought to increase coop-
eration and collaboration between the Navy and Air Force and to develop capabilities and concepts
to counter anti-access/area denial capabilities and preserve the ability of US forces to project power
in time of war.

Although few details of Air-Sea Battle were publicly released, the Congressional Research Service
reported that “the Air-Sea Battle concept has prompted Navy officials to make significant shifts in
the service’s FY2014-2018 budget plan.”**® Moreover, in May 2012 Chief of Naval Operations
Admiral Jonathan Greenert stated that the Air-Sea Battle Office had “more than 200 initiatives” in
progress. He also commented that the 2011 and 2012 Presidential budgets included related invest-
ments in “anti-submarine warfare, electronic warfare, air and missile defense, and information
sharing” and that the 2013 budget “sustains these investments and really provides more resilient
C4ISR investments” in support of Air-Sea Battle.**’
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Adding to the Navy and Air Force work on Air-Sea Battle, in January 2012, the Joint Staft pub-
lished the Joint Operational Access Concept, which details the use of joint forces to project power
in an array of different operational contexts, including power projection that is contested by an
adversary. 41°

Evaluating Air-Sea Battle is doubly difficult. Many of the early discussions of Air-Sea Battle orig-
inated with the think tank Center for Strategic and Budgetary Assessments, and predated the offi-
cial effort.*!! The bulk of the official effort was classified, with few details publicly available.
Nonetheless, scholars criticized Air-Sea Battle on several grounds.*!? First, some have portrayed
Air-Sea Battle as a cynical attempt by the Navy and Air Force to magnify threats in order to lay
claim to a larger share of a shrinking defense budgets.*'* Second, some have argued that it would
spur an arms race with China. Third, some critics hold that Air-Sea Battle may make war with
China more likely, “is highly escalatory and may lead to nuclear war.”*!4

In arguing against Air-Sea Battle, some scholars have put forward alternative approaches to deal-
ing with China’s development of anti-access/area denial capabilities, including the use of ‘offshore
control’ or a distant blockade of an adversary equipped with advanced precision strike systems.*!®

The secrecy under which Air-Sea Battle operated, combined with the difficulty that senior leaders
had in explaining it, opened the effort to criticism. Moreover, in an era where jointness is seen as
an unalloyed good, a Navy-Air Force initiative drew objections from the Army and Marine Corps.
As aresult, it was hardly surprising when in January 2015 the Department of Defense dropped the
term “Air-Sea Battle” in favor of the inelegant and more bureaucratically acceptable “Joint Con-
cept for Access and Maneuver in the Global Commons” and mandated participation of all four
services in the effort. 16

The Third Offset Strategy and the Defense Innovation Initiative

In light of China’s continuing military modernization and dissatisfaction with Air-Sea Battle, sen-
ior defense officials have begun to formulate and implement more comprehensive responses.*!”
Beginning in mid-2014, Deputy Secretary of Defense Bob Work began to discuss the need for the
United States to undertake a “Third Offset Strategy” to counter the growing strength of potential
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adversaries and retain US military advantage. Work has been the most outspoken champion of the
approach, and his public speeches provide the best source of information on it.

In Work’s view, the first instance of an offset strategy in recent US history had involved the Eisen-
hower administration’s New Look strategy, which sought to use nuclear weapons to balance the
Soviet Union’s advantage in conventional forces in the early 1950s, while the second instance had
coincided with the development of precision-guided munitions, sensors, stealth, and networking
in the 1970s in response to the Warsaw Pact threat to Western Europe. *!®

According to Work, a new offset strategy is now needed because of the growth and spread of
precision weaponry. Once an area of US dominance, the ability to launch precision strikes, includ-
ing sensors, command and control capabilities, and weaponry, has spread to states such as China.
As aresult, the United States must adapt its approaches to combat. As Work put it in a 2015 speech,

[to] maintain our warfighting edge, we’re trying to address this erosion—our perceived
erosion of technological superiority with the Defense Innovation Initiative and the third
offset strategy. Now, as Secretary Hagel said, this new initiative is an ambitious depart-
ment-wide effort to identify and invest in innovative ways to sustain and advance Amer-
ica’s military dominance for the twenty-first century. *!°

One difference that Work noted between previous offset strategies and the current era was that US
advantages were likely to be less enduring than in the past. As he put it, “we have potential com-
petitors who are very, very good in this business and can duplicate—not only steal our [intellectual
property]—but can duplicate things very fast. ... The last offset strategy lasted us for four decades.
It is unlikely that the next one will last that long.”**

In November 2014, Secretary of Defense Chuck Hagel institutionalized efforts to carry out the
“Third Offset Strategy” by signing a memorandum that created the Defense Innovation Initiative
(DII). According to the memo, the purpose of the DII is “to pursue innovative ways to sustain and
advance [American] military superiority for the twenty-first century and improve business opera-
tions throughout the [Department of Defense].” Hagel noted that the United States was entering
an era in which American dominance in key warfighting domains is eroding, and thus it needed to
find new and creative ways to sustain and, in some areas expand, its advantages, even in the face
of limited resources. Noting that “potential adversaries have been modernizing their militaries,
developing and proliferating disruptive capabilities across the spectrum of conflict,” he argued that
“we must take the initiative to ensure that we do not lose the military-technological superiority
that we have long taken for granted.”*?! Specifically, he called for:

418 The use of the term ‘third offset’ is somewhat anachronistic, as it was in the 1970s during the now-second offset
that the term ‘offset strategy’ was first coined.
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e Rethinking how the Defense Department develops managers and leaders;

e Establishing a “long-range research and development planning program [to] identify, develop,
and field breakthrough technologies and systems that sustain and advance the capability of US
military power”;

e Reinvigorating war gaming to develop and test alternative ways of achieving strategic objec-
tives and help the Defense Department think more clearly about the future security environ-
ment;

e Developing new operational concepts to explore how to achieve greater strategic effect and
deal with emerging threats in innovative ways. **?

In announcing the DII, Hagel noted:

For decades, America’s leadership in the world has been anchored not only by our global
military presence, but also by our military’s unrivaled technological and operational supe-
riority—an edge that has enabled our nation to project power rapidly across the globe. But
America’s military superiority has never been guaranteed, and it confronts significant chal-
lenges on the horizon. Technologies and weapons that were once the exclusive province of
advanced nations have become available to a broad swath of militaries and non-state actors.
Countries like Russia and China have been heavily investing in military modernization
plans tailored to blunt our military’s technological and operational edge.

As he concluded, “Going forward, I expect the Defense Innovation Initiative to significantly shape
DOD priorities. As the initiative develops over time, so will its impact on DOD’s budget, plans,
and programs.” %3

Although it is too early to render a final judgment as to whether the initiative will survive the 2016
elections and the transition to a new administration, there is reason to believe that it will. The
perception that China’s military modernization is jeopardizing US interests in the Western Pacific
is both widespread and bipartisan. Moreover, the inadequacy of existing defense plans to respond
to that threat is increasingly apparent. As a result, it is likely that future administrations will con-
tinue, and perhaps strengthen, the initiative.

The shape of the “Third Offset Strategy” is still coming into focus as well. According to Deputy
Secretary Work, to realize the strategy, the Defense Department is increasing its investment in new
space capabilities; advanced sensors, communications and munitions for power projection in con-
tested environments; missile defense; and cyber capabilities. The department is also investing in
promising new technologies, such as unmanned undersea vehicles; advanced sea mines; high-
speed strike weapons; advanced aeronautics; autonomous systems; electromagnetic rail guns; and
high-energy lasers.*** Some of these technologies show promise. If, for example, the United States
were to field militarily effective rail guns or lasers, the task of missile defense would become much
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easier than it has been heretofore. However, many these systems have yet to prove themselves in
an operational setting and are unlikely to be deployed before the 2020s at the earliest.

As Work put it in a speech at the Army War College, “The real essence of the third offset strategy
is to find multiple different attacks against opponents across all domains so they can’t adapt, or
they adjust to just one, and they died before they can adapt again.” He likened the process to chess:
“I believe that what the third offset strategy will revolve around will be three-play combat in each
dimension ... three-play combat will be much different in each dimension [air, sea, land], and it
will be up to the people who live and fight in that dimension to figure out the rules.”**

The “Third Offset Strategy” remains a work in progress. To be effective over the long run, US
responses to Chinese strategy should exploit US relative strengths and Chinese weaknesses. More-
over, such a strategy should have three features. First, it should yield an expanded set of US options
while constraining those of the Chinese. Second, it should give us momentum in the competition
with China, forcing Beijing to respond to our moves. Third, it should impose considerable costs
upon China as it responds.

Shaping a Long-Term US Response

A US response should seek to gain an asymmetric advantage in the areas of geography, alliances,
technology, and doctrine. In terms of geography, such a strategy should seek to use Asia’s strategic
geography—in particular, the barrier formed by Japan, Taiwan, and the Philippines—to constrain
China’s access to the Western Pacific in time of crisis or war. This could be accomplished by
fielding sensor and engagement networks both unilaterally and in cooperation with allies along
China’s maritime flanks. Associated technologies would include undersea sensors, various air-
borne sensor systems, and land- and sea-based strike systems. Such an approach would capitalize
upon the combination of geography, which constrains China’s access to the Pacific Ocean, and
existing US and allied sensor plans, which promise to give the United States and its allies greater
situational awareness of activities in the air and on or under the sea. Japan, for example, is fielding
a constellation of reconnaissance satellites, expanding its air- and surface-search radar network,
and modernizing its force of land-based anti-ship cruise missiles. The United States, for its part, is
considering exports of unmanned aerial vehicles (UAVs) such as the RQ-5 Global Hawk to a num-
ber of allies in the region, such as Australia and South Korea. Similarly, a number of US allies,
including Japan and Australia, possess capable fleets of anti-submarine warfare aircraft. The Japan
Maritime Self-Defense Force possesses four squadrons of P-3C Orion aircraft, which it is replac-
ing with the Kawasaki P-1; the Royal Australian Air Force is replacing its two squadrons of AP-
3Cs with the Boeing P-8 Poseidon.**

The United States should also deepen its interoperability with allies to bolster their capabilities
and strengthen their will. The United States already shares information with its allies, and the case
for increasing that cooperation is strong. **” Washington should consider building on this by estab-
lishing an open-architecture ISR network in the Western Pacific to complement current bilateral
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information-sharing agreements. Support for broad information sharing in the Western Pacific is
likely to grow in the face of Chinese encroachment. Given the increasing quality and declining
cost of both commercial imagery and the sensors that produce it, such an approach will be feasible
for a growing number of states.

The United States should also deepen cooperation in the areas of theater strike with key allies. The
requirement for Australia’s next-generation attack submarine includes a strike capability, some-
thing the United States should support. Similarly, the United States should seek to support Aus-
tralian efforts to expand their air and naval surface strike capabilities.

Undersea warfare, in terms of both submarines and unmanned underwater vehicles, is another area
for cooperation. The United States should offer to sell or lease Virginia-class nuclear-powered
submarines (SSNs) to Australia as the replacement for the Collins-class submarine and should
deepen cooperation with Japan in undersea warfare. It should consider developing innovative ap-
proaches to expand the strike capability of US and allied submarines, to include the development
of the Towed Payload Module for the Virginia-class SSN and potentially for export. It should also
work with allies and friends against coercion to make their networks more resilient and to harden
key ports and airfields against attack. The goal would be to have a wide variety of facilities that
US forces could utilize in time of war. Finally, allies and friends should be provided with counter-
invasion capabilities, to include land-based anti-ship cruise missiles, naval mines, and precision-
guided rockets and artillery systems.

In terms of technology, the United States should both develop and deploy countermeasures to hos-
tile precision strike as well as move into the next phase of the precision strike competition. Coun-
ters to precision strike include hardening and dispersal of key facilities, countermeasures to preci-
sion navigation and timing, and the development of directed energy weapons to destroy precision
weapons. The United States should also exploit its dominance in the undersea domain by greatly
increasing its subsurface strike capability. At the same time, the United States should develop au-
tonomous systems to mitigate the vulnerabilities inherent in reconnaissance-strike systems (such
as the links between sensor, decider, and shooter). Although the United States is pursuing these
technologies, such efforts are constrained both by limited budgets and technological feasibility.
Finally, although the United States is currently constrained by the Intermediate-Range Nuclear
Forces Treaty from developing and deploying land-based ballistic and cruise missiles with a range
of between 500 and 5,500 kilometers, no such constraint exists on sea-based systems.

The United States should also safeguard its technological edge by redoubling efforts to deny China
access to strategic technologies. China has proven adept at pursuing a fast-follower strategy of
acquisition, buying or stealing technology and the underlying intellectual property from both the
United States and Russia. Efforts to deny China easy access to US military technology and intel-
lectual property will, at the least, drive up the cost in terms of time and effort that China is forced
to expend to acquire it. In other cases, such efforts may force China to seek less capable substitutes
for US technology.

Technology transfer restrictions also need to be updated, both to reflect the current international
technology market as well as to maximize their effectiveness. It is in the national interest for the
US government and private industry to work cooperatively to develop best practices and share
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threat information. To be effective, however, such measures should prioritize the technologies that
are likely to provide the greatest battlefield edge in the future. These include space and cyber
capabilities, unmanned systems, high-speed propulsion, advanced aeronautics, autonomous sys-
tems, electromagnetic rail guns, and directed-energy systems.

In terms of doctrine, the United States should exploit the weaknesses inherent in a centralized
approach to warfare, including the need to gather and process large volumes of information. Chi-
nese military doctrine displays a strong belief that strategy is a science rather than an art and main-
tains great confidence in its ability to predict the outcome of conflicts.*?® In order to bolster deter-
rence, the United States and its allies should work to reduce the confidence of the Chinese
leadership in its ability to control the course and outcome of a future conflict.

Such an offset strategy, if implemented consistently over time, holds the promise of influencing
Chinese actions at the tactical, operational, and strategic level. Tactically, it would erode the eftec-
tiveness of Chinese counter-intervention systems. Operationally, it would deny the PLA leadership
the type of war it has been planning for decades, forcing it to either double-down on its investment
in anti-access capabilities or seek a new approach. But its greatest promise is likely to be strategic:
such an approach holds the potential to alter the decision-making calculus of the leadership of the
CCP. A strategy of this type could markedly increase the cost of pursuing a strategy of maritime
expansion and potentially rechannel Chinese attention away from its maritime flanks and toward
the Asian continent. It would increase the cost of challenging international norms and hopefully
give the Chinese leadership greater incentives to accept significant elements of the existing inter-
national order.

Reductions in the defense budget have hurt the ability of the United States to respond to threats to
US interests and forces. Both Budget Control Act limits and uncertainty over the level of future
budgets have harmed the ability of the Defense Department to acquire the capabilities that the
United States needs to safeguard US interests in an increasingly contested environment. In partic-
ular, the United States faces a growing need to develop and acquire innovative new capabilities at
the very time that resources available to field new capabilities is increasingly constrained. Moreo-
ver, in a period in which existing plans face budgetary pressure, there is little appetite to field
additional capabilities, however promising. In an environment where acquisition dollars are in-
creasingly rare, the defense industry and university-affiliated research centers will need to take a
greater role in developing innovative capabilities through advanced research, development, and

prototyping.

The Emergence of Direct US-China Defense Technological Competition

While the Third Offset Strategy and the DII are focused at rectifying the overall global erosion in
US defense technological pre-eminence, the top challenge over the next 25—30 years comes from
the ‘great powers’ of Russia and China. Although the Pentagon is deeply concerned with Russian
aggression in the short to medium term, China “embodies a more enduring strategic challenge,”
according to US Deputy Defense Secretary Work. *?° The Third Offset Strategy and the DII have
a number of characteristics, in which China looms large as the ‘pacing threat’:

428 Thomas G. Mahnken, Secrecy and Stratagem: Understanding Chinese Strategic Culture (Sydney: Lowy Institute,
2011).
429 «“work Outlines Key Steps in Third Offset Tech Development,” Defense News, December 14, 2015.
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e Conventional deterrence against great powers: The central tenet of the US strategy is to
develop a dominant conventional deterrent against Russia and China that reduces the chances
of major military conflict between them.

e Asymmetric competition: Avoid competing in quantitative arms races with potential adver-
saries and instead focus on developing technologically superior quality that would compen-
sate for the numerical superiority enjoyed by these rivals.

e Strategy based, technology-oriented: While technology is important, operational strategies
and organizational constructs are also key elements in gaining advantages against numeri-
cally stronger opponents.

e Operational level of war: The primary focus of the initiatives is in the operational planning
and conduct of campaigns that consist of assigning missions, tasks, and resources to military
organizations. The principal operational concerns that the Defense Department has are: +*

1. the growing vulnerability of its global system of military bases, especially those that are
close to major potential adversaries in the Asia-Pacific and Europe;

2. the increasing ability of opponents to detect, track, and engage US aircraft carriers and
other major surface warships at extended ranges from their coasts;

3. the build-up of modern integrated air defense systems that are making it increasingly dif-
ficult for US and allied airpower to enter into contested opposition airspace; and

4. the militarization of space that no longer makes it a sanctuary from military conflict.

Senior DOD officials have acknowledged that the origins of the Third Offset Strategy came from
the threat posed by China. Speaking at a defense forum in November 2015, Bob Work disclosed
that the DOD first began to think about a new offset strategy in the early 2010s when Ashton
Carter, who was Deputy Defense Secretary at the time, established the Strategic Capabilities Office
“focused on the advanced capabilities that we were seeing in the Western Pacific.” **! The only
country undertaking these developments was China.

While the Third Offset Strategy and the DII are still in their preliminary stages of development,
they do signal that the United States has unambiguously taken its first consequential steps in en-
gaging China directly in defense technological competition. From a US defense acquisition per-
spective, these strategies are being operationalized in the Long-Range Research and Development
Planning Program (LRDPP), which is modeled on an effort started in the 1970s when the United
States successfully offset Soviet military numerical superiority with disruptive technological ca-
pabilities such as stealth and precision strike. **?

US Undersecretary of Defense for Acquisition, Technology, and Logistics Frank Kendall, who is
in overall charge of the LRDPP, provided a succinct assessment of the military technological threat

430 Robert Martinage, Towards a New Offset Strategy (Washington, DC: Center for Strategic and Budgetary Assess-
ments, 2014), 23-32.

431 Remarks by Bob Work on the Third Offset Strategy at the Reagan Defense Forum, November 7, 20135,
http://www.defense.gov/News/Speeches/Speech-View/Article/628246/reagan-defense-forum-the-third-offset-strat-

egy.
432 “DoD Seeks Future Technology Via Development Plan,” DOD News, December 3, 2014, http://www.de-
fense.gov/News-Article-View/Article/603745.
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posed by China at a Congressional hearing in January 2015, articulating the geostrategic context
for the renewed innovation drive by the DOD:

China has developed and fielded advanced weapons designed to defeat US power projec-
tion forces. Many more are in development. These systems include a range of capabilities,
but foremost among them are accurate and sophisticated cruise and ballistic missiles de-
signed to attack high-value assets; particularly the aircraft carriers and airfields that we
depend upon for power projection. These missiles, fielded in large numbers and coupled
with advanced electronic warfare systems, modern air-to-air missiles, extensive counter-
space capabilities, improved undersea warfare capabilities, fifth-generation fighters, and
offensive cyber weapons pose a serious and growing threat. 43

A number of new and emerging high technologies, especially in the areas of artificial intelligence
and autonomy, have been revealed as the initial focus of the Third Offset Strategy and DII in order,

as Work argued, “to deter” against potential adversaries:

434

Autonomous ‘deep learning’ machines and systems: The Pentagon wants to develop
these capabilities to improve its early warning and prediction of events.

Human-machine collaboration: This refers to how machines can interface with humans to
assist with decision-making. One example is the development of highly advanced helmets
for fighter pilots, such as with the F-35 Joint Strike Fighter, which fuses data from multiple
systems that then can be more easily digested for the pilot.

Assisted-human operations: Research is being targeted at how machines can help humans
operate more effectively. DARPA, for example, has been developing an experimental ‘Iron
Man’ exoskeleton suit. This research is different from “enhanced human operations” that
focus on modifying the human body and brain, and which Work claims that “our adver-
saries are pursuing, and it scares the crap out of us, frankly.”**

Human-machine combat teaming: This refers to leveraging the unique advantages of peo-
ple and machines, including robotics and artificial intelligence, into hybrid teams with the
goal of delivering decisive advantages on the battlefield. This is already being applied, for
example, with the teaming up of human operators and unmanned systems such as the US
Army’s Apache helicopter and Gray Eagle unmanned aerial vehicle or the US Navy’s P-8
Reconnaissance aircraft and the MQ-4C Triton Unmanned Carrier-Launched Airborne Sur-
veillance and Strike drone.

Network-enabled, semi-autonomous weapons hardened for electronic and cyber war-
fare environments: Many of the US military’s weapons and systems are semi-autonomous
and connected to vulnerable networks that will require modification and hardening to pre-
vent being disabled by increasingly sophisticated electronic and cyber warfare attacks,
much like protection against an electro-magnetic pulse attack during the Cold War. Work is
taking place, for example, to make the Small Diameter Bomb operate autonomously without
reliance on GPS information to direct it to its target.

433 Testimony of Frank Kendall before the US House Armed Services Committee, January 28, 2015.
434 Remarks by Work at Reagan Defense Forum; Bob Work, speech at the CNAS Defense Forum, Washington,
D.C., December 14, 2015, http://www.defense.gov/News/Speeches/Speech-View/Article/634214/cnas-defense-fo-

rum.

435 Remarks by Work at Reagan Defense Forum.


http://www.defense.gov/News/Speeches/Speech-View/Article/634214/cnas-defense-forum
http://www.defense.gov/News/Speeches/Speech-View/Article/634214/cnas-defense-forum

151

Chinese Views of Direct US—China Defense Technological Competition

Perceptions among China’s defense and national security policymakers and planners that the
United States is becoming a direct military competitor and potential adversary have gained ground
in response to the proliferating array of security frictions and deepening strategic distrust between
the two countries, although the official Chinese views are usually more circumspect. Wang Jisi,
an influential and well-placed academic foreign policy adviser to the Chinese leadership, pointed
out in a study of US—China strategic trust in 2012 that “some high-ranking Chinese officials have
openly stated that the United States is China’s greatest national security threat. This perception is
especially widely shared in China’s defense and security establishments and in the Communist
Party’s ideological organizations.”**

These views about the increasingly contested nature of US—China security relations and interests
have yet to be reflected in any authoritative Chinese strategic and military doctrines and policies
that have been made public. These have tended to be more guarded in their assessments of the
United States because China’s overarching strategic priority continues to be focused on economic
development, which can only be effectively carried out in a non-antagonistic security environment.

In discussing the regional security situation surrounding China, the 2015 Chinese defense white
paper pointed out that “as the world economic and strategic center of gravity is shifting ever more
rapidly to the Asia-Pacific region, the United States carries on its ‘rebalancing’ strategy and en-
hances its military presence and its military alliances in this region.”*}” The white paper is a little
more circumspect in mentioning the United States in its assessment of intensifying global defense
technological competition and its implications for China’s national security:

The world revolution in military affairs is proceeding to a new stage. Long range, precise,
smart, stealthy and unmanned weapons and equipment are becoming increasingly sophis-
ticated. Outer space and cyber space have become new commanding heights in strategic
competition among all parties. The form of war is accelerating its evolution to information-
ization. World major powers are actively adjusting their national security strategies and
defense policies, and speeding up their military transformation and force restructuring. The
aforementioned revolutionary changes in military technologies and the form of war have
not only had a significant impact on the international political and military landscapes, but
also posed new and severe challenges to China’s military security. **®

Although official Chinese documents and policies are silent as to whether China’s military devel-
opments are in response to perceived threats and actions from the United States, there is discussion
of these action—reaction dynamics among security analysts, scholars, and writers that work in think
tanks, universities, and media outlets affiliated with the military, state, and Communist Party.*’
In an assessment of the air-sea battle concept that is at the heart of the US strategic pivot to the
Asia-Pacific region, one Chinese military academic argued that

436 Kenneth Lieberthal and Wang Jisi, Addressing US—China Strategic Distrust (Washington, DC: Brookings Institu-
tion, 2012), 13.
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the introduction of the “air-sea battle” concept may possibly further worsen mutual military
trust. Once the United States decides to readjust its military preparations in the Asia-Pacific
region, it will inevitably cause the allies of the United States in the region to readjust their
military deployments in a corresponding manner, and in order to uphold national security,
China will also respond to this in a corresponding manner. This kind of chain reaction in
the military security realm may lead to an intense arms race. **

While there is little open discussion by Chinese military or civilian officials about the technologi-
cal threat posed by the United States, they have been responding vigorously at the RDA level since
the end of the 1990s, most notably with the 995 Plan, which can be looked at as the counterpart to
the Third Offset Strategy and the DII.

Moreover, senior Chinese leaders have been hinting in the past several years that the country’s
long-term weapons development strategy may also be due for major revision or replaced by a new
version that places even greater emphasis on accelerated technological development, more ad-
vanced innovation, and in new and emerging domains. At a keynote speech to the All-Army Ar-
mament Conference in December 2014, Xi Jinping said that “facing the new situation and new
tasks, the strategic guidance for armament building must adapt to the times.” He noted that the
“present time and for a period to come mark a window of strategic opportunity for our military’s
armament building and also a crucial stage for making leapfrog development.”*4!

Another indicator that planning of a new development strategy is taking place was the announce-
ment by SASTIND in June 2015 that it was establishing a defense S&T development strategy
committee to conduct research and provide policy input that would help the country’s leadership
in its decision-making on long-term defense R&D.*** This was followed by the establishment of
a Central Military Commission Science and Technology Commission (CSTC) as part of far-reach-
ing military structural reforms. The STC was originally an S&T advisory body under the GAD,
but its elevation to the CMC suggests that it may serve as a counterpart to the SASTIND defense
S&T development strategy committee. Among the CSTC’s publicized responsibilities are: 1)
strengthening the strategic management of defense S&T; 2) promoting indigenous innovation; and
3) advancing the integration of military and civilian S&T.**

In conclusion, the defense S&T development efforts in which the United States and China are now
engaged appear to be increasingly directed at each other. While it may not yet be intensive and
hugely expensive competition that occurred at the height of the Cold War, there are beginning to
be many similarities to this earlier period.
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B. IMPLICATIONS FOR US ECONOMIC COMPETITIVENESS

In this section, the report addresses the near to long-term implications for US economic competi-
tiveness from China’s assortment of state-led development plans. Attention is first paid to strategic
principles and policy instruments that shape the nature and guide the implementation of these
plans. This is followed by an examination of eleven case studies to explore more deeply the current
and future implications of China’s state plans at the industry level.

Two overarching principles and policy instruments in Chinese innovation policy are first dis-
cussed: techno-national opportunism and indigenous innovation. These principles drive Chinese
innovation policy, priorities, and actions in China’s government circles and high-tech industry. Put
succinctly, techno-nationalism is the belief that a state-controlled and closed-door approach to
technological and industrial development is the best way to safeguard national security, economic
competiveness, and international status. Indigenous innovation is defined as a way to promote
original innovation, re-assembling existing technologies in different ways to produce new break-
throughs, and the absorption and upgrading of imported technologies. Both principles inherently
lead to an inclination to protect domestic industries by designing policies and incentives that favor
local actors and discriminate against foreign enterprises.

Six policies are examined that operationalize these techno-nationalist and indigenous innovation
principles:

Sectoral protectionism

The cultivation of local and national champions

Trading market access for technology transfers

The use of state catalogues to regulate investment and technology imports

The promotion of Chinese technology standards domestically and internationally

AN o e

An increasingly vigorous “going out” strategy to open up foreign markets for Chinese product

Some of these policies, such as the “going out” strategy and state catalogues, are well-publicized
and feature prominently in the Chinese state plans and development strategies. Other more con-
troversial policies, such as protectionism and nurturing of champions, are more implicit and ap-
plied indirectly. All of these policies represent major challenges for US economic competitiveness.

To better understand the economic implications from these policies and other factors associated
with China’s development efforts, eleven industry sectors have been selected for in-depth exami-
nation. The case studies are laid out in accordance with an analytical framework detailed later in
this section. Of prime importance are market characteristics, relative technology levels of US and
Chinese firms, and policy measures. These factors are applied to determine the levels of direct
competition to US firms and the demand for US parts, technology, and IP and to gauge the current,
short-, medium-, and long-term implications for US economic competitiveness. The case studies
are grouped into four areas:

1. Information and communications technology (ICT): 5G technology, cloud computing,
global navigation satellite systems, and integrated circuits

2. Manufacturing: Additive manufacturing, advanced robotics, and nanomaterials
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3. Transportation: Electric vehicles and high speed rail
4. Medical and healthcare: Biopharmaceuticals and medical devices

One of the main conclusions from these case studies is that over the long term, US high-tech in-
dustries will move from largely positive or limited impacts on their competitiveness from Chinese
state plans to largely negative or mixed impacts. Due to Chinese techno-nationalist and indigenous
innovation policies, many US firms currently face strong challenges as they attempt to enter the
Chinese market. Yet by and large, the full intention of China’s policies has not been fulfilled. In
sectors where China has not been able to cultivate national champions to dominate local markets
and compete globally, there is still great demand within China for US products and suppliers. With
the continuing implementation of these Chinese policies over the longer term, US firms may find
themselves increasingly marginalized or pushed out of Chinese markets, and this will undoubtedly
have negative implications for US jobs and production.

A further examination of the effects of China’s state plans on the US labor market and production
suggests that the impact will be primarily felt within the Chinese market rather than in the United
States. US companies that have sizeable production capabilities and workforces in China are likely
to be threatened by policies that provide subsidies and protection to domestic players. In addition,
compared to traditional sectors like steel and auto parts, production activities and workforces in
high-tech and emerging sectors are less likely to be impacted.

Core Principles and Policy Instruments in Chinese State Development Plans

Chinese state plans for S&T, industrialization, and energy development have a number of over-
arching principles and policy instruments that have considerable implications for the long-term
economic competitiveness of the United States and other countries around the world. Two of these
strategic principles are especially significant and will be discussed in detail: techno-national op-
portunism and indigenous innovation. In the pursuit of these principles, the Chinese authorities
have devised a set of policy instruments that are being vigorously implemented. Six of these poli-
cies will be examined: 1) sectoral protectionism; 2) the cultivation of local and national champions;
3) pushing hard for technology transfers; 4) the use of state catalogues to regulate investment and
technology imports; 5) the promotion of Chinese technology standards domestically and interna-
tionally; and 6) an increasingly vigorous “going out” strategy to open up foreign markets for Chi-
nese products as well as to secure energy and other critical supplies for the country.

The implementation of these policy instruments will vary by industry, but they are most likely to
be applied in sectors that are considered to be of strategic importance and value. What the Chinese
authorities constitute as a ‘strategic industry’ (ff% 4 7=)\) is far from clear. The label appears to
be constantly evolving and influenced by changing political, economic, and/or national security
considerations. There are core strategic industries that are defined by their direct relevance to na-
tional security, such as the defense industry, but other sectors that have been classified as strategic
by the Chinese government include emerging industries covered by the SSEI and those deemed to
be critical to the national infrastructure, which can be very broad and covers automobiles, finance,
energy, utilities, and telecommunications. ***

444 Roselyn Hsueh, China’s Regulatory State: A New Strategy for Globalization (Ithaca, NY: Cornell University
Press, 2011).
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The Chinese authorities also use the concept of “pillar industry’ (A7), which, according
to one World Bank study, originated in the mid-1990s and was based on a number of economic
criteria that included high income elasticity of demand, enjoyed economies of scale, had significant
production linkages and potential for high productivity growth, and reflected China’s comparative
advantage.**> The initial industries that were designated pillar industries were machinery, electron-
ics, petrochemicals, automobiles, and construction.

One concern with the Xi Jinping regime is that it has adopted a far more expansive view of what
constitutes national security than previous administrations. This could lead to more industrial sec-
tors being designated as strategic in nature. The 2015 National Security Law, for example, identi-
fies 11 areas that are important to national security: political, territorial, military, economic, cul-
tural, social, ecological, science and technology, information, nuclear, and natural resources.*4°
The law also requires that technology that supports crucial sectors must be “secure and controlla-
ble.”*7

Techno-Nationalist Opportunism

Techno-nationalism is a fundamental principle in the thinking of Chinese policymakers in science,
technology, and industrial development. Techno-nationalists believe that a state-controlled and
closed-door approach to technological and industrial development is the best way to safeguard
national security, economic competiveness, and international status. Emphasis is placed on nurtur-
ing indigenous capabilities through adoption of highly regulated protectionist regimes that sharply
restrict FDI but encourage the one-way importation of advanced technology and knowledge.

The MLP is a leading example of a plan that is avowedly techno-nationalistic in nature. The MLP
argues that the only way that China can advance against international competition is to “improve
its independent innovative capabilities and master a number of core technologies, own a number
of proprietary intellectual property rights and groom internationally competitive enterprises in im-
portant fields.” To achieve this, one of the central concepts in the MLP is the notion of indigenous
innovation. This term is viewed “by some as a regression to the self-defeating techno-nationalist
notions of self-reliance from the Maoist era,” although the MLP seeks to define this concept not
only from an ideological viewpoint but also from a functional perspective. *®

The key elements of contemporary Chinese techno-nationalist doctrine that can be found in the
MLP and other plans are:

e Technological development is strategic and has implications for the relative position of the
state in the global military and economic balance.

e The state must invest in critical technological sectors because of the high risks and lengthy
time cycles involved in high-technology R&D.

e The state should pursue import-substituting indigenization.
e The state must nurture an indigenous capacity to innovate.

45 Vikram Nehru, Aart Kraay, and Xiaoqing Yu, eds., China 2020: Development Challenges in the New Century
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e Technology diffusion, whether through spin-offs or spin-ons, should be a central long-term
goal.

This techno-nationalist ideology coexists with a healthy dose of pragmatic opportunism that allows
for flexibility and compromise in policy choices. In particular, this allows for the embrace of more
inclusive techno-globalist approaches, especially if this helps to advance technological innovation
more rapidly and effectively.

China embraced key elements of techno-globalist thinking in the early 1990s by opening up the
national economy to FDI and rolling back state dominance of the S&T system by allowing the
participation of private and other non-state firms.**° This led to massive inflows of foreign invest-
ment into the medium and high-technology sectors by multinationals, and soaring imports of tech-
nology goods by foreign and Chinese firms throughout the 1990s. In addition, large numbers of
entrepreneurial domestic and foreign joint venture new technology enterprises were established or
spun off from the state sector and quickly emerged as major players in the domestic technology
marketplace.

China’s technology development strategy has evolved into a pragmatic and sometimes messy hy-
brid that incorporates both competing and complementary strands of techno-nationalist and
techno-globalist thinking. With these two camps firmly entrenched and wielding extensive influ-
ence among policymakers and key state agencies, there are occasional adjustments in technology-
related policies to accommodate their different interests.*® A prime example of such an outcome
occurred in 2009 when China issued indigenous innovation procurement guidelines requesting that
government agencies should only buy technology products containing domestic intellectual prop-
erty. The move drew strong condemnation from foreign companies and governments, which ar-
gued that the policy went against established international norms, and the Chinese government
eventually retreated from this initiative.*!

The procurement guidelines controversy reflects a broader effort by China to promote its own
homegrown technical standards within the global technology system. The setting of international
technical standards has traditionally been in the hands of multinational corporations, but China has
raised its profile since the beginning of the twenty-first century, especially in areas such as tele-
communications, digital audio and video, computer microprocessors, wireless local area network
security, and Internet protocols. The MLP explicitly calls for China to “actively take part in the
formulation of international standards and drive the transferring of domestic technological stand-
ards to international standards.” Richard Suttmeier and Yao Xiangkui argue that China’s technical
standards strategy should be understood as a modified form of techno-nationalism, in which “tech-
nological development in support of national economic and security interests is pursued through
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leveraging the opportunities presented by globalization for national advantage.”*?> How China
flexes its growing technological power in this area will offer a good indicator of where the balance
between techno-nationalist and techno-globalist impulses lies in its evolving techno-hybrid frame-
work.

Indigenous Innovation

Hand in glove with techno-nationalism is the concept of indigenous innovation, which is widely
referred to in Chinese state plans. What indigenous innovation actually means, however, is far
from clear. The term first appeared in the MLP and is defined as a way to promote original inno-
vation, re-assembling existing technologies in different ways to produce new breakthroughs, and
the absorption and upgrading of imported technologies. The MLP puts forward three distinct mod-
els:

1. Original innovation (yuanshi chuangxin, J7.950/387): This refers to scientific discovery
and technological invention carried out by Chinese research institutions that eventually are
successfully developed and commercialized. The meaning of original innovation appears to
have expanded in recent years to include an emphasis on breakthrough innovation.

2. Integrated innovation (jicheng chuangxin, % g £)%7): This means the synthesis of re-
lated technologies and processes that facilitates the development of competitive products
and industries. These technologies and processes can be both foreign and domestic.

3. IDAR (introduction, digestion, assimilation, re-innovation): This model is based on the
identification, acquisition, and absorption of foreign technologies and processes through a
multi-stage sequence of introduction (yinjin, 5|3), digestion (xiaohua, JH4t), and assimila-
tion (xishou, WY U) that leads to re-innovated (zaichuangxin, F813#7) output. This can be
concisely referred to as the IDAR (Introduce, Digest, Assimilate, Re-innovate) strategy and
can also be described as advanced imitation. *>

Of these three approaches, IDAR is the most important and relevant to China’s current S&T needs.
A more detailed discussion of IDAR can be found in the section “Chinese Priorities for Technology
Acquisitions from the US and Foreign Countries” (pages 117-23).

During Hu Jintao’s presidency, indigenous innovation was the main policy focus and was reiterated
in China’s 12th FYP and in the SEI initiative. Xi Jinping’s administration has come up with the
new more market-friendly ‘innovation-driven development’ concept that embraces bottom-up in-
novation at the same time that it continues to emphasize top-down approaches. Although indige-
nous innovation as a phrase is now referred to less frequently by senior leaders and in policy doc-
uments, its core tenets continue to be the closely observed. In the 13th FYP outline, for example,
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while indigenous innovation is not mentioned at all, the document does reiterate the importance of
original innovation, integrated innovation, and re-innovation. *>*

The influence of indigenous innovation and techno-nationalism as strategic principles can be
clearly felt in the policies that the Chinese authorities have formulated to promote its economic,
industrial, and technological development.

Protectionism

The Chinese authorities view the protection of domestic science, technology, and industrial sectors
from foreign competition as essential to ensure they are able to grow and thrive over the long term.
Protection can be both direct and indirect in support of specific industries or firms. In most cases,
however, the impact of a specific policy is not immediately measureable. In many cases, foreign
companies do not disclose perceived violations or risks that result from Chinese state plans because
they consider them part of the cost of doing business in China.

To avoid falling afoul of contravening international agreements and backlash from foreign firms
and governments, Chinese protectionist policies are rarely found in state plans but are often im-
plemented in tandem with them when they are issued. For example, in conjunction with the May
2015 rollout of the Made in China 2025 plan, the Chinese government announced a mandate that
90 percent of the machinery on the country’s farms should be domestically produced by 2020.4%
This includes requiring domestic companies to have a 30 percent share of the high-end 200-plus
horsepower market by 2020 and a 60 percent share by 2025.%° Details of the mandate are still
pending, but initial analyses of its impact on US and international players suggest that it will pre-
sent a serious obstacle to their objective to penetrate the bottom 90 percent of China’s market,
where farms are extremely price sensitive and too small to afford high-end machinery. >’

The Cultivation of Local and National Champions

An important plank of China’s protectionist strategies is the building of domestic national cham-
pions. The MLP, SEI, Made in China 2025, and FYPs lay out specific industrial sectors that China
aims to develop and which companies will receive greater attention from central and local policies.
In the case of FYPs, it is common for provincial FYPs and other local policies to specifically
include the names of favored companies (typically SOEs) in the plan. **® While national-level plans
avoid naming companies, it is not unusual for them to specify a target number of firms that should
become internationally competitive.

454 “Proposal by the CPC Central Committee on Drawing Up the 13th Five-Year Program of National Economic and
Social Development,” Xinhua, November 3, 2015.
455 «“Wwill ‘Made in China 2025’ Displace International Farm Equipment Suppliers?” Smart Agriculture Analytics
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fault/files/Research/10 26 11 CapitalTradeSOEStudy.pdf.
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In the newly emerging biomedical sector, for example, central and provincial authorities have tar-
geted the establishment of national champions in their development plans. The national 12th FYP
includes a specific goal to cultivate ten leading biomedical enterprises (longtou giye, ¥ J<AMV).
Locally, the Shanghai municipal government in 2014 issued a Shanghai Biomedicine Industry De-
velopment Action Plan (2014-2017) (gAY 2457\ R 47 871 K))) that set the goal of
establishing one leading or “flagship” (gijian, J##}l) biomedicine company with RMB 100 billion
($15.55 billion) in sales revenue and three companies with revenues of RMB 10 billion ($1.55
billion).*® Shandong province’s 12th FYP for biomedicine has similar goals.*¢°

Local adaptations of national plans are often used to promote domestic companies at the cost of
foreign competition. For example, Beijing’s 12th Five-Year S&T Development Plan (3t 5% i+
TR R K R LRI AN BE) stated its intention to implement the “Ten, Hundred, and
Thousand Project (- T _L.#£)” for innovation companies by selecting more than 300 enterprises
and providing special policy support to them. Its objective is to form a number of RMB 100 billion-
level ($15.55 billion) globally competitive enterprises, RMB 10 billion-level industrial enterprises
($1.55 billion), and RMB 1 billion-level ($15.55 million) fast-growing enterprises.**! In April
2010, the Zhongguancun National Innovation Demonstration Zone in Beijing announced its first
list of selected enterprises under the Ten, Hundred, and Thousand Project, which included four
RMB 100 billion-level ($15.55 billion) enterprises (Lenovo, Nokia, Peking University Founder
Group, and Digital China), three RMB 50 billion-level ($7.77 billion) enterprises (Potevio, Tsing-
hua Tongfang, and Sinovel), and 116 lower-level enterprises. * Nokia was the only non-domestic
firm selected. The inclusion of Nokia, however, seems to be a cynical move to portray the plan as
one that can include foreign enterprises, when its actual purpose is to foster domestic enterprises.

In an earlier plan, Shanghai implemented the Shanghai Science and Technology Little Giant Pro-
ject (LTI R /NE AN HE) in 2007 to provide financial support to unlisted medium and small
high-tech enterprises. The support given typically lasted two to three years, and new enterprises
were selected each year.4%3 In 2014, only 2 out of 63 selected “Little Giant” enterprises were for-
eign companies (Solvay and Montage Technology); additionally, only 2 out of 109 selected “Little

459 Shanghai Office of the Science and Technology Commission, *_F i 7 A9 5 25 7=V & JE 47 8h it Il (2014-2017
4F)” [Shanghai Biomedicine Industry Development Action Plan (2014-2017),
http://www.stcsm.gov.cn/gk/ghjh/336089.htm.

40 || R A ZF AR 2 )k R KI)” [Shandong Province 12th Five-Year Biomedicine Development Plan],
Weifang City Major Project Management and Service Center website, May 22, 2013, http://mp963363.wei-
fang.gov.cn/NewsView.asp?id=893.

sol e bt — F I A R BUR Pk & FE BRI [The 12th Five-Year Plan for the S&T Development of Beijing],
Beijing Municipal Government website, December 2011, http://zhengwu.beijing. gov.cn/ghxx/sewgh/t1221393 htm.
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the “Ten, Hundred, and Thousand Project” in the Zhongguancun National Innovation Demonstration Zone],
Zhongguancun National Innovation Demonstration Zone website, April 22, 2010,
http://www.zgc.gov.cn/dt/rdyw/58253 .htm.

3 CRTHIR (Rl R NE N TR SERE7MZ:) 38 %07 [Notice on Issuing the Implementation Plan on
Shanghai Science and Technology Little Giant Project], Science and Technology Commission of Shanghai Munici-
pality website, June 16, 2015, http://www.stcsm.gov.cn/gk/zcfg/gfxwz/fkwwj/341481.htm.
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Giant” enterprises were foreign companies (McWong Environmental Technology and Tiger Elec-
tronics). Reasons for these foreign companies joining are unclear, but all four of the selected for-
eign enterprises were from the United States.*%* While there is no formal requirement that a com-
pany be domestic or part of a joint venture, it appears that the few foreign firms selected for the
plan are merely token, and the primary emphasis is on promoting domestic companies. 3

As a last example of local S&T plans favoring domestic companies, Guangdong Province’s Intel-
ligent Manufacturing Development Plan (2015-2025) (] 444 % ge il i& & e Fi ki) states that that
the province aims to cultivate at least thirteen enterprises with annual revenue of more than 100
billion RMB ($15.55 billion) and about 125 enterprises with annual revenue of more than 10 bil-
lion RMB ($1.55 billion) by 2017.46® Guangdong Governor Zhu Xiaodan has said that the devel-
opment of the province’s key enterprises should be a combination of developing SOEs, private
enterprises, and foreign enterprises, but that the focus should be on private enterprises.*®’ Similar
policies exist in many other provinces and localities, often with the effect of favoring domestic
companies over foreign companies. Indeed, while Chinese authorities are careful to include foreign
enterprises in statements and plans, these statements and actions are largely intended to give the
appearance of inclusiveness and equal treatment, but in practice the goal is to promote domestic
enterprises.

Industry consolidation is a key mechanism used by Chinese authorities to promote national cham-
pions so that they can be competitive in global markets. This primarily occurs among SOEs but is
expected to occur in other less state-controlled industries such as additive manufacturing as indus-
tries grow and also respond to market forces. As a CEO of a Chinese SOE recently stated, “Without
size and strength, internationalization is fairly difficult.”*® This state-backed consolidation has
been witnessed many times across almost all of China’s high-tech industries. One such example is
the 2013 acquisition of leading IC design and fabless semiconductor companies Spreadtrum and
RDA Microelectronics by Tsinghua Unigroup to create China’s largest microchip company. Since
the merger, the group has received significant investments, including the purchase of a 20 percent
stake by Intel. In July 2015, Tsinghua Unigroup announced that it was prepared to make a bid to
purchase US memory chip maker Micron Technology for $23 billion, although the bid was never

468 CORT AT 2014 FERM/NE N TR I FLIE T 1A BT B2 9 18 A1 [Notice on the List of Enterprises of
the S&T Little Giant Project of Year 2014], Science and Technology Commission of Shanghai Municipality website,
June 24, 2014, http://www.stcsm.gov.cn/gk/ywgz/tzgs/gsgg/337317.htm.

465 «“Ti Bl L@ FATFRAS I B2 [Online Q&A with Chen Jie, vice director of Shanghai Committee of S&T],
Shanghai Municipal Government website, March 26, 2013, http://chat.sh.gov.cn/Chatting/html/2 10/wtjd.html.

6 «TIRE NRBUM KT EVR (T R4A B RehilE &Kl (2015-2025 42)) HIE%1” [Guangdong Intelligent
Manufacturing Development Plan (2015-2025)], People’s Government of Guangdong Province website, July 23,
2015, http://zwgk.gd.gov.cn/006939748/201507/t20150729 _595930.html.

467 Hu Jian, Xie Sijia, Yue Zong and Fu Xin, “HE2 K2 & F Mk & i2” [Promoting the Development of Large-
Scale Key Enterprises], | M H 4 [Guangzhou Daily], March 29, 2013, http://gzdaily.dayoo.com/html/2013-
03/29/content 2196942.htm.

468 Matthew Miller and Charlie Zhu, “Made in China: Beijing Plans New Wave of State Firm Consolidation,” Reu-
ters, March 11, 2015, http://uk.reuters.com/article/2015/03/11/uk-china-parliament-reform-idUK -
KBNOM70LL20150311.
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formalized due to concerns that it would not receive approval from the Committee on Foreign
Investment in the United States.

The high speed rail sector is one of China’s leading prospects for becoming a major high-technol-
ogy exporter. Its two principal corporations, China CSR Corporation (CSR) and China CNR Cor-
poration (CNR) were consolidated into a single entity, China Railway Rolling Stock Corporation
(CRRC) in 2015 to further bolster its chances of success. According to CRRC’s general manager,
the corporation aims to become the world’s leading investment group in high-end manufacturing—
an expansion of its focus on railways.*’® CRRC got off to a strong start when shortly after its
establishment the Indonesian government announced that it had selected China over Japan for a
contract to build a high speed railway system.*’! Many other sectors, including energy, shipbuild-
ing, and telecommunications, are undergoing similar consolidations.

Promotion of National Standards

China’s effort to set unique technology standards is an effective trade tool that helps reduce the
royalty rates Chinese manufacturers pay to use foreign IP. Various state S&T plans directly en-
courage development of national standards. For example, the 12th FYP on advanced environmen-
tal protection encourages improvement of emission standards and environmental product stand-
ards. The 12th FYP for the satellite and application industry states the need to develop universal
solar thermal regulations and standards. The 12th FYP for the new energy vehicle industry presses
the need to establish and improve standards for new energy vehicles, charging technology, and
facilities. The Made in China 2025 plan expresses the need to ensure the important role of enter-
prises in standards development, and to encourage and support enterprises, research institutes, and
industry organizations to participate in international standards development.

An illustrative example of this occurred in 2012 after the WTO ruled that foreign payment proces-
sors such as Visa and MasterCard must be allowed to compete against China’s state-owned Union
Pay. Shortly after the ruling, the People’s Bank of China instituted a China-specific technical stand-
ard different from the international payments standard that forced MasterCard and Visa to redesign
their credit cards.*’> A more recent example is an announcement by China’s State Administration
of Press and Publication, Radio, Film and Television and MIIT of a new smart TV operating sys-
tem, TVOS 2.0, and the requirement that indigenously developed operating systems must be used
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for all set-top boxes throughout China. Operating systems for TVs and Internet TV devices not
running TVOS were subject to exclusion.*”3

Some analysts are skeptical that China’s push on elevating its national standards will have much
of an impact on the global standards regime or force foreign companies to make concessions. Dan
Breznitz and Michael Murphree argue that most Chinese standards are comparable or identical to
international standards, which is the result of Chinese firms still being heavily reliant on foreign
technology and their need to access overseas markets. To date, indigenous Chinese standards , such
as TD-SCDMA, have not gained significant market support outside of China.*’* Still, China’s
practice of implementing indigenous standards is perceived as a challenge to US firms working in
China. The American Chamber of Commerce (AmCham) in China issued the results of a survey
in January 2016 that showed 42 percent of respondents in technology and other R&D intensive
sectors believed that obtaining required licenses and an inability to participate in standard-settings
were top challenges for foreign companies in China. In addition, 35 percent of the same respond-
ents stated that requirements to comply with Chinese standards was a leading challenge.*’>

Technology Transfers

A major manifestation of China’s efforts to become indigenously innovative is its active promotion
of integrating technology from globally leading companies into domestic Chinese companies. This
is in conjunction with efforts to cultivate national champions and to incubate locally developed
and locally owned IPR. Over recent years, this has also become a leading point of concern among
US companies doing business in China.

Upon its accession to the World Trade Organization (WTO) in December 2001, China committed
to ensure the establishment and maintenance of a non-discriminatory regulatory and business en-
vironment for foreign firms. This included statements prohibiting setting requirements for tech-
nology transfer or use of local inputs as conditions for FDI approval. For example, permission for
investment:

would not be conditional upon performance requirements set by national or sub-national
authorities, or subject to secondary conditions covering, for example, the conduct of re-
search, the provision of offsets or other forms of industrial compensation including speci-
fied types or volumes of business opportunities, the use of local inputs, or the transfer of
technology. 47
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Enforcement of these agreements, however, has been difficult, and the experience of many US and
other foreign firms since China’s WTO accession differs in many respects from China’s accession
statements.

Treatment often varies by region or locality, but among the sources of increased barriers to US
participation in the Chinese domestic market is language in state S&T plans such as the MLP and
the SEI that implicitly encourage technology transfer, local use requirements, or creation of na-
tional champions to achieve stated goals of technological development and the creation of indige-
nous innovation. It should be noted, however, that Chinese leaders repeatedly emphasize that do-
mestic companies are not favored over foreign companies. For example, Wen Jiabao, at the
Summer Davos Forum in September 2012, stated that foreign-invested enterprises operating in the
SEIs would be treated the same as Chinese companies.*’’

Over the past decade, however, China has increasingly used access to its domestic market to se-
lectively coerce technology companies into transferring technology to local companies. While no
specific requirements for foreign companies to share or expose their technologies for access to the
Chinese market are contained in the MLP, the US-China Business Council has stated that after
China’s access to the WTO, the policy turned from explicit to implicit.*’® The MLP does encourage
multinational companies to establish R&D institutes in China to enhance international technology
cooperation and communication. China’s former Minister of Commerce Chen Deming stated that
prior to entering WTO, China cancelled stipulations of forced technology transfer, and that any
current technology transfers or technology cooperation are companies’ independent decisions.
Chen said that the Chinese government does not make it a precondition for access to the Chinese
market. 47

The Commission on the Theft of American Intellectual Property, however, has argued that there
has been an increase in theft and compulsory technology transfer. *® China’s SEI plan further sup-
ports technology transfer to Chinese companies in return for incentives, such as financial subsidies,
to operate locally. A 2011 McKinsey report on the SEI initiative stated that “[fJoreign companies
must bring advanced technology and be seen as trusted partners for local innovation.”*8!
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The policy was stated succinctly in a 2013 US Trade Representative report:

In some cases, central, provincial, and local level Chinese agencies inappropriately require
or pressure rights holders to transfer IPR from foreign to domestic entities. Sometimes
guided by government measures or policy statements intended to promote indigenous in-
novation and the development of strategic industries, government authorities deny or delay
market access or otherwise condition government procurement, permissions, subsidies, tax
treatment and other actions on IPR being owned or developed in China, or licensed to a
Chinese entity. *32

While these cases appear to occur regularly, in overall terms they are the exception rather than the
rule. A 2014 US—-China Business Council survey revealed that technology transfer does not affect
the majority of US companies seeking to enter Chinese market to do business.*** Out of the 20
percent of companies that were asked to transfer technology, however, one-third of the companies
reported a form of compulsory technology transfer, where they had to comply with a technology
transfer request even when they deemed it unacceptable. Furthermore, only a small percentage of
companies reported that the technology would be controlled by a Chinese entity.*3* It is difficult
to assess the reliability of this number, however. A survey by another ICT-related industry associ-
ation of experiences from its member companies in China received only a couple of nondescript
responses even after many members had informally issued complaints of mistreatment in their
China operations by the Chinese government.*3> The majority of companies worry that publicizing
complaints will increase the difficulties of doing business in China.

Shareholder concerns also prevent many firms from reporting hardships in operating in China. In
a January 2016 report by AmCham China, 53 percent of respondents from technology and other
R&D intensive sectors reported that their top challenge to succeeding in China is inconsistent reg-
ulatory interpretation and unclear laws. 44 percent also stated that increasing Chinese protection-
ism was a challenge. 4%

Policies dictating the necessity of technology transfers in exchange for domestic incentives have
also been reported at the sub-national levels. The Shanghai government’s SEI fund is a carve-out
of a larger indigenous innovation and high-tech special fund that requires local IP ownership and
local legal presence to qualify for funding. In addition, wholly foreign-owned R&D centers may
not be approved for SEI research projects unless they independently own the IPR.*%’
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Caution should be taken in associating each individual business decision as resulting from top-
down pressure outlined in state plans or imposed by government regulators. In official dialogues
with US policymakers, Chinese leaders have sought to clarify “that technology transfer and tech-
nological cooperation shall be decided by businesses independently and will not be used by the
Chinese Government as a pre-condition for market access,” and “to treat and protect IPR owned
or developed in other countries the same as domestically owned or developed IPR.” At the 23rd
US-China Joint Commission on Commerce and Trade in 2012, China “reaffirmed that technology
transfer and technology cooperation are the autonomous decisions of enterprises” and further
pledged that, “if departmental or local documents contain language inconsistent with the above
commitment, China will correct them in a timely manner.”*%%

The request to transfer technology to Chinese companies appears to be a reasonable demand from
the standpoint of some firms in return for increased opportunities to build their business operations
in China. For example, while no technology transfer agreement was mentioned in Boeing’s deci-
sion in September 2015 to build a B-737 jet completion and delivery center in China, its CEO
stated that its investment “could become a catalyst to growing the business even more” and ex-
pressed that there would be “dire consequences” if Boeing chose not to work with China. 4%

Other leading US technology and industrial firms have entered into major agreements in the past
few years to provide technology transfers in exchange for expanded market access. In 2012, IBM
signed multiple deals with Chinese companies that transferred software and hardware blueprints
to local vendors that would allow them to produce versions of its Power8 processor and build and
sell severs that would compete with IBM products. Among these companies is Inspur, a Chinese
leader in server manufacturing and software development.**® General Electric attracted attention
in 2011 when it entered a deal with AVIC to transfer avionics technology for the development of
the country’s C919 commercial airliner. *°"

National security concerns are intensifying Chinese government demands for access to highly sen-
sitive proprietary information from foreign companies, in part because of NSA contractor Edward
Snowden’s revelations of the scale, sophistication, and reach of US technical espionage. The Chi-
nese authorities are drawing up sweeping national security, cybersecurity, and foreign investment
laws and regulations that require national security reviews and only permit the use of technology
that is “secure and controllable.” This could mean that foreign technology companies are required
to provide back-door access to their systems or encryption keys, or even transfer source code.**?
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In October 2015, IBM became the first major US technology company to provide Chinese author-
ities with its source codes, although only in a controlled IBM environment “to ensure that no soft-
ware source code is released, copied, or altered in any way.” %

Catalogues

A key role that state agencies play in guiding economic, industrial, and technological development
is to act as gatekeepers to regulate the engagement between the Chinese economy and the outside
world. One of the most important tools for this task is the issuance of detailed catalogues ( H 3%)
that define what activities are encouraged, restricted, or prohibited. They are essentially “planning
documents that list key industries and products that are favored by the central government.”#*
They are often issued as attachments or post-hoc supplements to state plans and programs. There
is, for example, a catalogue for key products and services for the SEI plan and a catalogue for the
importation of encouraged technologies and products that is associated with the MLP, 4%

The NDRC is the primary government agency responsible for these catalogues, which reflects its
historical role as a highly interventionist central planning agency. The commission coordinates
closely with other state entities in the formulation of these documents. In the foreign investment
and technology domains, its principal partners are MOFCOM and MOF with input also from
MOST and MIIT.

An important catalogue regulating foreign participation in China’s industrial economy is the Cat-
alogue for the Guidance of Foreign Investment Industries (4% % r=) k46 S H 5%), which de-
termines the nature of foreign involvement in specific industries. The two most recent catalogues
were issued in 2011 and 2015.*°° In addition to encouraging or restricting foreign investment, the
catalogue also provides technological requirements. For example, “ground and water effect aircraft
manufacturing and UAV and aerostat design and manufacturing” is encouraged as an investment
area for foreign companies, but a Chinese entity must hold 51 percent or more of the equity (zhong-
fang konggu, 712 %). In contrast, “ship low- and medium-speed diesel engine design and com-
ponents” required foreign firms to be part of a joint venture in the 2011 Catalogue, but this require-
ment was removed in the 2015 Catalogue. In cases where China has no bargaining power but wants
the technology, it will encourage 100 percent foreign ownership since that is the only choice. An
example of an “encouraged” investment with no joint venture or equity requirements is “IC design,
manufacturing of 28 nm and below large-scale digital IC, manufacturing of 0.11-micron and below
analog and mixed signal IC, manufacturing of MEMS and compound semiconductor IC, and BGA,
PGA, CSP, MCM, and other advanced packaging and testing.” This category does not specify any
joint venture or Chinese controlled entity requirement. The Catalogue of Encouraged Technologies

493 Eva Dou, “IBM Allows Chinese Government to Review Source Code,” Wall Street Journal, October 16, 2015,
http://www.wsj.com/articles/ibm-allows-chinese-government-to-review-source-code-1444989039?alg=y.

494 Szamosszegi and Kyle, “Analysis of State-owned Enterprises and State Capitalism in China,” 63.

495 US-China Business Council, “China’s Strategic Emerging Industries.”

49 For the 2011 catalogue, see National Reform and Development Commission and Ministry of Commerce, “#h
=i T B (2011 4F4217)” [Catalogue for the Guidance of Foreign Investment Industries (2011 Revi-
sion)], December 24, 2011, http://www.mofcom.gov.cn/article/b/f/201112/20111207907901.shtml. For the 2015
catalogue, see National Reform and Development Commission and Ministry of Commerce, “#h & #% % 77 b 45 5
(2015 4FAZ1T)” [Catalogue for the Guidance of Foreign Investment Industries (2015 Revision)], March 10, 2015,
http://www.sdpc.gov.cn/zefb/zcfbl/201503/W020150402620481787669.pdf.
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and Products for Import is the principal catalogue for the regulation of investment in S&T (see
Appendix B).

“Going Out” Strategy and Chinese Foreign Direct Investment to the United States

An important goal of China’s technology, industry, and energy development plans is to be globally
competitive. The MLP emphasizes the need to “support enterprises in their going out” efforts,
which is through promoting export of high-technology products and encouraging firms to establish
R&D centers or industrialization bases overseas. The Made in China 2025 plan encourages support
of small and medium enterprises to “go out and bring in” (& H 15[ 1#EK) .47 It also promotes
the use of “two types of resources and two markets” (FIFFELJE. PINT13), which refers to
using both domestic and foreign resources and domestic and global markets to create a more pro-
active opening up strategy. Numerous other plans contain similar language. ***

In the State Council’s “Internet Plus” Action Guidelines ([E 45 7¢ TR HERE” B LN +4T 5]
1145 5 & W) issued in July 2015, Internet companies were encouraged to cooperate with manu-
facturing, finance, and information communication companies to be able to “band together and go
abroad” (3[4 H##).4” According to the guidelines, these companies should help each other in
foreign M&A deals, joint operations, and the establishment of subsidiaries to open up global mar-
ket share, promote international cooperation, and establish cross-border industrial chains. It further
asked for support from industry associations, alliances, and companies to promote Chinese tech-
nology and standards in international markets.

To support foreign investment by Chinese companies, state plans also outline needs to provide
financial and regulatory support. In the Made in China 2025 plan, the Export-Import Bank of China
and the China Development Bank are encouraged to increase loans. The plan also pushes the ex-
ploration of new channels including industrial funding and state-owned capital gains (of which
portions are handed back to the government) to support industries such as high speed rail, auto-
motive, and construction in overseas investment and M&A.>%

This international push is manifested in the increasing levels of Chinese FDI globally. Chinese
corporate FDI to the United States grew from $2 billion from 46 transactions in 2005 to $15.7
billion from 171 transactions in 2015 (Figure 13). Cumulatively, China has invested $63.3 billion

97 «[{] 55 e e FE AR (A E G 2025) [F3# 1 [The State Council’s Notice on Issuing “Made in China 20257],
Ministry of Finance website, May 8, 2015, http://www.mof.gov.cn/zhengwuxinxi/zhengce-
fabu/201505/t20150519_1233751.htm.

4% For example, China’s Energy Development Strategy Action Plan (2014-2020) calls for increased exports of nu-
clear power. “[E 5558 700 T 5% F BN R BEVR & J2 ik & 47 31t %1 (2014-2020 4) )3 %017 [The State Council’s No-
tice on Issuing the Energy Development Strategy Action Plan (2014-2020)], Ministry of Land and Resources web-
site, June 7, 2014, http://www.mlr.gov.cn/xwdt/jrxw/201411/t20141119 1335668.htm.
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tion], PRC Central Government website, July 4, 2015, http://www.gov.cn/zhengce/content/2015-07/04/con-

tent _10002.htm.
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in the United States from 2000 to 2015.%°! This accounts for a relatively small share of total Chi-
nese global FDI, although the value of Chinese FDI in the United States did exceed any other
single country (see Figure 14).%%? It is difficult to pinpoint exact S&T plans driving particular FDI
transactions. Chinese state S&T plans, however, consistently emphasize Chinese companies’ in-
vestment abroad and the push to create a regulatory environment conducive to this drive. This
undoubtedly has an influence on the ability and ambitions of Chinese enterprises to invest globally.

Chinese firms are also attracted to the United States for numerous market-oriented reasons. This
includes the opportunity to acquire advanced technology, market access, localization of supply
chains, learning US industrial techniques and advanced production processes, ability to circumvent
trade barriers, and in some cases lower costs of certain kinds of skilled labor and land, stable and
cheap energy prices (particularly for the petrochemical industry), and lower cost of raw materials
and electricity. %

Figure 13. Chinese FDI transactions in the United States

18,000
¢ 0
100 Value of projects 16,000
&  Number of greenfield projects
80 < Number of acquisitions 14,000
12,000
2 ¢ e . 5
@ c
o 60 * * o 10000 &
- * 3
5 . <& ¢ O 8000 =
@ o
£ 2
E 4 o 6000 =
= * &
L 4 4,000
20 &
o & 2,000
& o
0

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Source: Adapted from Figure 1 in Thilo Hanemann and Cassie Gao, “Chinese FDI in the US: 2015 Recap, January 19,
2016, http://rhg.com/notes/chinese-fdi-in-the-us-2015-recap.
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Figure 14. Completed Chinese outbound M&A transactions by target region
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