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Executive Summary

Since the early 1980s, the People’s Republic of China (PRC) has built a system of State
Key Labs charged with driving innovation in the defense and commercial sectors. Over
time, SKLs have become an increasingly important component of China’s larger
innovation base—conducting cutting-edge basic and applied research, attracting and
training domestic and foreign talent, and promoting global academic exchanges.
China’s oversight of SKLs and the opaqueness of its laboratory system pose national
security challenges for the United States and its allies, especially for policymakers,
academics, and industry leaders interested in collaborating with Chinese counterparts.
Understanding China’s SKL system and the role these laboratories play within China’s
broader innovation ecosystem is critical for navigating and managing risks from
technology transfer and global technology competition.

This report assesses a CSET-curated dataset of 469 SKLs. Our findings include:

e China maintains at least 184 enterprise SKLs and 285 government-run SKLs
housed at different state ministries, including the Ministry of Education, which
oversees more than half of the government SKLs in our dataset.

e SKLs focus on a variety of science and technology (S&T) fields including biology,
chemistry, earth science, engineering, information and communications technology
(ICT), materials science, and physics. The largest concentration of SKLs in the
dataset is in the field of biology.

e Human capital is an essential element of SKL development, and SKLs benefit from
China’s talent recruitment plans. At least 20 percent of the government SKLs in the
dataset explicitly identified the number of employees that were talent program
beneficiaries. SKLs pull talent from domestic and international sources via talent
programs, such as Thousand Talents, as well as through exchanges and visiting
scholar programs.

¢ While Chinese state media sources claim that China had 515 SKLs as of 2019 and
aimed to reach 700 by 2020, this data brief finds no evidence that China reached its
700 SKL goal.

SKLs, and the broader system behind them, are constantly changing as the PRC
continues to update its S&T policies. Beijing has and will likely continue to update and
modernize SKL requirements, guidance, and policies as leadership works toward
achieving indigenous innovation capabilities, particularly in strategically significant
industries identified in Five-Year Plans and other relevant policy documents.
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Introduction

State Key Laboratories (SKLs; [E 58 5 515256 %) are evolving to be one of the most
important building blocks in China’s innovation base. These laboratories, overseen by
and most often co-located with universities and enterprises within China, receive
funding, administrative support, and policy and developmental guidance from China’s
central government. They serve as a primary driver of China’s strategic basic research
efforts and ambitious science and technology (S&T) agenda in the commercial and
military spaces. Most importantly, they are crucial to China’s efforts to reduce its
dependence on foreign technology. As the United States and other nations work to
compete with China in emerging and foundational technologies, understanding the
SKL system and the role these institutions play within China’s broader innovation
ecosystem will be critical for navigating and managing risks from technology transfer.

China has historically looked to the U.S. national laboratory system as a key driver of
innovation within the United States, and since the 2000s has endeavored to build its
SKL system in a similar fashion.! SKLs also serve as a primary vehicle through which
China can train the next generation of scientists and engineers to drive the country’s
future developments. This is particularly critical, as China’s leadership has increasingly
emphasized the need for and importance of talent for national economic growth.?

In 2018, the Ministry of Science and Technology (MOST) claimed that there were 501
SKLs and the country was working to expand this number to 700 by 2020.2 By the end
of 2019, Chinese media claimed that there were 515 SKLs in operation. This brief uses
a unique dataset compiled by the authors that identifies 469 SKLs—run by both
government organizations and enterprises—to examine China’s SKL ecosystem and to
assess if progress in building, staffing, and funding has met China’s stated goals.
Although the dataset does not include all existing SKLs, we believe that it contains a
sufficient sample size to draw conclusions about China’s SKL goals, capabilities, and
the SKL system writ large. This analysis is not intended to provide exhaustive
information about all SKLs or all types of Chinese laboratories. Instead, in our
assessment, as of 2022, there is little evidence that Beijing has achieved its 700 SKL
goal, despite SKLs being a national priority.
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Building an Innovation Base

Before assessing China specifically—and how SKLs fit into its strategic goals—it is
essential to understand the key components and characteristics of an innovation base.
The literature on innovation in S&T suggests that a country’s ability to innovate
depends on the interaction and development of the following factors:*

Human capital in STEM fields.

Institutional quality and capacity.

Infrastructure such as high-performance computing and test facilities.

Business and market conditions such as public-private-academic partnerships, ease
of starting businesses and obtaining credit, market access, and support for
developments before they are commercially viable.

Each element impacts the technology development cycle—encompassing basic and
applied research, commercialization, and production. Basic research lays the scientific
foundation upon which future technological advancements are made. Edward Teller
famously said that “the science of today is the technology of tomorrow.” The next step
is moving a scientific discovery from the lab to the market—a role in the U.S. and
market economies historically filled by corporate labs or startups.®

China’s leaders are paying special attention to the “National Innovation System” (NIS)
framework developed by the Organisation for Economic Co-operation and
Development (OECD). The NIS framework “stresses the flows of technology and
information among people, enterprises, and institutions” as key to the innovative
process. The OECD argues that understanding the NIS within a given country may help
them “identify leverage points for enhancing innovative performance and overall
competitiveness.”® Chinese leaders are likely modeling their S&T reforms, in part, after
the NIS model. In 2007, MOST cohosted a conference with the OECD entitled a
“Review of China’s National Innovation System: Domestic Reform and Global
Integration,” in which representatives from within and outside China presented on the
NIS framework.”

The NIS model also seems to be informing China’s efforts to redesign its SKL system,
as Chinese leaders hope to take a more holistic approach to the S&T development
cycle—not only blurring the lines between transitions in the development cycle but
also the building blocks of the national innovation base. This method of teaming
researchers and developers as a strategy to tackle hard problems has long been hailed
as a successful model, as was seen with Bell Labs in the United States.
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China's leaders also view SKLs as an integral piece in their push to reduce the
country’s dependency on foreign technology. Multiple central government plans,
including the Medium- to Long-Term Plan for Science and Technology Development
(2006-2020) and the 13th and 14th Five-Year Plans, describe SKLs as vital
components of China’s innovation ecosystem and call for the construction of more
SKLs, particularly within enterprises.® China’s push to reduce foreign tech dependence
builds on goals reiterated by the 13th Five-Year Plan for National Science and
Technology Innovation (1 = F. E Z B AFTHL L) published in 2016, which sought to
optimize China’s layout of national scientific research bases and platforms, build
national laboratories in major fields of innovation, and promote the construction of
national scientific research and technological innovation bases.® Authoritative
documents have described this concept as a “new normal” (F## %) in economic
development, seeking to strengthen scientific research bases such as SKLs, which play
an important role in nurturing original innovation, promoting disciplined development
and “cutting-edge” technology research and development (R&D), achieving and
leading in several disciplines, and producing “world-class results.”!? Chinese leaders
have emphasized the significance of further reforming and developing SKLs as recently
as 2022; at the National Science and Technology Work Conference in January,
participants discussed the accelerated construction of the SKL system and the alleged
completion of the plans to reorganize the SKL system.!!

National Laboratories

China’s research laboratory system comprises thousands of institutions of varying sizes
and importance, and SKLs need to be studied in the context of the relevant institutions
surrounding them. At the pinnacle of this system sit 20 National Laboratories

([ ZX 5256 =), seven of which are designated as National Research Centers

(& Z B 78 H0). A complete list of these institutions is available in Appendix A. These
institutions spearhead China’s investments in basic R&D, whereas their subordinate
SKLs pioneer specific lines of research, such as pattern recognition, coal extraction, and
plant pigmentation. They are variously managed by government organizations—
including the Ministry of Education (MOE) and Chinese Academy of Sciences (CAS)—
but also by state-owned and private enterprises. Figure 1 below illustrates this
hierarchy. Additional information on the Ministry of Industry and Information
Technology (MIIT) Key Laboratories seen in this hierarchy can be found in Appendix B.
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Figure 1: Hierarchy of National Laboratories in China
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Source: Qingta Academic (HIEZAR).

This approach is modeled loosely after the U.S. system of national laboratories,
federally-funded research and development centers (FFRDCs), and university-affiliated
research centers (UARCs). Despite maintaining several hundred personnel on average
(which is sizeable by Chinese standards), Chinese leadership over the past decade
determined that existing laboratories were lagging behind foreign counterparts, and
sought to establish large national laboratories modeled after laboratories in the United
States and Europe. Despite the progress that China has made in developing its
laboratory ecosystem, the country has encountered several barriers in constructing a
system of national labs, and these institutions differ significantly from the United
States in their mission and function.

Several milestones have shaped China’s national laboratory system and contributed to
the construction of world-class research institutes:
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e Established in 1984, the University of Science and Technology’s National
Synchrotron Radiation Laboratory was China’s first National Laboratory, succeeded
by four other institutions built between 1988 and 2003.12

e |In 2006, the MOST approved the construction of more than 15 new National Labs,
but as of 2021, only one (the Qingdao National Laboratory for Marine Science and
Technology) has been built.!3

e In 2017, MOST announced plans to reform China’s national laboratory system by
building or redesignating hundreds of SKLs, in addition to a handful of National
Laboratories that specialize in certain subject areas. Six of the seven institutions built
between 1984 and 2006 were reclassified as National Research Centers
(B Z i 5¢ Hr.0) and are intended to be multidisciplinary in scope.*
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State Key Laboratories: Drivers of Innovation

China’s SKL system comprises hundreds of the country’s most elite research facilities.
Founded on the premise of cooperation between universities, scientific research
institutes, and enterprises, these laboratories are designed to facilitate the
development of scientific disciplines, promote technological progress, and support
China’s transformation from a “follower” to a “leader” in innovation. Their mission is to
carry out cutting-edge basic research, attract and train domestic and foreign talent, and
conduct academic exchanges inside and outside China.®

The SKL system was founded in the early 1980s as a means to improve the level of
basic research in China. In 1984, the former State Planning Commission (now the
National Development and Reform Commission, or NDRC) implemented and organized
the initial stage of SKL construction, which lasted from 1984 to 1997, according to
archived Chinese government documents.'® During this time, Beijing established 156
SKLs in two waves. The first set of 81 labs, focused on basic theoretical research, were
established via funding from the state ($140 million, or RMB 910 million) and the
World Bank ($86.34 million). The second batch of 75 SKLs focused on applied basic
research and engineering and received $27.5 million (RMB 178 million) in funding from
the Chinese government.'’ In 1990, the National Natural Science Foundation of China
(NSFC) began evaluating the research performance and relevance of SKLs.

Most State Key Laboratories are preexisting research institutions supported by
universities, enterprises, and the Chinese Academy of Sciences, which may be
“promoted” to the title of “State Key Laboratory.” '8 To better understand the more
recent funding of these laboratories, Figure 2 below shows the 2019 budgeted
amounts for “key laboratories and related facilities” from MOE, MOST, and CAS.
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Figure 2: Comparison of Budgeted Amounts of Key Laboratories and Related Facilities
from MOE, MOST, and CAS, 2019
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Source: CSET China State Council Budget Tracker (conversion values as March 2022).

Although most SKLs are managed by the Chinese government, an increasing number
of laboratories are run by private companies following the 2006 “Guiding Opinions on
Entrusting Converted Institutes and Enterprises with Building State Key Laboratories”
(R TR 1 e AR Al 7 12 ] 5 L SR 6 5 14 -3 2 ). 2° Notably, 2006 was the
same year that the PRC launched the “National Medium- and Long-Term Plan for
Science and Technology Development,” a seminal document that arguably launched
China’s indigenous innovation strategy.?° In 2012, MOST adopted the “Provisional
Administrative Methods for Entrusting Enterprises with Building State Key
Laboratories,” although the government had built similar prototypes with firms like
Huawei.?! Subsequent sections of this report discuss similarities and differences
between SKLs run by government organizations and private enterprises.

As demonstrated by Figure 3, the scientific fields prioritized by government and
enterprise-run SKLs differ slightly, with government labs prioritizing life and earth
sciences; and enterprise SKLs placing more emphasis on engineering, information, and
materials science. The fields identified in Figure 3 represent all SKL fields as labeled by
the PRC government. Emerging technologies such as artificial intelligence (Al) are not
easily captured in a single field, due to their interdisciplinary nature. The 2017 “New
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Generation Al Development Plan” (#—f% A\ L% f8 & e #L Lll; hereinafter referred to as
the 2017 Al Plan) highlights the role of SKLs in optimizing the layout and construction
of a domestic Al innovation base. The 2017 Al Plan stipulates that both government-
and enterprise-managed SKLs, in addition to national engineering labs, should focus
on the cutting-edge of Al research.??

Figure 3: Distribution of Government and Enterprise SKLs, by Field
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Source: CSET Corpus of State Key Labs.

Geographically, SKLs are spread across almost all Chinese provinces and
administrative regions, with the exception of Tibet. The highest concentration of SKLs
is located in Beijing, which hosts a total of 132 SKLs. Shanghai comes in second,
however, with less than half the number of SKLs than Beijing, at 45. For more detailed
information on geographic location, please see the accompanying CSET data
visualization.?3

SKL Personnel and Talent Recruitment

Human capital is an essential piece of SKL development, and SKLs benefit from
China’s talent recruitment plans. SKLs vary widely in the number and education level
of staff members they employ. Although we lack detailed employment information for
each SKL in China, we were able to track how many staff members were employed by
92 of the 285 government-managed SKLs in our dataset. The average government-
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managed laboratory in our dataset employed 66 full-time staff, with the smallest
(State Key Laboratory of Silicon Materials, FE#4 £} [H 5 5 5 525 =) employing 23; and
the largest (State Key Laboratory of Information Security, 155 /& %4 [H 5% 5 5 5256 %)
employing 205 personnel. More generally, while most full-time personnel at each
laboratory have PhDs, SKLs also employ dozens, and in some cases hundreds, of
graduate students, who typically study at the university where the lab is based.

SKLs are also major beneficiaries of China’s state-led talent recruitment programs. Of
the 285 government-managed SKLs in our dataset, 59 specified both the number of
full-time staff they employed and the number of staff that were recipients of two major
talent recruitment programs: the Thousand Talents Plan (T A it%ll) or Changjiang
Scholars Plan (K123 22Ji11%)]). Based on data from these 59, on average, nine
people at each lab were recipients of either of these two talent recruitment plans. As a
whole, 10 percent of personnel (304 individuals) employed at these 59 government-
managed SKLs are talent plan awardees.

It is important to note that SKL personnel, most notably leadership, are often dual- or
multi-hatted across China’s S&T and political systems. For example, the director of the
SKL of Semiconductor Superlattices—Li Shushen (Z=#7%) —is also the president of the
University of the Chinese Academy of Sciences.?* Similarly, the director of the SKL of
Software Development Environment—Li Wei (Z5K) —is simultaneously a member of
the State Council’'s Academic Degrees Committee, the 10th and 11th Chinese People’s
Political Consultative Conference, MOE’s Advisory Committee, and the director of
MOE’s Computer Teaching Steering Committee.?®

In the commercial realm, the SKL of Space Power Technology under China Aerospace
Science and Technology Corporation (CASC), has several researchers with concurrent
positions. For example, Zhang Ping (7°F) is a researcher at the SKL as well as a
member of the National Alkaline Battery Standards Committee as well as the quality
and reliability expert group of the China Academy of Aerospace Technology.?® In many
instances, there is also crossover between the academic community and commercial
sector; for example, Shaanxi University of Science and Technology professor Liu
Zhaotie (XIJBF%EE) is a member of the academic committee of the SKL of Efficient
Development and Utilization of Fluoro-nitrogen Chemical Resources under state-
owned defense giant NORINCO'’s Xi'an Modern Chemistry Research Institute.?’

SKL leadership may also hold concurrent positions with overseas institutions. In 2013,

the SKL of Solid State Lighting established the “Delft Research Center of the State Key
Laboratory of Solid State Lighting” in the Netherlands, becoming the first SKL in China

to establish a branch overseas.?® Several of its personnel have held or currently hold
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positions at institutions in both countries.?® Additional information on SKLs’ overseas
connections is presented later in this brief.

Government-Managed State Key Laboratories

The title of “State Key Laboratory” carries significant weight, and these institutions
draw on extensive networks of equipment, personnel, and capital provided by the
state. The Ministry of Science and Technology’s 2016 report on China’s 266 (at the
time of publication) government-managed State Key Laboratories is the most detailed
source of information about the national laboratory ecosystem, and the last year for
which public data is available. It specifies that government-run SKLs employ 35,000
staff members, including 24,000 full time researchers.® With nearly 650,000
instruments and over 3.5 million square meters of lab facilities, their fixed assets are
collectively valued at more than $6.5 billion.3!

Although a growing number of State Key Laboratories are managed by private
enterprises, most are co-located with universities or CAS institutes, and are run by the
MOE, CAS, or another cabinet-level department that reports to the State Council. Of
the 266 publicly acknowledged government-run SKLs, more than half are run by MOE,
about one-third by CAS, and around 3 to 4 percent by the Ministry of Industry and
Information Technology (MIIT), National Health Commission (NHC), Ministry of
Agriculture and Rural Affairs (MARA), and Central Military Commission (CMC), as
demonstrated in Figure 4.

Center for Security and Emerging Technology | 12



Figure 4: Distribution of Government Units Responsible for State Key Laboratories

MOE
51%

Source: CSET Corpus of State Key Labs.

Other ministries house their own key laboratories.3? Although beyond the scope of this
paper, several SKLs maintain close working relationships with China’s military-
industrial complex and are also key contributors in China’s military-civil fusion (MCF;
ZE R FlA) development strategy, which involves the sharing of resources and
information across the military and civilian sectors. There are a handful of such
examples present in the dataset used for this analysis, including some housed in
People’s Liberation Army hospitals, including one of China’s leading Cancer SKLs—the
SKL of Cancer Biology—housed within the PLA’s Fourth Military Medical University
under the CMC.33 A few other SKLs are overseen by large Chinese defense
conglomerates like NORINCO, the CASC, China Electronics Technology Corporation,
among others. As a result of this co-location, there are several examples of SKLs that
are housed within enterprises and academic institutions that are subject to U.S. export
control and sanctions lists. Details of these examples in our dataset can be found in
Appendix C.

In addition to SKLs, the PRC has an adjacent set of Defense S&T Key Laboratories
(DSTKLs; [ B FH% B £ 5256 %) that are overseen by the State Administration for
Science, Technology and Industry for National Security (SASTIND) and likely the
Central Military Commission’s (CMC) Equipment Development Department.3*
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Ministry of Education SKLs

Within the 285 government SKLs, the MOE is the largest SKL administrator in China
and is responsible for overseeing the activities of 149 SKLs spread across dozens of
universities. According to the China Association of Science and Technology’s Science
and Technology Review, SKLs employed more than fifty thousand permanent staff
members by the end of 2019, including 393 academicians of the Chinese Academy of
Sciences and 271 of the Chinese Academy of Engineering. CAST also claims that
government funding for SKLs has gradually increased each year from $220.7 million
(RMB 1.4 billion) per year initially to $993 million (RMB 6.39 billion) in 2019 (as of
March 2022 conversion rates).2®

Among MOE'’s 149 SKLs, just a handful of universities house a significant number of
labs. As demonstrated in Table 1, Tsinghua University hosts 13 SKLs, and Peking and
Zhejiang universities host 12 and 10 respectively. Although most SKLs are hosted by a
single institution, several are co-hosted by two or more universities or research bodies.
For example, the State Key Laboratory of Chemical Engineering is co-hosted by
Zhejiang University, Tsinghua University, Tianjin University, and the East China
University of Science and Technology.

Table 1: Top Academic Institutions that Host SKLs

Academic Research Body Number of SKLs

Tsinghua University 13
Peking University 12
Zhejiang University
Nanjing University

[N
o

Jilin University
Shanghai Jiao Tong University
Huazhong University of Science and Technology
Fudan University
Wuhan University
Beijing Normal University
Shanghai Institute of Biological Sciences (CAS)
Sichuan University
Sun Yat-sen University
Tianjin University
University of Science and Technology of China
Xi'an Jiaotong University
Source: CSET Corpus of State Key Labs.

A DMADBAOOOIO|N|NIN
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There does not appear to be a concentration of SKLs by subject at various universities.
As demonstrated in Table 2, both Tsinghua and Zhejiang universities host a wide
range of SKL subjects, spanning chemistry, earth sciences, biology, information science,
materials science, engineering, and medical science.

Table 2: Number of SKLs at Tsinghua, Peking, and Zhejiang Universities, by Field

SKL Fields Tsinghua University Peking University = Zhejiang University

Biology 1

Chemistry
Earth Science

Engineering
ICT

Materials Science

Wik | kL[|, |Ww
1

=W Ww

RlRrlW|lO|F

w
I

Physics

Source: CSET Corpus of State Key Labs.

In addition to 149 SKLs, MOE also runs more than “480 MOE Key Labs”

(%0 B ¥ & 555256 %) among which exceptional institutions may eventually be
designated SKLs.?®* Most MOE Key Labs focus on life sciences and engineering, and are
distributed among China’s top universities. According to the 2015 “Measures for the
Construction and Operation Management of Key Laboratories of the Ministry of
Education” (¥ & #fl H i 5058 = # W 51817 & B JME; hereinafter referred to as the 2015
Measures), universities under MOE must incorporate lab construction and basic
operation funds into their annual budgets and guarantee research facilities and
equipment for MOE labs. In order for a lab to become an MOE Laboratory, it must meet
the following conditions:3’

e Have a clear research direction and objectives, with distinct characteristics, and have
important influence in the given field; have the ability to undertake major national
and local scientific research tasks; have the conditions to train high-level talents; be
able to conduct extensive domestic and foreign academic exchanges and
cooperation.

¢ Be led by a well-known academic leader and maintain an excellent research team
with a reasonable age and knowledge structure.

e Include a laboratory area that is no less than 3000 square meters, and equipment
valued at no less than $3.2 million (RMB 20 million).
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e Generally be an industry, local, or school-level key research institution that has been
in good operation for more than two years, and has a relatively complete
management system.

MOE also stipulates that its key laboratories should focus on training and attracting
both domestic and foreign talent. The 2015 Measures state that MOE Key Labs should
establish a visiting scholar system and work to attract outstanding talents to carry out
cooperative research, conduct extensive academic exchanges with high-level research
institutions domestically and overseas, and serve in international academic
institutions.?® MOE Key Labs are actively engaging in visiting scholars programs. In
March 2015, for example, the MOE Key Laboratory for Computational Physical
Sciences at Fudan University advertised that its visiting scholars program planned to
fund 8 scholars annually, with each scholar receiving a maximum of $7,900 (RMB
50,000) in funding. According to the announcement, the funding includes experimental
material fees, data fees, international and domestic travel expenses, boarding/lodging,
city transportation, and living allowances.*®

Chinese Academy of Science SKLs

CAS is the second-largest administrator of SKLs, overseeing 83 labs. In addition to
SKLs, CAS also manages a network of 216 “CAS Key Labs” (4 [E £} 5 F 5 4 5206 =
some of which may eventually be promoted to SKLs. CAS’ SKLs appear to maintain a
similar research pattern to their CAS-level counterparts. The majority of CAS SKLs are
focused in the fields of earth science, life science, and information science. Among the
78 SKLs, there are 57 unique CAS Institutes that oversee these labs, including
Shenyang Institute of Automation, the Changchun Institute of Applied Chemistry, and
the Institute of Genetics and Developmental Biology, all of which each oversee three
SKLs. Compared to the MOE, as Table 3 below illustrates, CAS Key Labs are more
likely to specialize in earth science or biology, with nearly half of CAS Key Labs
dedicated to one of those three fields.

Table 3: Distribution of CAS and MOE SKLs, by Field

Field Number of MOE SKLs Number of CAS SKLs

Biology 34 19
Chemistry 14 12
Earth Science 12 23
Engineering 43 4
ICT 17 12
Materials Science 20 6
Physics 9 7
Total 149 83

Source: CSET Corpus of State Key Labs.
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Enterprise-Managed State Key Laboratories

Enterprise-managed SKLs are labs housed within and operated by firms at the behest
of the PRC government that are designated from various preexisting research
departments or offices within enterprises—both state- and non-state-owned. They are
designed with the intention of strengthening cooperation between industry, academia,
and the broader research community to promote the transformation of basic research
into advanced applications.

Beijing outlined its desire to officially establish SKLs within enterprises in 2006, in
conjunction with the release of the Medium- to Long-Term Plan for Science and
Technology Development (2006-2020). In the 2006 “Guiding Opinions on Relying on
the Transformation of Institutions and Enterprises to Build State Key Laboratories,”
MOST asserts that enterprise-managed SKLs act as an important base for conducting
basic research on industry applications, gathering and training S&T talent, and
conducting S&T exchanges. They also act as instruments to promote industry-
university research.“° For example, China’s Trina Solar (K& 6fE) in May 2012
announced the establishment of the State Key Laboratory of Photovoltaic Science and
Technology within its company. According to the company’s official announcement,
Trina Solar planned to rely on this SKL to build a “strategic alliance of technological
innovation” by collaborating with top global R&D institutions, including the Solar
Energy Research Institute of Singapore, Australian National University, and the U.S
Department of Energy’s National Renewable Energy Laboratory.*! Two years later in
2014, Trina Solar claimed to have cooperated with ANU to develop high-efficiency
solar cells, worked with SERIS on the R&D associated with integrated back contact
solar cells, and held an annual meeting with participants from the German Institute of
Solar Energy Research and the Department of Energy’s NREL.#2

At the highest level, MOST is responsible for developing management methods and
regulations for enterprise SKLs—providing macro-level guidance, preparing and
organizing overall development plans, approving the establishment, construction, and
adjustment of enterprise SKLs through inspections and other means, as well as
studying enterprise SKLs to formulate better overall SKL policy.** The 2012
“Provisional Administrative Methods for Entrusting Enterprises with Building State Key
Laboratories” (fKFEA Mk 2 ¥ B X 51 S5 = 5 BT 1T 785, hereinafter referred to as the
2012 Provisional Administrative Methods) states that MOST is the “macro
management department” (W& 255 17]) of enterprise SKLs, and the science and
technology management department or other relevant department within the
enterprise is responsible for day-to-day supervision and oversight. In their day-to-day
operations, the relevant S&T or other departments within the enterprise remain in
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charge of laboratory management; providing personnel, funding, facilities, and drafting
policies; organizing recruitment and appointing leadership; and conducting annual
assessments in conjunction with MOST; among other responsibilities.*

How Corporate R&D Centers Become SKLs

There are several prerequisites to becoming an enterprise SKL. According to the 2012
Provisional Administrative Methods, labs must meet the following conditions in order
to apply to become an enterprise SKL.#°

e Carry out basic and “pre-competitive” (3£ 4*+1ll) technology research in line with
national industrial development policies and trends.

e Maintain strong research reputation with respect to their given industry, and the
ability to undertake major national scientific research tasks.

e Possess a high-level scientific research team with a reasonable structure.

e Possess good scientific research experimental conditions and centralized scientific
research facilities.

¢ Be an enterprise legally registered in China (excluding Hong Kong, Macau, and
Taiwan).

e Have existed as a departmental, local, or ministerial key laboratory for at least two
years, and have a standard and effective management and operation system.

e Have a competent department and supporting unit that can guarantee the provision
of construction and operation funding for the enterprise SKL.

Once all of these conditions are met, the relevant department within the enterprise
submits their application materials, including the “Enterprise State Key Laboratory
Construction Application Report” ({iMb [E Z¢ 5 p5 525 5 i i G i 7)), to MOST. The
2012 Provisional Administrative Methods specify that it takes about two years to
receive approval as an enterprise SKL. Once this construction period is completed, an
enterprise SKL has one month, upon notice from MOST, to accept the designation.®

In day-to-day operations, the entrusted ({< L) enterprise unit plays the primary
leadership role. Once an SKL is established, the enterprise in question is in charge of
selecting a director and other management roles; the 2012 Provisional Administrative
Methods state that the lab director should be a “high-level academic leader in the
field” with strong organizational and management skills, and should generally not
exceed the age of 60. This director is appointed for a term of five years (but cannot be
reappointed for more than two consecutive terms) and must work at the lab for at least
eight months of the year. The 2012 Provisional Administrative Methods stipulate that
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the director should, in most cases, be someone who is not employed by the entrusted
enterprise unit.’

Enterprise SKLs are also required to maintain an internal Academic Committee

(22 RZz 1 25) whose members are similarly appointed by the entrusted or operating
enterprise. This committee is responsible for managing objectives, research directions,
major academic activities, annual work plans, and other summary and review activities.
The 2012 Provisional Administrative Methods state that the Academic Committee
should be composed of no more than 15 experts from universities, research institutes,
industry associations, and enterprises “at home and abroad.” No more than one-third
of these 15 members should come from the entrusted enterprise, and the same expert
cannot be a member of the academic committee of more than three SKLs at one time. It
is mandated to meet at least once per year, with at least two-thirds of the total
number of members in attendance.*® Table 4 demonstrates this membership pattern
via the SKL of Comprehensive Technology on Automobile Vibration and Noise and
Safety Control, whose entrusted unit is First Automobile Works (FAW) Group
Corporation (55— 45 41).

Table 4: Makeup of the Second Academic Committee of the SKL of Comprehensive
Technology on Automobile Vibration and Noise and Safety Control

SKL Academic Committee Employer

Name Position

Sun Fengchun Director Beijing Institute of Technology

Wang Deping Deputy Director FAW Group

Chen Hong Member Tongji University

Deng Weiwen Member Beihang University

Gao Zhenhai Member Jilin University

Wang Jiangiang | Member Tsinghua University

Wei Xiaohui Member Jilin University

Cheng Hong Member University of Electronic Science
and Technology of China

Jiang Weikang Member Shanghai Jiao Tong University

Zuo Xiaodong Member China Information Security
Research Institute

Mao Dongxing Member Tongji University

Li Dan Member FAW Group

Wu Bilei Member FAW Group

Source: SKL of Comprehensive Technology on Automobile Vibration and Noise & Safety Control, July
2020.4°
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The 2012 Provisional Administrative Methods articulate that the lab should be
composed of “fixed” ([f] %) and “mobile” (}ii5)]) staff. Fixed, or permanent, staff is
defined as 50-150 researchers, technicians, and a small handful of managers with
labor contracts. Mobile staff refers to visiting researchers and scholars, post-doctoral
researchers, graduate students, and other temporary employees. Notably, the 2012
Provisional Administrative Methods also suggests that enterprise SKLs focus on
training the “young and middle-aged scientific backbone” (H Rt T).5°

As of 2014, MOST has identified 16 research areas as “relevant” for SKL development,

listed in Table 5 below.

Table 5: Key Fields for New Enterprise SKL as of 2014

Field Subfield(s)

High-efficiency energy-saving
technology

Industrial energy saving and high-
efficiency energy storage

Advanced environmental protection

Pollution control and treatment

Resource recycling

Efficient development and
comprehensive utilization of resources

Electronic core components

New power electronic devices and
systems

Biomedicine

Translational medicine and innovative
medicine

Agricultural biotechnology

Biological breeding

Aviation and aerospace equipment

Aviation equipment manufacturing

Marine engineering equipment

Deepwater offshore engineering
construction equipment

Intelligent manufacturing

High-end intelligent manufacturing
equipment

Nuclear energy

Nuclear power safety and nuclear
material handling
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New functional materials Preparation and protection of special
functional materials

High-performance composite materials n/a

Low- and new-energy vehicles n/a

Construction and maintenance of Bridge and other traffic engineering
transportation infrastructure safety and health

Smart grid technology n/a

Safe production and occupational hazard | n/a
control technology

Source: Ministry of Science and Technology.5?

Although these SKLs are housed within enterprises (and therefore share personnel
and resources), the PRC government remains at the helm of SKLs and plays a
significant role in their development. One example of this dynamic can be seen in the
context of the SKL of New Power Semiconductor Devices, whose entrusted unit is
Zhuzhou CRRC Times Electric, a subsidiary of China Railway Rolling Stock Corporation
(CRRC). In December 2016, Hunan Provincial Science and Technology Department
deputy director He Xiuming was present and played an active role in the establishment
of the SKL's academic committee, alongside CRRC personnel.>?

As a way to streamline the innovation process from basic to applied research, Beijing
has co-located enterprises, universities, research institutions, and SKLs to form
industry clusters, or jiqun (]##). According to state-owned media, industrial clusters
refer to the grouping of enterprises, R&D entities, and other relevant institutions
related to the industrial supply chain in a specific area, through division of labor and
cooperation, to form an industrial organization capable of competing internationally.®3
Researchers at CAS claim that this cluster-based innovation is the “main direction of
breakthrough in implementing the national strategy of innovation-driven development
in China,” as they promote the global competitiveness of a given industry by utilizing
global and local resources and R&D cooperation.5*

Along these lines, a key player within China’s S&T industry has expressed interest in
aligning China’s SKL development with that of Bell Laboratories in the United States.
The Bell System encompassed all aspects of the telecommunications sector for most
of the twentieth century, and allowed its R&D arm, Bell Labs, to make critical
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contributions in basic research.>® A significant portion of its historical success was due
to the overlapping priorities over the U.S. government and the domestic
telecommunications industry, a phenomenon that is now present in current-day China.

The Bell Labs model has been praised by Liu Ruopeng, founder of China’s Kuang-Chi
(Jt.J8) Group—a leader in China’s advanced materials industry and home of China’s
State Key Laboratory of Metamaterial Electromagnetic Modulation Technology.®® Liu’s
revelation surfaced in discussions surrounding the establishment of a consortium of
SKLs in Shenzhen. In conversation with state-owned media outlets, Liu argued that
Shenzhen is in a unique position to house such an organization, as it is home to leading
Chinese S&T companies such as his own Kuang-Chi, as well as Huawei, ZTE, China
General Nuclear Power Corporation, and BGl, all of which operate their own SKLs at
the behest of the PRC government. In comparison to other SKLs overseen by SOEs or
universities, Liu believes that those in Shenzhen have the potential to operate in a
similar fashion to Bell Labs, as it did under AT&T and Western Electric, thanks to their
role in carrying out basic scientific research on core technologies within specific
strategic industries, in conjunction with support from the government.®’
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State Key Labs and the World

SKLs across all fields actively engage internationally through academic exchanges,
collaborative projects, programs, and publications, symposiums and conferences, and
even formal cooperation agreements. International cooperation and foreign talent
acquisition are important missions for China’s SKL system, and they contribute to the
Chinese Communist Party’s (CCP) overall S&T goals.

International Academic Exchange

Academic exchanges are SKLs’ most common form of international collaboration. SKLs
actively encourage foreign scholars and experts in their respective fields to carry out
joint research projects and present guest lectures. At the same time, SKLs send some
of their own personnel overseas to share their work. The SKL of Integrated Automation
for Process Industry, for example, has invited well-known foreign experts from the
United States, the U.K,, Hong Kong, Japan, Germany, France, and other countries to
visit the laboratory and give lectures to hundreds of research personnel.®® In 2019, at
the recommendation of the laboratory, seven internationally renowned experts from
Harvard, the University of Washington, Australian National University, Newcastle
University, Polytechnic University of Valencia, and more were awarded the title of
“Honorary Professor” of Northeastern University in Shenyang.>® This kind of
international partnership is common; but historically, China’s SKLs have been far more
likely to invite foreign researchers to come to China and share information than the
reverse.

SKLs also allocate specific funding for scholars who can take academic leave from their
home institutions. For example, the SKL of Integrated Automation for Process Industry
provides foreign scholars a monthly salary of about $6,195 USD (40,000 RMB) as well
as a team of research assistants and academic secretaries to assist with research work.
Scholars are also offered well-equipped, hotel-style apartments in addition to regular
offices. This laboratory’s program has hosted professors from the University of
Southern California and the Polytechnic University of Valencia in Spain.®°

According to Chinese researchers, since 2008, more than 99 percent of SKL papers
have been co-authored, and the number of papers produced alongside international
institutions increased from 19 percent in 2008 to 27 percentin 2017. This is higher
than China’s overall rate of international academic collaboration, which hovered
around 19 percent during the period of 1999-2019.%* Within that same time period,
SKLs published 93,300 papers co-authored with researchers from institutions in 186
countries and regions, with U.S. collaboration comprising more than 46 percent
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(43,000 papers). The United Kingdom and Australia rank second and third in co-
authorship, respectively.

Conferences and Colloquia

Conferences and symposia offer another mode of international collaboration for SKLs.
For instance, the SKL of Electroanalytical Chemistry hosts the biennial International
Electroanalytical Chemistry Symposium in addition to cooperating on research projects
with Cornell University, the University of California, Santa Cruz, the University of
Cordoba in Spain, and Monash University in Australia.?? Other SKLs send their own
researchers to international conferences. In 2019, for example, a professor from the
SKL of Ocean Engineering was invited to give a presentation at the 2019 International
Ocean Engineering Research Forum held in Osaka, Japan.®3

The SKL of Space Weather has an especially robust international collaboration
program. It works with researchers and experts from the Universities of Massachusetts
and Alabama in the United States, the Austrian Institute for Space Research, Kyoto
University in Japan, the Space Research Institute of the Russian Academy of Sciences,
the French Radiation Research Center, Germany’s Max Planck Society, the Taiwan
Space Weather Start Research Program, and more.®* Many of these interactions have
come as a result of China’s National Space Weather Symposium, held annually by the
NSFC’s Department of Earth Sciences.®® Furthermore, the Space Weather SKL has
organized a specific “Space Weather Team” consisting of six Chinese scientists and
nine international scholars.®® The conditions of the Space Weather Science Fund
specify that its two main purposes are to promote international and domestic
cooperative research and attract scientific and technological experts from all over the
world.

Formal Cooperation Agreements

SKLs have also found more formal avenues for cooperation with international entities
through cooperation agreements. For example, in May 2018, Southeast University and
the University of Birmingham in the United Kingdom signed a comprehensive strategic
cooperation agreement and established the Southeast University-University of
Birmingham Biomedical Engineering Joint Research Center. The SKL of Bioelectronics,
housed within Southeast University, has led and participated in the international
cooperation plan by facilitating academic exchanges in cutting-edge fields such as
artificial intelligence and big data. It also established an international cooperation base
for new technologies and innovative applications of mass spectrometry with Jiangbei
New District of Nanjing. China recognizes international cooperation bases such as this
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one as an “important window of cooperation,” especially since the lab has further
cooperated with institutions such as Purdue University, the Swiss Federal Institute of
Technology, the Technical University of Munich, and the University of Washington in
Seattle on various research projects. In addition to the Bioelectronics SKL's
domestically-based international cooperation base, it has also established a Joint
Research Center with the Allen Institute for Brain Research, based in Seattle.®’

Similarly, the SKL of Precision Spectroscopy has initiated a China-U.S.-Canada
international cooperation project to research the overall optimization control of
complex industrial processes. The lab has signed cooperation agreements with the
University of Michigan, the University of Southern California, and the University of
Concordia in Canada. The project has received funding from the NSFC worth $457,000
(RMB 2.9 million).8

Although there is evidence that enterprise SKLs also collaborate with international
institutions, the information is not as widely advertised. The SKL of High-Power AC
Drive Electric Locomotive System Integration), for example, has issued guidelines for
projects to attract and gather high-level S&T professionals at home and abroad.®®
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Conclusion

As China strives to foster cutting-edge basic research and improve its capacity for
discovery and innovation, SKLs are likely to remain a critical piece of China’s broader
S&T ecosystem. Despite a number of bureaucratic obstacles and hurdles, including
those stemming from the COVID-19 pandemic, Chinese leaders continue to lay out
ambitious goals for the country’s laboratory system. Although as of 2022 there is little
evidence that China has reached its goal of developing 700 SKLs, this delay should not
be taken to mean that China is still lacking in infrastructure or scientific capacity. On
the contrary, the significant progress that China has made in building a laboratory
system from nothing over the past four decades illustrates the vast amounts of capital
and resources that have been poured into developing China’s basic and applied R&D
capabilities.

Beijing’s focus on increasing the quality of the SKL system—both by fostering new
talent and resources at the new labs and re-envisioning the existing ones—wiill likely
have a significant impact on China’s innovation base. Chinese media outlets note that
the entire system appears to be poised for reorganization, which would refocus on
fostering original innovation and reaching breakthroughs in key strategic
technologies.”® To do this, new policies are focused on attracting and training talent as
well as channeling additional funding toward R&D.”! There are also plans to expand
the size of individual laboratories and strengthen the link between laboratories’
collaborative innovation and work that serves the needs of the country. The 2018
“Several Opinions on Strengthening the Construction and Development of State Key
Laboratories” (< Il [E 5 5 55 5256 % @ % R B 145 T2 W), for example, sought to
form a SKL system with “clear goals, reasonable layout, and leading development” by
the end of 2020.72

Beijing is still approving new SKLs, which is unlikely to change as China continues
toward its goal of establishing 700 such labs. The Chinese government has already
announced the approval of several new labs, including the SKL of Organic Electronics
and Information Display (A &L @A HLHE 7515 BB B XK H 55250 %) at Nanjing
University of Posts and Telecommunications, the SKL of Non-Human Primate
Biomedicine (&3t 4 N R KR AEWY) I 22 1B 2K H 15250 %) at Kunming University of
Science and Technology, as well as the SKL of Hazard Factors and Risk Prevention and
Control for Agricultural Products Quality and Safety

(A8 IR A = i B 2 A G R 5 XU B 4% [ 5K L 1 52T %) co-hosted by the
Zhejiang Academy of Agricultural Sciences and Ningbo University, among others.”® The
Chinese government has communicated its intent to establish several new entities at
the national laboratory level. For example, the Sichuan Provincial Government in
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December 2020 announced the establishment of the Tianfu Laboratory (FJff 5256 =
that will focus on a variety of key research areas, including aerospace, life sciences,
advanced nuclear energy, electronic information, and more.”* The lab officially opened
inJune 2021.7°

As U.S. policymakers, industry leaders, and academics weigh the future trajectory of
S&T cooperation and competition with China, it will be crucial to consider the role that
SKLs play in China’s larger S&T ambitions, especially in various foundational and
emerging technologies critical to national security. China’s holistic approach to S&T
development—with SKLs, universities, Chinese government and military researchers
working together—complicates ongoing and future potential relationships with U.S.
partners, raising concerns related to technology transfer and research security.

As for technology transfer and export controls, the opaqueness of the Chinese
laboratory system makes identifying end users of information, equipment, software,
and/or technology difficult. Many of the SKL entrusted units have been added to U.S.
sanctions and export control lists over the past two decades, including universities like
Tianjin University and the Harbin Institute of Technology, both of which are on the U.S.
Department of Commerce’s Entity List, as well as companies like Huawei and China
Shipbuilding Industry Corporation, which are on the U.S. Department of Treasury’s
Non-SDN Chinese Military-Industrial Complex Companies (CMIC) List.”®* However,
there are notable gaps that prevent the relevant SKLs from being captured under these
various lists.

On the issue of research security, the Chinese Party-state’s strong oversight over SKLs
makes academic collaborations more challenging to navigate. Moreover, China’s stated
ambitions to overtake the United States in critical and emerging technologies—in
conjunction with Chinese legal, illegal, and extralegal means of acquiring foreign
technology—pose significant risks to the U.S. research enterprise. This is not to say
that all collaborations with SKLs should cease; on the contrary, numerous parties have
demonstrated the vital importance of ongoing collaboration between the United States
and China.”” However, policymakers should have a clear-eyed understanding of the
potential risks and benefits of collaborating with research entities in China and ensure
transparency and reciprocity in the depth and breadth of research partnerships. China’s
SKLs represent an investment in China’s future S&T capacity and will likely drive key
aspects of its economic development and future defense S&T progress.
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Appendix A: China’s 20 National Labs and Research Centers

Name (Chinese) Name Year Established Entrusted Unit(s) City
National Synchrotron University of Science and
[ Z R 4E S szt % |Radiation Laboratory 1984|Technology of China Hefei
Beijing National
Laboratory of
1E A7 Bk ML [ 28 52 |Electron Positron Institute of High Energy
= Collider 1984|Physics (CAS) Beijing
Beijing National
Laboratory of
JbFTEE H L 28 4% )P | Tandem Accelerator China Institute of Atomic
B R = Nuclear Physics 1988 |Energy Beijing
Lanzhou National
=2 B NH 22 [E %% |Laboratory of Heavy Institute of Modern
EIE lon Accelerator 1991 |Physics (CAS) Lanzhou
Shenyang National
TEBHAM BB 22 E W5 | Laboratory for Institute of Metal
H Materials Science 2000|Research (CAS) Shenyang
Beijing National
Research Center for
b BER A H E 0 |Condensed Matter Institute of Physics
FEH L Physics 2003|(CAS) Beijing
Hefei National
Laboratory for
A RN B 2% [ |Physical Sciences at University of Science and
FHWFFE the Microscale 2003|Technology of China Hefei
Beijing National
Research Center for
Jb(E BRI 54 AR[H |Information Science
FWEFC A and Technology 2003|Tsinghua University Beijing
Beijing National Peking University,
b F Rl 2 E x5 |Research Center for Institute of Chemistry
HL Molecular Sciences 2003|(CAS) Beijing
Huazhong University of
Science and Technology,
Wuhan Institute of
Physics and
Mathematics (CAS),
Wuhan National China Shipbuilding
Laboratory for Industry Corporation
PO E F 5 |Optoelectronics 2003|717th Research Institute |Wuhan
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Qingdao National

China Ocean University,
Ocean Institute (CAS),
National Oceanic Bureau
First Institute, Huanghai
Aquatic Research
Institute, China Aquatic
Science Research

Laboratory for Institute, Qingdao

B g EER S 54 R [H |Marine Science and Marine Geological

FLI = Technology 2006|Institute Qingdao

Hefei Materials Science

National Laboratory Research Institute (CAS),
for Magnetic Nuclear Industry

W2 R B A E 5 sz | Confinement Nuclear Southwest Physics

= Fusion 2006 |Academy Hefei
National Laboratory Institute of Chemical

IR E K seiG = [for Clean Energy 2006 |Physics (CAS) Dalian
National Laboratory
of Naval Architecture

WA 5 EPE TR E 27 52 |and Ocean Shanghai Jiao Tong

06 = Engineering 2006 |University Shanghai
National Laboratory

TR EE ey | 2R 216 =2 of Microstructures 2006 [Nanjing University Nanjing
National Laboratory

BRI 9T [E 5 szl | for Critical Disease Chinese Academy of

= Research 2006 |Medical Sciences Beijing
National Laboratory Institute of Biophysics

T E B R E 2R sz = | of Protein Science 2006|(CAS) Beijing
National Laboratory
of Aeronautical

A mb s H5HEORE 282 | Science and

6= Technology 2006|Beihang University Beijing
National Laboratory

PRI AT 18 [F 5K 524 | of Modern Rail Southwest Jiaotong

= Transit 2006 |University Chengdu
National Laboratory
of Modern China Agricultural

WAL [E R sz86 %= |Agriculture 2006 |University Beijing
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Appendix B: MIIT Key Laboratories’®

Name (Chinese)

PESNESHEBER SR
kA B AL R S5 =

Name

Key Laboratory of Sat-nav and Mobile
Communication Integration

Entrusted Unit(s)

Beihang University

FRAE A T AR TR E
RS

Key Laboratory of Aerospace Spintronic-
info Technology

Beihang University

KBS HE BTS20 =

Key Laboratory of Big data-based
Precision Medicine

Beihang University

AR BG4 5 e
RRSERr

Key Laboratory of Low-dimensional
Quantum Structures and Devices

Beijing Institute of
Technology

TAEHRE S LRSI EE
RS

Key Laboratory of Language Engineering
and Cognitive Computing

Beijing Institute of
Technology

B RERH XA 42 TAF
SRR

Key Laboratory of Law-based
Technology Risk Management

Beijing Institute of
Technology

HERRTANRG LEHEA
K=

Key Laboratory of Unmanned
Autonomous Intelligent Systems

Harbin Institute of
Technology

WK I e R A5 8 EE S

Key Laboratory of Internet of Things (loT)
Intelligent Technology

Harbin Institute of
Technology

PR A8 12 5 AR E A 0 2

DR

Key Laboratory of Aerospace Plasma
Propulsion

Harbin Institute of
Technology

2 4 5 SR REBOR Tolk AN

Key Laboratory of Nuclear Safety and

Harbin Engineering

= B AT A s = Advanced Nuclear Energy University
R G R R 5F AR T FI{E |Key Laboratory of Smart Ship System Harbin Engineering
BT E fstin = and Technology University

PR B 224 T ANE
SR USRI =

Key Laboratory of Marine Information
Acquisition and Security

Harbin Engineering
University

AT IR TE SR a8t
kAN B AL R R S5 =

Key Laboratory of Aircraft System
Contribution and Comprehensive Design

Northwestern Polytechnical
University

BRESC .5 N Tk AME B4k
AR RS ln =

Key Laboratory of Intelligent Interaction
and Application

Northwestern Polytechnical
University

S B BB DAL AIE
S SRS

Key Laboratory of Light Field Regulation
and Information Perception

Northwestern Polytechnical
University

i) %5 % NVAERSEIEE o7k AN
M AIE S A A SR

Key Laboratory of Space Nuclear
Technology in Radiation Protection

Nanjing University of
Aeronautics and
Astronautics

F S R BRI S ) T
5 Bl SR

Key Laboratory of Aeroengine Thermal
Environment and Thermal Structure

Nanjing University of
Aeronautics and
Astronautics
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2 [A] e PRI 5 R A= R
ISR

Key Laboratory of Space Optoelectronics
Detection and Sensing

Nanjing University of
Aeronautics and
Astronautics

HL T 7 B SR PR T A B
RS

Key Laboratory of Electromagnetic
Simulation and RF Sensing

Nanjing University of
Science and Technology

Frd s vl SEVE BT S P S

=

Key Laboratory of Special Equipment
Design for Reliability

Nanjing University of
Science and Technology

IR P AR BIHT 5 MDA 5K

—
In =

Key Laboratory of Internet of Vehicle
(loV) Technology Innovation

China Academy of
Information and
Communications
Technology

2 2 N T3 RE A5 A B R s
=

Key Laboratory of Medicine Al Research

China Academy of
Information and
Communications
Technology

Tsinghua University

Beijing Tongren Hospital

AN TR e b 5 B 5K

Uit

Key Laboratory of New-Generation
Artificial Intelligence Standards and
Application

China Electronics
Standardization Institute

TP B R R BOR Tk AN
EESX A et

Key Laboratory of Industrial Internet Big
Data Technology

China Industrial Internet
Research Institute

Tk Bt TAREAL 5 M AR T
MV A S A B s SR

Key Laboratory of Industrial Software
Engineering and Applied Technology

China CEPREI Laboratory
(MIIT Fifth Institute of
Electronics)

H— 5B 2 SRR b
HEAL BOR Tl A S A B

SR =

Key Laboratory of New Generation of
Information Security and Privacy
Protection Standardization Technology

China Electronics
Standardization Institute

Bl N BT 5 VA AR Tl
A BB SR =

Key Laboratory of Mobile Application
Innovation and Governance Technology

China Academy of
Information and
Communications
Technology

AR TRE S5 A& R Tk
AN SR AT 5 S =

Key Laboratory of Metabolic Engineering
and Biosynthesis Technology

Nanjing University of
Science and Technology

5 5 B BEALBE SN Tl
A SR A BT L 5 S 5

Key Laboratory of Intelligent Processing
and Application of Language Information

Nanjing University of
Science and Technology

P BRI L 5 T B
RN VA S A B E s S0

Key Laboratory of Semiconductor Micro-
Nano Structures and Quantum
Information Perception

Nanjing University of
Science and Technology

RAE B R S E TL A
EALHRE RS

Key Laboratory of Aerospace Information
Materials and Physics

Nanjing University of
Aeronautics and
Astronautics
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Z e E AR S E5 Tk
A B AR H R S =

Key Laboratory of Multifunctional
Lightweight Materials and Structure

Nanjing University of
Aeronautics and
Astronautics

ATE A SRR
TP AME B R B TS =

Key Laboratory of Aircraft Mathematical
Modeling and High Performance
Computing

Nanjing University of
Aeronautics and
Astronautics

KBl 1 55 B REHoR Tk An
&R T S

Key Laboratory of Big Data and Business
Intelligence Technology

Harbin Engineering
University

FIUAT 5 A0 R B AL AN S,
PR L S =

Key Laboratory of Aircraft Trans-Medium
Technology

Harbin Engineering
University

SR X A FE Al Bt B e AL S 2
A RBEREAR THVANE B A HRE
ISR

Key Laboratory of Intelligentization and
Safety Assurance Technology of
Transport Infrastructure in Cold Areas

Harbin Institute of
Technology

Tk HEEE RE M 48 BoR T
MV A 2 A L A SR =

Key Laboratory of Intelligent Network
Technology for Wireless Dedicated
Communication

Harbin Institute of
Technology

filiBE 5 AL ) AR bR T AN
EALHRE RS

Key Laboratory of Energy Storage and
Power Conversion Technology

Harbin Institute of
Technology

L 24553 1 Rk 5 50 TR Tk
A SR BT 2 5 S 3

Key Laboratory of Pharmaceutical
Molecular Science and Pharmaceutical
Engineering

Beijing Institute of
Technology

FRZAENSEE R SR T
NZIEERSY R Pae i

Key Laboratory of Information Security,
Mathematical Theory and Computing

Beijing Institute of
Technology

2 VA BRI AR Tl A
S T S

Key Laboratory of Social Governance
Intelligent Networking Technology

Beijing Institute of
Technology

HEEE SR TG
SR Rk =

Key Laboratory of Language Information
and Intelligent Computing

Beihang University

FEM T NIz S BOR Tl A
5 AL TSI

Key Laboratory of Unmanned
Transportation Technology of Special
Vehicles

Beihang University

Beijing Tage Zhixing
Technology Co., Ltd.

Inner Mongolia North
Hauler Joint Stock Co., Ltd.
(NORINCO)

S HERT AN R G T AE B
A B S

Key Laboratory of Advanced Aviation
Airborne Systems

Beihang University
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Appendix C: SKLs with Supporting Units on U.S. Export Controls and
Sanctions Lists

The following table includes SKLs with at least one supporting unit that is subject to
U.S. government export controls, sanctions lists, or both. Since some SKLs have more
than one supporting unit, we have identified and underlined which specific entity is
subject to U.S. trade restrictions. More specifically, the table below identifies SKLs with
supporting units on one of the following U.S. government screening lists:

Entity List, Bureau of Industry and Security, U.S. Department of Commerce
Unverified List (UVL), Bureau of Industry and Security, U.S. Department of Commerce

Non-SDN Chinese Military-Industrial Complex Companies List (NS-CMIC List), Office
of Foreign Assets Control (OFAC), U.S. Department of Treasury

In addition, we have noted if a supporting unit is one of China’'s Seven Sons of National
Defense ([E i F), a group of seven Chinese universities administered directly by MIIT
that maintain strong ties to China’s defense ecosystem. These are denoted with a *.

SKL Name Entrusted Unit(s) Applicable U.S. Screening
List(s)

State Key Laboratory of Tsinghua University, Entity List

Chemical Engineering Tianjin University,

East China University of
Science and Technology,
Zhejiang University

State Key Laboratory of Harbin Institute of Technology* | Entity List
Urban Water Resources and
Water Environment

State Key Laboratory of Pest | Sun Yat-Sen University UVvL
Control and Resource

Utilization

State Key Laboratory of Beihang University* Entity List

Software Development
Environment

State Key Laboratory of Beijing University of Posts and Entity List
Networking and Switching Telecommunications
Technology
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State Key Laboratory of Beihang University* Entity List
Virtual Reality Technology

and Systems

State Key Laboratory of Beijing University of Posts and Entity List
Information Photonics and Telecommunications

Optical Communication

State Key Laboratory of Tianjin University, Entity List
Precision Testing Tsinghua University

Technology and Instruments

State Key Laboratory of University of Electronic Science | Entity List
Electronic Thin Films and and Technology of China

Integrated Devices

State Key Laboratory of Sun Yat-Sen University UVvL
Optoelectronic Materials

and Technology

State Key Laboratory of Sichuan University Entity List
Polymer Materials

Engineering

State Key Laboratory of Northwestern Polytechnical Entity List
Coagulation Technology University*

State Key Laboratory of Beijing Institute of Technology* | Entity List
Explosion Science and

Technology

State Key Laboratory of Rail | Beijing Institute of Technology* | Entity List
Transit Control and Safety

State Key Laboratory of Tianjin University Entity List
Internal Combustion Engine

State Key Laboratory of Tianjin University Entity List

Rolling Technology and
Continuous Rolling
Automation
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State Key Laboratory of Harbin Institute of Technology* | Entity List
Advanced Welding and
Connection

State Key Laboratory of Harbin Institute of Technology* | Entity List
Robotics and Systems

State Key Laboratory of Nanjing University of Entity List
Mechanical Structure Aeronautics and Astronautics®
Mechanics and Control

State Key Laboratory of Sichuan University Entity List
Hydraulics and Mountain
River Development and
Protection

State Key Laboratory of Sun Yat-Sen University UVvL
Oncology in South China

State Key Laboratory of Sun Yat-Sen University UVvL
Ophthalmology

State Key Laboratory of Sichuan University Entity List
Biotherapy

State Key Laboratory of Oral | Sichuan University Entity List

Disease Research

State Key Laboratory of FiberHome Technologies Entity List

Optical Fiber Group

Communication and

Network Technology

State Key Laboratory of Huawei Technologies Co., Ltd. Entity List; NS-CMIC List

Wireless Communication
Access Technology

State Key Laboratory of Kuang-Chi Group Entity List
Electromagnetic
Metamaterials Modulation

Technology

State Key Laboratory of China Guangdong Nuclear Entity List
Nuclear Power Safety Power Engineering Co., Ltd.

Monitoring Technology and

Equipment
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State Key Laboratory of
Wide Bandgap
Semiconductor Power
Electronic Devices

China Electronic Technology
Group Corporation 55%
Research Institute

Entity List

State Key Laboratory of
Manned Deep-Sea
Equipment

China Shipbuilding Industry
Corporation No. 702 Research
Institute

Entity List; NS-CMIC List

State Key Laboratory of
Intelligent Manufacturing of
Special Vehicles and
Transmission Systems

Inner Mongolia First Machinery
Group

Entity List; NS-CMIC List

State Key Laboratory of China Electronics Technology Entity List
Satellite Navigation Group Corporation 54th

Systems and Equipment Research Institute

Technology

State Key Laboratory of iFlytek Entity List
Cognitive Intelligence

State Key Laboratory of PLA National University of Entity List
Pulsed Power Laser Defense Technology

Technology

State Key Laboratory of China Aerodynamics Research Entity List
Aerodynamics and Development Center

State Key Laboratory of PLA National University of Entity List
Complex Electromagnetic Defense Technology

Environment Effects on

Electronics and Information

System

State Key Laboratory of PLA National University of Entity List

Automatic Target
Recognition

Defense Technology
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