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Introduction
Days after SpaceX successfully launched the Falcon Heavy last year, several experts from the China
Aerospace Academy of Systems Science and Engineering (CAASSE) wrote, “the lack of utilization
of social resources has become an important issue that restricts the better and faster development of
China’s space industry.”1 The Global Times put the implications of SpaceX’s achievement for China
in more blunt terms: “Our country finds itself in a surprising position where it must desperately catch
up with a private company.”2
China has responded to the rise of the U.S. commercial space industry by building its own
commercial space industry through military-civil fusion 军民融合.3 Military-civil fusion or
junminronghe is the catch-all term for China’s two-decade-long push to enlist private enterprises to
upgrade China’s defense industrial base through developing scale and efficiency in dual-use sectors
like information technology, robotics, and aerospace. Under the tenure of General Secretary Xi
Jinping, China has doubled down on military-civil fusion as a means to modernize the People’s
Liberation Army (PLA), particularly in emerging sectors like space. In June 2017, General Secretary
Xi called for “a great effort to turn the space domain into the foremost sector in the development of
military-civil fusion.”4
The commercial space industry has been a notable priority and early success of Xi’s military-civil
fusion drive. Over the past four years, a crop of private launch providers and small satellite makers
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have heeded the government’s call and entered the previously closed-off sector. The push dovetails
with technological advances in miniaturized satellites like cubesat, which are less capital intensive to
produce and launch than traditional satellite technology, and therefore, provide a viable commercial
model for small startups. This has allowed military-civil fusion to move ahead in the space sector,
even as it struggles to gain traction in other sectors.
Military-civil fusion has two central mechanisms:


On one side, there is the converting defense technology and resources to civilians (spin-off)
component junzhuanmin 军转民, which calls for the military and defense industrial base to
spin-off defense technology with commercial potential.



On the other side, there is the “opening up” (or spin-on) component mincanjun 民参军,
which denotes efforts to increase commercial enterprise participation in defense development
and production.

In the case of China’s nascent commercial space sector, both mechanisms are at work. The military
and state-owned defense industrial base are actively supporting China’s fledgling space startups
through transferring technology and technical know-how. At the same time, China’s Central Military
Commission (CMC) and The State Administration for Science, Technology and Industry for National
Defense (SASTIND) are beginning opportunities for private enterprises to participate in defense
research and procurement.
Military-Civil Fusion Becomes a Priority
Close watchers of Chinese industrial policies noticed a subtle but meaningful development in China’s
commitment to military-civil fusion starting in 2016. In March 2016, the Central Politburo raised
military-civil fusion to the status of “national strategy.”5 Less than a year prior, China’s State Council
unveiled Made in China 2025, which targeted many of the same dual-use industries relevant to
military-civil fusion, including space. In January 2017, Xi Jinping established the Central
Commission for Integrated Military and Civilian Development, a high-level body to oversee the
implementation of military-civil fusion. Several months later, in March 2017, the Equipment
Development Department of the CMC released nearly 3,000 patents related to defense technology to
the public, marking the first time the PLA has declassified defense patents.6
Taken together, these developments have amounted to a significant shift in how China’s state-owned
defense sector and People’s Liberation Army (PLA) interact with the private economy. Nowhere has
that shift been more pronounced than in China’s fledgling private space industry. In 2014, the State
Council announced that it would allow private capital and enterprises to enter the previously closed-
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off sector.7 A series of guiding opinions and action plans released throughout 2017 referenced the
space industry as a key sector in the military-civil fusion drive. The 13th Five Year Plan Sci & Tech
Military-Civil Fusion Development Special Plan, for instance, specifically named manned
spaceflight as a military-civil fusion “mega project,” suggesting that private entities would likely
have a role in developing China’s Tianhe-1.8 In a strong signal to the private sector, the PLA Rocket
Force recruited 13 private sector consultants to work on key projects in October 2018, marking the
first time that the PLA has allowed civilians to participate in sensitive defense projects.9
Policies like these are starting to have an impact. For decades, two state-owned defense
conglomerates, China Aerospace Science & Industry Corporation (CASIC) 中国航天科工集团 and
China Aerospace Science and Technology Corporation (CASC) 中国航天科技集团, have had a near
monopoly on launch and space technology. Within the course of several years, regulatory changes
have given rise to a crop of private-funded startups like OneSpace 零壹空间 and LandSpace 蓝箭空间
科技 that are attempting to develop affordable launch technologies. Around these launch companies,
an ecosystem of startups specializing in niche segments like nanosatellites and microsatellites,
satellite-based geopositioning and internet services, and specialized components is starting to take
shape.
A mature commercial space industry would accord several significant benefits to China’s national
space program and the PLA.


On the spin-off side, the commercial sector can develop a scale and efficiency that the
defense sector is unable to achieve. In the same way that U.S. companies like SpaceX and
Blue Origin are poised to drastically lower the launch cost, the hope is that Chinese
companies can reduce cost of launching payloads, first with small satellites and then
eventually with larger payloads. Some in the commercial space sector believe that as the
commercial space industry gradually matures, the military will withdraw from its direct
involvement in rocket development and production and instead act as a customer in a
competitive market place.10 This would free up resources within the PLA and state-owned
defense industrial base to focus on more ambitious projects like the Long March 9.



On the spin-on side, the blurring between commercial and military ventures in the space
industry will make it easier for Chinese entities for evade U.S. export controls and capture
important technologies. Over time, a robust commercial space sector built through militarycivil fusion will help the PLA absorb and integrate space-related technologies from abroad
that it currently lacks. In December 2018, the Wall Street Journal reported that a startup
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controlled by a Chinese state-backed investment firm had succeeded in placing an order with
Boeing for an advanced satellite with restricted technology. 11 Boeing had then obtained an
export license from the Commerce Department, despite the clear Chinese money trail. While
Boeing canceled the order after the WSJ story, the incident illustrates the challenges U.S.
officials will face in distinguishing legitimate commerce in space-related industries from
state-linked efforts to extract critical technology as China’s space ambitions.
Running with a Familiar Concept
The drive to integrate military and commercial sectors springs, in part, from the PRC’s close study of
the U.S. experience cultivating commercial-military ties. One study by two Chinese scholars in 2012
attributed China’s weakness in key dual-use industries like semiconductors and aerospace to the lack
of civilian coordination with the defense industry. 12 State-media often cites data showing that in the
United States 85 percent of the military’s core technology comes from the private sector and 80
percent of firms that supply the US military also sell commercially. 13
Many Chinese military planners would prefer a U.S.-style defense industry that promotes the
efficient allocation of resources through commercial-sector collaboration and procurement. In
January 2018, a study group at the State Council’s Development Research Center tasked with
researching a potential Military-Civil Fusion Law produced a study outlining the role of legislation
like the Federal Technology Transfer Act of 1986 and Federal Acquisition Reform Act in the
development of dual-use industries in the US.14
In China’s space industry, U.S. companies like SpaceX and OneWeb have been held up as examples
of the efficiencies and innovation to be had if China’s successfully implements military-civil fusion.
“SpaceX has achieved huge breakthroughs in a short period of time, which is inseparable from
military-civil fusion the U.S. space field,” wrote Wan Jing, a professor at the PLA’s National
University of Defense Technology.15 In the view of Chinese aerospace experts, SpaceX’s close
cooperation with NASA and the U.S. Air Force, which yielded the company access to technical
support, spin-off technology, and lucrative contracts, was central to its success.16
11

Brian Spegele and Kate O’Keeffe, “China Maneuvers to Snag Top-Secret Boeing Satellite Technology,” The
Wall Street Journal, December 4, 2018, https://www.wsj.com/articles/china-maneuvers-to-snag-top-secret-boeingsatellite-technology-1543943490.
12
Xie Xuanting and Liu Yun, “Lessons for China from U.S. efforts to push military-civil integration style
development” [美国推动军民融合的发展模式及对我国的启示], National Defense Technology Base, October
2012, available at: http://www.cnki.com.cn/Article/CJFDTOTAL-GFJC200704012.htm.
13
For example, see “Shanghai’s Minhang district: Military-civil fusion helps local industries upgrade” [上海闵行
区：军民融合助地方产业升级], Reference Times, August 1, 2017, http://finance.chinanews.com/cj/2017/0801/8292315.shtml.
14
“Notable characteristics and lessons from military-civil fusion legislation in the United States” [美国军民融合法
律体系的特点及启示], Development Research Center of the State Council, October 24, 2017,
http://www.drc.gov.cn/n/20171024/1-224-2894553.htm
15
Wan Jing, “Viewing SpaceX’s rise from the perspective of civil-military integration in the U.S. space industry”
[从 SpaceX 崛起看美国航天领域军民融合], Defense Technology Review, Vol. 39 No. 3, June 2018, pg. 111.
16
Also see Danghui Liu and Yunxia Yin, “Opportunities and Challenges in Commercial Space Launches” [商业航
天发射的机遇与挑战], Journal of Aerospace Science and Technology, Vol. 6 No. 04, November 2018,
https://image.hanspub.org/Html/2-2980101_27743.htm; an Cun Cao, “Analysis of SpaceX’s Latest Civil-Military
Integration” [SpaceX 公司最新军民融合实践分析], China Academy of Launch Vehicle Technology R&D Center,
November 2017, http://www.doc88.com/p-9962814377552.html.

However, military-civil fusion in China extends beyond traditional efforts to promote civil-military
integration in other countries through public-private partnerships. Under military-civil fusion, private
enterprises are at best an appendage of the state-owned defense industrial base. The state-owned
defense ecosystem remains dominant on account of the scale of state-owned defense conglomerates,
as well as their privileged access to defense R&D institutes and government financing. In addition,
the lack of IP protection for commercial enterprises creates an asymmetrical relationship between
private enterprises and defense sector.
The unique relationship between the private sector and defense industrial base under military-civil
fusion manifests in the financing ecosystem that has taken shape in dual-use sectors. So-called
‘guidance funds’ 引导基金 and other state-backed investment vehicles play a central role in
supporting nascent dual-sectors related to military-civil fusion.17 These funds essentially pool
together state-owned and private capital, thereby obfuscating the line between the state and private
investment and allowing the state to guide investment into enterprises deemed strategically valuable.
Currently, the top seven state funds dedicated to investing in military-civil fusion industries claim to
have over RMB 362 billion ($56.85 billion) in capital.18 A 2017 State Council guiding opinion called
for provincial and municipal governments to set up investment funds that target dual-use industries,
as well as for the State Administration for Science, Technology and Industry for National Defense
(SASTIND) to set up a national military-civil fusion fund, presumably to assist local development.19
Surveying the Landscape of China’s Commercial Space Sector
China’s commercial space industry has rapidly expanded since 2015, growing from a virtually nonexistent industry to a crowded field of launch provider and satellite makers. As top-level support for
commercial space has become clear, entrepreneurs and investors have flocked to the sector. Private
space launch startups include OneSpace, LandSpace, LinkSpace 翎客航天, ExPace 航天科工火箭技术
有限公司, and I-Space 星际荣耀. Commercial micro/nano-satellite makers include Spacety 天仪研究
院, Commsat 九天微星, and Changguang Satellite Technology 长光卫星技术有限公司.
Chinese launch providers lag significantly behind international leaders like SpaceX and Blue Origin.
Despite multiple attempts, no Chinese startup has successfully delivered a payload to orbit.
Moreover, the industry is largely reliant on solid-fuel rockets, which are less sophisticated and
adaptable than the liquid-fuel rockets used by OneSpace and BlueOrigin. Nevertheless, Chinese
companies are making rapid technical progress in a short period of time. I-Space and OneSpace have
both successfully launched suborbital rockets. The industry is also quickly moving towards more
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advanced launch technology. LinkSpace has tested a vertical take-off, vertical landing rocket, similar
to SpaceX’s reusable rocket system.20 In January 2019, LandSpace (not to be confused with
LinkSpace) began testing a technologically-advanced liquid oxygen-methane rocket engine. If
successful, LandSpace will make China the third country after the United States and Russia with a
private company capable of developing liquid-oxygen/methane engines.21
There is a strong entrepreneurial ethos that runs through China’s commercial space sector. With the
exception of ExPace which is a subsidiary of CASIC, all entrants into the sector are privately-owned.
China’s first private launch company LinkSpace, for example, was established in 2014 by Hu
Zhenyu 胡振宇, a then 21-year-old rocket enthusiast who received seed capital from internet mogul
Nick Yang. Naturally, entrepreneurs in the industry revere Silicon Valley titans Elon Musk and Peter
Thiel and view them as examples to be replicated. The perception of Chinese space startups as
commercial in nature, rather than extensions of the state-owned defense sector, is important since
Chinese launch providers and satellite markers see foreign customers—primarily, in the Middle East,
Africa, and Europe—as critical to their success.
Nevertheless, the Chinese state and PLA play a formidable guiding role in the industry’s
development. The Central Military Commission (CMC) maintains a monopoly over the approval
process for commercial rocket launches, meaning private enterprises cannot conduct the business of
launching rockets without the military’s blessing. For the most part, the military sees a clear
advantage in allowing commercial launches to proceed. “If commercial rockets succeed and prosper,
then the military can pit commercial rockets against state-owned rockets to extract the best value,
which is good for the military,” explained LinkSpace founder Hu Zhenyu.22
The links between the commercial space sector and the state-owned defense industrial base also runs
deep. The technical teams of commercial space startups are filled with former employees of defense
conglomerates and state research institutions.23 OneSpace’s Chief Technology Officer Chen Xiaojun,
for instance, worked at the China Academy of Launch Vehicle Technology (CALT) before joining
the company.24 I-Space founder Mao Hongtao 毛洪涛 continues to work for an undisclosed aerospace
research institute.25 Founder and CEO of LandSpace is Zhang Changyu 张昌武 returned to China
through the Thousand Talents Program 千人计划 after a 15-year stint working at the European Space

“Linkspace successfully launches NewLine Baby (RLV-T5) reusable rocket, China’s first sub-orbital rocket
landing,” Room.eu, April 3, 2019, https://room.eu.com/news/linkspace-successfully-launches-reusable-rocketprototype.
21
“LandSpace completed successful test of 80-tonne thrust engine” [蓝箭航天 80 吨发动机燃气发生器点火试车
成功], LandSpace Sci & Tech, Jan. 6, 2019, https://mp.weixin.qq.com/s/nZbyyCBlwcL9gKzlWJMH0g; Blaine
Curcio and Tianyi Lan, “The rise of China’s private space industry,” SpaceNews, Mar. 25, 2018,
https://spacenews.com/analysis-the-rise-of-chinas-private-space-industry/
22
“Analyzing China’s commercial space market: Launch companies cannot burn money like bike-share companies.”
23
OneSpace states on their website that 70 percent of the startup’s technical team are from institutions like CASIC,
CASC, AVIC, and the Chinese Academy of Science, among other institutions.
http://www.onespacechina.com/electronic/
24
“Private space companies welcomes spring as OneSpace’s launch plans receives approval” [民营航天迎来春天
零壹空间火箭方案已通过评审], Xinhua, October 28, 2016, http://news.ifeng.com/a/20161028/50170329_0.shtml
25
“The Elon Musks of Yizhuang.”
20

Agency and worked at a state-owned aerospace company for several years before founding
LandSpace.26
Beyond talent, launch vehicle enterprises require three inputs: capital, technology, and a
manufacturing base. China’s state-owned defense base has provided China’s fledgling commercial
space enterprises access to all three. Despite attracting sizable private investment, China’s space
startups rely heavily on state investors for funding. SASTIND has provided early-stage funding to
several startups including iSpace and OneSpace.27 Municipal and provincial-level guidance funds
were early backers in OneSpace and LandSpace.28 Spacety and Commstat have received several
rounds of financing from two Chinese Academy of Science (CAS)-backed venture capital funds.29
This melding of private and state-owned capital is typical of dual-use sectors where the Chinese
government has clear strategic aims.
The breakneck speed at which many startups have launched rockets suggests that at least some
companies also rely on the military and defense sector for “spin-off” technology. While most launch
startups are working on their developing their own rocket technology, “spin off” technology from the
defense sector is clearly crucial. In March 2017, LandSpace had to explain to investors and
customers that the company had to scrap its first rocket launch plans after a defense conglomerate
pulled out of an agreement to supply the rocket’s engine.30 A year earlier, a LandSpace representative
told a Quartz reporter that the company was utilizing designs from a flight-proven rocket, possibly
the Long-March 11.31 Analysts have suggested that OneSpace’s OS-M rockets may use propulsion
technology from retired PLA missiles.32 One employee at I-Space described the benefits of “spin-off”
technology as like “standing on the shoulders of a giant.”
Even when commercial space startups develop their own proprietary technology, they need a place to
manufacture it. Chongqing Aviation Industry Investment Group co-invested in a manufacturing
facility with OneSpace. The Wuhan municipal government and CASIC are building the country’s
first national-level commercial space manufacturing base for launch and satellite companies; state-
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media claims that 19 enterprises including Commsat have registered and that the base will have an
annual production capacity of 50 carrier rockets and 140 commercial satellites by 2020.33
Implications for the United States
China is not yet a near competitor to the United States in the commercial space sector. China’s share
of the global space market is estimated at around 3 percent, and within China, commercial space
companies still holds a negligible share of the market in comparison to CASIC and CASC.34
Nevertheless, military-civil fusion in China’s space industry presents a unique set of challenges to the
United States and may portend more significant competition in the future.
China’s burgeoning commercial space sector, on one hand, will challenge U.S. export controls and
inbound investment screening process, creating opportunities for Chinese state-backed entities to
capture critical technologies or co-opt promising emerging technologies before they fully develop.
The influx of private capital into China’s space sector will help disguise state-owned capital, and in
some cases, allow state-linked investment vehicles to acquire critical technology under the guise of
being private investors.35 Even where state-owned capital is not involved, increased interlinkage
between China’s space sector and the international market will create opportunities for informal
technology transfer.
The Boeing-Global IP incident was a warning sign. Two other recent examples should give
policymakers pause:


In December 2018, U.S. startup Global Constellation accepted a minority investment from
HCH Group, a Hong Kong-based subsidiary of Haier Group, a Chinese appliance and
electronics giant with an opaque ownership structure.36 The startup aims to launch a
constellation of low-orbit satellites that will act as a space-based cloud computing center.



Chinese tech giant Tencent led B-round fundraising for Satellogic, a Buenos Airesbased microsatellite startup with an office in the United States.37 The startup aims to launch a
constellation of remote sensing satellites with hyperspectral capabilities. It recently reached
an agreement with a CASC subsidiary to launch 90 smallsats on as many as six long March 6
rockets.38
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On the other hand, the rise of China’s commercial space industry has the potential to cut into the
market share of U.S. companies. Revealingly, in an interview last year, OneSpace founder and CEO
Shu Chang 舒畅 said his goal was not to be “China’s SpaceX,” but to be the “Huawei of the space
industry.”39 The goal is not so much to push the bounds of commercial space technology as to
commercialize existing technology and sell it at a lower cost. Some launch companies have offered
small satellite companies free launch services as a way to gain market share.40 The chairman of
CASIC-subsidiary ExPace has said the company will attempt to price satellite payloads on its
Kuaizhou rockets at less than half the prevailing commercial price.41 This cost-cutting approach
might not work in the medium and heavy-lift launch market, especially if it involves cutting corners,
but it could provide a competitive advantage in the growing market for small satellite launches and
services.
Conclusion and Recommendations
China’s military-civil fusion drive in the space industry presents clear challenges. As the United
States responds, there will be a clear tension between defending U.S. technology and enabling U.S.
companies to compete against Chinese newcomers.
With this in mind, Congress should consider the following:
1. Embrace a “small yard, high fence” approach to export controls and inbound
investments. In the past, over regulation of satellite-technology under International Traffic
and Arms Regulations (ITAR) led to a loss of U.S. market share to European competitors
with “ITAR-free” technology. 42 In the future, similar overregulation could lead to a loss of
U.S. market share to Chinese competitors, facilitating the rise of China’s commercial space
industry. This prospect means that Congress should adopt what former Secretary of Defense
Robert Gates called a “small yard, high fence” approach defending U.S. space technology”—
that is, selectively choosing technologies to defend, but aggressively defending them.43
Export control reform under the Obama administration significantly reduced the number of
space-related goods and services on the U.S. Munitions List (USML) and moved the USML
towards a “positive list” with precisely defined technology. However, the Export Control
Reform Act of 2018’s mandate to restrict “emerging and foundational technologies” could
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mark a return to a broad, subjective list. Congress should ensure that ECRA is not
implemented in a way that significantly impedes the development of the U.S. space industry.
2. Preemptively defend supply chains critical to U.S. competitiveness in the space industry.
Given Beijing’s support for advanced manufacturing through Made in China 2025, the rise of
China’s commercial space sector has the potential to chip away at important manufacturing
competencies within the United States, particularly in emerging, low-cost industry segments
like micro/nano-satellite technology. Senator Mark Warner and Mark Rubio’s proposed
legislation to create the Office of Critical Technologies and Security, which would be
responsible for coordinating an inter-agency strategy to defend U.S. supply chains and
manufacturing capacity, is a welcome step to increase the U.S. government’s ability to
preemptively defend important technologies and our ability to manufacture them.44
3. Continue to leverage and scale up public-private partnerships to encourage innovation.
It’s important to remember that the success of public-private partnerships in the United States
is the reason why China is pursuing military-civil fusion in the space industry. The success of
companies like SpaceX and Blue Origin have convinced Chinese leaders that the statist
model towards space is insufficient. The United States should continue leveraging these types
of partnerships and extend them to a new generation of startups. Innovation outfits within the
Pentagon like DIU and AFWERX are doing positive work incubating startups developing
microsatellite technology. In general, developing, iterating, and commercializing hardware is
far more capital intensive than software. Congress, therefore, should fund capital programs
specifically for dual-use hardware like the National Security Innovation Capital (NSIC).45 As
long as China cannot guarantee IP protections and impartial arbitration for private
enterprises, the United States will have a first mover’s advantage in public-private
partnerships and should make full use of them.
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