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PREFACE

Aswe go to press with this volume, let me unabashedly paraphrase Winston
Churchill: “it is, perhaps, the end of the beginning” of the Covid-19 pan-
demic. China is the largest country to have successfully managed its out-
breaks and is maintaining strict border controls and immediate
overwhelming response to prevent new infection clusters from getting out
of hand. These measures plus the rollout of effective vaccines will, by the
time this volume is published, bring us to the beginning of the end. At
that point, a weary and wary world will look at China’s governance model
of central control that builds on a selective narrative, which the chapters in
this volume so ably explore, and decide how to respond to the China alter-
native to sorely-tested post-war liberal democratic institutions of
governance.

The Chinese government, under the Party’s direction, announced the
eradication of extreme poverty last December, it is in the process of devis-
ing its fourteenth five-year plan and its vision for 2035 (advancing one of
the centenary goals to be reasonably sure that Mr. Xi will be able to enjoy
meeting it in person) and is determined to achieve global pre-eminence in
a variety of sectors. A concerted effort also is being made to address ineq-
uities and other imbalances arisen from the past forty years of growth and
development. Success, or the perception thereof, in addressing these fun-
damental issues in a more balanced way will allow the Chinese Communist
Party to ensure its continuing grip on power.

Covid-19 presented a crisis and an opportunity. China’s government
has so far been able to draw on the advantages of being a mobilization
state to maximize the opportunity. But the shape of post-crisis China,
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indeed of the globe, is not yet clear. The Chinese Globalization Association
has supported research and publication work focused on China’s engage-
ment with the world and its many implications for almost fifteen years.
This volume is a result of scientific discussions preparing for, and benefit-
ing from, the CGA’s annual China Goes Global conference held on-line in
2020. It presents needed explorations of trends in the life sciences, avia-
tion, advanced technology, innovation policy, diplomacy and other areas
that were underway before the pandemic, and analyses how they will
emerge when we are, finally, at the end of this crisis, and beyond.

Cambridge, MA Julian Chang
January 2021
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INTRODUCTION

“The New Chinese Dream: Industrial Transition in the Post-Pandemic
Era” is a book centered on the idea that the massive use of selective indus-
trial policies, systematically adjusted in case of internal crisis and external
shocks, has been the driving force for a Chinese transition towards eco-
nomic supremacy by year 2049, the centennial year of the Chinese state
establishment.

Over the past forty years China has gone through a number of signifi-
cant reforms, developing what has been officially referred to as a socialist
market economy with unique Chinese characteristics. These reforms have
stimulated a massive structural shift both of the economy and society
leveraging on profound transformation of the Chinese national indus-
trial system.

The Covid-19 pandemic outbreak happened at a crucial juncture for
the country—in the middle of a new transition period towards the ambi-
tious achievement of a “New Chinese dream” by 2049 and various inter-
mediary time-bounded goals set over the recent past. China aims
simultaneously to achieve the status of a fully developed country as well as
that of global innovation leader. At the same time, it also seeks to resolve
structural issues related to internal social and territorial imbalances and
divides, environmental deterioration, uneven access to healthcare and
social services.

At the beginning of 2020, the country was bridging several structural
changes of its economy and society, pushed by key reforms described in
Chap. 1 (Belt and Road Initiative, to Made in China 2025), and engage in
a sustained globalization-driven thrust reflected in the ongoing trade war
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with the US. Such changes and related challenges have been, in some
cases, “suspended” or, in other cases, altered by the global pandemic. As
described in the first Chapter, while implementing prompt and short-term
oriented interventions, targeting both the demand and the supply side of
the economy, the government surfed the Pandemic wave to activate a new
long-term planning exercise. Summer 2020 was dominated by the con-
cept of the so-called “dual circulation—XU§# (shuang xtnhudn)” strat-
egy (hereinafter “DCS”) promoting a further round of industrial and
economic policies trying to secure the achievement of the 2049 goal.

The book is articulated on a careful and reviewed selection of papers
from the 14th China Goes Global Conference (2020). It describes and
explains structural changes that China is experiencing in the economy at
large (as reflected in Chaps. 1 and 2) and in strategic industries (as in Chaps.
3,4,5,6,7,and 8), in the light of 2049 goals set by the Chinese govern-
ment to turn the country into a fully advanced and developed nation. The
likelihood of China achieving a the leading position in both process and
state of the art innovation is considered, particularly in the wake of the
ongoing global pandemic and the manner in which it was addressed.

Specifically, Chap. 2 analyzes select macro-economic data to show how
Chinese export growth has slowed down dramatically over the past ten
years. While the slowdown in part reflects a shift in Chinese economic
policies, it has also been accompanied by significant international tensions.
Chinese influence is increasingly resisted around the world, as indicated by
the broadsides of trade wars and select protectionist measures faced by
Chinese firms and products abroad. The chapter reviews the underlying
tensions between China and its export partners and projects the Chinese
path in the global economy.

Chapter 3 considers Chinese growing innovative capacity and inputs to
science and technology leading to “state of the art” innovation. To date,
technology catch-up by emerging economies such as China has been largely
sequential, imitative, and reached through established networks. However,
attempts to achieve frontier technologies such as Industry 4.0 present sig-
nificant new challenges impacting knowledge sources, knowledge types, and
transfer processes. The chapter argues that to achieve innovation leadership,
Chinese firms need to vary and widen their knowledge sources, to develop
both predictive capabilities (in evaluating new technologies), and combina-
tive capabilities (integrating them with the necessary skills and resources).
Despite the deteriorating international business environment that China is
currently facing, China would appear the best placed of all the major emerg-
ing economies to achieve this transformation.
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Chapter 4 sheds light on how China is leveraging both its diplomacy
and its extensive network of strategic partnerships in power projection to
achieve the 2049 centennial goals. The authors investigate the role of
China’s strategic partnerships in its global rise by borrowing elements of
the network model from business studies and by drawing on similarities in
a firm’s internationalization process. By focusing on three overlapping
dimensions—economic, military, and political—the authors show that
China has developed a global network of interconnectivity to uphold and
further develop its economic capacity, secure a stable geopolitical environ-
ment across its borders, modernize its army, alleviate US pressure in South
East Asia, and eventually facilitate its global rise.

The remaining chapters of the book highlight specific sectoral patterns
in the Chinese industrial economy which play a strategic role in 2049 cen-
tennial ambitions: ICT and advanced technology, life science, aerospace,
semiconductor.

Chapter 5 addresses the digital landscape in China. The author argues
that China has succeeded over the past twenty years in articulating and
implementing a strategic vision of a powerful national system of innova-
tion, and that this system has begun to yield significant technological
results in the digital transformation fields. This contribution also lists vari-
ous reasons as to the dramatic growth of digital fields inside China-includ-
ing protectionism precluding US companies from penetrating the Chinese
market, and the resulting preponderant influence of China due to its enor-
mous population. Several examples of future possible application domains,
such as driverless cars and smart cities, are considered. It must be recog-
nized that China has been able to run its own digital world, responding to
its innovatory and entrepreneurial growth needs. Several important
impediments to the development of Chinese digital potential externally
are discussed in the final section.

Chapter 6 investigates new trends in the life science sector, another
leading edge industry, considering its impact on the long-term sustain-
ability of the “New Chinese Dream”. The authors discuss how the Chinese
government is promoting innovation and competitiveness for the life-sci-
ence sector, both to satisty internal demand and to compete at the inter-
national level. Technological progress is the synergetic result of government
interventions, aligning interests and efforts of academia, private business
and public firms. Based also on recent achievements and on impact of
measures in contrasting the spread of the Pandemic, the life-science sector
in China bears the potential to become a world leading industry.
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In Chapter 7, the authors consider the Chinese commercial aircraft
manufacturing sector as one of the command heights of a global leading
manufacturing economy. They review the technological and policy path-
ways in manufacturing world-class commercial aircraft. They conclude
that China seems poised to repeat in aviation what it has done in train
travel—to become the world’s largest market. The original projections
were for that to occur by 2024. COVID-19 has altered this pace. Unlike
China’s achievements in its extensive high-speed rail network, China is
facing the realization that its civilian skies are filled with commercial planes
made in places like Toulouse, France or Everett, Washington. The national
government wants Chinese-made planes serving Chinese passengers on its
air routes in China. This is in line with China’s industrial upgrading, eco-
nomic transformation, globalization, and rise as a global geopolitical
power, as analyzed in Chaps. 1 and 2.

Chapter 8 goes deep into the analysis of another strategic sector: semi-
conductor. Restricting China’s access to advanced semiconductor technol-
ogy has become the U.S. government’s chokepoint strategy in the
emerging hi-tech cold war. The development of an indigenous semicon-
ductor supply chain is increasingly vital for China’s next stage of develop-
ment. In this chapter, the author documents China’s experience of
semiconductor industry policy and development, and evaluate key Chinese
players in the IC supply chain and their technological capabilities. A
strategic look at the supply chain shows that China’s semiconductor indus-
try is resilient even under U.S. pressure, though significant weak-
nesses remain.

Chapter 9, the concluding chapter, provides historical and analytical
perspectives on China’s strengths and weaknesses in achieving the centen-
nial goals which have driven the long path of Chinese economic history
since its opening to the world economy. The chapter raises the fundamen-
tal question: have industrial policies worked? It reviews the question
against the background of a fierce academic debate “over whether China
should continue to exercise the industrial policies that undergirded its rise
to prominence,” as quoted scholars have noted. The chapter concludes on
the emergence of a Chinese “third revolution” as a unique and differenti-
ated policy model.

John R. McIntyre
Francesca Spigarelli



®

Check for
updates

CHAPTER 1

Structural Changes and Policies in China:
From the New Dream to COVID-19 Era

Gianluca Sampaolo, Marco R. Di Tommaso,
and Olena Liakh

Abstract The work sheds light on the significant reforms that China has
undertaken over the past 40 years and which, starting from the 1978
‘Open Door Policy’, stimulated a massive structural shift of the Chinese
economy and society. The twenty first century pandemic happened at a
linchpin moment for China, when the country was bridging several con-
tentious structural changes due to the ‘New Normal® paradigm and the
more recent trade war with the US. In response to the Covid-19 outbreak
and in the light of the upcoming release of the new 5-year plan, Chinese
authorities promptly adopted a series of coordinated measures to support
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2 G.SAMPAOLO ET AL.

the national economy and engaged in a new long-term planning, the so-
called “Dual Circulation Strategy”. From the New Dream to the Covid-19
era, innovation and industrial policies are presented through the lens of
political economy.

Keywords Structural changes ® Industrial policy ® Open Door e
New Normal

1.1 Pre-COVID-19 INDUSTRIAL POLICIES SHAPING
CHINA’S INNOVATION POTENTIAL

Over the past 40 years, China has gone through a number of significant
reforms. Such careful planning and policies stimulated a massive structural
shift, which had a drastic impact on society and economic growth, while
profoundly transforming the country’s industry. China is now among the
world leaders in international rankings on GDP, export capacity, inward
and outward foreign direct investments, and it has also improved many
social development indicators, including quality of life and population
access to education and health services.

As literature has already demonstrated (see Chap. 2), the Chinese gov-
ernment introduced several structural reform policies under the guidance
of Deng Xiaoping (Garnaut et al. 2018), starting in 1978. The Open
Door Policy marked the first stage of a progressive industrial, institutional
and social transition of China (Spigarelli 2018), from a planned economy
to a “socialism with Chinese characteristics” (Choi 2011; Deng 1985;
Dirlik 1989 and others). The intent was to rapidly “industrialize” the
country by drawing on the technology, know-how and resources of
Western companies, in exchange for low-cost labor and fiscal advantages.
The combined effect of policies, growth of internal entrepreneurship and
crucial sectors (stimulated through selective industrial policies), and the
tying of economic growth to the “great international circulation”, helped
China conquer the status of “Factory of the World”, first, and later that of
the second most powerful world economy (Barbieri et al. 2010, 2015,
2017; Di Tommaso et al. 2013, 2019; Di Tommaso and Tassinari 2014).
The country launched an additional strategy in 2000, known as Go Global,
with the initial aim of gaining access to critical natural resources globally
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(Alon et al. 2011). However, thanks to progressive waves of Chinese for-
eign direct investments in the global markets (Buckley et al. 2007; Deng
2009; Kolstad and Wiig 2012), this strategy turned out to have even more
complex “returns” in international expansion, and securing access to for-
eign technology, knowledge and brands (Bellabona and Spigarelli 2007).

In this context of continuous structural change, however, the new
Chinese globalized industrial system has also exacerbated socio-territorial
imbalances and divides, and brought along the unprecedent challenge of
environmental deterioration. What is more, the global financial crisis of
2008-2009 strongly affected international demand, forcing China to pro-
tect itself through an economic stimulus of 4 trillion Rmb. This stimulated
growth to a certain extent but, at the same time, resulted in a massive debt
and exceeded production capacity. In response to the crisis and the above
challenges, the presidency of Xi Jinping designed the “New Normal”
strategy,! as part of a sct of new reforms. This plan prioritized sustainable
growth, to be achieved through environmental protection, social wellbe-
ing and healthcare equality. But it also focused on supporting the develop-
ment of national industries, making China less dependent on foreign
partners, as well as driving the country’s innovation acceleration through
domestic champion firms and more high-profile jobs (Barbieri et al. 2020;
Ling and Quan 2017).

The “New Normal” strategy was deployed in correspondence with
“two centenary goals” of the new “Chinese Dream”, which were set to be
achieved nationally, locally and at industrial level by 2021 and 2049
respectively (Ling and Quan 2017; Meidan et al. 2015; Saggu and
Anukoonwattaka 2015): Chinese society should reach a moderate pros-
perity and become an innovative nation by 2021,% and it should achieve
the status of fully developed country, as well as world innovation leader, by
2049 .3 Innovation became the key priority driver in the transition towards
modernization and the Chinese government began “communicating” it in
its official narrative (Di Tommaso et al. 2020a; Green and Stern 2015).

'Tn detail, the “New Normal” sanctions the new Chinese development model promoted
for the first time by President Xi Jinping in May 2014. The “New Normal” embodies a focus
on structural changes in the Chinese economic system and describes a growth model still
marked but lower (around 7% per year over the next five years) and focused on quality (com-
pared to quantity), both in terms of social distribution and environmental impact.

20One hundred years from the Communist Party of China’s birth.

3One hundred years from the People’s Republic of China’s foundation.



4 G.SAMPAOLO ET AL.

In order to achieve those goals, a series of secondary, mid-term targets
were set through the 13th five-year plan (2016-2020). They included,
among others, the strive towards economic growth stability, improved
environmental quality and healthier living conditions (CCCPC 2016).

Two additional strategies complemented the “New Normal” in sup-
porting China’s recognition as a key player in global value chains.

The first strategy was the Belt and Road initiative (BRI) (Huang 2016;
Ferdinand 2016; Liu and Dunford 2016; Yu 2017; Chaisse and Matsushita
2018; Zhang et al. 2018; Liu and Zhang 2019). Formally announced by
Xi Jinping in 2013, BRI was intended to strengthen bilateral economic,
cultural, scientific and political ties between China and the territories
located on the historic Silk and Maritime roads. Besides geo-political
implications, BRI also aimed to support the transtormation of the Chinese
industrial system. In the circumstances of declining productivity, increas-
ing labor expenses, and stricter environmental regulations, it was neces-
sary for China to offshore excess capacity from the most labor-intensive
and polluting industrial processes. This was accomplished through inter-
national cooperation in the forms of investment and bilateral trade agree-
ments, Special Economic Zones, and better logistic infrastructures
(Misiggiewicz and Misiggiewicz 2017; Spigarelli and Ping 2018; Fasulo
2019; Chang 2019).

The second policy, launched in 2015, was introduced in support of the
Chinese global ambitions with specific regard to innovation supremacy:
Made in China 2025 (MIC25) (Wiibbeke et al. 2016; Hammer 2017;
EUCCC 2017; Miiller and Voigt 2018; Li 2018; Xu et al. 2018; Perskaya
2019). MIC25 is a comprehensive strategy and part of'a wider 3-step plan.
Its main objective is to expand Chinese innovative and technological
capacity, from that of a low-end manufacturing country to that of a lead-
ing goods and services producer. In order to achieve this, the country is
seeking to embed ICT within the manufacturing industry, as well as to
reinforce basic materials, key components and existing technologies on
the one hand, while also promoting its service-orientation on the other
hand. In product terms, greater quality control is expected, together with
the development and globalization of China’s own brands. Thanks to the
strengthening of green technologies, MIC25 should also promote prog-
ress towards environmental preservation. Selective industrial policies have
been placing great emphasis on 10 core sectors, including advanced IT,
high-speed rail transport and ultra-high voltage power equipment, in
which China aspires to leapfrog Western economies, new materials, for
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which over 500 new industrial parks have been created, as well as medical
devices, robotics, green energy, aerospace, shipping, and agricultural
machinery (Chang 1994; Bianchi and Labory 2018; ISDP 2018; Petti
et al. 2016; Rodrik 2008; Wiibbeke et al. 2016; Zenglein and Holzmann
2019). In addition to policy actions, a set of guideline documents have
been published to support the growth of each of the afore-mentioned
priority sectors. Some examples include the “Guidelines for the
Pharmaceutical Industry Development Plan” for healthcare (Zenglein and
Holzmann 2019; Di Tommaso ct al. 2020a) and Document 625 (2016)
on renewable electricity purchase. Moreover, special attention has been
given to solar/wind limitation reduction targets for firms and provinces
(2018),* and to acceleration pilot projects for service robots and national
robotics standards (around 60 were expected by 2020).°

Following MIC25, a second plan, spanning from 2026 to 2035, aspires
to promote the buildout of an “average” Chinese innovation capacity
within world manufacturing. And finally, during 2036-2049, the country
will try to position itself as a world innovation leader (Petti et al. 2016;
Wiibbeke et al. 2016).

Considering all these industrial policies and trends, it can be easily fore-
seen how China’s race towards innovation development and global expan-
sion, driven by the potential of specific key sectors, may soon elevate the
status of the country to that of a world innovation leader. This race to
innovation leadership, however, has also been impacted by the COVID-19
pandemic.

1.2 New SceENARIOS AND OLD CHALLENGES: CHINA
AND THE COVID-19 OUTBREAK

The pandemic outbreak happened at a crucial time for China. The country
was bridging several structural changes, pushed by the reforms highlighted
above, to its economy and society, and was at the same time engaged in
globalization-driven issues. Such changes and related challenges have
been, in some cases, temporarily “suspended” or, in other instances,
altered by the pandemic.

*See: https://www.oxfordenergy.org/wpcms,/wp-content/uploads,/2020,/06 /Current-
direction-for-renewable-energy-in-China.pdf.
5See: https://www.chinadaily.com.cn/china/2016-12 /15 /content_27672692.htm.
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For a complete overview, it is important to begin with a discussion of
China’s new role in the global value chain, and the reshoring and reloca-
tion processes of production activities that were ongoing. At the end of
2019, the country was reshaping its manufacturing system (especially
through the BRI) by offshoring excess capacity from domestic non-key
industries towards less developed countries. In order to focus on high-
tech global value chains, China has been transferring production capacity
abroad, mainly among BRI countries. At the same time, certain areas of
Southeast Asia promptly assumed a more central role as manufacturing
powerhouses by offering low labor costs and good logistic positioning.
Nevertheless, the outbreak of the pandemic impacted global value chains
and the related concerns: with most economies in lockdown—partial or
total—and with the contraction of global trade—estimated between 13%
and 32% by the WTO—and of investments—estimated between 30% and
40% by UNCTAD—reshoring processes from China, and accelerated
relocation and reshoring of many manufacturing facilities to Western
countries and other locations in Asia began to take place (WTO 2020;
UNCTAD 2020).

A second important aspect to consider is related to the trade war with
the US and, more generally, the impact of the Trump Administration poli-
cies on global industry and trade (Li et al. 2018; Liu and Woo 2018;
Chong and Li 2019; Wei 2019; Layne 2020; Di Tommaso et al. 2020Db).
The COVID-19 pandemic occurred in the middle of the trade war escala-
tion with the US, driven by accusations of unfair commercial practices.
Beginning in March 2018, a series of tariffs were levied by the Trump
Administration, which had significant negative effects on the Chinese
economy (see Chap. 2). It was the race for innovation supremacy that
fueled the trade war, despite the complementarity of the two countries® in
many industries. Beijing’s efforts are becoming even more compelling, as
the US tries to contain the rise of its geopolitical rival. The US has pres-
sured allies to shun equipment from Huawei Technologies Co., barred
dozens of China’s largest tech companies from buying American parts,
and even slapped bans on ByteDance Ltd.’s TikTok and Tencent Holdings
Ltd.’s WeChat.

The pandemic has boosted certain internal processes (e.g. ICT, health
innovation and investment) and exacerbated the war with the US, leading
to a fourfold implication. First, the cross-country production (for

®The US exports drug formulations, China exports bulk drugs.
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example, in the case of medical devices) between China and the US implies
the overlay of a multiple tarift along the supply chain, resulting in a higher
price of the final product (GlobalData Healthcare 2019). In the specific
case of healthcare, where 25% tariffs on high-end medical devices were
imposed, this could have repercussions on care accessibility of the lower-
income population.” Second, FDI flows have begun to slow down, as
American manufacturers are leaving the Chinese market, and some
Chinese investments are being excluded from the US market (Newmarker
2019). Third, since Chinese students in the future might be restricted
from accessing US universities, this could, among other impacts, erode the
collaborative nature of scientific research. Finally, in the absence of coop-
eration between the US and China, other emerging countries (e.g. India)
could step up and form new strategic alliances with them. Sensing these
trends, China has already added new incentives for foreign investors
through the 2019 Foreign Investment National Encouraged Catalogue
(Hanemann et al. 2019; Rees 2019);

The rush to innovation was, in turn, altered and accelerated by the
pandemic. Innovation in China is strictly linked to its digital ecosystem.
The country’s internet infrastructure, offering a three-tier service delivery,
from fixed-line, mobile and education, is only one part of such an ecosys-
tem, which was also profoundly defined by the activity of China’s tech
champions, known as BAT (Baidu, Alibaba, Tencent). The nation has
built a unique digital context, based on the concept of autarchy and self-
determination, in terms of technology, software solutions, social media
and related services. The accumulated knowhow, along with the increas-
ing development of Chinese technologies in data collection, processing,
and machine learning, have greatly benefited some specific industries.

During the pandemic, China has demonstrated to the world its level of
digitalization and innovation recached so far: from healthcare, robotics,®
clectric vehicles,’ IoT and data monitoring. Indeed, the pandemic forced
the country to switch its innovation focus from long-term objectives to
short-term and COVID-19-related solutions. This, nevertheless,

7See: https:/ /www.thelancet.com/journals/lancet/article /P11S0140-6736(19)31908-7 /
fulltext.

8With industrial and service (+30% growth) robotics representing 36% of global installa-
tions and 2% of the Chinese market respectively (2019).

9 China ranked 9th Below: $438.1 million (1.7%) compared with leader US ($7.9 billion,
30.5%) and Japan in 10th position ($431.5 million, 1.7%). See: http://www.worldstopex-
ports.com/electric-cars-exports-by-country.
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contributed to some unforeseen outcomes: the broadening of R&D’s
scope in key sectors, as well as the overcoming of previously existing legal
barriers, allowed for some unexpected product uses. One such example is
self-driving delivery vehicles, which were used by hospitals in order to
provide patients and medical staff with meals, medical supplies and simi-
lar.! The massive use of artificial intelligence (Al) was also impressive. Al
was applied during the emergency for remote patient management (Lv
et al. 2019; Hsu et al. 2016; Li et al. 2014 ), medical diagnosis assistance
(Wong 2019), and monitoring of people’s health through wearable devices
(Poon et al. 2011; Majumder et al. 2017).

Thanks to technology China has managed to bring the “3 T method”
(test, track, treat) of combatting the pandemic to quite a high level. The
measures adopted to keep the virus at bay seem to have paid off, shifting
from containment to recovery, and ultimately guaranteeing reopening to
the country and its economic ecosystem.

The Chinese economy is already showing signs of recovery in the sec-
ond half of 2020, while the second wave of the pandemic seems to be
under control, and without major impacts on the Chinese population.!!
The latest World Bank and IMF economic forecasts indicate 7.9%-8.2%
growth rates for 2021, in stark contrast to the estimates of industrialized
economies (World Bank 2020a, b; IMF 2020a). Similar positive trends are
projected for the period 2022-2025. Although a slight decrease to 5.8% is
expected in 2022, China’s real GDP growth should scttle towards 5.5% by
2025 (IFM 2020b).12

1.3 Post-COVID-19 Poricies: THE DuaL
CIRCULATION STRATEGY

The reaction capacity and resilience shown by China during the pandemic
(Gong et al. 2020) represent unique and intrinsic values that are common
to other historical periods in Chinese history.!® Initially criticized and

10See: https: //www.unido.org/stories /china-robot-delivery-vehicles-deployed-help-
covid-19-emergency.

1 Based on last available data, the GDP growth in China was +3.2% in the second quarter
(https: / /www.ft.com/content/4a0f9dca-b48c-453f-bfc1-2c6c¢8b55682a) and +4.9% in the
third quarter (https://www.ft.com/content,/22108ddd-3280-4013-bcd8-1adc9e6acl 3d).

12 As for October 2020.

13 China has historically shown its resilience in difficult times and its capacity to react and
re-start. Very well-known examples are the opium wars, the massacre of Nanking and the
civil war from which the PRC was born.
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affected by a hostility sentiment, especially from the West, China’s exam-
ple demonstrates that, with the right policies in place, there is light at the
end of the tunnel. Macroeconomic policies can mitigate the economic
costs associated with containment measures and support recovery, but
timing is key and early intervention is paramount.

In fact, in response to the COVID-19 outbreak, Chinese Authorities
promptly adopted a series of coordinated measures, supporting both the
Chinese and foreign companies based in China, that ultimately helped
mitigate the negative economic impact, especially on the most vulnerable
(Reuters 2020; Xinhuanet 2020a, b; Zhang 2020). At the same time,
long-term policies have been adjusted and reinforced. Measures that were
taken by the government range from financial, fiscal, monetary, to admin-
istrative support.'* The People’s Bank of China set lending facilities with a
capacity of more than 2 trillion RMB to fund loans for small businesses,
poverty alleviation, and agricultural firms. Also, China’s regulators encour-
aged the forbearance of small business loans. Fiscal policy measures and
monetary policy, with easy access to loans, have been used as tools to sup-
port households and private firms’ activities. The government is also lever-
aging on the role of SOEs to promote employment, push investments,
and assist small and medium companies (Okamoto 2020). Other measures
concern customs, promotion of e-commerce, facilitation for social security
contributions and labor.!* Also, through the economic stimulus approved
at the end of May 2020, great attention was paid to advanced technology,
promoting the so-called “new infrastructures”—high-speed railways, 5G,
Big Data, Al, and columns for electric vehicles—!¢ for a value that, in
2020, could exceed 2000 billion RMB (Fasulo 2020; Meinhardt 2020;
Bloomberg 2020). All these measures reinforce the idea that China is
eager to assert itself not only as a sales market but also as a manufacturing
one from which to export.

“For a comprehensive list of monetary and fiscal policy measures adopoted by China to
contrast the Pandemic, please refer to  https://home.kpmg/xx/en/home/
insights/2020,/04 /china-government-and-institution-measures-in-response-to-covid.html.

!5 Further information on the Covid-19 official policies can be found at: https://www.
curopeanchamber.com.cn/en/national-news/3125;

16See  http://www.xinhuanet.com/english /2020-03 /05 /c_138846271 .htm?from=single
message%2310006-weixin-1-52626-6b3bftd01fdde4900130bc5a2751b6d1 for more infor-
mation about the “new infrastructure”.
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Despite the need for prompt and short-term oriented interventions,
the government surfed the time of the Pandemic to activate a new long-
term planning exercise, also in the light of the upcoming release of the
new 5-year plan. In the ever-fruitful world of Chinese political dialectic,
summer 2020 was dominated by the concept of the so-called “dual circu-
lation—X{f§# (shuang xdnhudn)” strategy (hereinafter “DCS”) (FEM
(Jiao Peng) 2020; Yao 2020; EIU 2020; Bhurtel 2020; Oya 2020).

Conceived as the renewal of Beijing’s economic policy guidelines, the
strategy was announced for the first time during the last May’s Politburo
meeting, and strongly re-launched at the end of July. As often happens in
these cases, possible far-reaching transformations are hidden under a vague
in content phrase. To prove the significance of the concept, it is of utmost
importance to go over its fundamental elements. The starting point is the
literal translation of “double circulation”, which, in the vision proposed by
President Xi Jinping, is understood as a dialectic between domestic and
international economic circulation. To better grasp the concept, think that
the Chinese term is the same used when talking about “blood circula-
tion— IS (xueye xtnhudn)”. Making it casy, the global demand
(external circulation) and household consumption (internal circulation)
are set to be closely correlated. The dynamic to be managed is that between
an economy dependent on exports and, therefore, on international
demand, and a wider role granted to domestic consumption. Today’s indi-
cation is that, in the current context of uncertainty, due to the pandemic
and trade disputes, China’s economy must chiefly focus on internal
circulation.

DCS seems to determine a novel approach and, in this regard, the pan-
demic and the worsening of relations with the US come into play. The
Chinese response to the impact of COVID-19, in fact, was aimed above
all on the production side, thanks to the adoption of such measures as tax
cuts and investments in infrastructure, while the negative repercussions of
the pandemic have mainly spilled on consumption. This way, both inequal-
ity and the weight of international demand compared to domestic demand
have increased. This links to the whole debate on the “decoupling”, which
is not primarily an American phenomenon but also concerns the Chinese
will to reduce its own external dependence through the “self-reliance”—
substantially, technological autarchy—that precedes Washington’s reflec-
tions on its dependence on Beijing.

For these reasons, DCS can be sanctioned as a policy aimed at making
the economy more resilient to external shocks, by promoting internal
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demand as its main driver (Trivinm China 2020). The figure that catches
the eye, in this area, is that of imports of integrated circuits which, with a
value of more than 300 billion dollars, represent the first item of Chinese
imports, exceeding the just under 250 billion dollars oil import, for which
Beijing leads the world demand. Besides, investments in innovation
(R&D) in 2019 also exceeded a growth rate of 10% (+12.5% compared to
2018), addressed, for around 82.7%-83.4%, to industrial development
and, thus, contributing to the qualitative growth of Chinese industry
(Normile 2020; Fasulo 2020).

If such a policy were actually pursued, while still following the trend
lines sketched out for at least a decade, China would increasingly take the
road to become more a land of consumption than production, thus favor-
ing imports over exports and having at the same time reduced exposure to
an increasingly hostile international context. But these measures must be
adopted quickly, because, as mentioned, in recent months the Chinese
trade surplus has continued to grow, reinforcing the circumstances that
had led the Trump Administration to wage the trade war.

Nevertheless, the adoption of such measures raises two main issues in
China. First, the achievement of greater internal consumption should pass
through the transfer of resources to household consumption—retaining
one of the lowest shares of GDP of any country in history. For Chinese
consumption to be broadly in line with that of other developing countries,
ordinary households should recover at least 10-15% points of GDP at the
expense of businesses, the wealthy people, or the government. Indeed,
this means reduced inequality, but at the same time, such kind of rebalanc-
ing involves a massive shift of wealth—and with it, political power—to
ordinary people. Using a Chinese proverb, this will not be “as big as a
sesame seed”.

The second major problem is the internal contradiction at the heart of
China’s new “dual circulation” model. The export competitiveness of the
country depends on ensuring that workers are allocated, whether by wages
or the social safety net, a very low share of what they produce. China’s
export strength, in other words, depends, at least in part, on the low share
workers retain of what they produce. Here is the problem: China can only
rely on domestic consumption to drive a much greater share of growth if
workers begin to receive a much higher share of what they produce, so the
very process of rebalancing would undermine China’s export competitive-
ness. This means that, for “internal circulation” to succeed, “international
circulation” must be compromised. One cannot boost the other, as Beijing
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proposes: the shift itself will require a difficult adjustment period (Pettis
2020). It will therefore take years before the DCS reaches its goals, but
the road seems to have been traced towards a China that is less dependent
on foreign countries and more focused on its internal dimension, which is
assumed to be a more relevant market.

However, the attention, in this case, must be maximum. DCS poten-
tially represents the nerve center of the 14th Five-Year Plan (2021-2025)
which will be approved in March 2021 and where, as stated in par. 1.2,
Beijing will present itself at the new appointment as the only large econ-
omy to have achieved positive growth in 2020, and holding positive
growth forecasts for the years ahead. This hypothesis found confirmation
at the end of October 2020, when the Chinese Communist Party (CCP)
held the 5th plenary session of the 19th Communist Party Central
Committee,!” unveiling the first glimpses of its economic plans for the
next five years. Initial details released by the Communist Party’s Central
Committee, promised to build the nation into a technological power-
house, as it emphasized quality growth over speed, vowed to achieve car-
bon neutrality ahead of 2060, stressed the need for sustainable growth,
and also pledged to develop a robust domestic market.

Although no mention of the pace of growth policymakers would target
was made, there was a distinct emphasis on strengthening the domestic
economy since DCS was mentioned twice in the communique.'® In par-
ticular, the nation needs to “smooth the domestic circulation, facilitate
dual circulation at home and abroad, comprehensively promote consump-
tion and expand room for investment,” according to the statement. Thus,
the plan will highlight the need to gain technological independence, ele-
vating China’s self-reliance onto a national strategic pillar, also in view of
a prolonged trade war with the US; become a powerhouse in manufactur-
ing, cyber, and the digital economy; raise China’s international competi-
tiveness; and prioritize ecological progress in every dimension and phase
of economic and social development. At the same time, China will need to
expand domestic consumption as a share of the economy, which will be

The mandated annual convention of the full Central Committee of the Communist
Party to assess the results of the previous Five-Year Plan (2016-2020) and consider the draft
proposal for the next Five-Year Plan.

¥The full communique is available at: http://www.xinhuanet.com/2020-10,/29/
¢_1126674147 htm.
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dependent on raising wages, building a more comprehensive social safety
net, and expanding economic opportunities in rural China.

Indeed, a crucial point in the implementation of DCS is that it implies
a structural change of the Chinese economic, social, and therefore, politi-
cal context which must, at the same time, seek sustainability in those dif-
ferent domains (Di Tommaso et al. 2020a).

The sustainability of economic development implies the ability to man-
age a shift from an export-led model of growth to a domestic-demand-
driven one. This would require addressing—first of all—issues related to
people’s propensity to consumption, which must be increased in the long
run modifying typical and eradicated habits of Chinese people, while
leveraging the consumption potential of the country’s rural areas.

On the other side, supply-side reforms are fundamental, so as to: (a)
keep high competitiveness of domestic firms in the light of the rush to
innovation supremacy, and despite the trade war with the US; (b) further
push the reform of State-owned enterprises to increase efficiency and trans-
parency; (¢) increase internal competition and contrast local oligopolies.

However, the economic sustainability of the ongoing structural change
needs also social sustainability. It also needs to rebalance social and territo-
rial disparities in crucial fields such as access to education and health, child
and elderly care, as well as the provision of public goods, effective manage-
ment of environmental issues.

In one word: managing the economic and social sustainability of the
ongoing dynamics of structural change, imposed by the pandemic and by
the government’s DCS response, should be considered the main challenge
facing post-pandemic China.
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CHAPTER 2

Can China Be Less Dependent on Exports?

Risto Herrala

Abstract Chinese export growth has slowed down dramatically during
the past decade. While the slowdown in part reflects a shift in Chinese
economic policies, it has been accompanied by significant international
tensions. Chinese influence is increasingly resisted around the world, as
indicated by the broadside of trade “wars” and boycotts faced by Chinese
firms and products abroad. The chapter reviews the underlying tensions
between China and its export partners and projects the Chinese path in
the global economy.
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2.1 INTRODUCTION

Chinese export growth has slowed down dramatically during the past
decade. After outperforming just about every other country for decades
with double digit growth rates and, eventually, becoming the largest goods
exporter, the Chinese economy seems recently to have hit quicksand on
the global arena. Even before the COVID-19 Pandemic, Chinese export
growth rates had fallen to near insignificance by historical standards at just
below four percent per annum. Chinese exports are no longer expanding
relative to the size of the global economy (see Chart 2.1).

A slowdown in export growth was in the cards even before the actual
numbers crept in against the background of the government’s pursuit of a
new growth model that focuses less on international competitiveness and
more on developing the domestic economy. The shift in focus away from
export—Iled growth could even be considered overdue, given that the new
policy line was first announced already in 2006 at the National People’s
Congress (NPC) under the former president Hu’s first term in power.

However, it would be optimistic to shrug off China’s foreign trade
slowdown merely as late implementation of the NPC 2006 policy line,
given the significant international tensions associated with these develop-
ments. Based on the more recent events one cannot help wondering

20%
16 %
12 %
8%

4%

2005-2009 2010-2014 2015-2019

Chart 2.1 Export growth in China. (Notes: Average annual growth rate of
Chinese total exports measured in CNY. Source: Macrobond)
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whether something has gone amiss with the delivery of China’s global
economic agenda.

During the past years, Chinese trade relations with the rest of the world
have become increasingly strained, or even critical. Exports from China
and, more generally, Chinese influence is increasingly resisted around the
world, as indicated by the broadside of trade wars and boycotts faced by
Chinese firms and products abroad. What is going on?

2.2  CHINA’S REPOSITIONING IN THE GLOBAL EcoNomy

While China has during the past decades been hugely successful in gaining
market share in labor-intensive sectors globally, the Chinese government
has at the same time aspired to reposition China in the global arena
towards higher value-added production: a strategy which has progressed
impressively until late.

As anticipated in Chap. 1, in connection with the most recent national
strategy review in 2015, this aspiration was formulated in terms of a goal
to remake China from the factory floor of the world to a global innovator.
This laudable vision of China’s future global role is part of the “China
Dream” launched by president Xi’s government that calls on one hand for
economic development and reform and, on the other, tight leadership of
the ruling communist party. Within this general governance model, the
Chinese leadership hopes to steer the country towards prosperity and, by
the end of the first half of the century, towards the status of a leading
global industrial power.

Over the past decades, the Chinese leadership has consistently worked
to develop the Chinese economy towards this goal, by using the broad set
of instruments at its disposal. One important development area has been
scientific capacity building (see Chap. 3). China has sent its talent to study
abroad en masse. As a result, over three hundred thousand Chinese stu-
dents enroll each year in US universities alone, making the Chinese the
largest foreign student group. At the same time, the Chinese government
has worked to improve the education system at home. Consequently,
many Chinese universities, most notably the Tsinghua University and the
University of Peking, are ranked very high in international comparisons.
As a concrete sign of success of creating and nurturing scientific talent,
China became the top filer of patents in the world in 2019.

The Chinese leadership has also shown understanding that scientific
progress is not sufficient alone to achieve the China Dream. Chinese firms
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also need to have the skill to put that knowledge to good use to develop,
produce, and market new products both domestically and internationally.
In this area, the Chinese have also made significant gains, as witnessed by
the international surge in recent years of high-tech products such as mobile
phones and telecom equipment, cars, games and mobile applications, and
health care equipment from China (as described in the following Chapters
of this book). To the dismay of many economists, the Chinese have
achieved success with industrial policies that could be characterized as
beefed up versions of those widely employed in other developing coun-
tries, rather than policies that are characteristic of the developed world.

2.3  INDUSTRIAL POLICIES
wITH CHINESE CHARACTERISTICS

During the early decades of reform and opening in the 1980’s and 1990’s,
China eased restrictions on private sector enterprise, thereby creating the
expectation that the Chinese economy was on its way to become a free
market economy. However, during Hu Jintao’s reign and increasingly so
during Xi Jinping’s ongoing terms in office, evidence has accumulated
(Woo 2019; Herrala and Jia 2014) that the leadership instead wants to
sustain a two-tier economic system, where state-owned enterprises (SOEs)
and other politically affiliated companies receive preferential treatment
from the government relative to politically weakly affiliated firms.

Under the Chinese system, success at firm level is therefore influenced
not only by market forces, but also by politics. To be clear, SOEs and
other state affiliated firms do play an important role also in many industri-
alized countries but, on this issue, China is on a league of its own. Based
on an OECD survey of 40 countries (OECD 2017), China hosted over
51,000 SOEs against the sum total of under 2500 SOEs in the other 39
countries combined.

With its two-tier corporate sector, China has already managed to nur-
ture a number of internationally successful high tech companies such as
the information technology giant Huawei, a global leader in 5G technol-
ogy which grabbed the status of largest mobile phone manufacturer from
the Korean Samsung in 2020, and the retail giant Alibaba, which ships
more packages per day that Amazon and, since 2019, has operations also
outside China. The Chinese have furthermore made significant headway
in building the infrastructure, including not only roads and airports but
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also labor and financial markets and institutions, to make sure that the top
Chinese firms get the support they need to succeed in their efforts to
climb the technology ladder.

Part of the Chinese strength in technology is due to its natural resources.
China is helped in its pursuit of technological advancement by its domi-
nance globally in rare earth mineral deposits, which are important ingre-
dients of future technical devices. China currently produces over 80
percent of the group of 17 rare earth minerals globally, mostly in the Inner
Mongolia region. Rare earth metals and alloys have special chemical prop-
erties that make them useful in many high-tech devices such as computers,
rechargeable batteries, cell phones, catalytic converters, magnets, and flu-
orescent lighting.

2.4  REeacHING OUTWARD

The Chinese have also bought into foreign technologies and markets
through foreign direct investment (FDI). While Chinese FDI is not trans-
parent, it has clearly played a role in promoting technology transfer from
western countries and opening markets for many Chinese companies.
Successful examples include the Hong Kong headquartered companies
Lenovo, which purchase of the PC arm of IBM in 2005 has helped it to
develop into one of the top PC makers globally with an estimated quarter
ofall PC shipments; and Geely, which purchased the Swedish luxury auto-
maker Volvo in 2010 and has nurtured it back into global expansion.
During recent years, the Chinese have invested heavily in gaming with
Tencent becoming one of the global leaders in the industry. In 2011,
Tencent purchased Riot Games, the developer of the wildly popular
League of Legends game, and in 2016 the majority of the highly profit-
able Supercell, which is best known for its popular mobile games. It also
owns minority stakes in a number of other top of the line game makers,
such as Blizzard and Ubisoft.

While the western markets have been important channels for China’s
technological development, it also benefits from close ties to the develop-
ing world. Chinese outreach towards developing countries has been
loosely packaged under the ‘Belt and Road’ (BOR) umbrella launched in
2013 under president Xi Jinping’s first term in office. Initially, BOR was
marketed more narrowly as China’s outreach towards the landlocked for-
mer silk road countries in Central Asia and the Caucasus, where the
Chinese have been active in, among other things, building transportation
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channels and factories, and aiding in resource extraction. Subsequently,
the term has increasingly become synonymous with Chinese involvement
in the developing world.

China is involved in development projects in a broad set of developing
and emerging economies not only in Asia, but also in Africa (see Chap. 5)
and the Americas. To these countries, China provides expertise, finance,
and resources for a broad variety of large-scale development projects, such
as building roads, railways, and harbors, and natural resource extraction.
In the neighboring Kazakhstan, for example, ongoing belt and road proj-
ects include a glass factory, a wind farm, and a petrochemical complex.
From its developing country partners China gets in return raw materials,
and also a market for some of its products that are suited for the develop-
ing market consumers.

2.5 PraviNg HARDBALL

It is well established that the Chinese have not shied away from also using
less benign tactics to achieve their ambitions to climb the global technol-
ogy ladder. China is frequently targeted by other countries with accusa-
tions of industrial spying and illegal copying of technologies, as well as
forced technology transfer of foreign firms that want to enter the Chinese
market. Chinese companies, enjoying broad based government support,
have been blamed for competing unfairly in other countries against pri-
vately owned firms that do not receive similar support from their
governments.

At the WTO, the Chinese have also at times been targeted with accusa-
tions of severely disturbing the global economy by dumping. For example,
in 2020 the EU commission imposed provisional duties on stainless steel
products from China as a response to dumping concerns. At present, the
Chinese are the dominant producers of steel, with over 50% market share
globally. The stainless-steel glut in China has its roots in the early millen-
nium, when steel production received priority status by the government,
and it was reformed to increase the production efficiency of steel mills. As
a result, Chinese production capacity increased by six-fold between
2001-2010.

Since the start of its membership at the WTO, China has been respon-
dent in 44 cases regarding breaches in WTO rules. In its recent report
(USTR 2019) the US trade representative concludes, among other
things, that
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— China has repeatedly committed to refrain from forcible technol-
ogy transfer from U.S. companies, but still continues the practice
using market access restrictions, the abuse of administrative pro-
cesses, licensing regulations, asset purchases, and cyber and physi-
cal theft;

— China has regularly used export and import substitution subsidies
throughout the past two decades in various sectors of economic
activity, such as automobiles, textiles, advanced materials, medical
products and agriculture, despite explicit prohibitions in the WTO
Agreement;

— China often deploys illegal export restraints, such as export quo-
tas, export licensing, minimum export prices, export duties and
other restrictions. China has used these illegal export restraints to
generate cost advantages to downstream producers in China at the
expense of foreign producers, thereby creating pressure on for-
eign producers to move their operations, technologies and jobs
to China.

The USTR furthermore notes that China’s retaliatory use of trade rem-
edies highlights another unique issue that WI'O members face when deal-
ing with China—the threat of reprisal. According to the USTR, foreign
companies are hesitant to speak publicly, or to be perceived as working
with their governments to challenge China’s trade policies or practices,
because they fear retaliation from the Chinese state. As a further persistent
problem USTR seen China’s inadequate regulatory transparency. China
disregards many of its WTO transparency obligations, which places its
trading partners at a disadvantage and often serves as a cloak for China to
conceal unfair trade policies and practices from scrutiny.

The EU and other developed countries have similar experience of
Chinese practices, as indicated by their refusal to grant China market
economy status under the WI'O. When China joined the WTO in 2001,
it entered into a 15-year transition period during which it was expected to
transform its economy from a largely centrally planned system to a market
economy. During that period, other countries had widened scope to pro-
tect against possible harmful dumping from China. The year 2016, during
which the transition period was supposed to end, came and went without
any fanfare about change in China’s status: the EU, along with the US and
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a number of other countries, still does not view China as a market econ-
omy. In contrast, the problems generated by China’s practices are as acute
as ever, as also witnessed by the recent protective tariffs against steel prod-
ucts. China challenged EUs position on the issue at the WTO, but when
the case was not progressing in its favor China allowed it to lapse earlier
this year.

2.6  EscALATION

During the recent years, the trade disputes between China and many of its
trading partners have taken an ominous turn. After trade negotiations
between the US and China failed, the trade war between the two kicked
into high gear in 2018 as the US imposed significant tariffs on imports
from China, with China responding in kind. The US has since then
imposed bans on sale of vital parts and technologies to the Chinese tele-
com giant Huawei, and also limited the use of the Android operation
system in Chinese mobile phones.

The US-China trade war is only one part of the widening conflict.
Several countries, including the Anglo-Saxon countries and many Asian
countries such as Japan, Singapore, Vietnam and the Philippines, have
banned Chinese participation in 5G networks, with a number of countries
including India, currently considering similar measures. The EU, in which
many of Huawei’s 5G projects are located, issued a warning carlier this
year about security risks in 5G networks, and it has been recently looking
into toughening its policy line. The 5G bans have largely been motivated
by concerns about perceived security issues, such as the possibilities of spy-
ing, in information networks provided by Chinese companies.

Recently, India responded to the border conflict with China by banning
a large number of Chinese computer applications used in India, including
the popular social media app TikTok. Discussions are ongoing in the
country about whether the ban should be extended also to apps made in
other countries, if the respective developers have significant ties to China.
Similar bans against TikTok and WeChat are in preparation also in the
US. Large scale bans on Chinese applications could severely impact the
social media and gaming industries globally, where China has during
recent years become a major contributor and investor.

A number of countries have also tightened the rules of direct foreign
investment in response to perceived security threats from China. In the
US, the tightened FIRRMA rules came into effect in 2018. Japan
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followed suit in 2019, and India in 2020. Recently the US revoked the
special status afforded to Hong Kong in response to Beijing’s application
of the new security law and pledged to impose sanctions on individuals
and institutions that in its view contributed to the loss of Hong Kong’s
autonomous status.

These developments are followed with concern by international com-
panies that have operations in China or dealings with Chinese firms. While
no large-scale exodus of international companies from China has so far
been seen, some surveys indicate that firms are concerned about the how
Chinese decoupling from the global economy will impact their production
processes and actively reconsidering their globalization strategies. Some
countries are already actively promoting firms’ plans to leave China: Earlier
this year, the Japanese government started giving subsidies for firms to
leave China, and many firms have already decided to use the opportunity.
A similar system is in place in South Korea and plans are also under con-
sideration by the US government.

2.7  THE ASSERTIVE CHINA

In developed countries, politics usually does not interfere that much with
business decisions, but that principle does not apply to China. The out-
ward image of China among firms and consumers of other countries,
which contributes to their willingness to purchase Chinese products and
work with Chinese partners, is therefore affected by how Chinese policies
are perceived abroad.

Under president Xi, the role of political control has been strengthened
in the Chinese economy and society, as also witnessed by the strong politi-
cal emphasis embedded in the China Dream. While the Chinese political
life is largely opaque to foreign inspection, the snippets seen from the
outside appear deeply concerning especially for the people in the western
world. The demonstrations and restriction of freedoms in Hong Kong;
the haunting pictures of detention camps and widespread destruction of
religious sites in Xinjiang; the apparent cultural and religious suppression
in Tibet; the suppression of political expression and detention of political
dissidents; and broad-based censorship of media and the internet all point
to a repressive authoritarian political system.

Previously, the negative outside image of the Chinese political system
was softened by China’s skillful diplomacy, which emphasized the win-win
nature of interactions with China. Those days seem to be gone, however,
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as the Chinese government has increasingly adopted a harsh, nationalistic
tone in its dealings with other countries. The co-operative China has been
replaced in the international arena by the bully China, which actively seeks
confrontation with other countries to show its economic and military
might. The recent headlines include an island dispute with Japan, the con-
stant pressure on Taiwan, the South China Sea conflict with Vietnam,
Brunei, Malaysia and the Philippines, the deadly border clash with India,
the land grab in Nepal and the territorial dispute with the tiny Bhutan.

Moreover, China targets harshly countries that dare to criticize its poli-
cies, as widely covered in the international media. The various recent tar-
gets of Chinese ‘wolf warrior diplomacy” include New Zealand, which the
Chinese ambassador accused of gross interference in Chinese affairs for its
reaction to the events in Hong Kong. New Zealand has for some time
complained about serious issues with China including industrial spying
and political interference. The Chinese have also recently threatened bad
consequences for the Czech Republic for its support of Taiwan. Sweden
was threatened by the Chinese ambassador after it awarded the Tucholsky
prize to Gui Minhai, a Chinese dissident journalist. The neighboring
Norway faced a backlash earlier for awarding the Nobel peace prize for Liu
Xiaobo, a Chinese human rights activist, and Denmark for meeting with
Tenzin Gyatso, the incumbent Dalai Lama, the Tibetan religious leader
who lives in exile in India. The Chinese have also demonstrated willing-
ness to take action towards countries that are critical of its policies. After
years of largely turning a blind eye on Chinese political interference within
its borders, Australia faced a backlash in the form of tariffs on barley and a
ban on beef in China after suggesting that the origins of COVID-19
should be investigated by an international panel of experts.

Not only are such tactics likely to cause a political backlash, one that we
are increasingly seeing around the world, but China is also constantly in
the news in a bad way. The barrage of negative news is taking its toll on
the image of China among the international consumer base. Based on
surveys, a significant majority of consumers in the US have a negative
impression of China (PEW 2020). In India, 90 percent of recent survey
participants supported banning Chinese products (India Today 2020). In
Japan, the sentiment is also overwhelmingly negative towards their large
neighbor.
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2.8 CHINESE GLOBAL EcoNoMIC INFLUENCE

While the day to day political and economic discourse provides ample
evidence about negative changes in behavior and attitudes toward China,
the science offers glimpse the big picture about whether the rise of the
Chinese economy is, in fact, benefiting other countries or not. The related
academic debate on this issue has during recent years also drifted gradually
towards directions that cast China’s global ambitions in less favorable light.

Inspired by the welfare theorems of economics, the mainstream posi-
tive attitudes on globalization and, in particular, China’s rise in the global
arena, have rested on the idea of mutual benefit. The argument at its core
is that, eventually, everyone gains when China brings its considerable
resources and talents to the service of humanity. These views receive indi-
rect support from the various empirical studies, which show positive spill-
over from China to other countries (Dizioli et al. 2016; Feldkircher and
Korhonen 2014; Arora and Vamvakidis 2011).

However, it has been argued that the empirical results, mainly building
on the traditional econometric approaches such as the GVAR that use
country level data, are not reliable for various, quite compelling, statistical
reasons. Stronger identification is arguably achieved in studies with micro
(firm level) data. Such studies reveal a less benign picture of Chinese influ-
ence in the global economy (Autor et al. 2016; Bloom and Draca 2016;
Pierce and Schott 2016). They indicate that Chinese economic growth
may cost jobs elsewhere, at least in the short run. This line of argumenta-
tion has been prominently voiced also among the policy circles during the
trade wars.

Another strand of literature that casts a shadow on China’s global rise
are the studies that link Chinese economic expansion with the depletion
natural resources (Herrala and Orlandi 2020; Zhuo 2018). The studies
serve as reminder that an increase in economic growth in China leads to
an increase in global commodity use and prices, thereby exerting a nega-
tive influence on welfare in other countries. Furthermore, China’s massive
demand of global commodities, fueled by its economic growth, has made
it the largest greenhouse gas emitter, which alone emits more CO, than
the EU and the US combined.
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2.9  WHERE TO FROM HERE?

The concern that China is, indeed, in the process of decoupling from
western markets is confirmed by the data of the geographical development
of Chinese foreign trade. The data shows a sharp decline in Chinese
exports to many developed markets in 2008-18, with the exception of the
US, where exports stayed relatively flat (Chart 2.2). Based on the data, the
Chinese star is therefore still shining in the developing world, especially
among like-minded countries, but its gleam has vanished in the devel-
oped world.

One may only speculate about what lies ahead. Unfortunately, there
does not seem to be much hope that the problems China is facing in its
trade relations will vanish anytime soon. One factor pointing towards a
prolonged conflict between China and its trading partners is that the com-
plaints about China seem to be closely linked to its core political parame-
ters. The opaqueness, nationalism, and drive for control of Chinese politics
makes it difficult for China to regain the trust it needs to restore normal
trade relations. Another factor that points to a prolonged conflict is that
the resistance towards Chinese practices appears very widespread globally,
encompassing the major developed and also many significant developing
markets. In the past China has been skillful in curbing the resistance of

USA I
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Other developed countries _
Other countries _

-40% -20% 0% 20% 40%

Chart 2.2 Chinese exports by area, change 2008-18, %. (Notes: The chart
shows the difference in % points of export shares (of total exports) between 2018
and 2008. Data source: UN ComTrade)
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individual countries that try to stand up to its bullying tactics. However,
China’s wolf warrior diplomacy does not work well against a widespread,
powerful opposition.

A slowdown in exports and decoupling from the developed markets
therefore seems ongoing and unlikely to vanish anytime soon. In the short
run, the challenge for China is how to strengthen the domestic economy
to compensate for the export slowdown, especially in the high-tech sector,
while at the same time dealing with the pandemic. In the longer term, the
Chinese leadership has to work out a credible path to the future to get
China’s populous and diverse nation to, again, march in line.

The path ahead therefore depends much on Chinese ambitions regard-
ing their role in the global economy. The present path seems to be taking
China towards a split world, where China is the technology champion
mainly among like-minded countries in the developing world. For China
to grow into a global technology leader that competes on equal footing
with other countries would require real commitment to shared principles
and willingness to address common issues in the global arena.
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Abstract To date technological catch-up by emerging economies such as
China has been largely sequential, imitative, and achieved through estab-
lished networks. However, attempts to achieve frontier technologies such
as Industry 4.0 present significant new challenges impacting knowledge
sources, knowledge types, transfer processes, and associated risks. This
paper argues that to achieve this new level, Chinese firms will need to vary
and widen the knowledge sources they utilize as they seek to develop both
predictive capabilities (evaluating new technologies), and combinative
capabilities (integrating them with the necessary skills and resources).
Despite the deteriorating international business environment that it faces,
China appears the best placed of all the major emerging economies to
achieve this transformation.
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3.1 INTRODUCTION

Attempts to explain sustained growth within many emerging economies
are based on the concept of catch-up, that is emerging economies seeking
to close the gap, primarily the technological gap, between themselves and
the advanced or developed economies. The conceptual foundation of
catch-up or convergence theory is that poorer countries, given the right
conditions, can eventually match the income levels of more developed
nations (Abramovitz 1986) through replication of the technologies,
polices and institutions of successful predecessor nations.

Studies at the firm level reveal that learning involves significant effort
highlighting the importance of learning processes as the foundation for
capability building. Learning is deliberate, purposive, cumulative, and
costly (Malerba 1992). Adequate absorptive capacity is critical for inte-
grating and coordinating disparate knowledge sources. Catch-up learning
is a circular rather than a linear process; one in which the firm must invest
to both prepare for knowledge acquisition, and to ensure the effective
absorption and transformation of external knowledge (Kim 1998).

This body of work provides some important insights. The first is a rec-
ognition of the importance of foreign technology and knowledge.
Catch-up is based on a globally hierarchical structure of technology with
leading or frontier technologies pioneered in developed countries and
then (possibly) transferred to emerging economies. Second, research
highlights the role of networks and linkages in facilitating transfer
(Hertenstein et al. 2017). Network membership is an asset for the firm
when it provides knowledge not available to outsiders. A third finding is
the recognition that firms seeking to move from imitative to innovative
learning need to both vary and widen the sources of knowledge that they
utilize (Kotabe and Kothari 2016).

Continuing catch-up assumes the existence of appropriate conditions
for accessing foreign technology: access to knowledge-rich networks,
opportunities for broadening knowledge sources as new capabilities
become critical, and the ability of domestic firms to modify and apply such
knowledge to achieve commercial returns on knowledge investments.
While such conditions may have existed for emerging economies such as
China from around 1990 with the rise of the recent globalisation wave,
changes in the global economy mean that such conditions can no longer
be taken for granted. Three sets of developments are relevant to our dis-
cussion and relate to deteriorations in the international business
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environment for Chinese business, the impact of the Covid-19 pandemic,
and the changing emphasis of Chinese development policies.

The past four years have seen significant changes in the global economy
with a marked slowdown in trade levels, FDI flows, and global value chain
growth (UNCTAD 2020). International trade has been characterised by
rising disarray with the rejection of trade agreements and of trade disputes
resolution. These disputes are linked to the ongoing trade war between
China and the United States, which in turn seems to form part of a chal-
lenge to global economic hegemony (Witt 2019). A similar deterioration
is also apparent with regard to foreign direct investment as a number of
countries including Australia, the United States, the EU and India have
tightened their screening of inward investment, particularly Chinese
investment, raising concerns over national security, state-ownership of
investors, and opportunistic acquisitions of distressed assets (Velten 2020;
Doshi and Udgata 2020). In addition, in 2017 the Chinese authorities
introduced greater scrutiny and some restrictions on Chinese outward
EDI to avoid high risk and irrational investments and to better manage
foreign exchange reserves, impacting cross-border M&As (Baker
McKenzie 2018). A further adverse environmental change has been the
imposition by the United States of direct restrictions on the operations of
Chinese firms including Huawei and TikTok who have been denied mar-
ket and technology access for reasons of national security. Other countries
including Australia, Japan and Taiwan have adopted similar limitations on
contracts available to Huawei. TikTok has suffered censorship bans in
India and Indonesia, while the United States has voiced concerns over
possible data sharing by the app.

A second environmental change likely to impact China’s technological
upgrading is the COVID-19 Pandemic. This is having several negative
effects. The global paralysis will see falls in both trade and international
investment to China, as well as outward investment of Chinese firms.
Curtailment of international investment limits technology transfer and
acquisition opportunities. Second, the costs of response to the pandemic
may constrain the amount of R&D funds that Chinese firms and govern-
ment organisations are able to commit to R&D, again slowing the devel-
opment of absorptive capacity and the ability to develop new technologies.
The resulting VUCA (volatility, uncertainty, complexity, and ambiguity)
environment is likely to adversely affect innovation efforts through a
reduction in funding, including venture capital funds, a slowdown in new
product innovation, and fewer opportunities to achieve commercial
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returns on R&D investments. If the recovery leads to a restructuring of
the recent hyper-globalisation wave, perhaps favouring a more regionally
focused world economy (Enderwick and Buckley 2020), Chinese firms
may have to forge new, more regionally focused networks for knowledge
transfer. Direct partnerships may also be reduced where foreign govern-
ments provide incentives or directives for their firms to reshore or lessen
dependency on Chinese operations (Bloomberg 2020; Rapoza 2020).

Third, conceptions of catch-up appear to be changing within China as
the authorities move to achieve greater self-sufficiency. This is reflected in
policy initiatives, mentioned in Chap. 1, such as Made In China 2025
which implies a greater level of domestic innovation by then, and the
external focus of the Belt and Road Initiative that emphasises infrastruc-
ture rather than innovation investment for many leading Chinese firms.
Critically, adoption of the new production technologies will require a
much greater importance placed on knowledge acquisition and develop-
ment and a significant broadening and deepening of absorptive capacity.

The aim of this chapter is to examine the opportunities and challenges
that Chinese firms are likely to face when adopting the frontier production
technologies described as Industry 4.0 (Lu 2017) and the factors likely to
determine successful adoption. Given the insights offered (Bell and
Figueiredo 2012), it is important to assess the value of catch-up theory in
the context of Industry 4.0 knowledge. Industry 4.0 technologies, coalesc-
ing around advanced digitally-based production processes, represent both
an opportunity and a challenge. The opportunity is the power to maintain
manufacturing competitiveness in the face of rising labour and other costs,
and the growing threat of backshoring as robotization and related tech-
nologies impact cost and locational advantages, and supply chain effective-
ness. In addition, Industry 4.0 offers adopters flexibility and customisation
advantages that consumers increasingly value.

However, the challenges are also considerable. Industry 4.0 technolo-
gies are disruptive: they have the potential to dramatically alter production
processes and value adding. They also represent a departure for emerging
market firms that have relied on traditional catch-up. The conditions for
sourcing, assimilating, and exploiting Industry 4.0 are likely to be radically
different from previous generations of product and process technologies.
Of all emerging economies, China appears to display conditions most con-
ducive to competitive success in advanced manufacturing processes.

The discussion in this chapter offers a contribution in several areas.
First, there is limited work on the adoption of complex and disparate
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technologies as part of the catch-up process (Park 2013). As indicated
earlier, the traditional view is of incremental, imitative, slow cycle learning
of mature technologies (Zhou et al. 2017). The opportunity to leapfrog
technologies has been seen as a selective strategy, variously described as
innovative or path-creating, and pursued by relatively few emerging mar-
ket firms. Industry 4.0 offers a disruptive technology that matches the
manufacturing aspirations of China.

Second, traditional approaches to catch-up envision a sequential pro-
cess where initial mastery focuses on process technologies before product
and innovative technologies. However, the complex nature of Industry
4.0 technologies means that innovation and mastery of process technolo-
gies occurs simultaneously, not sequentially (Lee et al. 2014). This is a
novel aspect examined in this chapter.

Third, the chapter provides an overview of Industry 4.0 adoption illus-
trating the distinct characteristics that are likely to be critical in making a
successful transition.

To achieve the aim, the discussion is organised into four substantive
sections. Following this introduction, we provide a brief overview of
Industry 4.0 technologies and the challenges they present for adopters.
Building on these, Section 3.3 discusses firm-level capability development
in the implementation of Industry 4.0. Concluding comments are offered
in Section 3.4.

3.2  INDUSTRY 4.0 AND CHALLENGES OF ADOPTION

Industry 4.0 (the Fourth Industrial Revolution), is a generic term cover-
ing the growing digitalization of products, processes, and business mod-
els. The key transformation is the growing integration of production
technologies (automation, additive manufacturing), and services encom-
passing data collection, storage, analysis, and application (Ustundag and
Cevikcan 2018). The result is the increased connectivity of products,
machines, workers, consumers and supply chains, the so-called ‘Internet
of Things’. Industry 4.0 is disruptive in that it changes conventional
notions of production, supply, buyer behaviour, and organisational struc-
tures. Perhaps the most fundamental challenge that Industry 4.0 will bring
is the importance of partnerships and relationships as organisations seek to
integrate numerous, disparate, and rapidly evolving technologies
(Kagerman et al. 2016).
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The challenges that revolve around the knowledge characteristics of
Industry 4.0 can be usefully grouped into four areas: knowledge type;
knowledge sources; transfer processes; and risks. First, Industry 4.0 will
mean major changes in the type of knowledge required. To date catch-up
has relied on knowledge using, that is latecomer firms acquiring and apply-
ing existing knowledge. However, the fragmented nature of Industry 4.0
technologies will also require knowledge changing capabilities (Morrison
et al. 2008). In the same way, while previous catch-up has drawn on exist-
ing production knowledge, adoption of Industry 4.0 will involve frontier
knowledge that is new to the world. Not only is this knowledge novel, it
is also layered, linking hardware such as sensors and control devices, to
software including data processing, storage, and analytics.

The second challenge relates to the sources of knowledge under
Industry 4.0. Previous catch-up has relied heavily on knowledge transfers
from partners (through contractual outsourcing or co-production arrange-
ments), competitors (through spillovers from inward FDI), and from
technology acquisitions (outward FDI). In cases where production or
assembly was outsourced, the standard production technologies were usu-
ally held and shared by lead firms responsible for industry GVCs. Industry
4.0 involves a much wider range of technologies controlled by disparate
organisations including the large industrial integrators such as Siemens,
GE and Hitachi, software developers (SAP, Microsoft), I'T service provid-
ers (TCS, Infosys), and cloud infrastructure providers (AWS, Google)
(Frederick et al. 2018). Much of the required technologies will be in the
form of services, often highly knowledge-intensive. Adaptation of these
technologies may no longer be the sole responsibility of the user but will
necessitate complex networks and partnerships through open innovation.

Third, knowledge transfer processes will change under Industry 4.0.
Well defined pipelines along global value chains or with established part-
ner organisations will give way to a broader array of networks, formal and
informal. Forced technology transfer achieved through joint ventures,
knowledge transfer stipulations, or as a condition of market access will
diminish in importance. One-way knowledge flows from innovator to fol-
lower will become increasingly reciprocal as emerging market firms gain
complementary competences from product and technology adaptation,
increased consumer understanding, and dynamic upgrading in the areas of
quality, design, and speed to market.

Fourth, considerable risks will need to be managed. These include the
danger of lock-in to obsolete or inoperable technologies, the existence of
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competing technological standards, and government restrictions on the
operation of markets for resources. All of these challenges highlight the
necessity to invest in building absorptive capacity within the firm. They
also underscore the importance of complementary competences: in both
anticipating change and what this means for technological scanning; and
in integrative capabilities to bring together technologies of different types,
from diverse sources, and to bridge technological discontinuities. These
considerations are outlined in the following section.

3.3 DEVELOPING INNOVATIVE CAPABILITY
FOR INDUSTRY 4.0

An important finding from the catch-up literature is recognition that firms
secking to move from imitative to innovative learning need to both vary
and widen the sources of knowledge that they utilize (Gao 2018; Kotabe
and Kothari 2016; Lema et al. 2018). The key benefit of employing a
wider set of knowledge sources is that they enable the development of
both predictive and combinative capabilities (Ahuja et al. 2005; Helfat
and Peteraf 2003). Predictive capability is the ability to foresee, assimilate,
and evaluate new knowledge in innovative ways allowing the firm to maxi-
mise new opportunities, earning higher returns on resources (Barney
1986). Familiarity with recent technologies enhances technological pre-
dictability (Katila 2002). Predictive capability is of particular value for
technologies with a short life cycle. Within such technologies, incumbents
may be locked-in and face switching costs (Dosi 1982), while latecomers
have the opportunity to upgrade quickly.

Combinative facility is a dynamic capability enabling adaptation through
the novel combination of resources and skills (Helfat and Peterat 2003)
offering sustained competitive advantage. Technological combinative
capability enables the firm to move between technological generations,
contributing to both adaptability (Mathews and Cho 1999) and ambidex-
terity (Liao et al. 2018). However, investment in combinative or explor-
ative capabilities must be balanced with exploitation of existing knowledge
(Guptaetal. 20006),and the deepening of absorptive capacity (March 1991).

Historically, catch-up has relied heavily on exploitative learning that
occurs through the application of existing technologies and their incre-
mental transformation within current products and uses. Knowledge
exploitation occurs within what might be termed dense networks of
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linkages. These involve specialised and relatively narrow sets of relation-
ships that provide the latecomer firm with cumulative experience with
existing technologies. Such experience is a prerequisite for successful iden-
tification of new and emerging technological opportunities. The ability to
develop exploitative capability is linked to investments in building and
developing these networks. While there are numerous sources of exploit-
ative knowledge, we highlight three of the most significant for China:
market growth; export growth; and the rise of industry-specific clusters.

Strong market growth provides opportunities for exploitative learning
as the size, growth rate and emergence of new market segments offers new
applications. Economies of scale and learning by doing benefit from the
existence of large or rapidly growing markets, while the development of
new niches, perhaps pioneered by the firm, enable incremental knowledge
transformation to occur as new applications or product traits are discovered.

Export growth, providing access to overseas markets, is also conducive
to learning. Selling overseas exposes the firm to consumers with differing
levels of sophistication, nascent market niches, as well as how to do busi-
ness in diverse cultures. It may also open the firm to wider levels and types
of competitors, providing useful insights into alternative sources and
applications of knowledge. More generally, the firm faces ditferent operat-
ing environments with institutional diversity, all of which contribute to the
development of predictive powers. Indeed, such learning is at the heart of
incremental internationalisation models, whether through participation in
new markets or cross border networks.

The third source is business clusters, particularly those comprising
industry- or technology-related groups of firms (Lorenzen and Mudambi
2013). Clustering facilitates interactive learning and increases exposure to
novel forms and applications of relevant technologies (De Marchi et al.
2017). The development of higher levels of trust within established clus-
ters may reduce knowledge transmission costs and increase access to tacit
knowledge. Further opportunities may be available when such clusters
expand, and inter-cluster connections develop.

The three market characteristics discussed here provide the greatest
opportunities for developing predictive capabilities. The importance of
investing in technological scanning is high at the present time. The geo-
graphical shift of manufacturing towards Asia, the growing servitization of
manufacturing processes, the rise of short-cycle technologies, and the dan-
gers of erroneous lock-in through technological leapfrogging, all high-
light the need for predictive capabilities.
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While developing predictive capabilities may be a necessary condition
for the implementation of disruptive technologies, it is not a sufficient
one. Also necessary are augmented combinative capabilities. In contrast to
predictive capability that emphasises exploitative learning, combinative
capabilities are developed using broad, explorative networks. Combinative
abilities are formed through the recombination of existing resources and
abilities (Kogut and Zander 1992). They enable the incorporation of
incremental innovations and disruptive technologies through dynamic
integrative learning. In essence, they allow latecomers to break free of
technological dependence on others, and to avoid continuing reliance on
established processes and routines.

An essential feature of successful exploratory networks is their diversity.
Variety increases the likelihood of observing novel forms and applications
of technology. Diversity of sources is a particular concern for emerging
markets that generally lack the breadth of knowledge available in devel-
oped economies.

China has four primary networks conducive to the augmentation of
combinative skills. The first is provided by diaspora and in particular
returnees, individuals with experience of foreign countries attracted back
to rapidly evolving emerging markets. Such individuals provide a valuable
source of knowledge in part because they act as international knowledge
brokers able to bridge knowledge gaps. Returnees may also have the
advantage of early access to new knowledge, potentially contributing to
both predictive and combinative capabilities. One of the key attractions of
returnees is their ability to recontextualise knowledge, that is, to see
knowledge in new ways and with new meanings in different cultural con-
texts. Larger established firms may be the more attractive structure for
exploiting returnee’s knowledge than an entrepreneurial venture when
complementary assets are important, rare, specialised or tightly held
(Rothaermel 2001).

A second network source of combinative skills is provided by participa-
tion in global value chains. While the technology provided by lead firms to
contract producers within GVCs is typically mature, assistance in upgrad-
ing brings exposure to a wider range of skills. GVC networks are condu-
cive to combinative skill development for two main reasons. The first is
that if lead firms provide the incentives for upgrading and skill develop-
ment, they are likely to transfer knowledge in areas of their comparative
strength such as product and marketing competences, rather than process
technologies that are usually outsourced. This increases the likelihood of
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access to knowledge complementary to the production skills of contract
suppliers, assemblers, or manufacturers (Pietrobelli and Startiz 2018).
Second, upgrading success appears to depend on access to complementary
skill sets both internal to the value chain (other suppliers, customers) and
external (local clusters, research institutes).

A third widely-researched knowledge transfer channel is that offered by
inward foreign direct investment (IFDI). Emerging market firms may
benefit from involvement with investors from developed economies either
directly (through joint ventures for example), or indirectly, from externali-
ties or spillover effects. Direct linkages have been used by several emerging
economies, most notably China, to encourage the sharing of technologies,
requiring joint ventures as a prerequisite for foreign firm access to the
burgeoning home market. Indirectly, spillovers can occur though a num-
ber of mechanisms including demonstration effects, competition effects,
and labour turnover.

The fourth combinative knowledge channel is outward foreign direct
investment (OFDI). Such investments assume different forms ranging
from R&D listening posts (Knoerich 2012) through to strategic asset
seeking acquisitions (Dunning and Lundan 2008). OFDI ofters several
advantages as a mode for knowledge acquisition. It enables the precise
targeting of desired assets or capabilities including technology, manage-
ment skills and market access. These resources may not be available in
open markets or may be difficult to transfer at arm’s length given their
tacit nature. It also enables targeting of unique knowledge, knowledge
that is embedded within a nation’s social and cultural context. Highly
specific targeting offers an effective way to redress knowledge deficits,
both technological and non-technological. Cross-border acquisitions also
offer a speedy way to access capabilities that may be transferred and assimi-
lated at a faster rate than attempting to develop them internally. Irrespective
of the formality of linkage of OFDI, investing firms can gain knowledge in
several ways. These include exposure to more sophisticated competitors in
the host market, opportunities to exchange information with entities at
different stages of the value chain such as final consumers, and through
the attraction of local labour offering new knowledge sets. However, like
the other channels of knowledge acquisition, successful OFDI assumes an
appropriate level of absorptive capacity, both nationally within the home
market, and within the individual firm. A well educated workforce and
sound institutions facilitate transfer and use of knowledge, while at the
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firm level, prior experience with knowledge acquisition and assimilation
are important (Makino et al. 2002).

Efforts to tap into these various channels for building predictive and
combinative capabilities do not exist in isolation, they are moderated at
both the national level through supportive government policies and the
evolution of the national innovation system, and at the firm level through
continuing investment in R&D and related skills. China has long imple-
mented supportive policies to assist firm upgrading. Carefully targeted
policies can assist local firm learning through the attraction of investors,
enabling technology imports, and in permitting asset-seeking cross-border
acquisitions. There is some evidence that the firms most successful at
catch-up are those with a broad range of competencies (Gao 2018).

Analysis of the channels identified in the discussion highlight the advan-
tages that China possesses with regard to Industry 4.0 technologies. In
the early years following liberalisation China benefited from the inflow of
work from Overseas Chinese, particularly those in Hong Kong and Taiwan
attracted by lower costs and a future market. China has also been highly
successful in attracting both contract manufacturing and assembly work in
addition to inward foreign direct investment. Early requirements on mar-
ket entry through joint ventures facilitated learning from partner organisa-
tions. More recently Chinese firms have been aggressively pursuing
asset-seeking investments into developed economies (Deng 2007).

In the creation of predictive capabilities China benefits from a huge,
rapidly growing and increasingly sophisticated market which is a pioneer
in areas such as alternative energy sources, mobile payment systems, and
high speed trains. Its export success is unprecedented, being the world’s
leading export nation. It also enjoys significant clusters involving public
and private firms, government institutions, universities and research insti-
tutes focusing on sectors as diverse as golf products and eye wear
(Zeng 2010).

China has other characteristics that make it a strong potential host for
Industry 4.0 technologies. These include its robust and broad industrial
base, its strong digital, internet and platform companies, the preponder-
ance of private sector R&D activity, its ability to tap into complementary
skills and resources within the Asian region, particularly within Japan,
Korea and Taiwan, and its growing data economy. Many of its major firms
enjoy strong government support, particularly with regard to upgrading,
while China also retains other options for tackling issues of rising cost and
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the middle income trap, with opportunities to offshore labour intensive
activities to less developed locations such as Vietnam and Cambodia.

The institutional structure and policy management approaches within
China create traits associated with a coordinated economy, characteristics
that facilitate the implementation of disruptive and complex technologies
requiring corresponding approaches to regulation, standard setting, com-
petition policy and skill requirements (Hall and Soskice 2001). China has
also moved beyond early stage catch-up exemplified by technological imi-
tation and given its market size and production capabilities is now capable
of influencing or determining global industry standards. Combined, these
attributes give China the ability to effectively leapfrog technologies with a
high probability of targeting appropriate technologies (predictive capabili-
ties) and of creating and protecting initial markets through large market
size, supportive government policies, and the determination of industry
standards (combinative capabilities).

3.4  CONCLUSIONS

This chapter has applied catch-up theory to the complex and disruptive
technologies of Industry 4.0. It has highlighted the distinctive character-
istics of these technologies and how they will require adopters to build
absorptive capacity through significant investments in predictive and com-
binative capabilities. In contrast to the sequential, phase-based learning of
past catch-up, Industry 4.0 requires compressed integrated learning
around short-cycle technologies making knowledge prediction and com-
bination fundamental. It necessitates innovative or path-creating learning
as opposed to imitative or duplicative learning, the focus of traditional
catch-up. Learning under Industry 4.0 adoption emphasises knowledge
integration from disparate sources and the synergistic combination of
internal and external knowledge channels. It also requires an effective bal-
ance between explorative and exploitative learning. The critical step in the
assimilation of Industry 4.0 technologies will be the ability of Chinese
firms to develop new broader and more diverse knowledge sources, and to
assume greater responsibility in the integration of disparate technologies.
Unfortunately, this comes at a time when China’s international economic
autonomy is being curtailed.

Despite the considerable competitive advantages possessed by China,
these are the challenges that must be addressed. The reality is that some of
the key technologies are dominated by the United States and deteriorating
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trade relations between the two countries have seen restrictions on tech-
nology transfer. The same argument applies to China’s relations with
Japan and India which need to be strengthened.

Second, China will need to re-evaluate its restrictions on data exchange,
interoperability, and open innovation. Its leading internet companies
Alibaba, Baidu, and Tencent, while very large companies, are predomi-
nantly focused on the domestic market. Adoption of Industry 4.0 produc-
tion systems will require much more data exchange and a relaxation of the
firewall restrictions.

It is also worth noting that to date, China and other leading economies
in Asia have been complementary in their development of telecommunica-
tions and related technologies, but successful adoption of Industry 4.0
would place China in a dominant economic position within the region.
This could create further tensions. Despite these concerns China appears
to be the emerging economy most likely to dominate future process
technologies.

While our discussion has contributed to catch-up thinking and its appli-
cability in the contemporary context, there are several areas where further
work is required. Given the importance of the state and state policies in
this area there is a need to carefully develop the policy implications of our
discussion. This is beyond the scope of the present paper, but the key
issues revolve around the appropriate types, degree, and timing of policy
interventions. Second, at the level of the firm we would benefit from work
examining how latecomer learning strategies change over time, how
knowledge sources change, and how combinative capabilities can be main-
tained. Third, Industry 4.0 brings short-cycle disruptive technologies to
the forefront challenging catch-up theory that has historically focused on
phase-based imitative product and functional upgrading, over process
technologies. This indicates the need for further theoretical development.
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4.1 INTRODUCTION

China’s impressive economic performance in the early 2000s represents a
“transformative process” in terms of global political economy (Henderson
and Nadvi 2011) but has also raised salient questions on its newly acquired
global importance. The country’s economic performance has facilitated
the modernization of the Chinese army; increased military expenditures as
well as China’s soft power, supporting China’s successful “global external-
ization”. The process of China’s ‘global externalization’ (Henderson and
Nadvi 2011) is based on trade, technology, and elements of Chinese cul-
ture. China today stands as the world’s second-biggest economy while
ranking first in terms of purchasing power parity (PPP), value-added man-
ufacturing, merchandise trading, and as the largest foreign exchange
reserves holder in the world (Morrison 2019).

An essential element of China’s road to becoming a global power has
been its “new diplomacy” adopted since the early 1990s to facilitate its
economic expansion and promote bilateral diplomatic engagement (Wang
2008). A diplomatic tool that China has employed widely to enhance
bilateral cooperation is strategic partnerships. Chinese officials emphasize
the importance of partnership diplomacy in the country’s external rela-
tions (Swaine 2015) particularly. China commenced its first partnership
with Brazil in 1993, followed by Russia in 1996. Since then, Beijing has
been actively engaged in developing strategic partnerships with several
countries expanding its presence in many geographical regions.

China’s strategic partnerships share similar characteristics such as high--
level official meetings, advanced trade ties and win-win cooperation
arrangements (Muckalia 2004). China has concluded 110! partnerships
with other countries and regional organizations as of 2019 that differ both
in name and essence from one another. Each joint statement between
Beijing and a partner outlines the areas of cooperation and the mecha-
nisms established to advance the relationship. There have been various
designations assigned to cach partnership? depending on the intensity of

!Xi calls for expansion of global partnerships, China Daily, 2019, https://www.chinadaily.
com.cn/a/201909 /09 /WS5d754883a310cf3¢3556a5bd.html.

2 All-weather strategic cooperative partnership, Comprehensive strategic partnership of
coordination, All-round strategic partnership, Strategic and cooperative partnership for
peace and prosperity, Comprehensive strategic partnership, Strategic cooperative partner-
ship, Strategic partnership. Source: Chinese Ministry of Foreign Aftairs, fmprc.gov.cn/mfa_
eng/gjhdq_665435/.
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https://www.chinadaily.com.cn/a/201909/09/WS5d754883a310cf3e3556a5bd.html
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cooperation and the “degree of proximity between China and its part-
ners” (Liand Ye 2019, p. 67). The partnerships are also regularly upgraded,
showing that “partnership relations usually need time to develop and pass
through different stages” (Striiver 2017, p. 43). Overall, these partner-
ships have proven to be a powerful instrument to guarantee a favorable
environment for China’s rise (Zhongping and Jing 2014) and elevate its
status at the systemic level (Yu 2015). Thus, the country’s extensive net-
work of partnerships and categorizations of those partnerships account for
a strategic motivation in promoting both its internationalization in eco-
nomic terms as well as its status as a great power in military and politi-
cal terms.

This Chapter investigates how network relationships contribute to
China’s “internationalization” process. By adopting an exploratory
research design, we apply the business network model to explain China’s
quest to be a global power. This approach looks closer to the country’s
numerous strategic partnerships with other states and analyses them by
employing social network analysis. We argue that the business network
model is well-suited to explain the behaviour of contemporary great pow-
ers in the international arena and provides an understanding of how power
is established and promoted. To further support this argument, the authors
employ descriptive statistics to collect the data, while network analysis
reveals the presence of patterns in different types of relationships
(Wasserman and Faust 1994). The graphical display complements the
findings and ranks China’s top ten partners in distinct dimensions on its
partnership network. The selected methodology is not commonly used in
International Relations or International Business (Maoz 2012; Kurt and
Kurt 2020).

The three areas of cooperation analyzed are military, economic and
political with each one divided into two subcategories. Arms transfer and
military activities fall under the military dimension. Outward foreign
direct investments (OFDI) and trade exports are used to evaluate the eco-
nomic dimension. Lastly, the voting similarity in the United Nations
General Assembly, as well as the presence of Confucius institutes,
represent the political dimension. The analysis is longitudinal accounting
for a ten year period, starting from 2008 and concluding in 2018 due to
data availability. This period was selected to account for China’s resilience
in the face of the 2008 financial crisis and its subsequent growth referred
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by the Chinese government as the “New Normal” ? “a new growth model
that relies less on fixed investment and exports, and more on private con-
sumption, services, and innovation to drive economic growth” (Morrison
2019, p. 1). Between 2008 and 2018, MultiTech giants, such as Huaweti,
Xiaomi, and Alibaba propelled China’s economic and technological
advancements while the newly introduced economic initiatives such as the
BRICS, Asian Infrastructure Investment Bank (AIIB) and the Belt and
Road Initiative show that Beijing also seeks to achieve its foreign policy
goals (Paradise 2016).

The chapter is structured as follows; the first section bridges the busi-
ness internationalization process with international relations presenting
similarities and selects the network model as the best model to investigate
this process. The second section outlines the methodology employed, and
in sequence, the empirical analysis follows presenting the findings in a
visual format. Lastly, the conclusion summarizes the results of this study
which indicate that China’s strategic partnerships have been instrumental
in advancing China’s efforts to shape a favourable environment for its rise.

4.2  INTERNATIONALIZATION AND THE NETWORK MODEL
FROM BUSINESS STUDIES TO INTERNATIONAL RELATIONS

International relations and business studies share similar characteristics to
an extent. Both States and firms seck to achieve goals; firms pursue profit
and a bigger share in the market and similarly the objective for states is
survival in an anarchical international system. Firms tend to expand their
activities by seeking new business opportunities in foreign markets. This is
translated to a high degree of internationalization that indicates the estab-
lishment of strong links with entities from various countries (Forsgren
1989; Johanson and Mattsson 1988; Turnbull and Valla 1986). These
links are materialized in the form of strategic alliances or partnerships.
Gulati (1998, p. 619) defines them “as a voluntary agreement between
firms involving exchanges, sharing, or co-development of products, tech-
nologies, or services”.

There are many incentives for firms to form alliances: entering new
markets, offering a more complete solution, sharing and reducing risks,
accessing new technologies, etc. However, despite the many promising

3The previous period which concluded in 2007, was characterized as the “Chinese
Miracle”, due to the spilled over eftects of China’s rising global influence see (Naughton 2018).
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reasons to partner up, many alliances never achieve success. A study by
McKinsey (2007) shows that only 51% of all partnerships achieve returns
greater than the cost of capital. Therefore, companies must exercise due
diligence before agreeing with any potential partner to check whether spe-
cific criteria are fulfilled. Pankaj (2001) and Ricart et al. (2004) identified
four sensitivity dimensions that companies consider in the international-
ization process: (1) Cultural, (2) Administrative, (3) Geographic, and (4)
Economic. This so-called CAGE framework and highlights the impor-
tance of other factors such as governmental influence, national interests,
and the diversification of business channels in the development of out-
board investments. Thus, a decision to cooperate is fundamentally of a
strategic intent, which aims at improving the future circumstances for each
firm. Consequently, strategic alliances and partnerships play a central role
in the establishment and expansion of the network and consequently in
the level of a company’s internationalization.

For states, from the neorealist viewpoint, the ultimate goal is either
survival or a strong position in the international system (Waltz 1979;
Mearsheimer 2001). To achieve that, states try to enhance their own mili-
tary capabilities and establish alliances. However, in the post-Cold War era
alliances have declined to a significant extent and a new term gained prom-
inence in the foreign policy discourse of states, strategic partnerships.
A strategic partnership refers to a ‘special relationship’ with both neigh-
bouring and distant countries. Despite the term’s frequent use and its
widespread appeal, there is no consensus on the definition of the term,
while its scope is quite broad (Renard 2010; Mytelka 1991). There are
several definitions of how strategic partnerships are to be understood and
what they entail in the academic world. Wilkins (2012) considers strategic
partnerships as the expression of collaboration between two or more states,
in a loose and non-binding way formed to address common challenges in
different areas. In the same vein, Bennett and Krebs (1994) emphasize on
the common goals of the partnering sides and define the partnership as the
cooperation of various actors that are willing to cooperate to reach
these goals.

Nevertheless, a decision to cooperate in both business and international
relations is not a responsive action, and except its transactional nature, it
has a strategic intent, aiming to improve future circumstances for each
unit (Vonortas and Zirulia 2015). In business, the goal of a firm, its inter-

nationalization which has been studied by developing models such as the
Uppsala Model (Johanson and Valne 2009), Global Alliance Model
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(Ohmae 1989) and the Network model (Johanson and Mattsson 1988).
The network model is defined as “the establishment, development and
maintenance of relations between the network participants” (Ratajczak--
Mrozek 2012, p. 30).* Johanson and Mattsson’s (1988) approach was
developed to explain how industrial firms develop their internationaliza-
tion process, focusing on the interdependence among international mar-
ket, knowledge and trust as cumulative assets. Among the key features is
the establishment of long-term relations between business actors based on
technical, economic, legal and above all personal ties. Moreover, Carson
et al. (2004) indicate how the network linkage’s strength is dependent on
trust, commitment and cooperation developed between the central node
and its partners. Johansson and Mattson’s argue that companies are
dependent on resources that other firms control, and by holding a posi-
tion within a network, they can get the right of entry to these resources by
creating and maintaining relationships within the networks (Johanson and
Mattsson 1988; Johanson and Vahlne 2003).

Drawing on the characteristics defined in Johanson and Mattsson’s, the
network model (1988), the main argument of this chapter is that China’s
network of strategic partnerships secures the use of market assets, such as
critical resources, information and legitimacy and develops high levels of
personal ties and trust between the partnering countries to achieve its own
“internationalization”, global rise.

4.3  TuaE NETWORK MODEL

4.3.1  Methodology

This interdisciplinary study applies social network analysis (SNA) to elabo-
rate on how networks advance key international outcomes. SNA examines
the relationships among social entities, and the implications they have
(Wasserman and Faust 1994 ) while as an analytical tool, that is based on
graph theory, enables systematic documentation and representation of
relationships (Hanneman and Riddle 2005; Scott 2000). Maoz (2012)
underlines that social network analysis can support the understanding of
the interactions between different agents (countries or companies) inside
a complex system. It also allows us to understand the relations and struc-
tures which link one node to another (Falcone et al. 2020).

4See also Turnbull and Valla (1986), Johanson and Mattsson (1988, p. 287).
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China’s numerous strategic partnerships can be portrayed as a network
defined as “a finite set or sets of actors and the relation or relations defined
on them”(Wasserman and Faust 1994: 20). A specific characteristic of
China’s partnership network is centrality, highlighting its central position,
but also used as an index of the power, prestige and influence that the
central node claims in the network (Brass 1984; Sparrowe et al. 2001). In
network terms, the nodes refer to the states and the links to the transmis-
sion channels in various dimensions between nodes. The strength of the
links is indicative of the frequency of interactions between two nodes and
the intensity of bilateral cooperation. Since China’s strategic partnership
network is argued in this study to facilitate its rise as a global power, the
notion of power is perceived as the material capabilities of each state (Waltz
1979). Thus, following an operationalization of power based on tangible
material capabilities, we investigate China’s bilateral relations with its part-
ners under three dimensions military, political and economic that appre-
hend tangible and intangible components of power. To assess the intensity
of cooperation between China and its partners in each dimension, we use
descriptive statistics which allows the systemic observation, summarizing
and categorizing the data. A graph visualization outlines the results of how
the network is composed and the ten most important partners in each
subcategory during the period of analysis (2008-2018).

For the military dimension, we include the arms transfers and bilateral
military activities with data collected from SIPRI,® China’s firepower,®
PLA official webpage” and various other sources.® The arms transfers are
calculated as the volume of arms exported by China to its partners in
aggregate numbers (US dollars). The second subcategory of military
activities is calculated as the sum of bilateral military exercises, naval port
calls and senior-level meetings between PLA and its counterparts from
other countries.

In the economic dimension, the two subcategories include the overall
trade and outward foreign direct investments. For overall trade, we use the
summation of total exports with data extracted from “The Observatory of

®Stockholm International Peace Research Institute sipri.org.

¢ globalfirepower.com.

7China Military webpage english.chinamil.com.cn.

8 Annual report to US Congress Military and Security Developments Involving the
People’s Republic of China 2008-2018, Ministry of National Defence of the People’s
Republic of China http://eng.mod.gov.cn/news,/node_48741.htm.
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Economic Complexity”, OEC.? On the second subcategory, we focus on
direct investments calculated in the same manner as trade exports. The
investments values were obtained with a sum of the amounts of those sec-
tors: (1) agriculture; (2) chemical; (3) energy; (4) entertainment; (5)
finance; (6) health; (7) logistics; (8) metals; (9) real state; (10) technol-
ogy; (11) transport; (12) utilities; (13) tourism; and small amounts of
other economic sectors, represented under the denomination (14) “oth-
ers”. This indicator seeks to identify which are China’s strategic destina-
tions and in which sectors. Each sector had its yearly amount of Chinese
investment summed in an accumulated value at the end of the period
started in 2008 and finished in 2018. China Global Investment Tracker!®
was the source to collect this data.

Lastly, in the political dimension the United Nations General Assembly
voting similarity is calculated based on the number of similar votes in the
yearly resolutions using data by Voeten’s database, UN’s digital library.!!
The second subcategory of this dimension included the number of
Confucius institutes in each country as of 2018 with the data retrieved
from the official Confucius institute headquarters webpage.!?

4.3.2  Empivical Analysis

China’s economic, military and political involvement in different conti-
nents reflects its desire to create its own sphere of influence and elevate its
power status at the world system (Yu 2015). In these three dimensions,
China has built distinct networks composed of different partners. The
visualization of China’s network is presented below (Fig. 4.1), allowing us
to observe in more detail the variations in the country’s partnership
framework.

Military Dimension

Military cooperation can take various forms: equipment procurements,
arms transfers, joint military exercises, nuclear disarmament cooperation,
transfer of military technology, exchanges of military personnel, joint
trainings and development of common doctrines (Schwartz 2019). For

https://oec.world/en/.

https: / /www.aei.org/china-global-investment-tracker,/.
'"UN Digital gallery https: //digitallibrary.un.org,/.

12 Confucius Institute Headquarters english.hanban.org/.
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Fig. 4.1 Chinese network of partnerships. (Authors’ elaboration)

our analysis, the military dimension is divided into two subcategory arms
transfers and military activities to showcase China’s growing presence on
the military domain. Since 2010 China has expanded its arms exports to
new countries is now considered one of the “world’s leading arms export-
ers” (Raska and Bitzinger 2020). According to data from SIPRI in the last
ten years, China has been ranked as the fifth and later fourth-largest arms
exporter in the world (Wezeman et al. 2018). Most of China’s arms
exports are sold to developing countries, signalling an increased competi-
tion with Western countries and Russia for markets (Raska and
Bitzinger 2020).

The results indicate that six countries-Pakistan, Iran, Iraq, North Korea,
Myanmar, and Thailand have been China’s primary arms transfer recipi-
ents. The results show that China has been advanced to an important arms
exporter not hesitating selling arms to “pariah” states such as Iran, North
Korea, and Myanmar (Raska and Bitzinger 2020; Byman and Clift 1999).
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China’s arms sales except from the economic perspective have also a stra-
tegic dimension enhancing its political influence in regions such as its
neighbouring Southeast Asia and the Middle East. A large amount of arms
transfers to Pakistan is due to the two countries close relationship charac-
terized as an “All-weather Strategic Cooperative Partnership” and the
strategic rivalry with India.

China’s military activities have been significantly increased in the last
15 years with President Xi Jinping announcing that they represent a criti-
cal element of China’s foreign policy.!® To that end, Beijing has strived to
modernize and upgrade its armed forces to defend and promote its
regional interests, such as its territorial claims in the South China Sea, keep
the pressure on Taiwan not to declare independence and to defend its
growing interests around the world by establishing itself as a rising power.
China’s People’s Liberation Army (PLA) has grown significantly since the
early 1990s along with the frequency, complexity and geographical orien-
tation of its activities. These activities include military exercises, naval port
calls and senior-level meetings conducted in bilateral or multilateral form
and also under UN peacekeeping operations and antipiracy activities
(Saunders and Shyy 2019). China’s first joint military exercise Peace
Mission 2005 was conducted alongside Russia under the auspices of
Shanghai Cooperation organization in Vladivostok and Weifang and
Qingdao between August 18-25,2005 (Andrew 2005). In the last decade,
PLA has also gained an edge over other regional competitors in the Asia--
Pacific region, a region that has heavily fall under the U.S.-led alliance
system (Liff and Ikenberry 2014).

The analysis indicated that regarding the military activities, China holds
close ties with two other great powers USA and Russia, followed by its
neighbouring countries. Among the other countries that frequently con-
duct military activities with China are Australia and four members of
ASEAN, Thailand, Vietnam, Singapore and Indonesia, indicating a geo-
graphic orientation towards Asia. There has also been a strengthening of
cooperation with India and New Zeeland, the last five years. In terms of
the specific activities China and Russia conduct joint military exercises
more frequently, China and Pakistan hold the highest number of naval
port calls, whereas China and the USA have the most senior meetings
exchanges. The strong cooperation with Russia and Pakistan showcases

BCPC news, January 29, 2015, http://cpc.people.com.cn/n/2015,/0129/
c64094-26474947 html.
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the durability of these bilateral relationships and the wide range of opera-
tive activities. Nonetheless, and despite the high level of military activities
between China and the USA, their cooperation hinders a strategic compe-
tition in South East Asia.

Political Dimension

To examine the political dimension of China’s rise, we explore the coun-
try’s diplomatic cooperation under the UN and its cultural promotion.
The Chinese government has invested significantly in language and cul-
ture exchange abroad. China’s growing cultural power with the promo-
tion of the Chinese language facilitates its “soft power” (Ding and
Saunders 2006) similarly to the US promoted cultural initiatives in the
aftermath of the second world war (Nye 2004). The establishment of
Confucius Institutes back in 2004 is considered to showcase China’s goal
of peaceful development and desire to share its culture with the world
(Paradise 2009) but also its attempts to achieve a more sympathetic global
reception (Pan 2013). However, many countries expressed doubts in
regards to Confucius institutes’ activities describing them as a “Trojan
Horse”, a vehicle to strengthen China’s growing geopolitical influence
which endangers other states national security (Kluver 2014).

The results indicate China’s cultural network to be geographically
focused on Europe (a total of 187) with Germany, France and Italy having
the highest number of established institutes. The American continent and
Asia follow with 138 and 135 respectively while in Africa there has been a
two-fold increase in just the last five years reaching 61 in number. The
country with the most Confucius institutes in the world and a significant
difference to the second is the USA. Russia is placed in the fourth position
while other Asian and neighbouring countries such as Thailand and South
Korea followed.

The second subcategory in the political dimension accounts for the vot-
ing patterns in the United National General Assembly which constitutes
an excellent indication to understand the alignments of states in interna-
tional politics (Kim and Russett 1996). Moreover, they can pinpoint the
formation of voting blocs and the common interests of states (Voeten
2013). The issues discussed in UN general assembly refer to the constant
developments in the international arena and indicate similar positions
among states. The voting patterns of China’s partners showcase whether
they share common worldviews and the extent of the country’s leadership
influence (Striiver 2016).
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According to the results, the countries that vote in agreement with
China are mostly underdeveloped African countries Djibouti, Zimbabwe,
Guinea, Somalia and Sudan. This could be explained by the heavy depen-
dence of these countries on China’s humanitarian aid and investments
(Striiver 2016). China sees in its African partners’ opportunities for energy
resources, expansion of trade activities but also geopolitical considerations
(Muekalia 2004). Pakistan remains amongst China’s closest partners
ranked third in this subcategory, with North Korea ranked first and
Cambodia second. Besides the top ten ranked partners, the analysis
showed that the other countries that have a voting similarity over 88%
with China are Cuba, Myanmar, Laos and Iran. It is worth noting here
that these countries have a similar political regime to China, therefore
making it more likely to lead in policy convergence (Dreher et al. 2018).

Economic Dimension

China has expanded its trade relations with various countries while having
sought new markets through its network of partnerships. The country
remains the most important exporter in the commodities market, is char-
acterized as “the biggest commodity hub in the world” (Nobi et al. 2020).
The Belt and Road Initiative and its ambitious structure are perceived to
be an important turn for the country, advancing its role from a commodity
trader to a diversified one and an attempt to create a global common trade
and investment zone (Chaisse and Matsushita 2018).

The amount of exports, as well as the destination, helps us understand
the intensity of the economic relations among the Asiatic Giant and its
buyers. The results indicate that China’s exports to just its top ten partners
reached the amount of over 10 trillion dollars in the ten years of analysis.
This shows China efforts to stabilize and expand its economic perfor-
mance but also to uphold its position in strategic markets, in all regions.
The United States imports the most, followed by Japan, Germany and
South Korea. Together they, imported around 7.1 trillion dollars. Two
other countries of the European Union, France and the United Kingdom
are significant importers of Chinese products adding up more 1 trillion
dollars. The value of China’s yearly exports of goods to the world sur-
passes the amount it imports, leading to a continuous trade surplus for the
country since 1994 (China Power Team 2019). In addition, strong trade
links can shape national perceptions as it has been observed in China--
Africa relations (Sautman and Hairong 2009).
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In the last two decades, China’s has been elevated to one of the most
important sources of outward foreign direct investment (OFDI) (OECD
2019). The Chinese government has strongly encouraged its leading busi-
ness firms to engage in investment activities under the context of “global-
izing China” (Yeung and Liu 2008). To expand China’s presence, a great
deal of investments has been directed across all continents. A total of 716
billion dollars was invested abroad during the period of analysis. The
results indicate that the top recipients of Chinese investments in the rank-
ing sequence are the United States, Australia, United Kingdom, Brazil,
Switzerland, Canada, Pakistan, Malaysia, Nigeria and Russia. The estab-
lishment of partnerships has assisted China in alleviating the political risks
arising by directing its foreign direct investments in partner countries that
have already engaged in favourable agreements and collaborative projects.
According to Sun and Liu (2019, p. 131) “the establishment or upgrade
of partnerships has a positive impact on Chinese firms’ decisions on OFDI.”

4.4  CONCLUSION

This study demonstrates that China’s use of strategic partnerships holds
similarities to the business network model in promoting its international-
ization process by seeking expansion to new markets, acquiring resources,
gaining a competitive edge and establishing a favourable image. By focus-
ing on three dimensions economic, military and political, we identified
that China has developed a network of partners that differ in areas and
intensity of cooperation, and strategic intent.

The results also exhibit that China puts great emphasis on promoting
cooperation with its neighbouring countries, also showing a geographical
focus towards Asia. Moreover, China’s strategic partnerships with Asian
countries showcases an attempt to limit US influence in the region, pro-
moting itself as “a credible rival to the United States in the region”
(Bitzinger 2011, p. 7). This strategy could be explained by theoretical
considerations implying that China seeks to maximize its power in the
region and becoming a regional hegemon (Mearsheimer 2010).

The network analysis also helps identify which countries are more
dependent on China’s trade exports and investments with the USA and
European states being in the top positions followed by Asian and African
countries indicating the broad reach of the Chinese economic activities.
On the military dimension, concerning arms transfers, middle and small
power states compose the network. At the same time, in military activities
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which is interrelated with defence and security issues, the main partners
are Russia and Pakistan with the USA also holding a prominent position.
In the political dimension and particularly in UN General Assembly voting
African countries and long-standing ally North Korea are positioned
higher, and the Confucius institutes show a widespread geographical dis-
tribution being an imperative feature of China’s soft power. To this end, it
is important to note that the USA still remains in the top positions in
many of the subcategories analyzed, showing that the strong economic
and military interdependence between the two could halt China’s rising
potential.

China’s strategic partnerships network has yielded significant achieve-
ments in expanding the country’s global influence and standing in the
international system. In conclusion, strategic partnerships have been
employed by China to develop a global network of interconnectivity to
uphold and further develop its economic capacity, secure a stable geopo-
litical environment across its borders, modernize its army, alleviate US
pressure in South East Asia and eventually facilitate its global rise.

One aspect that is important to be evaluated in the future is how strong
is the formed network and how committed China’s partners will be under
a growing competition between great powers. Besides, since the term stra-
tegic partnership originates in business and organizations studies, further
research on China’s power and interstate relations could be facilitated
under an interdisciplinary approach that accounts for the market dynam-
ics, business ecosystems and the criteria for partner selection.
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CHAPTER 5

Is China Going to Run the Digital World?

Dominique Jolly

Abstract The chapter addresses the digital landscape in China. China has
succeeded over the past twenty years in articulating and implementing a
strategic vision of a powerful national system of innovation. This system
has begun to yield significant technological results in the digital transfor-
mation fields. The contribution also lists various reasons as to the dramatic
growth of digital fields inside China-including protectionism precluding
US companies from penetrating the Chinese market, and the resulting
preponderant influence of China due to its enormous population. Several
examples of future possible application domains, such as driverless cars and
smart cities, are considered. It must be recognized that China has been
able to run its own digital world, responding to its innovatory and
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entrepreneurial growth needs. Important impediments to the develop-
ment of Chinese digital potential externally are discussed in the final
section.

Keywords Digital industry  Chinese innovation ® Protectionism ®
Trade war

5.1 INTRODUCTION

This chapter argues that China has succeeded over the past 20 years in
strategically developing and implementing a powerful national system of
innovation, and that this system has begun to produce significant techno-
logical results in the digital field. The chapter also lists several reasons why
the digital economy has dramatically developed inside China—including
protectionism precluding US companies to enter the Chinese market, and
preponderant influence of China due to its enormous population. Several
examples of future possible application domains, such as driverless cars and
smart cities can all be developed within the country. As a matter of fact,
China has been able to run its own digital world. However, several impor-
tant impediments to the development of the Chinese digital potential
externally are discussed in the final section.

5.2 A Sorip Eco-SystEM wHICH FOSTERED DIGITAL
TECHNOLOGY CREATION

All possible external means were developed in the past to obtain techno-
logical knowledge developed outside China: joint-ventures, licensing con-
tracts, purchase of equipment, takeovers, spying, etc. But, the more recent
reality in the past few decades is that technological innovation has been
developed inside China (Haour and Jolly 2014; Fu 2015; Haour and von
Zedtwitz 2016; Yip and McKern 2016). This is because the country has
strategically assembled together all the essential ingredients for a produc-
tive “National System of Innovation” (Nelson 1993): large innovative
companies, science and technology parks, start-ups, unicorns, universities
and public research centers. Since 2019, China has spent more per annum
for R&D than the USA (if you apply purchasing power parity rates).
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Financing has not been an issue; different levels of government—central,
provincial, or municipal, have provided generous funding to companies,
numerous private equity funds have been set-up, and venture capitalists
are very active. On the top of this, foreign companies have setup over
1500 R&D centers (Jolly et al. 2015). A brief survey of the system of
innovation in the digital area brings this home.

5.2.1 Big Innovative Companies

On the hardware side, Huawei is well known for its smartphones. But it
received international recognition in the (B2B) telecom equipment indus-
try, thereby accomplishing an impressive journey (Tian and Wu 2015).
The company started in Shenzhen in 1987 as a supplier of telephone
equipment, targeting small towns and rural areas in China. Then, after a
decade of growth, the firm launched an international strategy in 1997. In
2004, Huawei was only 1 /6 the size of Ericsson, the global leader at that
time. By targeting easy-to-reach countries, Huawei built a significant mar-
ket base. In 2010, Huawei became the world number two in telephone
equipment behind Ericsson. Then, it gradually extended into developed
countries. It now supplies leading operators in Europe like Orange,
Vodafone, British Telecom, Deutsche Telecoms and Telefonica. Since
2017, Huawei has obtained the largest share of the global infrastructure
market. It invests considerable sums in R&D with a work force of more
than 50,000. In 2019, Huawei became the first patent applicant in the
world. Its total revenue exceeds 100 billion dollars.

In the (B2C) telecom handset industry, several major players have
emerged—including Huawei, Xiaomi, ZTE, Lenovo, Gionee, Meizu,
Honor, and Vivo. Xiaomi has made the most impressive route. Created
from scratch in 2010, it now sells more than 100 million phones yearly; its
success lies in a combination of entrepreneurship, keeping abreast of the
evolving market, R&D investment, continuous technological improve-
ment, outsourcing of production, distribution on the web, and diversifica-
tion in connected products. Its market value went up to 60 billion dollars,
but declined to 50 in 2019. Yet, Huawei has still the largest market share
in the Chinese market.

On the soft side, the Chinese internet has fostered the development of
companies which reached the firmament of stock-market valuation. This
includes the well-known BAT trio—Baidu, Alibaba, and Tencent. Alibaba
started with B2B, Tencent with gaming, and Baidu with a search engine.
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But all are now digital eco-systems through the combination of R&D,
infrastructures, service platforms, and content production. Applications
cover a large range: B2B, B2C, C2C, messaging, social networks, retail
banking, fund management, mobile payment, music streaming, video
streaming, mapping, Cloud, etc. Tencent was ranked 18th in the “2013
World Most Innovative Companies” by Forbes magazine, and the com-
pany is the twelfth of the Top 50 of the “Most Innovative Companies
2015” of the BCG. But the Chinese internet is also constituted by major
distribution companies such as Jindong, Pinduoduo, and Yihaodian,
which are threatening the traditional brick and mortar distributors. In
addition, the Chinese internet developed in many directions: microblog-
ging with Weibo, taxi reservation with Didji, video sharing with Bytedance
and Tiktok, tourism with Ctrip, and meal delivery with Meituan. Chinese
firms are also very active in the financial technology (fintech) sector.
Chinese companies have led the Fintech 100 for several years with three in
the top 10 in 2019 and many start-ups in the top 100. The top 10 include
Ant Financial, JD Digits and Du Xiaoman Financial.

Most of those companies are private. Yet in the telecom services, the
state controls a highly concentrated oligopoly over three giant telecom
companies: China Mobile, China Telecom, and China Unicom. The
Herfindahl index is close to 0.50. The biggest, China Mobile, has almost
one billion subscribers.

5.2.2  World-Class Scientific and Technology Parks

A large part of Chinese success lies in infrastructures. This is also true for
technology creation. In 2010, the country had 100 science and technol-
ogy parks (Jolly and Zhu 2012). This number went to 169 in 2020. They
are concentrated in three major regions: Beijing, Shanghai and the Yangzi
delta, and Shenzhen and Guangzhou (in the South). Shenzhen is the most
exemplary case (it went from a rural county to a megalopolis in 30 years).
But Beijing Zhongguancun Science Park, Shanghai Zhangjiang Hi-tech
Park, and Suzhou Industrial Park (SIP) are also foremost examples.
Zhongguancun is a focal point for chemistry, pharmacy and semiconduc-
tor. Zhangjiang is known in information technology, space and biotech-
nology. Baidu, the Chinese Internet search engine that overwhelmingly
dominates the Chinese market is headquartered in Zhongguancun in
Beijing.
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5.2.3 A Myriad of Start-Ups, and a Lot of Unicorns

China is grounding its innovation process also on start-ups. There are
many examples: ZhongAn, internet-based property insurance, Qufenqi,
an electronics retailer with consumer finance, Lufax, peer-to-peer lending
and trading of financial assets, and WeCash, internet credit assessment.
Several Chinese firms have emerged as serious actors in artificial intelli-
gence (McKinsey 2017a, April). This includes dedicated start-ups like
iFlyTech, Sense Time, Hikvision, and Megyvii. iFlyTech is in vocal inter-
faces. Sense Time, Yitu Technology and Malong Technology are major
players in computer vision covering facial, object and image recognition.
Megyvii (with its flagship software Face ++), created in Beijing in 2011, was
valued at $ 4 billion at the end of 2019. All have double-digit R&D to
revenue ratios. Many Internet companies have also embarked on the
adventure of artificial intelligence: Didi in ride-sharing, Meituan in the
meal delivery (as earlier stated), Toutiao in the news aggregation, Metian
in selfie beautification, Kuai Shou in the live broadcast or even Deep-Blue
in driverless buses. Even drone maker DJI uses artificial intelligence.
Interestingly, large companies such as Alibaba and Tencent are used to tap
into this reservoir of innovative knowledge to nurture their own techno-
logical bases, in China but also abroad.

5.2.4  Universities and Public Research Centers

Deeply imbedded Confucianism roots give true respect for education and
learning. A cult of intensely competitive performance in schools across the
country is exemplified by the high ranking of students in Shanghai, Beijing
and the provinces of Jiangsu and Zhejiang as measured by the Pisa ranking
(Program for International Students Assessment) from the OECD. About
8 million young Chinese get the Gaokao (high-school diploma) each year.
On a total of 30 million university students (vs. 20 million in Europe),
China produces 7 million university graduates per year. Notably, in recent
years, there has been a change of emphasis towards economics and man-
agement with basic sciences attracting fewer students. China is also the
largest provider of foreign exchange students in the world (a stock of one
million including 350,000 in the USA) and a very large proportion of
doctoral students in the USA are Chinese. Those returning graduates con-
tribute to the intellectual dynamism of Chinese universities and public
research centers.
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The Chinese Academy of Science and the research institutes under the
control of ministries play a central role. Chinese scientific research output
has developed considerably in the past two decades. Chinese academic
entities produced a meager 20.000 articles yearly in 1998. In 2019,
450,000 peer-reviewed articles were published which puts China ahead of
the USA. Most of the Chinese universities are teaching universities; they
still need to develop a culture of true inquisitive research. Yet, universities
such as Tsinghua, Peking, Fudan, Hefei, Zhejiang, Jiaotong, Nanjing and
Sun Yat-sen are keen competitors at the international level.

5.2.5 Booming Patenting Activity

In 2000, China applied for 50,000 patents; the European Union, for
100,000; Japan, for 400,000, and the USA for 300,000. Now, the tide has
turned. China’s patent application has dramatically outpaced the USA. In
2018, almost 1.5 million patents were filed and 346,000 granted in China
(according to WIPO n.d.). Such a production of innovations was sup-
ported by a Chinese regulatory framework inspired from the rules and
regulations of Western countries. Interestingly, much of the litigation
occurs between Chinese companies. Despite criticism on the value of
those patents, the trend is positive. And, in 2019, China surpassed the
USA as the top source of international patent applications filled with
WIPO (April 7, 2020 Bulletin).

5.3 How Has CHINA DEVELOPED A STRONG
Dicrrar. Economy?

With all the actors and the technological resources described in the previ-
ous section, China has founded its own powerful digital ecosystem
(McKinsey 2017b, August; Kim and Chen 2018). How can the economic
success derived from this technology base be explained? Four explanations
can be suggested: (a) Chinese companies favored leapfrogging, (b) the
Chinese government adopted protectionist measures to foster the devel-
opment of local champions, (c¢) China was able to exploit its size advan-
tage, and (d) Chinese companies are in a better position to understand
their market than foreign companies. Nevertheless, our conclusion is that
China is still dependent on external suppliers.
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5.3.1  Leapfrogging in Emerging Industries

In 1978, China lagged behind in technology in almost all areas. The few
Chinese citizens who traveled abroad before 1978 (including Deng
Xiaoping) had been able to grasp the dramatic underdevelopment of their
country. Following the South Korea model (Kim 1997), China’s strategy
has been first to ensure upgrades in activities with low technical content,
then to gradually increase in technological sophistication (see Chap. 3).
While catching up was the target, overtaking foreigners in several techno-
logical fields was unthinkable, especially in mature industries. Yet the situ-
ation has been different in emerging industries. In this regard, the Internet
seems to be a playground where Chinese companies such as Tencent, for
example, are more competitive, at least in their local market.

China skipped the home computer stage; it immediately embraced the
smartphone. And the smartphone has invaded the lives of Chinese people
much more than it has conquered the lives of Westerners. That is certainly
the case with the Wechat application (Weixin in Chinese), launched in
2011 by Tencent. Since 2018, Wechat exceeds 1 billion monthly active
users and Tencent exceeds $ 500 billion in capitalization. It is now the
norm in communications, for both private and professional use. In less
than 10 years, we saw the social network universe pairing with an ecom-
merce universe to provide a unique interface. While Wechat is a social
network that offers the Wechat Pay payment method, conversely, Alipay is
a payment platform that has also spread into social networks. Both solu-
tions are now ubiquitous and even necessary in everyday life in China. The
use of smartphones has become widespread to pay bills and expenses, to
pay for the metro, for ordering and paying at restaurants, for listening to
music or watching a video, for ordering a taxi, for paying groceries, for
paying for coffee at Starbucks, to rent a bike, to pay the rent, to send a
“red envelope” during the holidays,...

The next technological leap ahead of the West might potentially be
accomplished with the connected car, in which China is investing heavily:
its development will benefit from its market size, and it relies on a particu-
larly vibrant information technology ecosystem which now exists.
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5.3.2  Protectionism

China was denied the market economy status by the WTO in 2001, a deci-
sion that was supposed to be lifted before the end of 2016 (i.e. fifteen
years after the accession). But in 2017, the European Union and the USA
refused to give to China the market economy status on the grounds that
China did not carry out the reforms originally promised in 2001. As a
matter of fact, the Chinese State today still very much interferes in the
choices of companies. The market is notoriously absent from the financing
of state enterprises by (state-owned) banks. Thus, Beijing cannot align
itself with the classic liberal model: its banking system would implode. To
counter this image, President Xi Jinping came to Davos in 2017, promot-
ing globalization and championing economic free trade—but this postur-
ing does not mean that China is a market economy.

China’s digital economy falls clearly in this perspective. The fixation of
local norms, the barriers to entry to foreign companies, and especially the
Western Tech giant (the so called GAFA), are demonstrations of protec-
tionism. This has helped the Chinese government plan to foster the devel-
opment of local champions, and to control its cyber sovereignty.

5.3.3  Size Effect: Huge Network Externalities

China’s first strength is strength in numbers. China has surpassed 800 mil-
lion Internet users—97% of whom use mobile. These size effects are an
extraordinary engine for development. The point is obvious in the tele-
communications and the Internet businesses: firms can put several hun-
dred engineers on a given R&D project, while competitors in small
countries cannot. In addition, digital tools develop in a specific language—
and even if pronunciations vary from one place to another, Chinese writ-
ing is the same for 1.39 billion people. The same goes for infrastructure
equipment: by 2014, the Chinese had built many more base stations and
erected 4G masts than the whole of Europe. Today, its 5G equipment has
already been rolled out. In addition, with nearly a billion cell phone sub-
scribers (they were less than 100 million in 2000), China is sure to have an
impact on future formats and standards.
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5.3.4  Offerings Fitted with Local Demand

The Chinese people are far from being uniform. The notion of Chinese
people all dressing identically is an image of the past. There are several
‘Chinas’. The city and the countryside are two different worlds; idem for
smaller towns and larger cities. Differences are also manifest between the
north and the south, or between coastal provinces and inland provinces.
In product development and the marketing of services, geographical seg-
mentation is the minimum required. Haier, for example, developed a
washing machine for inland farmers that washes potatoes as well as clothes.
Segmentation is also needed to deal with income dispersion: there are the
middle class, the rich, the super-rich and even the ultra-rich. The market
dynamics and the strong penetration of the Internet have played a full role
in the emergence of these segments. In the telephone sector, for example,
it is possible to market, as ZTE has done, a telephone dedicated to the
elderly (with large keys and a large screen) or even a telephone dedicated
to rural environments—or conversely, a telephone whose use is reserved
for a specific city. Chinese companies are much more prepared to deal with
those marketing challenges than their foreign counterparts.

5.3.5 China Is Still Dependent on External Suppliers

China is so famous for exporting that we forget that it imports too. An
overwhelming share of semiconductors consumed in China are purchased
in the USA, South Korea and Malaysia, among others. While China
accounts for 55% of world demand, 95% of its needs are met by imports—
which will exceed $300 billion in 2020 (more than oil imports). China has
for decades sought to shake offits reliance on the West for semiconductors
(see Chap. 8). Neither acceptable methods (joint ventures, business take-
overs, etc.) nor less honorable ones (espionage, intellectual property theft,
etc.) have been sufficient so far. This dependence was exemplified by the
case of ZTE, which the United States threatened in 2018 of no longer
supplying components and which consequently raised questions about its
very survival. ZTE could have sunk, but chose to pay a fine to suspend the
sanctions. It is because of this weakness that the Chinese government has
ambitious investment plans to increase local production of semiconduc-
tors. One of the Chinese players is Tsinghua Unigroup—majority-owned
by Tsinghua Holdings (100% owned by Tsinghua University) and 49% by
a private group (Beijing Jiankun Investment). Tsinghua Unigroup has
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committed tens of billions of dollars for the buyout of foreign manufactur-
ers (including Integrated Silicon Solutions); however, it failed to take over
US giant Micron Technology.

Dependency also exists for software applications—especially for the
operating system. Huawei, and all Chinese competitors, use the Google
Android operating system. Yet the threat of an American refusal to con-
tinue supplying Huawei would have serious consequences. The company
internally has a substitute for Android, with the Hongmeng platform, and
with Harmony, an evolution of Android. Launching its own operating
system is a project which Nokia, BlackBerry, Microsoft, Intel, Palm,
Firefox, Samsung and Jolla, have all failed. Even if Huawei succeeds, it
would be a major handicap outside of China: apps would work correctly,
but the main issue for consumers would be the impossibility to use the
Google app store.

The Chinese government is aware of this dependency. This is why one
of the two major objectives of the latest (# 14) five-year plan (2021-2025)
is precisely technological autonomy. And the country has been working
quictly on a highly ambitious project, Made in China 2025, which intends
to make China far more self-reliant, while also transforming its industrial
technology base (see Chap. 1). Yet it is not yet certain to succeed in all
domains of its aspirations.

5.4  FuTurRg DIGITAL APPLICATIONS: DEALING
wITH CHINA MACRO-IMBALANCES

The versatility of digital technologies opens many avenues for future appli-
cations. China undertook several projects: driverless cars, smart cities,
elderlies, public health, e-yuan, and productivity improvements.

5.4.1 Dwiverless Cars

The Chinese government wants to take advantage of the emergence of
autonomous vehicles—whether they are private cars, taxis, buses, or even
trucks. These new concepts can help reduce urban traffic congestion
caused by the booming Chinese automobile market, and the resulting air
pollution. Given its size, China could become the world’s largest market.
The relative novelty of the automobile, road infrastructure, and industry
in China makes it easier to cope with the blurring of competitive
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boundaries between car manufacturers, transportation companies, and
mass data mining platforms. China is trying to set up, with its national
companies, the ecosystem required by autonomous vehicles: manufactur-
ers of sensors, radars and cameras, platform developers, software design-
ers, cartographers, storage companies, integrators, but also investors,
lawyers, etc. On the other hand, the weakness of the Chinese in semicon-
ductors will work against the country if the driverless car is to develop.

5.4.2  Smart Cities

The technological leap mentioned in the third section is now spreading all
around. Smart cities provide a real time interface to service infrastructures
including mobility infrastructure as service platforms (autonomous cars,
shared transportation,...). This is a huge market for the Internet of Things
(IoT) and Artificial Intelligence. And again, it is going to be a means to
deal with one of China’s major societal challenges, i.e. to reduce pollution.

5.4.3  Taking Care of the Elderly

China’s major demographic challenge is its aging population (see Chap.
6). At the end of 2014, China had 212.4 million people aged 60 or over,
15.5% of its total population. At the end of 2016, the figure rose to 231
million (16.7%). In 2018, 249 million Chinese were over 60 years old
(17%). By 2050, the figure could reach 330 million (24%). A society is
considered to be aging when the proportion over 60 years old exceeds
10%. The trend remains the same even if we change the threshold. In a
Confucian culture, it is understood that children take care of their parents
when they get older. Yet, they will not be able to assume the challenge.
Solutions can be found with big data and with the Internet of Things. As
such, these seniors represent a huge market.

544  Public Health and Big Data

The challenges for public health are massive. Ninety-nine percent of
Chinese citizens have basic health insurance, yet the rights are very lim-
ited, especially in the countryside. The situation is even more difficult for
migrant workers (170 million people) who are largely excluded from these
mechanisms as soon as they leave their place of residence. We are very far
from the Hu Jintao social harmony. While OECD countries (rich
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countries) spend on average 22% of their GDP (in 2013) on social spend-
ing (pensions, social assistance and health), China spends only 9%. There
are 1.5 doctors per thousand inhabitants in China versus 2.4 in the United
States, 3.2 in France and even 4 in Switzerland.

Technology can be a solution and the Covid-19 crisis gives an illustra-
tion (see Chap. 1). A striking feature of the Chinese economy is its ability
to implement faster than Western companies, and its spontaneous accep-
tance of new technologies. Adoption goes faster. There is far less reluc-
tance than in the Western world to Big brother issues. When the Covid-19
crisis emerged, an application was developed to identify, localize and track
sick patients. Everyone adopted the system where individuals generate QR
codes on their mobile phones. Consequently, hospitals worked faster and
at a lower cost.

Another aspect is that reaction to events is quicker than in the West.
When entrepreneurs see an opportunity, they seize it immediately (Petti
and Ederer 2012). One explanation is that decision processes occur faster.
When the Covid-19 crisis emerged, it took only a decision from the BYD
CEO to redirect some of the factories of its group to the production of
medical masks.

5.4.5 A Digital Curvency Controlled by the State: The e-RMB

China officially launched the e-RMB in September 2020 as a test in differ-
ent cities (including Xiong’an, Chengdu, Shenzhen, Suzhou). It should
be expanded step-by-step to cover all China. The e-RMB is an answer to
the rise of cryptocurrencies (such as the Bitcoin) and their underlying
principle of decentralisation. Yet, it is not a cryptocurrency, but a digital
currency. The e-RMB was developed by the People’s Bank of China
(PBOC) which owns most of the technology—it issued 130 patent appli-
cations related to cryptocurrency ranging from issuance, to circulation,
and applications that supports its development. The e-RMB requires users
to download an electronic wallet application authorized by the PBOC and
to link it to their bank accounts. Users can then pay their bills, get some
cash, or execute money transfers. Chinese commercial banks will convert
some of their central bank deposits into this digital currency. The money
from the linked bank account would be converted into digital cash on a
one-to-one basis. China has taken the so called “two-tier” approach mak-
ing sure their commercial banks are key in the ecosystem (as banks also
invest in the infrastructure). The e-RMB currency is a substitute to cash in
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China; it should not replace cash, but be a complement. One of the key
differences from the private wallets (Alipay, WeChat pay) is that the e-RMB
can be used in offline mode. It is a block-chain under the control of the
Central bank. The main arguments in favour are its cost effectiveness,
efficiency and risk control. In comparison to paper cash and coins, the
digital yuan reduces transaction, operational, and maintenance costs. The
Chinese government will be able to trace all cash flows, seize accounts,
shut down accounts if necessary and the control will be strictly limited to
the Central bank. As such, it should help anti-money laundering policies
and reduce illicit uses. China wants to accumulate the experience as a fore-
runner. PBOC wants to include cross-border payments within e-commerce
with other countries. This could be closely related to the commercial war
with USA and the global currency competition.

5.4.6  Productivity Improvement in Manufacturing

China suffers from weak productivity. Industrial processes mobilize armies
of people. Factory tours show several hundred people all, obediently and
rhythmically, performing the same sequence of a few handfuls of seconds,
repeated throughout the day. Productivity in the USA, Europe or Japan—
calculated as the ratio of the GDP to the number of hours worked in the
country, is far higher than in China. Many state enterprises and heavy
industries are even in decline due to their low productivity.

Despite the sharp rise in costs and the associated erosion of competitive
advantage, the Chinese government is not abandoning the manufactur-
ing domain, as evidenced by the national plan published in 2015 entitled
“Made in China 2025” noted above. The goal of the project is to move
China from a labor-intensive manufacturing economy to more high-tech
and, above all, more efficient industrial and service activities. This is to
avoid falling into the trap of “middle-income economies” by infusing more
advanced technologies. Modernization of the industry gives priority to
innovation, restructuring, upscaling and internationalization. China wants
to free itself from its dependence on foreign companies. This is to encour-
age the emergence of national champions in ten industries with high tech-
nological content—such as cars using alternatives to the gasoline engine.
Could this be the revival of the well-known Maoist slogan “Rely on our
own strength?” The traditional suppliers of machine tools—Germany and
Switzerland in particular—should still find their account there.
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5.5  Issuks Raisep BY CHINA RULING
THE Di1GITAL WORLD

The digital economy has already boosted the Chinese economy. Will it
allow the country not to fall into the middle-income trap, i.e. to bypass
the limit of a GDP of 10,000 dollars per capita? Will it allow the country
to develop its exportation of digital services? Doubtful? China developed
a system well fitted to China. But, the advantage gained from a population
of 1.39 billion people sharing the same writing system turns to a competi-
tive disadvantage when it comes to exportation. The emergence of China
as a major actor in the digital economy raises several societal issues that
could impede its international development in the future. Three limits can
be identified: (a) the closed door to foreign companies, (b) the culture of
control and censorship, and (c¢) the criticism of the social credit put in
place in China.

5.5.1  The Door Is Not Open to Foreign Companies

Economic relations between China and abroad are often marked by the
absence of reciprocity. If an imbalance could be conceived at the start of
China’s economic renaissance, there is no question today that China is the
second economic power in the world. The Chinese authorities are preserv-
ing their domestic market for the benefit of national champions, by clos-
ing public markets or through significant subsidies. This will not help to
open doors outside China.

5.5.2  Internet Control, and Censorship

Chinese leaders want to control their country’s cyberspace. If cyber-
control remained measured until the beginning of the 2000s when the
number of Chinese Internet users did not exceed a hundred million, it has
been reinforced since 2006 when the number of Internet users increased.
Control of the Internet is in the hands of the Central Directorate of
Internet Security and Computerization. The mission of this group is to
maintain China’s “cyber-sovereignty”. The principle of the Great Firewall
or the Great Wall of the Internet is simple: no content deemed subversive
on the Internet and therefore no access to foreign sites liable to dissemi-
nate unwanted information. The government fears the dissemination of
political ideas deemed sensitive and not Chinese (like Western
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democracy). We are far from freedom of expression. As everyone knows,
Facebook, YouTube, Twitter, Instagram, Pinterest or Snapchat are not
accessible; however, all of these platforms have Chinese counterparts.
Likewise, the websites of Bloomberg, The Economist, Reuters, The Wall
Street Journal and The New York Times are blocked. The Chinese people
are also banned from surfing Wordpress sites and even Slide Share.

Censorship is thus in full play on an Internet under surveillance. Since
the success of micro-blogging sites like Sina Weibo (an equivalent of
Twitter which has hundreds of millions of users), the authorities practice
cleaning of messages and do not hesitate to delete the accounts of blog-
gers who are a little too critical. One of the most commented decisions
(outside of China) was the 2016 closure of the Weibo account of Ren
Zhiqiang, a retired Beijing real estate developer (Party member) known
for his criticism of the government and his 37 million followers. He said
that the Xinhua Agency or CCTV should be the voice of the public (who
pays for their salaries) and not the voice of the Chinese Communist Party
as Xi Jinping argues. He was suspended from the CCP for one year for
“publishing false views” contrary to key Party principles; the authorities
felt that he had lost the spirit of the Party.

Censorship is well established in the country. Does it go beyond the
borders of China? Concerned with preserving their economic interests,
politicians and business people carefully avoid discussing touchy matters
relating to the nature and practices of the Chinese regime. Human rights,
press rights, and the situation of minorities often take a back seat when
foreign politicians visit China to sign contracts. Nevertheless, the develop-
ment of platforms like TikTok is a vector of dissemination of Chinese val-
ues: after TikTok censored the video of a young woman who explained all
the harm she thought of the treatment of Uighurs, the question arose
regarding the company’s censorship of the content of certain videos.
When China exports its technologies, it exports as well its own values—are
we prepared for this? The freedom to do business with China often takes
precedence over freedom of expression. Unless the globalization of
Chinese companies like Huawei, ZTE or Tencent encourages more
transparency.

In the same vein, the control of Uighurs populations using facial recog-
nition software and artificial intelligence received a lot of criticism from
the West. Observers can understand the fight against extremism, but raise
serious ethical questions at the same time.
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5.5.3  The Social Credit System Frightens the West

The “social credit” project was announced in 2014 by the Chinese gov-
ernment. It forecasted the possible applications of the Internet of Things,
the richness of big data and the power of artificial intelligence. This is the
modern version of the individual file kept in the past by the managers of
“danwei” (work units guaranteeing work for life, housing, care, retire-
ment, etc.). The system is under the supervision of the NDRC and the
Central Bank. It measures the reputation of each of the Chinese citizens
through a score based on their driving behavior, the time they take to pay
their bills, their defaults, and the use they make of social networks. The
system is based on data collected on the Internet, but also on facial recog-
nition systems coupled with camera networks deployed in the country.
Each Chinese citizen starts with a capital of 1000 points; and, depending
on their actions, they can lose or win. Criticism of the Chinese president
on a social media loses points—same for cases of indiscipline at work or
unpaid bills. The Chinese citizens who erode their social capital run the
risk of being sanctioned: suspension of access to a social network, ban on
staying in 4 or 5 star hotels, restriction of transport (by train or by planc),
ban on leaving of the territory, prevention of entry to university, prohibi-
tion of enrolling children in expensive private schools, refusal of access to
credit, prohibition of access to certain positions in state enterprises or cer-
tain professions, prohibition to receive state subsidies, to receive honorary
titles, etc. The system is in the test phase (notably in Hangzhou, Beijing
and Shandong); it is now operational.

5.6 CONCLUSION

Digital China seems to be not soluble with the Western digital sphere. The
most likely scenario for the future will be the competition between the two
universes: the presently powerful GAFA on one side, BATX on the other
side. The competitive advantage of the Chinese authoritarian government
is its planned economy mechanisms, and its definitive control over the
Chinese digital stakeholders; this governance framework produced a sym-
biotic partnership. But exportation will be hard.

China has nevertheless opened a door to exportation of all those new
technologies through the Belt & Road Initiative (BRI); the new silk
road is not only on earth and on the sea, this is also a digital road fostering
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connectivity (as seen in Chap. 1). Telecommunications networks, internet
connections, the Beidou satellite navigation system (the Chinese GPS),
cloud computing, fiber optic cables, 10T, railways digital infrastructures,
logistic automation, enterprise resources planning are applications desired
by all countries on the new silk roads. There are also plans to establish sci-
ence parks in several of those countries.
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CHAPTER 6

Leapfrogging: The Life Science Sector

Dominique Lepore and Nuoya Chen

Abstract The chapter investigates new trends in the life science sector in
China. The chapter first discusses how the Chinese government is pro-
moting innovation and competitiveness for the life-science sector, both to
satisfy internal demand and to compete at the international level.
Technological progress is then addressed through the prism of the syner-
getic result of government, academia, private business and capital working
together. The life-science sector in China bears the potential to become a
world leading industry even if R&D remains a challenge.
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6.1 INTRODUCTION

The life science sector is one of the most interesting cases to analyse the
impact of Chinese selective industrial policies to promote structural eco-
nomic and social changes. Life sciences are a wide field of study which
examine living organisms, including microorganisms, plants, animals, and
human beings. The life science sector provides solutions that directly impact
on the quality and standard of life with applications in the health domain.
It involves companies specialized in biotechnology, pharmaceuticals, bio-
medical technologies, life systems technologies, nutraceuticals, cosmeceuti-
cals, food processing, environmental, biomedical devices. In the age of big
data and Artificial Intelligence (Al), the life-science sector in China, namely
the biopharmaceutical and medical related tech companies, are increasingly
data focused. Mundane tasks have been automated. The development of
new drugs has become much faster and cost effective (Deloitte 2020).

In the last twenty years, China has made huge and rapid progress in this
field due to reforms of the supply, increasing support of R&D and invest-
ments in technologies for the organization and delivery of services.

Advanced technologies as the Internet of Things (IoT), based on
objects communicating with one another through the Internet (Whitmore
et al. 2014) is revolutionizing the Chinese healthcare system that still has
to cope with ageing of the population and rising number of patients with
chronic diseases.! In particular, the integration of the IoT in healthcare as
the Internet of Healthcare Things (IloHT) with Al and machine learning
can enable more time and cost-effective delivery of healthcare (World
Economic Forum and Boston Consulting Group 2017).

The life science sector in China, including all companies that are related
to human healthcare such as pharmaceutical, genomics, medical device
manufacturing, medical resources distribution/management and digital
healthcare, is capturing these technological advances.

'With an aging population, the Chinese healthcare system is under additional pressure.
Life expectancy at birth has reached 76.3 years and the age dependency ratio/old is pro-
jected to reach 25% by 2030 and 44% by 2050 (World Bank 2018). Further, chronic diseases
have become a leading cause of death, reaching to 86.6% in 2012 (National Health and
Family Planning Commission 2015).

N. Chen (4)

Marie Curie Fellow HEART-ITN Project, University of Macerata,
Macerata, Italy

e-mail: cny0824@gmail.com


mailto:cny0824@gmail.com

6 LEAPFROGGING: THE LIFE SCIENCE SECTOR 89

Such technological trend is shaped by strong governmental policies,
rising adoption of personalized healthcare models and sustainable devel-
opment goals.

The recent outbreak of Covid-19 is somehow considered a “wild card”
(Rockfellow 1994) in accelerating the pace of digital healthcare utilization
while continuing to spark debates at the international level.

While the U.S. still leads in the many sub sector of the life-science
industry, China is catching up. Chinese start-ups are developing algo-
rithms and patents by attracting talents and supporting private sector
development with abundant capital, a trained workforce, a complete sup-
ply chain and a booming market. However, the US trade war and new
regulations to control Foreign Direct Investments (FDI) have recently
slowed down international trade and investments in the industry.

The chapter is organized as follows. After presenting how the demand
for healthcare has led to more data-driven approaches in life science, the
chapter describes the main governmental policies supporting the sector.
Then, the international positioning of the industry is discussed, also con-
sidering the impact of Covid-19. Lastly, the chapter pictures the topic of
smart cities as an interesting area of development for life science, even if
viewed with skepticism by the US.

6.2  THE DEMAND FOR DATA-DRIVEN BUSINESS MODELS
IN THE LIFE SCIENCE SECTOR

The Chinese healthcare system is more complex than that of many other
countries due to its large population and regional diversity. The country
has a three-tiered system for healthcare delivery. Primary health-care facili-
ties provide affordable first-contact care, while secondary and tertiary care
facilities offer specialist referral services (Wu et al. 2019).

Hospitals are overcrowded since most medical resources, such as quali-
fied doctors and advanced medical devices can only be found in tertiary
level hospitals (National Health Commission 2018). Thus, patients often
experience long waiting times and complain about the treatment and diag-
nosis process (Lim 2014). There are also noticeable territorial differences
in healthcare quality: different provinces operate independently to provide
healthcare, with healthcare quality higher in coastal areas and big cities,
while lagging in inland regions (EIU 2016).

These circumstances have incentivized the introduction of smart health
solutions. The emerging solutions cover the whole health continuum,
including healthy living, prevention, diagnosis, treatment and home
care stages.
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China is advancing in technological development by encouraging tech
companies to partner with hospitals for developing innovative infrastruc-
tures and new business models in healthcare. For instance, Alihealth, one
of the largest smart health business in the Chinese market, partnered with
hospitals to improve diagnosis accuracy (Alihealth 2019). Moreover, the
company with its online-offline medication and service sale has shown
a year-on-year growth for the 2018,/2019 financial year of 296.8% and
275.5% respectively (Alihealth 2019).

In this scenario, the Internet of Healthcare Things (IoHT) can support
the integration of a value-based care delivery by providing data on key
health indicators. This system is based on three principles: (a) systematic
measurement of the health outcomes that matter to patients and of the
costs required to deliver those outcomes across the full cycle of care; (b)
identification of clearly defined population segments and the specific
health outcomes and costs associated with those segments; (c) develop-
ment of customized segment-specific interventions to improve value for
each population segment (World Economic Forum and Boston Consulting
Group 2017).

Therefore, IoHT together with Al and machine learning techniques
are shaping the landscape of the life science sector in China. The transfor-
mation of the industry towards data-driven models is raising expectations
in delivering time and cost-effective healthcare services and products.

6.3  THE SurPORTIVE GOVERNMENT POLICIES

China’s central government plays a leading role in the ecosystem of the
healthcare sector through its regulatory guidance and financial support.
Healthcare reforms are emphasizing the role of the life science industry,
which has become the touchstone of technological innovation and inter-
national debate. Based on the support from the government and the sci-
entific community, rapid progress in important fields of life science in
China has occurred, ranging from genomics and neuroscience to drug and
vaccine development (Chen et al. 2007).

Even if initially the health system was not acknowledged for its impact
on social and economic development (Meng et al. 2019), there has been
a significant shift with the reforms of 2009, namely the Healthy China
2020 plan, which started to address access and affordability in healthcare
(Yip et al. 2019).
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The main breakthrough of the life science sector is Healthy China 2030
(HC 2030), the long-term national healthcare strategy of 2016. The
‘Healthy China 2030’ Initiative, along with the ‘Guidelines on promoting
the healthy and orvderly development of the Internet of Things', and the
‘Guidance over the development of the Internet + Healthcare Industry’
suggests an emphasis on integrating Al, machine learning and the IoT
with the healthcare industry.

HC 2030 promotes public health and disease prevention, shifting from
a diagnosis and treatment focused healthcare model to a prevention-based
model (CPC Central Committee and State Council 2016). The initiative
signals the intention to continue investing in key areas of life science such
as precision medicine. The HC 2030 strategy also expands the realm of
health innovation beyond economic development through its integration
with ecology, implementing the country’s commitment to the sustainable
development goals (SDGs) (Tan et al. 2018). This relationship is expected
to boost the development of biotechnology (O’Toole and Paoli 2017).

Moreover, innovation has been the core focus of the 13th Five-Year
Plan (2016-2020). The plan considers the development of the life sci-
ence sector in synergy with that of the IoT sector, which can accelerate
synthetic biology and regenerative medicine techniques with a focus on
the development of the biotech industry (State Council 2016).

The specific aims of the HC 2030 are to facilitate the adoption of elec-
tronic health records, telemedicine, genomics and other biotechnologies
and create demonstrations of network-based biotech applications. These
objectives further stimulate capital inflow for large-scale development of
personalized medicine treatment, new drugs, bio-breeding and other gen-
eration biotech products and services. Further, when considering the
development of high-performance medical equipment, the plan stresses
the intention to develop medical devices that make use of distinctive
strengths of Traditional Chinese Medicine (TCM). The action plan for a
Healthy China of the 13-FYP specifically promotes the application of big
data in healthcare, driving the development of life science, which will
become more data-driven.

In this area, China has been making remarkable progress in establishing
the necessary digital infrastructure, including digital health records and
care management systems, and regional and national level health data
sharing platforms (World Bank and DRC 2019).

Above all, life science is a key component of the industrial plan Made in
China 2025 (MiC2025), which is seeking to engineer a shift in China’s
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position as a low-end manufacturer to a high-end producer of goods. The
plan targets high-technology fields, such as the pharmaceutical industry,
which is currently dominated by the developed economies, in an attempt
to move China’s economy up the value-added chain. The policy guidance
document stresses the importance of producing more self-developed
drugs rather than manufacturing generic drugs. The plan aims to register
in Europe and the U.S. 10-20 innovative therapies and chemical products
and develop 5-6 international brands in the medical device sector such as
Mindray. To support the success of such a strategy, the policy stresses the
importance of government-coordinated efforts in technology standardiza-
tion, marketization and the nationalization of core technologies (State
Council 2015).

In a complementary way, the New Generation Artificial Intelligence
Development Plan (AIDP), released in 2017, has the goal of making
China the world leader in AI by 2030. The AIDP stresses the development
of both smart medical and smart health /aging solutions. The AIDP pro-
mulgates the development of medical robotics, smart diagnostic assistant
based on image recognition. Regarding pharmaceutical R&D, the plan
points to the direction of genome recognition, proteomics, metabolomics
based on Al. The plan also promotes smart pharmaceutical regulation and
strengthens epidemic intelligence monitoring, prevention and control
(State Council 2017).

Meanwhile, the national health commission has replaced the multiple
organizations supervising and directing the healthcare system for resource
allocation, authentication and standardization. The current national health
commission covers functions ranging from the management of the aging
population and of health education, to pharmaceutical standardization
and policymaking and disease prevention (National Health Commission
2020). While insufficient intellectual property rights protection in China
is still a major concern for many pharmaceutical companies, over the years
China has devoted considerable efforts to bring its patent practice in line
with accepted international standards (Lu et al. 2015).

Another critical area under scrutiny is medical ethics and data manage-
ment. In this regard, the AIDP outlines its intention to define ethical
norms and standards, even if efforts to do so are at the initial stage. In the
meantime, government affiliated bodies and private companies in Al prac-
tices have been developing their own Al ethics principles (Knight 2019).
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6.4  THE CHINESE LIFE SCIENCE SECTOR
AND THE GLOBAL EXPOSURE

Based on an increasing healthcare demand, technological capabilities and
favourable policies, analysed in the previous paragraphs, China is set to
become a crucial player in the life sciences as a global leader in drug dis-
covery and innovation.

China is the second largest pharmaceutical market globally, second to
the US, with USD 137 billion in total spending in 2018 (IQVIA 2019).
The market size for pharmaceuticals is projected to reach USD 161.8 bil-
lion by 2023 (Sina Finance 2019). By 2030, the size of the market device
in China is expected to be more than 25 percent share of the world’s
medical device industry at over US$200 billion, second again to the US,
who is projected to cross US$300 billion in sales in the same period
(KPMG 2018). Even with the decline in the first quarter of 2020 for phar-
maceutical sales, the prospects for the Chinese innovation in the pharma-
ceutical industry is worth expectation given the huge investment in the
sector (Jiangkangke 2020).

Moreover, the biotechnology sector has become one of the key drivers
for economic growth, forecasting to account for 4% of GDP in 2020. The
number of biological science research parks is also growing (Arranz 2018)
as well as International collaboration in the life-science sector. In 2019
Wuxi Municipality and Wuxi High-tech District alongside Astra Zeneca
opened a life sciences park and a start-up incubator to attract global firms
in the healthcare system (Xinhua 2019).

As a result, the life-science and healthcare industries in China have wit-
nessed a transformation from a weak group of inward-looking domestic
companies into a group of aggressive players with a global impact, serving
as vital links in the global life science supply chain (KPMG 2013).

The life-science sector continues to be an area of interest for foreign
investments. In 2014, a new circular allowed foreign investors to hold a
100 percent ownership of hospitals.? In 2019, the development of “new
raw material for the production of vaccines” and the establishment of
“medical institutions” were added to the 2019 National Encouraged List

2Notice on Launching Pilot Programmes of Establishment of Wholly-Foreign Owned
Hospitals (Ref. Guo Wei Yi Han (2014) No. 244) (the “2014 Notice”), X FHRE&
YAEMBER IS TENBER, available at:  http://www.mofcom.gov.cn/article /
b/f/201408,/20140800711993.shtml.
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for Foreign Investments. Therefore, foreign investors manufacturing raw
materials for the production of vaccines and cell-therapy drugs and those
investing in medical institutions services can access preferential treatment,
such as tax incentives, simplified procedures or discounted land prices.
Although, it must be noted that foreign investment in medical institutions
is still limited to joint venture structure and cooperation with Chinese com-
panies, unless special approval has been granted (Asia Briefing 2020).

Furthermore, the U.S.-China technology cold war continues to
threaten technology advancement in the life-science sector. On the
U.S. side, since October 2018, the Committee on Foreign Investment
(CFIUS) has strengthened the administrative review of acquisitions and
investments for foreign investment in “sensitive sectors” with “critical
technologies”. Investment projects in the biotech and pharmaceutical
industries are under strict scrutiny, especially from China. Before 2018,
the U.S. was the top destination outbound investment for Chinese Life
Science and Health Care (LSHC) companies (Deloitte 2017).

On the Chinese side, between 2012 and 2016, the Chinese LSHC indus-
try reccived USD12.35 billion of foreign investments (Deloitte 2017,
2020). The US was ranked in the first position for overseas investment
targets of Chinese LSHC companies, far ahead of other countries by both
the number and value of investment projects. However, China M&A
activities in LSHC have slowed down in 2019 with a decrease of 24% in
total deal count and value. As shown in the Fig. 6.1, the total count of
deals has reduced in particular for biopharma.

The intensified trade frictions between the US and China (as antici-
pated in Chaps. 1 and 2) have been affecting the confidence of investors
and so has the new EU framework for the screening of FDI of the 10th of
April 2019.% Even if this framework is aimed at safeguarding Europe’s
security and public order and does not specifically target China, it created
a more complex procedural context for the specific categories of invest-
ments involved.

3Regulation (EU) 2019 /452 of the European Parliament and of the Council of 19 March
2019 establishing a framework for the screening of foreign direct investments into the Union.
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Fig. 6.1 Cross border deal volume by target sector in China. Source: Authors’
elaboration based on the research conducted by Deloitte (2020)

6.5 TueE WiLD CArD OF COVID-19 anD ITs ErrecTsS
ON THE LIFE SCIENCE INDUSTRY

The Covid-19 pandemic can be pictured as a “wild card”, namely an event
that had a low probability of occurring but an extremely high impact
(Rockfellow 1994). The life-science is unavoidably the sector where pan-
demic will have long-lasting implications.

Admittedly, the pandemic facilitated and accelerated the digitalization
of the healthcare industry and the use of Al in diagnosis, treatment and
health monitoring and management. On the other hand, the pandemic
will continue to slow down the treatment of patients with non-urgent
chronic diseases such as cardiovascular diseases (Blecker et al. 2021).

During the pandemic, the Chinese government rapidly organized
large-scale testing, treatment and prevention measures to control the
spread of the disease. Meanwhile, tax reliefs were offered as part of the
fiscal stimulus packages for the life-science sector.* The Chinese

*Tax update on China’s pharma & healthcare sector after COVID-19 available at: https: //
www2.deloitte.com/cn/en/pages/life-sciences-and-healthcare /articles /covid19-impact-
on-china-Ishc-industry-tax-update.html.


https://www2.deloitte.com/cn/en/pages/life-sciences-and-healthcare/articles/covid19-impact-on-china-lshc-industry-tax-update.html
https://www2.deloitte.com/cn/en/pages/life-sciences-and-healthcare/articles/covid19-impact-on-china-lshc-industry-tax-update.html
https://www2.deloitte.com/cn/en/pages/life-sciences-and-healthcare/articles/covid19-impact-on-china-lshc-industry-tax-update.html
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government, academia and manufacturers worked in coalition in decoding
genomic sequencing, developing diagnosis Kits, screening potential drugs,
conducting clinical research, publishing policies and technical guidance on
clinical trials and medical reviews (PWC 2020).

Covid-19 has created a catalyst for the digitalization of the healthcare
system in China. The government refocuses on building critical digital
health infrastructure such as national wide healthcare data sharing frame-
work, offering digital services, and promoting public health.

The pandemic has also encouraged the adoption of web based hospi-
tals. Internet hospitals offer online consultation, online prescription and
health management services based on remote monitoring. The use of Al
5@, and big data has changed the pace of diagnosis and treatment (Sun
etal. 2020). For instance, Shanghai introduced 11 internet hospitals while
MedTech businesses reacted quickly by shifting many of their activities
online (McKinsey and Company 2020).

Therefore, the Covid-19 is accelerating the transformation of the treat-
ment and diagnosis-based healthcare model to a prevention-based health-
care model. The vast amounts of medical data collected, and new digital
diagnostic tools used, and online consultation platforms built during the
Covid-19 are optimizing the quality of diagnosis, treatment and preven-
tion (Wong 2020). Though telemedicine is not a new concept in China,
the government has only recently started to adopt a more cohesive and
regulated approach to this subsector.

Additionally, while in the past the medical devices and equipment
approval and regulation procedures were more stringent, a gradual uptick
of fast-track registration and ease in approval requirements is emerging
(Asia Briefing 2020). Furthermore, environmentally friendly medical
innovations complying with SDGs are expected to define the future direc-
tions for biotechnology (Hoffman 2020).

All the trends mentioned, ranging from technological advances, favour-
able policies, patient-led models and SDGs may find a future development
in the theme of smart cities, as the last paragraph will discuss.
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6.6  TecHNOLOGY, HEALTH CARE AND SMART CITIES:
A NOVEL SCENARIO TO CONSIDER

The advantage and potential benefits to use technology to provide medical
support in daily routine as well as in emergency situations, has been proven
during the time of the pandemic. The Covid 19 outbreak has set the
ground for a further push towards the organization and governance of
cities with a massive use of technology, and data driven services. The future
seems more and more oriented toward the governance and organization
of smart and technological cites, i.e., high-tech advanced city that are able
to connect people, information and urban services through technologies
creating a sustainable, greener, and innovative environment for residents
(Bakici et al. 2013). Smart cities can collect data from multiple sources,
including mobile device, sensor data and different service networks such
as transportation, healthcare and energy supply (Cook et al. 2018) and
improve the way data is retrieved, processed, stored and disseminated for
detecting and containing outbreaks, such as Covid-19 (Costa et al. 2020).
Moreover, smart cities can support urban planning and infrastructure con-
struction efficiency, providing waste management at a lower cost
(Mehmood et al. 2017). Other possible areas of application are in the
fields of population surveillance, active ageing, healthy lifestyles and
response to emergencies (Rocha et al. 2019).

Smart city development projects are already driving massive transfor-
mations in the life science sector. Major trends include increasing demand
for preventive and personalized healthcare and the need for governments
to make high quality healthcare accessible to citizens, as already men-
tioned in the previous paragraphs (Muhammed et al. 2018).

Also, the pharmaceutical industry, comprising complex procedures,
functions and organizations involved in developing and manufacturing
drugs and medical products could benefit from smart cities logistics. For
instance, by integrating the IoT within smart cities it is possible to enhance
the accuracy, integrity, and security of products and services provided,
ensuring that the incoming raw materials, processing, and outgoing drugs
and equipment are critically examined before being dispatched from the
production warchouse (Jain and Sharma 2020). Moreover, biotechnology
can be applied in smart cities in synergies with the IoT sector, finding
application in green smart cities concepts (Gotovtsev and Dyakov 2016)
in line with the SDGs.
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Some of the leading technology companies in China are already work-
ing on smart city initiatives alongside the municipalities. An interesting
case is that of Ping An, which is one of the major financial groups in
China, working on developing online medical insurance refund systems as
well as online health consultation and management platforms. The com-
pany has announced the launch of a platform “1+N” at the Fourth China
Smart City International Expo 2018 in Shenzhen. The platform integrates
and supports different smart city sectors including not only healthcare,
elderly care, environmental protection but also smart government, civil
affairs, finance, security, transportation, ports and education. The smart
cities technologies could thus favour connectivity between different sec-
tors (Ping An 2020; Xinhua Newsnet 2020).

Sustainable
Govermental

lici - development
policies Llfe goals

science

in smart

cities

Multisectoral Personalized
perspective care models

Fig. 6.2 The driving trends of life science in smart cities. (Source: Authors’
elaboration)
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Overall, the Covid-19 has accelerated the trends that are shaping the
development of the life science sector, as presented in the Fig. 6.2.

However, even if remote diagnosis and medicine enhanced by smart
cities could facilitate information sharing and improve personalized care,
special care must be given to guarantee privacy and property of personal
data, especially because smart cities spread all over the world and emerge
with similar features and interdependencies at the global level (Dameri
etal. 2019). Since February 2020, China has speeded up the international
promotion of some of its smart city technologies in international markets,
as disinfecting robots, drones and Al and Cloud services (Ekman and
Picardo 2020). Through these avenues, the growth of Chinese smart cities
exports presents a serious economic and security challenge to the US
(Atha et al. 2020).

6.7  CONCLUSIONS

The life science industry in China has the potential to become a driver for
the country’s economic growth. Current policies such as HC2030 and
Made in China 2025 are supporting the integration of personalized care
models and IoHT. The sustainable development goals are also shaping the
development of the life science sector. These trends can be exploited in the
novel scenario of smart cities, in which the country has been already
investing before the Covid-19 pandemic.

Nevertheless, several countries have tightened FDI screening mecha-
nisms, establishing new regulations or are planning such steps, to protect
their health sector and other industries that they consider as particularly
important in the Covid-19 crisis. The European Commission introduced
a new communication reinforcing FDI screening, based on the premise
that the Covid-19 emergency could increase risks by acquiring healthcare
capabilities and research establishments through FDI (European
Commission 2020a, 2020b). Moreover, the pandemic has resurfaced
debate on the ethical and legal boundaries of deploying digital tools for
public health.

Therefore, though progress has been made in critical infrastructure and
hardware manufacturing, the potential for developing a life science indus-
try with strong international competitiveness is yet to realize in China
(BGI Ventures 2020). Initiatives to support long-term growth and inno-
vation in healthcare delivery and life science are likely to be a core part of
the 14th FYP (2021-2025).
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Abstract The chapter considers the Chinese commercial aircraft manu-
facturing sector as one of the commanding heights of a global leading
manufacturing economy. It reviews the technological and policy pathways
in manufacturing world-class commercial aircraft. Authors conclude that
China seems poised to repeat in aviation what it has done in train travel—
to become the world’s largest market. The original projections were for
that to occur by 2024. COVID-19 has altered this pace. Unlike China’s
achievements in its extensive high-speed rail network, China is facing the
realization that its civilian skies are filled with commercial planes made in
places like Toulouse, France or Everett, Washington. The national govern-
ment wants Chinese-made planes serving Chinese passengers on its air
routes in China.
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7.1 INTRODUCTION

China seems poised to repeat in aviation what it has done in train travel—
to become the world’s largest market. The original projections were for
that to occur by 2024. COVID-19 has altered this pace. It seems certain
that once air travel settles on a new normal, China will be number one.
Unlike China’s achievements in its extensive high-speed rail network,
China is facing the realization that its civilian skies are filled with commer-
cial planes made in places like Toulouse, France or Everett, Washington.
The national government wants Chinese-made planes serving Chinese
passengers on its air routes in China. This is in line with China’s industrial
upgrading, economic transformation, globalization, and rise as a global
geopolitical power, as analyzed in Chaps. 1 and 2. In 20006, the State
Council, addressing reorganization of state-owned companies, was ada-
mant that the “state should maintain absolute control over important
industries,” and commercial aircraft manufacturing was organic to the
control of the commanding heights of advanced industries (State Council
2006). The ARJ21, a narrow-body regional jet, is already in service, and
the C919, a competitor in size and range for the Boeing 737 and Airbus
A 320 series, has multiple demonstrators in the air. The order of magni-
tude bears noting: COMAC (Commercial Aircratt Corporation of China)
(n.d.) estimates that China will need $1.3 trillion in new planes over the
next two decades, leading to 2049, the one hundredth anniversary of the
People’s Republic of China (Reuters 2020). In this passage, we examine
the Chinese aerospace industry and how it has been influenced by Chinese
industrial policy.

7.2  THE CURRENT COMMERCIAL AVIATION MARKET
IN CHINA

The growth of China’s air market has been tremendous. Even with the
advent of COVID-19, it is still on target in three years to become the
world’s largest in passenger volume (see Fig. 7.1). Chinese passenger
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Administration of China)

growth from 2018 to 2038 is expected to grow at over 1 1/2 percentage
points higher than the global average. This is despite significant competi-
tion from one of the world’s fastest growing and largest high-speed rail
networks which carried over ten billion passengers in 2018.

The Chinese government is also continuing its plans to grow aviation-
related infrastructure with a construction target of two hundred and fif-
teen new airports by 2035, effectively doubling the number of airports in
China (see Fig. 7.2). All the more remarkable as these projects are moving
forward in spite of momentary decreases in passenger traffic in the wake of
Covid-19. According to figures released by the CAAC (Civil Aviation
Administration of China), the annual growth rate of passengers in China
slowed for the past three years from 13% in 2017 to 7.9% in 2019. Cargo
volumes have also decreased to 75.26 billion tons which is a rise of only
1.9% from the year prior and well below the 4.6% of 2018 and 5.7% of
2017. Passenger volumes at Shanghai Pudong International Airport have
been declining since 2015.

7.3 CHINESE COMMERCIAL AVIATION PRODUCTION

Since the advent of the People’s Republic of China, its government has
desired to produce military aircraft domestically. Commercial aircrafts
were a lower priority and their development was originally begun under
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the aegis of military supervision. China’s first domestic jet the Y 10 was
designed to be a competitor to the Boeing 707. Test flights were com-
pleted successfully in the 1980’s but the plane’s cost was markedly higher
than its Boeing and Airbus competitors and manufacturing was halted due
to design and cost issues (Barwick et al. 2020).

After the Y-10 failure in 1983, Beijing planners created a three-step
long-term path to grow the commercial jet industry, aiming eventually to
complete local development without foreign assistance. China then reluc-
tantly turned to the international joint venture option to speed up the
process of eventual full production autonomy. It proved a harder road to
travel than anticipated. The target date to complete domestic develop-
ment and production was 2010. The initial phase began in 1985 when
SAIC (Shanghai Aviation Industrial Corp.) agreed with McDonnell
Douglas to assemble the MD 82 narrow body airliner from kits. Between
1986 and 1994, thirty-five MD 80 series jets were assembled in China,
including five exported back to the United States. There was a plan to
assemble the larger MD 90 aircraft but McDonald Douglas’ merger with
Boeing ended that production line. In 1997, China entered a consortium
with Airbus and Singapore technologies to develop A-100 seat regional jet



7 CHINESE COMMERCIAL AIRCRAFT MANUFACTURING POLICY: THE VIEW... 109

that would be called the AE-100. This program was ended when Airbus
pulled out in the wake of the Asian financial crisis (Levine 2015).

In an attempt to stimulate growth in the aviation industry, Beijing
oversaw the creation of AVIC (Aviation Industry Corporation of China)
as a conglomerate, with half'a million employees globally and twenty seven
listed companies. Quickly, AVIC was divided into halves, AVIC 1 and
AVIC 2. The intention for this division was to create competition inter-
nally in China, but it was unsuccessful at this, as one settled on competing
in the military aircraft space and the other focused on civilian airframes,
transports, and helicopters. Therefore, in 2008, the Chinese government
remerged the two companies with the intention of a reorganization (Crane
et al. 2014). These hesitant strategic moves are reflective of the external
challenges facing state-owned enterprises (SOEs). Yet SOEs are essential
in maintaining central government control and achieving strategic objec-
tives but also in creating powerful national champions promoting China’s
influence as international multinational actors (Naughton 2018).

The newly merged corporation was given the explicit task of becoming
one of the world’s leading aviation companies. The catch phrase used for
this strategic “split and re-merge” move was “two integrations, three
news, five transformations, and one trillion”. The one trillion was the rev-
enue target in renminbi for the year 2020. This was a highly ambitious
target because the exchange rate for one trillion renminbi equals out 260
billion US dollars while Boeing and Airbus combined totaled only 100
billion dollars in revenue at the time (Crane et al. 2014). The two integra-
tions referred to blending global aviation production chain into regional
economic development spheres. The three “news” refer to novel empha-
ses on value creation, business model innovation, and integrated network
construction. Finally, the five transformations addressed slower-paced pro-
cesses such as market-oriented reforms, specialized consolidations, capital-
ized operations, globalized development, and commercialized growth
(Crane et al. 2014).

After the merger of AVIC 1 and AVIC 2, COMAC was spun off from
AVIC in May 2008 to create a commercial aviation manufacturer mimick-
ing Boeing and Airbus. COMAC became a somewhat more independent
corporation to design, assemble, and manufacture China’s indigenous
commercial airliners. COMAC produces only in the commercial aviation
space, both to make it more competitive and to hedge the risk of
U.S. export controls and similar barriers to its integration within the
global aviation market (Freifeld and Alper 2020). The issue of U.S. export
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controls on U.S. origin engine components sold to China is a salient one,
in the wake of the Trump Administration’s sweeping reform embodied in
the U.S. Export Control Reform Act of 2018, now including under its
purview many conventional manufacturing industries. It would appear
that U.S. government agencies, in the context of the Airbus-Boeing global
market competition, have reached, at present, the conclusion that this type
of well-established technology exports does not pose a security risk as in
other sectors of technology rivalry, such as information technology and
communications, where export controls are stringent and expanding. This
decision reflects an assessment of the general state of advancement of the
Chinese large civilian aircraft industry. Cybersecurity controls, however,
remain stringent to insure that state-of-the-art innovations are not leaked.

COMAC’s initial approach was to manufacture the ARJ-21 and design
and manufacture the C919. The ARJ-21 was designed as a 100-seat
regional jet to take the place of aircraft like the MD 80 and some offerings
from Bombardier and Embraer. The C919 was designed as a narrow body
jet but slightly larger to compete in the same field as the Boeing 737 and
Airbus A320 series. AVIC serves as a key domestic supplier of parts
to COMAC.

The ARJ-21 is very similar in appearance and size to the MD 80 that
was manufactured under contract, as well as the larger MD-90 that was
planned but cancelled. Consistent with Beijing’s stated desire to integrate
Chinese aviation manufacturing into the global industry, many subsystems
were outsourced to foreign manufacturers including GE, Safran, Rockwell,
and Honeywell. The ARJ 21 had its first in-service flight in 2016 and is
currently in use by approximately ten airlines and lease services, all based
in China.

International joint ventures between Chinese manufacturers and
Western avionics firms are not new, dating back to 1996, if not earlier,
with Pratt & Whitney. In the early 2000’s, Harbin Aircraft Industries
group attempted a joint venture with Embraer to assemble the ERJ-145,
a regional jet. The Harbin manufacturing facility was able to begin deliv-
ery in 2004 but only able to produce twenty four aircraft a year at its peak
and a final delivery of only forty one aircraft before production ceased in
2011. In September 2008, a joint venture between Airbus and a Chinese
consortium was created to perform final assembly of A320 jets from
Airbus. The first aircraft was delivered in 2009 and the one hundredth in
2012. These international joint ventures have buttressed Chinese progress
in avionics, allowing some leapfrogging in certain production lines, but
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Fig. 7.3 C919 selected suppliers. (Authors from COMAC Website)

have also evidenced the typical issues encountered in joint venturing with
Chinese state-owned enterprises. Hence, they can be assessed as a mixed
success.

COMAC’s C919, launched in 2009, is the next phase of indigenization
of Chinese aviation manufacturing. The C919 is intended to serve as a
substitute for the 737 and A320 jets from Boeing and Airbus respectively
(see Fig. 7.3) The C919 has a number of prototypes conducting test
flights, and there was a plan prior to COVID-19 to introduce the C919
into commercial service in 2020, but that has now been delayed to 2021.
Production goals for the C919 are one hundred fifty aircraft per year
which is one third of China’s domestic annual demand. Many personnel
have been shifted from the ARJ-21 to the C919 program. The current
trade dispute between the United States and China was seen as an impedi-
ment as the primary engine supplier is CEM, a Franco-American consor-
tium between GE and Safran Aircraft Engines. However, the clear
separation between COMAC and military production allowed engine
sales to be approved in April 2020. Table 7.1 shows the specifications of
the C919 relative to its Boeing and Airbus rivals to provide technical con-
text for COMAC’s targets.
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Table 7.1 Specifications of the C919 relative to its Boeing and Airbus rivals

Cc919 737-800 A320ne0
Passengers 168 (1-class) / 158 160 (1-class) 184 195 (1-class) / 165
(2-class) (max) (2-class)
Length 389 m /127.6 ft 39.50m /129 ft. 7in  37.57 m /123 ft. 3 in
Weight 421t/928151bs.  41.4t/91.3001bs.  44.3t /97,700 lbs.
Range 4075 km /2200 nm 2935 nmi (5436 km) 6500 km / 3500 nmi

Source: Authors from open sources

Both the ARJ 21 and C919 are alike in that their ultimate objective is
not widespread commercial success but rather proof of concept with a
view to full deployment. If China can design and manufacture complex
technologies like modern aircraft, it makes the country less reliant upon
American and European suppliers. It also allows aircraft manufacturing to
move from a catching-up status industry to a leading industry much like
high-speed rail and home appliances. Figure 7.3 illustrates the multina-
tional nature of COMAC’s suppliers for the C919 underlining COMAC’s
integration in this global industry.

There is an additional COMAC product designed to compete with the
Boeing 787 and Airbus A330neo. Officially built by CRAIC, a consor-
tium of COMAC from China and Russia’s United Aircraft, and capable of
carrying 440 passengers in a single-class configuration. There has, how-
ever, been significant friction between the Russian and Chinese design
teams which has resulted in an announced delay in production. Part of the
disagreement has been reported to be a Russian insistence on basing the
fuselage on the Ilyushin II-86 airliner, which was a 4-engine wide body,
designed in the Soviet Union in the 1970’s. Russia also insisted that rather
than a technology transfer, Russia would only outsource assembly to
COMAC. It was rejected by the Chinese. The possibility is now being
discussed of China going it alone, with engines supplied by CFM or Rolls
Royce, as China presently does not have an adequate domestic engine of
the power and size required (Chen 2020).

7.4  CHINESE COMMERCIAL AVIATION PoLicy

Industrial policy has been a reform instrument in China since its opening
up to the world, making possible China’s development from an imperative
planned economy to a “market economy with Chinese characteristics (see
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Chap. 1). “Beijing has retained a “whole-of-government” approach remi-
niscent of “dirigisme” in growing its domestic commercial aviation indus-
try. Because Beijing exerts centralized authority over the operation of
state-owned enterprises (SOEs), this organic approach is rooted in broad
policy priority declarations emanating from the Chinese State Council and
refined further by successive directives and documents by various minis-
tries and local government entities. There are six promulgated govern-
ment plans deserving attention which define Chinese commercial aircraft
manufacturing policy. They are fleshed out below (Ohlandt et al. 2017):

e National 5-year plans. Development priorities set by the State
Council call for breakthroughs in civilian aviation engine technology
so far dependent on foreign sources;

o Identified Strategic Emerging Industries. Two documents stand out,
the “Decision on Accelerating the Cultivation and Development of
Strategic Emerging Industries” and “Development Plan for Strategic
Emerging Industries of the 14th Five-Year Plan.” They list goals and
aspirations for Strategic Emerging Industries considered the most
salient for Chinese civilian aviation;

* National Medium to Long Term Plan for Civil Aviation. 1t calls for
the domestically manufactured civilian aircraft to account for no less
than 5 percent of China’s total civilian aviation market by 2020. It
also stresses the domestic development of a domestic turbine-engine
sector narrow-body aircraft;

o The 5-year plan for Chinese Civil Aviation Development (currently in
its 14th iteration). Calls for China to enhance the safety, popularity,
and globalization of China’s civilian aviation industry, a critical issue
to certify Chinese made civilian aircraft both for the domestic and
international markets which would hold back commercialization of
the aircraft;

® Muade in China 2025. Released in 2015, it calls on China to speed up
research and development in large aircraft, including widebody pas-
senger aircraft, and to enhance international cooperation. It sets a
target, perhaps unrealistically, that general-purpose aircraft
components should capture between 30 and 40 percent of the
domestic market share by 2025. These are steep goals for the Chinese
aviation industry to climb and industry experts have expressed
doubts (South China Morning Post 2018; Dufour 2019).
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Figure 7 4 illustrates the complex organizational structure and decision-
making process for COMAC as it addresses global strategic corporate
choices. Comparatively speaking, the Boeing and Airbus Group duopoly,
dependent as each may be on some government support, is relatively more
agile. China has been debating the latitude it will grant its national cham-
pions as they become international corporate actors. Implicit in the 2025
initiative and its longer term 2049 centennial version is that government
should follow the practices of firms in developed countries, encouraging
innovation, while supporting such industries through government pur-
chases. A clear resolution of this organizational dilemma does not seem to
avail in the foreseeable future.

Itis China’s stated long-term goal to become a fully developed country
that is prosperous, powerful, democratic and culturally advanced by 2049,
the year when the People’s Republic of China celebrates its centenary (see
Chap. 1). These lofty ideals can be pragmatically translated into achieving
global leadership in technology and heavy manufacturing, reprising the
challenges of Made in China 2025. Selling complex capital goods on the
global market is desirable but substituting domestic manufacturers for
imported goods is an even greater end goal, given the current trade war
between the United States and China.

COMAC

Fig. 7.4 Organizational structure and decision-making process for
COMAC. (Source: Authors from open sources)
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This conflictual situation casts doubts upon the availability and cost of
American made aircraft and components. It leaves open a door for the
Europeans to expand their market penetration, possibly at the expense of
a rift with the United States if this brewing Sino-US conflict takes on the
appearance of what some term a “cold war.” It also raises the specter of
autarky and import substitution in what is a supremely global industry.
Plainly, by producing its own and demonstrating its autonomous capabil-
ity, China can both move down the experience curve, avoid paying tariffs,
and sending money out of the country. In this regard, the Chinese
approach to commercial aviation may be seen as comparable to high
speed rail.

Only a couple of decades ago China had practically no presence in high
speed rail. Today, China is one of the most competitive manufacturers in
the world (Mok 2019). China’s aviation offerings are comparable to its
high-speed rail offerings: they do not implement new technology, they are
not particularly more efficient, and they are not remarkably safe or budget
conscious. The difficulty and complexity in developing an industry ecosys-
tem and supply chains necessary to respond to the manufacturing base’s
needs is a long and drawn out process. By investing in vehicles like the ARJ
21 and the C 919, China is attempting to shorten the development curve.
China’s carefully crafted international joint ventures allow it to develop
some competency in the aviation industry but they do not allow China to
develop complex engineering skills. China is seeking to develop a domes-
tic base of aeronautical engineers able to design greater and better aircraft.

Made in China 2025 is the highest profile initiative, reconfirmed by the
2049 longer-term societal and economic objectives. Released in 2015, it is
composed of three ten-year phases, the first of which is to become a major
world manufacturing power by 2025. The second phase is to become an
intermediate-level competitor by 2035 and, finally, to become the world’s
leading manufacturer by 2049, alarming its Western rivals. It sets out ten
key industry sectors which include “next generation” IT, robotics and
aviation and aerospace, among others, as well as operating principles. It is
noteworthy that the aviation and aerospace directive is not narrowly lim-
ited to aircraft; it includes plans to triple the number of Chinese satellites
in orbit, for example (Wu and Tse 2018).

The challenge in producing the Chinese Way is that the players as
government-owned industries are operating on the basis of compartmen-
talization of information. In order to develop a robust acrospace industry,
vital information for engineering and production must be shared more
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openly among suppliers. State-owned enterprises in China do not do
transparency well (Ohlandt et al. 2017). Still, China may be able to com-
pete on the basis of price as its cost structure theoretically is lower. It
might thus allow COMAC-produced commercial aircraft to sell in parts of
the world where low cost is the highest priority. Thus, COMAC might
become the jet supplier to frontier economies and developing countries, if
it can satisty world-class certifying safety standards. The Boeing 737 Max
crisis has created a potential opening for COMAC that had not so far
existed. It remains to be seen, however, if falling global passenger volumes
in the wake of COVID-19 have closed that door. It is worth noting that
the ARJ 21 and C919 are only certified for commercial use in China. No
certification for these aircraft in Europe or North America has been
granted. American and European aviation authorities may use their influ-
ence to try to keep Chinese aircraft from flying outside of China.

Finally, the biggest obstacle for COMAC to overcome is the develop-
ment of a support structure for COMAC manufactured aircraft. Boeing
and Airbus planes have a large and robust network of qualified pilots,
qualified service personnel, and mechanics as well as a well-honed network
of parts suppliers. COMAC at present has almost none of these features
outside of China. The most concrete quantitative goal of Made in China
2025 remains to reduce China’s reliance on foreign technological compo-
nents to increase domestic and international demand share.

In the twenty first century, industrial policy has become innovation
policy. Neither the ARJ21 and C919 are particularly innovative as vehicles
of the future. In the realm of high-speed rail, China became competitive
because a rail system is a closed loop. If one purchases high speed rail from
China, the Chinese suppliers will install the entire system from rails to sta-
tions to switching mechanisms to the train sets themselves. Aircraft, on the
other hand, are much more mobile and substitutions can be made much
more easily. It can be said that the aviation industry has much more in
common with the automotive industry. For many of the same reasons that
China is yet to be a global force to reckoned with in the automobile sector,
it faces many similar barriers to entry for aviation. Competitors can enter
freely and easily. The devices to use the network can easily be swapped in
and out. Another point of comparison is worthy of note: China is extremely
competitive in the global shipbuilding industry because of massive subsi-
dies. Barwick, Zahur, and Kalouptsidi found that the Chinese shipping
industry subsisted on subsidies as net profits increased only one-fifth the
value of the subsidies themselves. China’s electric production industry
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similarly is highly inefficient. The standard for power networks backup is
15% beyond peak load. In many provinces in China, the excess capacity
available for backup is 90% of peak load.

According to the World Bank and OECD, China’s total factor produc-
tivity growth in China has been one third of what it was prior to the 2008
financial crisis (Brandt et al. 2020). It seems that China’s industrial policy
is focused on market share rather than developing competitiveness. This
very much echoes the hazard of the infant industry argument in trade
policy: when is an industry no longer an infant industry? In more demo-
cratic nations, there is often pressure from voters to reduce expenditures.
The theoretical rationale for deploying industrial policies is to correct mar-
ket failures which are rampant, especially in developing countries. In
China’s case and in its commercial aircraft industry, one finds evidence of
significant government distortions, no doubt the legacy of central plan-
ning, that must gradually be resolved through more market-oriented
reforms. How to distinguish good from bad industrial policy particularly
in a country undergoing an economic transition is not an easy question
to answer.

A further question relates to the issue of Chinese innovation. In the
past, Chinese innovation consisted primarily of duplication or leap frog-
ging the innovatory process through intellectual property theft, as termed
in the West. China has recently enacted measures to make the country
more compliant with international expectations of intellectual property
protection for items that are not deemed strategic. China, however, has
selected the aerospace industry as an industry sector in which it wants to
be globally competitive. Thus, the dilemma is one of improving China’s
record on innovation. Should China focus more on basic research or
should China overhaul its innovation system itself to reduce misallocation
of innovatory resources and better protect intellectual property rights as it
catches up? In certain sectors, China has achieved global innovatory lead-
ership: high-speed rail, mobile payments, e-commerce and bike-sharing
technology, China’s Four Great New Inventions (An 2017). Commercial
aircraft manufacturing remains an open question.

Chinese “innovation” was initially characterized by the shanzhai
method. At first and due in part to the relative poverty of rural China, a
system of cheap “knock off” products was developed. This brought forth
an organic system which works more like open source, where copies are
freely mixed and adapted to create products which are not wholly new, but
not an attempted copy of the original source(s) either (Wang 2018). The
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earlier ARJ 21 is very close to the MD-80 that was manufactured under
contract. In other words, an old-style shanzhai near copy. The C919 is not
a copy of either the A320 or 737. It more closely exemplifies the new-style
of shanzhai. The C919 is not a design from scratch with Western design
inputs. Crowdstrike has reported that COMAC has been connected with
industrial espionage related to engine producer CFM international, as well
as other suppliers in the C919 supply chain (NDIA, Editorial Board
2020). What remains to be seen is whether COMAC can produce a suc-
cessful aircraft in the C919, and then produce a pipeline of new innova-
tions in the successor aircrafts. Then, and only then, will COMAC be an
internationally competitive commercial aircraft manufacturer, and the final
phase of China’s international industrial policy be realized: to turn indus-
trial gaps into opportunities and not vulnerabilities.
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CHAPTER 8

The Semiconductor Industry: A Strategic
Look at China’s Supply Chain
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Abstract Restricting China’s access to advanced semiconductor technol-
ogy has become the U.S. government’s chokepoint strategy in the emerg-
ing hi-tech cold war. The development of an indigenous semiconductor
supply chain is increasingly vital for China’s next stage of development.
This chapter documents China’s experience of semiconductor industry
policy and development, and evaluates key Chinese players in the IC sup-
ply chain and their technological capabilities. A strategic look at the supply
chain shows that China’s semiconductor industry is resilient even under
the U.S. pressure, though significant weakness remains.
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8.1 INTRODUCTION

In the middle of a global pandemic in 2020, access to advanced semicon-
ductor technology has emerged as a hot battlefield in the US-China tech-
nology rivalry (Feng and Li 2020). On May 15,2020, the U.S. Department
of Commerce banned Huawei Technologies, the Chinese telecommunica-
tion technology giant, from acquiring semiconductors designed and pro-
duced with American technologies, after one year of putting Huawei on
the BIS Entity List of export control. Four months later, the Commerce
Department set more export controls on China’s top chipmaker,
Semiconductor Manufacturing International Corporation (SMIC),
requiring U.S. companies to obtain licenses before selling specific tech-
nologies and equipment to SMIC. Although the U.S. government had
previously issued export bans to Chinese semiconductor companies (e.g.
the addition of Fujian Jinhua to Entity List over alleged technology theft
in October 2018), targeting China’s leading technology companies is
clearly a dramatic escalation of existing tensions. From both within and
outside of China, there is a growing consent that restricting China’s access
to advanced semiconductor technology has become the U.S. govern-
ment’s chokepoint strategy to inhibit Chinese technological development
and maintain American industrial leadership.

Semiconductors are the backbone of advanced information technology.
These tiny electronic devices enable everything in a modern society, from
computers and cellphones, to home appliances and automobiles, to robot-
ics and power grids. While China has become the world’s largest electron-
ics producer, the country relies heavily on foreign companies to supply this
critical technology. Since 2006, the import of semiconductors including
integrated circuits (IC) and other types of silicon devices have exceeded
crude oil to become China’s largest imported commodity. China’s annual
import value for ICs had reached 200 billion U.S. dollars by 2013 and
300 billion dollars by 2018.

China has long pursued independence in semiconductor technology
(Hu 2006; Lazonick and Li 2013; Li 2016). As tensions with the
U.S. increase, it is only logical to assume China would double down on a
path of indigenous development. In 2016, China’s President Xi Jinping
said, “having core technology controlled by others is the greatest hidden
danger” (Xi 2016). In 2020, President Xi again called for efforts to pursue
“technology that is strategic and takes long-term commitment” in
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industries “relying on imported components, parts, and raw materials”
(Xi2020).

In this chapter, an assessment of the current status of the Chinese semi-
conductor industry in 2020 is provided, along with its ability to counter
increasingly aggressive U.S. policy for technology competition. To under-
stand the strength and weakness of the Chinese semiconductor industry,
one needs to examine its historical trajectory of development. In the fol-
lowing parts of the chapter, I document China’s semiconductor industry
policy and development from the beginning of the People’s Republic to
present days. I then evaluate key Chinese players in the IC supply chain
and their technology capabilities. Based on the analyses, policy implica-
tions are offered.

8.2 CHINESE SEMICONDUCTOR INDUSTRY PoLICY
AND DEVELOPMENT

China was among the first handful of nations that committed to research
and develop semiconductor technology in the twentieth century. In 1956,
the Chinese government’s “March Towards Science” campaign identified
semiconductor as a key priority for China’s future. Throughout the 1950s,
scientists returning from the West had established semiconductor physics
departments in elite Chinese universities, including Peking University,
Fudan University, Jilin University, Xiamen University, and Nanjing
University. In 1965, Chinese researchers developed their first piece of
integrated circuit (IC), only seven years after the IC was invented by Texas
Instrument in 1958 (Li 2017).

Since the economic reform and opening-up in 1978, China adopted a
strategy to rapidly establish a modern semiconductor industry using
imported technology. In the early 1980s, Chinese national and local gov-
ernments spent some 1.3 billion renminbi (or 150 million US dollar) to
import thirty three sets of second-hand semiconductor production equip-
ment to upgrade twenty four key enterprises. In 1982, the State Council
established the Lead Group for Electronics, Computers, and Large-Scale
I1C, a first high-level government body for inter-ministry coordination and
strategic industry policy making for promoting the semiconductor indus-
try. In 1984, the Lead Group was renamed to State Council Lead Group
for the Promotion of Electronics Industry. One of the key decisions the
Lead Group made was to consolidate the state’s efforts in a small number
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of leading firms for industry development and upgrade. Between 1988 and
1995, China established five relatively large-scale, key state-owned semi-
conductor enterprises, including Huajing Electronics (Wuxi, Jiangsu),
Huayue Microelectronics (Shaoxing, Zhejiang), Shanghai Belling, Shanghai
Philips, and Beijing Shougang-NEC (Simon and Rehn 1987; Li 2017).

In 1990, China launched its first state project for IC industry promo-
tion, Project 908, targeting the LSI (Large Scale Integration) technology
of building transistors at sub-micron nodes. The Chinese government
allocated 2 billion renminbi to Huajing to build an IC production line
capable of processing 12,000 6-inch wafers per month using 0.8-1.2 um
process technology transferred from AT&T-Lucent during the period of
the eighth five-year plan (1991-1995). Unfortunately, the slow decision-
making process within the government caused a lengthy delay to the proj-
ect. By the time the 6-inch fab went online in 1997, its technology was
already trailing behind. After years of joint venture with Hong Kong-
based CSMC, Huajing was eventually acquired by China Resource Group
in 2003 (Fuller 2016; Mays 2013).

In 1995, the newly established Ministry of Electronics Industry
launched another major state project, Project 909, in upgrading domestic
semiconductor industry. The centerpiece of Project 909 involves an invest-
ment of over 10 billion renminbi (or 1.2 billion US dollar) to build an
8-inch production line using VLSI technology at 0.35-0.5 um process
nodes and having a monthly output of 20,000 wafers. The project was
carried out through an international joint venture between Shanghai
Huahong Group and Japan’s NEC. The Huahong Group has since
become a major IC foundry, even though Huahong was often criticized
for relying on Japanese management and engineers to achieve early success
(Hu 2006; Fuller 2016).

In anticipating China’s accession to the World Trade Organization
(WTO), the State Council issued a major semiconductor industry policy
document named “Several Polices to Encourage Software and Integrated
Cireuits Industry Development”, also known as Document 18, in July
2000. Document 18 marked a major shift in policy tools for industry pro-
motion, as the new policy emphasized broad-based tax incentives to
encourage entries of private and foreign capital (Li 2016).

In the decade following China’s WTO entry, there were major entries
into the three main industrial segments of the semiconductor value chain:
semiconductor design, fabrication, and packaging and testing. Thanks to
China’s large pool of skilled and low-cost labor, the country has become a
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leading player in the labor-intensive packaging and testing industries. In
the IC design sectors, the number of entries increased from less than
100 in 2000 to nearly 500 by 2004. Although the majority of Chinese 1C
design houses are small companies competing in relatively low-end seg-
ments of the market, a selected few firms have grown into scale and closed
gaps with international leaders. Driven by explosive growth of the smart-
phone market in the 2010s, a number of mobile chipmakers have emerged
as China’s leading semiconductor design houses, including Huawei’s
HiSilicon, Unigroup’s Unisoc (merged from Spreadtrum and RDA), and
Sanechips (ZTE Microelectronics).

In IC fabrication, Semiconductor Manufacturing International
Corporation (SMIC) has emerged as a new national champion. Established
in Pudong, Shanghai in 2000, SMIC was founded by Richard Ru-Gin
Chang and a group of over 100 expatriate managers and engineers. Chang
had accumulated deep experience in building foundries by previously
working for Texas Instrument and running his own startups. Chang’s
team raised 1.48 billion US dollar of initial capital from Chinese govern-
ment and international investors, including venture capital firms Walden
International, Vertex Venture Holdings, H&Q Asia Pacific and Goldman
Sachs. By 2004, SMIC has already become China’s largest and most tech-
nologically sophisticated semiconductor foundry (Li 2016).

In 2006, the Chinese government had officially adopted “indigenous
innovation” as a national strategy through the issuance of the “Outline of
the National Mediuwm- and Long-term Programme on Science and
Technology Development (2006-2020)” (MLP) (Lazonick and Li 2013).
To meet the goal of building China as an innovative nation by 2020, the
Ministry of Science and Technology established a total of 16 National
S&T Major Projects (also known as “Mega Projects”) in key technology
areas, including broadband mobile networks, advanced machinery, nuclear
power, commercial aircrafts, and new drug development. Introduced in
2012, “Ultra-Large-Scale Integrated Circuit Manufacturing Equipment
and Technology” is one of the sixteen Mega Projects designated to
advance the development of advanced chip technology and equipment
with 45 nanometer or smaller process nodes. The project has funded a
broad range of R&D projects conducted by universities, research insti-
tutes, and domestic firms.

In June 2014, the State Council issued “ Guidelines to Promote National
Integrated Civcuit Industry”. A key strategy identified in this guideline is
to focus policy support on a small number of leading domestic firms.
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Three months later, the National IC Industry Investment Fund (also
known as the Big Fund) was established with capital raised from 16 state
entities and business firms, including the Ministry of Finance, China
Development Bank Capital, and a number of state-owned investment
fund and state-owned enterprises such as China Tabaco, China Mobile,
and China Electronics Technology Group. By the end of 2018, the Big
Fund had completed its first phase of investment, allocating a total fund of
104.7 billion renminbi to investment in all parts of the semiconductor
value chain: IC design (19.7%), IC fabrication (47.8%), packaging and
testing (11%), semiconductor materials (1.4%), semiconductor equipment
(1.2%), and industry ecosystem (19%). The largest recipients of capital
from the Big Fund investment include Tsinghua Unigroup (10 billion
RMB) in IC design and manufacturing, Yangtze Memory Technologies
Co (YMTC) (19 billion RMB) in memory chip manufacturing, SMIC (21
billion RMB) in IC foundry, and Jingsu Changjiang Electronics
Technology (JCET) (4.6 billion RMB) in IC packaging and testing. At
the same time, the first phase of the Big Fund has leveraged additional
541.5 billion RMB financing in the forms of equity investment, corporate
bonds, and bank loans, including various Local IC Funds established by
regional governments. By the end of 2019, the National IC Fund is
launching the second phase of investment, expecting to raise over 200 bil-
lion RMB in capital. The second phase investment is expected to further
strengthen weak links in China’s IC supply chain, especially in semicon-
ductor equipment and materials.

In 2015, the Chinese government released “Made in China 20257, as
analyzed in Chaps. 1, 2 and 9, a plan to develop ten advanced manufactur-
ing sectors by 2025, including next generation information technology,
controlling instruments and robotics, aerospace and aviation equipment,
maritime equipment and shipbuilding, railway equipment, energy-efficient
and new-energy vehicles, electrical equipment, new materials, medical
devices, and agricultural machinery. The semiconductors, especially ICs,
were identified as the foundation of the next-gen I'T industry. In October
2015, the State Council issued a Technical Roadmap for implementing
the plan, establishing goals for the semiconductor sector to “develop the
IC design industry, grow the IC manufacturing industry, upgrade the
advanced packaging and testing industry, facilitate breakthroughs in the
key IC equipment and materials” (State Council 2015).

In July 2020, the State Council issued “Several Policies for Promoting
the High-Quality Development of the Integrated Civcuit Industry and the
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Software Industry in the New Era”, a policy document that reiterates
Chinese government’s commitment in the industry as the U.S. pressure
intensifies. This new policy document extends one of the largest tax breaks
for semiconductor manufacturers with advanced sub-28 nanometer node
technologies on one hand, it gives government support to facilitate equity
financing for semiconductor enterprises on the other hand. In the same
month, China’s semiconductor national champion, SMIC, delisted from
NASDAQ in 2019, launched an initial public offering (IPO) on the
Shanghai Stock Exchange’s STAR Market. SMIC raised 53 billion RMB
in the nation’s biggest IPO over the decade, providing SMIC with ample
cash to invest in new fabs and R&D.

8.3  EvaruatioN oF CHINA’S SEMICONDUCTOR
SurrLy CHAIN

Although China has yet to cultivate any world leading semiconductor
companies, it has established presence in almost every step of chipmaking,
thanks to decades of investment and development. To be fair, there are
plenty of weak links in China’s domestic semiconductor supply chain,
especially in supporting industries such as IC manufacturing equipment,
materials, and Electronic Design Automation (EDA) tools. Even the most
advanced Chinese semiconductor companies are much smaller in size and
technologically lagging compared to international leaders. As the U.S. is
increasingly willing to cut oft China’s access to advanced technology, it
will become challenging for China to develop a strong semiconductor
industry. Nevertheless, the presence of a complete domestic semiconduc-
tor supply chain increases the chances for Chinese companies to survive
under aggressive U.S. policy, and in turn, supplying the vast domestic
market could be the best opportunity for Chinese semiconductor compa-
nies and equipment suppliers. Before analyzing the capabilities of leading
Chinese firms in the semiconductor supply chain, the model of production
in the global semiconductor industry is briefly described.

The modern semiconductor industry consists three main parts, corre-
sponding to the three main steps in making IC chips: IC design, IC fabri-
cation, and IC packaging & testing (Fig. 8.1), as already mentioned in the
previous paragraph. Each part of the semiconductor industry is supported
by a number of equipment, materials, and software industry. For instance,
IC design needs specialized software of EDA tools and IP (intellectual
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Fig. 8.1 Integrated circuits industry supply chain. (Source: Author’s
compilation)

property) cores supplied by specialty software companies, while IC fabri-
cation relies on specialty equipment makers to supply advanced machinery
(e.g. lithography machine) and material suppliers to provide high quality
silicon wafers and various specialty chemicals.

Since the 1990s, the global semiconductor industry has become highly
fragmented, in which cach of the three steps in chipmaking are under-
taken by different, specialized firms often located in distant parts of the
world. In general, American companies such as Qualcomm, Nvidia, and
AMD lead the IC design sector, while East Asia companies (i.e. TSMC
and Samsung) dominates IC foundry services. Although the IDM
(Integrated Device Manufacture) model of vertical integration used to be
the norm, today there are few semiconductor companies that can perform
all the tasks from IC design to fabrication. The exceptions include Intel,
which design and manufacture high performance computer processors,
and memory chip (i.c. NAND flash memory and DRAM) manufacturers
that requires close integration between design and fabrication.

8.3.1  Packaging and Testing

China has a strong presence in the IC packaging and testing industry,
accounting for over half of global production in recent years. China’s
strength in packaging and testing is partly driven by the labor-intensive
nature of this industry, and partly facilitated by co-location with the
world’s largest electronics supply chain. The three largest Chinese packag-
ing and testing firms are Jingsu Changjiang Electronics Technology
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(JCET), Tianshui Huatian Microelectronics (TSHT), and Tongfu
Microelectronics (TFME, formerly Nantong Fujitsu Microelectronics).
These three firms can all trace their roots to state-owned electronics facto-
ries located in China’s pre-reform industrial bases that were later reformed
and privatized. Thanks to investment from the National IC Fund, the
leading Chinese packaging and testing companies have expanded rapidly
in recent years, acquired foreign competitors and their Chinese opera-
tions, and experienced significant technology upgrade. JCET, China’s
largest and most advanced packaging and testing firm, has been an Apple
supplier since 2018.

8.3.2 IC Foundry

IC fabrication is the most capital- and technology-intensive segment of
the semiconductor industry. It costs some 10 to 15 billion US dollars to
construct a state-of-the-art IC fab capable of processing 12-inch wafers
and fabricating chips at 7-nanometer node. With fewer and fewer compa-
nies willing to lay out the enormous capital expenditure, the global
foundry capacity is increasingly concentrated in a handful of contract man-
ufacturers, or IC foundries, that provides fabrication services to other
companies.

SMIC is China’s largest and most sophisticated 1C foundry, the fifth
largest in the world after TSMC, Samsung, Global Foundries, and
UMC. Started as an internationally oriented company with investment
from Silicon Valley, SMIC was able to acquire advanced machinery from
the U.S. that other Chinese companies were unable to. In the mid-2000s,
SMIC was able to close the technology gap with international leaders to
only one generation (or less than two years). Yet, a series of lawsuits
brought by TSMC over intellectual property rights violation and the dif-
ficulties in transitioning to FINFET technology for sub-14 /16 nanometer
process nodes have severely delayed technology development at SMIC. By
the mid-2010s, SMIC was lagging the international technology frontiers
for some three generations of process nodes (or 5-7 years) (Li 2016).
Capital investment from the National IC Fund eventually allowed SMIC
to resume its technology catch-up. SMIC is currently scaling up its
14-nanometer chip production and doing R&D for 7-naonometer pro-
cess node.

Because of the exponential increases in costs and technological difficul-
ties, there are only three companies in the world, including TSMC,
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Samsung, and Intel, that have developed or are currently developing
7-nanometer or smaller process node. Even the U.S. technology leader,
Intel is struggling to mass produce 7-nanometer for its computer proces-
sors. In other words, the R&D of 7 nanometer technology would be
extremely challenging for SMIC. Moreover, there are additional risks from
SMIC’s reliance on American-made machinery. At the time of writing,
SMIC is applying license from the U.S. Department of Commerce to pro-
vide foundry services to Huawei, a major domestic customer of advanced
node but is blocked by the U.S. government. In addition, SMIC has sig-
nificant difficulties in importing an EUV lithography machine from the
Netherlands” ASML, which is a critical piece of machinery for mass pro-
ducing 7-nanometer chips. Because of American-made components in the
EUV machines, ASML also needs export license from the U.S. government.

8.3.3 IC Design

While foundry has become increasingly expensive, the separation of IC
design and foundry has released semiconductor design companies from
investing in costly machinery and facility. The introduction of fabless busi-
ness model to China in the early 2000’s led to waves of semiconductor
startups that focus on designing chips while leveraging fabrication capa-
bilities from domestic and international foundries. Driven by exploding
demands from the electronics manufacturing industry, a number of
Chinese fabless design houses have become capable and internationally
competitive in their niche markets. For example, OmniVision Technologies,
part of the Shanghai-based Will Semiconductor Group, is the world’s
third largest CMOS image sensor supplier after Sony and Samsung, sup-
plying to leading smartphone makers including Apple, Huawei, and
Xiaomi. Shenzhen-based Goodix Technology, founded in 2002, is one of
the world’s largest suppliers of fingerprint identification chips.

The largest Chinese fabless semiconductor companies, however, still
have difficulties in competing with international leaders such as Qualcomm,
Broadcom, Nvidia, and MediaTek. Telecom technology giant Huawei’s
inhouse semiconductor design house, HiSilicon, is currently the largest
and most sophisticated Chinese semiconductor company, the only com-
pany from China Mainland that ranked among the world’s top ten semi-
conductor companies in recent years. Yet HiSilicon does not engage in
direction competition with international semiconductor firms, since it is
primarily a captive supplier to Huawei’s own smartphone, telecom
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equipment, and other electronics businesses. HiSilicon’s technology capa-
bility is clearly demonstrated in delivering Kirin 9000, the world’s second
5-nanometer smartphone chipset (fabricated by TSMC), only after Apple’s
Al4. However, HiSilicon is dependent on the access to international sup-
ply chains to maintain its technology lead: it needs TSMC to fabricate
advanced chips, American EDA vendors (Cadence and Synopsys) for tools
of chip design, and UK-based ARM for IP cores. With the U.S. export
ban on Huawei, it has become extremely challenging for HiSilicon to even
maintain its current business, not to mention advancing a technology lead.

Tsinghua Unigroup’s Unisoc is currently the second largest semicon-
ductor company in China. The company was formerly Spreadtrum
Communications, founded in 2001 in Shanghai as a smartphone chipset
maker. In 2018, Spreadtrum was merged with RDA Microelectronics
(which Unigroup acquired in 2014) to become Unisoc. Spreadtrum and
RDA were two of China’s most successful fabless startups that followed
MediaTek’s business model of supplying turn-key solutions (i.e. chipset,
software, and know-how) to mobile phone manufacturers. Thanks to
China’s booming mobile phone industry, both Spreadtrum and RDA
gained significant market shares by supplying mid- to low-end markets.
With the merger of the two and further capital injection from Unigroup,
Unisoc is positioned to become a national champion in IC design.
However, given the fact that Unisoc has not yet broken into supply chains
of any leading smartphone manufacturers, further technological upgrade
at Unisoc is also challenging.

8.3.4  Memory Chip Manufacturing

Memory chips, including NAND flash memory and DRAM (dynamic ran-
dom access memory) chips, are the commodity semiconductor devices
widely used in modern electronics. Because of its large volume, memory
chips are naturally a target of import substitution. China has made several
attempts to ramp up domestic production of memory chips, but it has
only achieved limited successes over the years. Both Huahong-NEC and
SMIC had engaged in DRAM manufacturing in their early phase, and
both exited the market due to heavy losses from high market volatility (Li
2016). More recently, Fujian Jinhua, backed by Fujian provincial govern-
ment, intended to enter the DRAM market through a joint venture with
UMC. The project came to a halt after Jinhua was placed in the Entity List
in 2018.
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China’s recent success in indigenous production of memory chips is
achieved by two startup companies: Yangtze Memory Technology Co.
(YMTC) and ChangXin Memory Technologies (CXMT). YMTC was pre-
viously Wuhan Xinxin Semiconductor Manufacturing Co. (XMC), an IC
foundry established in 2006, managed by SMIC, and a contract manufac-
turer of NAND flash memory for an American company Spansion (Li
2016). XMC began the R&D of 3D NAND flash memory back in 2014,
but not until 2016, XMC had sufficient capital to invest in manufacturing
facilities. In 2016, XMC was acquired by Tsinghua Unigroup to establish
YMTC. With massive investment from Unigroup and National IC Fund,
YMTC speeded up R&D and ramped up production. By 2018, YMTC
began to mass produce 32-layer 3D NAND memory. In 2020, YMTC
launched its indigenously developed 128-layer 3D flash memory, match-
ing the technology of leading Korean manufactures.

CXMT is an IDM specialized in DRAM manufacturing. The company
was founded in 2016 in Hefei, Anhui as a joint venture between Hefei
municipal government and Beijing-based GigaDevice, a NOR flash mem-
ory design house. Building on the technology and patent portfolio
acquired from Qimonda, a bankrupted German DRAM maker, CXMT
developed 19-nanometer DRAM chips with its own R&D work. In
September 2019, CXMT launched mass production of 8Gb DDR4
DRAM modules, China’s first indigenously developed DRAM chip on par
with international mainstream technology.

8.3.5  Semiconductor Equipment

While China has established a relatively complete semiconductor supply
chain over the last three decades, the capital equipment industry has been
largely neglected. Part of the reasons is a relatively small domestic market
for equipment, and Chinese chipmakers have relied on imported machin-
ery. In recent years, the National IC Fund has invested in a number of
equipment makers in the Fund’s first phase, and it is planning to target
semiconductor equipment sector for massive funding in the second phase.
A small number of Chinese semiconductor equipment makers have
emerged, though they are not yet to compete with international leaders
such as Applied Materials, ASML, or LAM Research.

NAURA Technology Group is China’s largest semiconductor equip-
ment maker with an annual sale of over 4 billion RMB (or 700 million
USD) in 2019. NAURA was formed in 2017 by merging a group of
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state-owned semiconductor equipment makers in Beijing, a major capital
equipment cluster in the pre-reform era. NAURA supplies oxidation /dif-
fusion furnace, a variety of etchers, and cleaning equipment in IC manu-
facturing to leading Chinese foundries such as YMTC, SMIC, and
Huahong.

Advanced Micro-Fabrication Equipment Corporation (AMEC) is
another major Chinese semiconductor equipment maker. Founded by a
group of returnees from Applied Materials in Shanghai, 2004, the com-
pany’s main business is supplying etchers and MOCVD machines, though
a large share of'its sales goes into LED and photovoltaic chip fabrication,
since China is the world’s largest producer of both LED and solar photo-
voltaic cells. Nevertheless, AMEC uses the revenue derived from LED and
PV industries to invest heavily in R&D, and the company has developed
advanced etching equipment for advanced 7-nanometer manufacturing
process.

Lithography machine is a critical technology in IC fabrication. The
Netherlands” ASML monopolizes the production of the world’s most
advanced lithography machines with EUV technology used for
7-nanometer process node and below. The most advanced Chinese lithog-
raphy machine maker is Shanghai Micro Electronics Equipment Co.
(SMEE), which supplies relatively backward 90-nanometer process
machines. SMEE is expected to deliver 28-nanometer lithography in
2021, butits technology has not been widely tested yet because of SMEE’s
low volume.

8.3.6  Semiconductor Matevials

To feed the growing demands of local foundries, China has invested heav-
ily in semiconductor materials in recent years. A number of startup com-
panies have emerged in this industry, and many existing chemical makers
have diversified into supplying electronic specialty gases used in IC fabrica-
tion. The leading Chinese silicon wafer maker is Shanghai-based Zing
Semiconductor Corporation (ZingSemi), founded in 2014 by Richard
Ru-Gin Chang, the aforementioned SMIC founder. In 2018, ZingSemi
launched the first domestically manufactured 12-inch silicon wafers, end-
ing China’s complete reliance on imported 12-inch wafers for IC fabrica-
tion. ZingSemi and a number of wafer makers and chemical suppliers were
merged in 2015 to form National Silicon Industry Group (NSIG), cur-
rently the largest semiconductor material provider in China.
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8.3.7 EDA Tools

Comparing to China’s limited but expanding presence in semiconductor
equipment and materials, the country’s progress in developing a software
industry to support IC design is even more limited. Internationally, the
EDA tools market is dominated by three American companies: Synopsys,
Cadence, and Mentor Graphics. Most Chinese design houses, including
Huawei’s HiSilicon, depends on EDA software from the three companies.
The largest and most sophisticated Chinese EDA company is Beijing-
based Huada Empyrean, which may be the only Chinese company that
can offer toolsets covering the complete design flow for IC chips. Despite
the fact that the size of Huada Empyrean is still tiny compared to the larg-
est three vendors, the leading American firms have an advantage that
Chinese firms cannot replicate in a short time: the leading EDA vendors
have close relationships with foundries, from which they can participate in
the development of new, advanced process nodes and maintain their leads
in EDA software (Fuller 2021).

8.3.8 IP Cores

IP core is an area where China relies heavily on foreign technology. Among
the world’s top ten semiconductor IP providers, there is only one China
Mainland company, VeriSilicon. The Shanghai-based VeriSilicon was
founded in 2001 by a group of returnees from Silicon Valley. The com-
pany’s main business is in providing image processing IPs, a lucrative mar-
ket but hardly critical for China’s ambition in technological
independence.

Most Chinese semiconductor companies rely on IPs provided by the
UK-based ARM (owned by Japan’s Softbank), the world’s largest semi-
conductor IP supplier, to design processor chips. This dependence creates
a potential danger if ARM’s IPs are under the U.S. government’s export
controls or if ARM is acquired by an American company (as Nvidia is cur-
rently in talks of acquiring ARM). One possible solution to reduce foreign
dependence is to adopt the open-sourced CPU architecture, RISC-V, of
which Chinese companies have been actively participating in the
development.
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8.4  CoNCLUDING REMARKS

Through decades of investment and development, China has built an
emerging semiconductor industry. As analysis in this Chapter shows, the
Chinese semiconductor industry has established presence in all three main
steps of IC manufacturing: design, fabrication, and packaging and testing.
While not all Chinese semiconductor capabilities are cutting-edge or even
mainstream, such a complete supply chain is still remarkable, especially
given the fact that the U.S. has consistently limited the exports of advanced
machinery to China. Nevertheless, there are significant weaknesses in
China’s semiconductor supply chain, especially in the supportive indus-
tries of capital equipment and software tools.

The U.S. government’s recent chokepoint strategy has leveraged the
American advantage and Chinese disadvantage in capital equipment and
EDA tools. Such policies, if implemented through a major expansion of
export controls on chips and equipment to China, will surely slow down
China’s technological development and weaken commercial competitive-
ness of Chinese companies. However, a relatively complete domestic semi-
conductor supply chain will provide sufficient resilience to Chinese
companies for their short-term survival. The irony is, under the pressure
of current U.S. policy, Chinese companies are more aligned to their gov-
ernment’s goal of indigenous innovation than they were a decade ago. In
the long run, Chinese companies and government would accelerate the
development of de-Americanized technology.

That being said, China can find it challenging if it intends to dominate
the global semiconductor industry in foreseeable future. While Chinese
companies are more likely to benefit from the vast domestic market, as
companies will source more chips, equipment, materials, and software
from domestic suppliers, there are still significant obstacles for China to
catch up in advanced semiconductor manufacturing. Certain technologi-
cal leads enjoyed by today’s leading players are simply too difficult to
replace, whether that is TSMC’s advanced foundry, or ASML’s lithogra-
phy machine, or American-made EDA tools. While China does benefit
from a complete supply chain in the U.S.-China technology rivalry, China
cannot and should not try to dominate the whole semiconductor industry.

In the next decade, while semiconductor technology will remain impor-
tant, the winner in the U.S.-China technology rivalry might not be deter-
mined by the shrinking nodes of silicon-based transistors. The real
opportunity and risk for both China and the U.S. could be lying on
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game-changing breakthroughs in quantum computing or third-generation
semiconductors (also called wide band gap semiconductors). These new
technologies and materials will induce architectural changes in informa-
tion technology industries, obsoleting technological leads of incumbent
players. In that regard, the real competition between the U.S. and China
should be in science, not in trade policy.
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CHAPTER 9

The New Chinese Dream: Perspectives,
Potentials and Weaknesses
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Abstract The concluding chapter provides historical and analytical per-
spectives on China’s strengths and weaknesses in achieving the centennial
goals which have driven the long path of Chinese economic history since
its opening to the world economy. The chapter raises the fundamental
question: have industrial policies worked? It reviews the question against
the background of a fierce academic debate “over whether China should
continue to exercise the industrial policies that undergirded its rise to
prominence,” as quoted scholars have noted. The chapter concludes on
the emergence of a Chinese “third revolution” as a unique and differenti-
ated policy model.

J. R. McIntyre ()
Georgia Tech CIBER, Scheller College of Business, Atlanta, GA, USA
e-mail: john.mcintyre@scheller.gatech.edu

F. Spigarelli
Department of Law, University of Macerata, Macerata, Italy
e-mail: Francesca.spigarelli@unimec.it

© The Author(s), under exclusive license to Springer Nature 137
Switzerland AG 2021

F. Spigarelli, J. R. McIntyre (eds.), The New Chinese Dream,

Palgrave Studies of Internationalization in Emerging Markets,
https://doi.org,/10.1007 /978-3-030-69812-6_9


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-69812-6_9&domain=pdf
https://doi.org/10.1007/978-3-030-69812-6_9#DOI
mailto:john.mcintyre@scheller.gatech.edu
mailto:Francesca.spigarelli@unimc.it

138 ). R. MCINTYRE AND F. SPIGARELLI

Keywords Industrial policies ® Prospects of Chinese economy ® Third
revolution

9.1 INTRODUCTION

This specialized volume, The New Chinese Dream: Industrial Transition in
the Post-Pandemic Era, has sought to focus on post-covid Chinese indus-
trial and innovation policy as the country moves towards new objectives it
has set for its 2049 centennial.

These goals not only will shape China’s innovation potential but also
posit to make China the premier global advanced manufacturing national
economy. This volume adds to a rich and growing body of literature
chronicling China’s unexpected economic and sectoral booms of the past
three decades (a recent exemplar is found in Brandt and Rawski 2019). It
does so by focusing sharply on eight select industrial and innovatory sec-
tors and cross-cutting questions.

Angus Maddison, the most notable economic historian of China’s
decline and rise as a global economic power, established that China was
the world’s largest economy in 1820 for an estimated, then, 32.9% of
global GDP (2001). Internal strife, natural disasters, distortive economic
policies, and foreign wars resulted in China’s share of GDP falling to 5.2%
by 1952 and by 1978 it had further fallen to 4.9% (Maddison 2001). It is
against this historical background that China’s industrial policy, as an ema-
nation of government’s and party’s will and vision, must be understood.
Today, China’s GDP amounts to 15.5% of the world economy and when
computing it on a purchasing power parity basis it is closer to 23%. Its
annual GDP growth is expected at 5.8 percent in 2022, with a per capita
GDP expected to continue growing reaching $10,839 U.S. dollars in
2020 (Statista 2020). While these statistics have been subjected to much
criticism and claims that China’s economy is far smaller than official data
indicate, they are the statistics generally accepted (Wildau 2019).

The Chinese government, reflecting these numerical achievements, has
set two centennial goals or Liang ge yibai nian targeting, first, year 2021
and then, second, year 2049, marking the centenaries of the Chinese
Communist Party and the People’s Republic of China respectively. As seen
in Chap. 1, by 2021, the Chinese government aims ‘to build a moderately
prosperous society in all respects’ with an emphasis on targeting poverty
reduction and alleviation measures, doubling GDP and per capita income



9 THE NEW CHINESE DREAM: PERSPECTIVES, POTENTIALS AND WEAKNESSES 139

for both urban and rural residents. By 2049, the Chinese government’s
goal is far more ambitious and aims to ‘build a modern socialist country
that is prosperous, strong, democratic, culturally advanced and harmoni-
ous”. It looks, to most observers, that China is well on the road to achieve
the first goals. Uncertainties surround the path to the second centennial
goal and are directly related to the ability to achieve its premier global
manufacturing power status. Fulfilling these two centennial goals, incor-
porated into the Chinese Communist Party’s constitution in 2012, will
shape China’s long-term economic plans and inform the country’s
approach to everything from geopolitical issues to climate change poli-
cies—and will ultimately underlie the CCP’s legitimacy as China’s govern-

ing party.

9.2  TuEr RoLE OF INDUSTRIAL PoLICIES IN CHINA

Such target-setting raises an obvious question. Have industrial policies,
put in place for the past forty years, worked? Economic achievements
aside, a ferocious academic debate has been raging “over whether China
should continue to exercise the industrial policies that undergirded its rise
to prominence” (Dollar et al. 2020, p. 259). The question of industrial
policies has come back into the limelight of policy and academic debates
globally since the financial crisis of 2008. Since at least Jean-Baptiste
Colbert, France’s finance minister under Louis XIV in the seventeenth
century, governments have used taxes, tariffs, State ownership and public
sector management, as well as outright subsidies to cultivate national
champions. Government-led, dirigiste, industrial policies look attractive,
all the more, if markets are highly imperfect, a common occurrence in
developing countries in catch-up mode. This pattern fits to perfection the
Chinese case, thus far.

The Trump administration in the US has criticized the Chinese govern-
ment for using industrial policies as a form of “economic aggression,”
considering it violative of the World Trade Organization’s rules, thereby
hurting the US and other economies. Such charges have fueled a trade
“war” between the two economic giants in which the role of govern-
ment’s industrial policies is at the heart of the raging controversies.
Whether these skirmishes can be understood within the “Thucydides
trap” framework laid out by Graham Allison remains to be seen
(Allison 2017).
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The US, in part with the Europeans, has responded by deploying the
full array of tariff measures, export control laws, intellectual property safe-
guard mechanisms as well as strengthened visa issuance rules. Robert
Lighthizer, U.S. Special Trade Representative, declared on June 15,2018
that “China’s government is aggressively working to undermine America’s
high-tech industries and our economic leadership through unfair trade
practices and industrial policies like Made in China 2025” (Lighthizer
2018). There can no clearer expression of concern over China’s long-term
objective of becoming the leader among the world’s manufacturing pow-
ers by 2049. China’s leadership has responded to this looming protracted
conflict with a new concept, that of “dual circulation.” It centers on inter-
nal circulation, emphasizing paramount reliance on the domestic econ-
omy, supplemented by external circulation as necessary, and leaning
heavily on ambitious industrial policy goals. This turning inward could be
interpreted as import substitution as Chinese industry reaches higher lev-
els of autonomy.

In conditions of global pandemic, the role of industrial and innovation
policy takes on a different coloration. The pandemic and post-pandemic
periods will most probably solidify self-reliance ambitions giving further
impulsion to digital and technological sovereignty. Both the European
Union and the United States in anticipation of industrial acquisitions of
strategic assets in biotechnologies have tightened investment prior screen-
ing tools (Arcestati and Rasser 2020). The post-pandemic period, in the
ideal, should not result in industrial isolationism and digital mistrust.
Beijing’s ambition to lead in Al, quantum computing, genomics, 5G
through China’s plan to boost indigenous innovation, through subsidies,
and protectionism threatens market dynamics.

The use of industrial policy in China has generated other controversies.
One is found in the role of heavy-handed state guidance of natural monop-
olies such as shipbuilding and electricity generation, textbook examples,
resulting in over-capacity, undermining the sectors supposed to benefit
from government largesse. Liu has cogently demonstrated that Chinese
state support is most value-added when the recipients are industrial sectors
manufacturing essential inputs for other upstream or downstream related
sectors (Liu 2019). Another controversy, bearing on China’s ambitious
“Made in China 2025” (MIC 25) and 2049 centennial goals, relates to
the proper path and speed of innovation and how the Chinese pattern and
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trajectory of growth should respond to China’s new economic status.
Breznitz and Murphree (2012) argued that the run of Chinese industrial
development had made the country into the world’s ultimate workshop
but that it would be mistaken to compare such achievements to an ideal-
ized grand Silicon Valley. Thus, arguing that process innovation was more
suited to the multiple obstacles faced by China’s dual economy rather than
leading-edge innovation.

“Made in China 2025,” the national strategic plan, as analyzed in previ-
ous Chapters, quickly became a profound assertion of the Chinese state’ s
intent to shift China from a low-end manufacturer to become a high-end
manufacturer powerhouse with targeted investment in research and devel-
opment and a clear emphasis on “state of the art” innovation. Exemplars
of targeted fields include, inter alin, information technology, aerospace,
biotech, smart manufacturing, pharmaceuticals, robotics. It was further
buttressed by a distinct set of new industrial goals to push for sector and
region-specific policies, inclusive of Chinese mega-cluster cities, to attract
investors and innovators.

“Made in China 2025,” foundation stone for the 2049 goals, estab-
lished nine foundational priorities which bear review: (1) improving man-
ufacturing innovation, (2) integrating advanced technology into industrial
process, (3) strengthening the core industrial base, (4) fostering Chinese
brands, (5) enforcing green manufacturing, compatible with growth goals,
(6) promoting breakthroughs in the ten key sectors identified, (7) mod-
ernizing the manufacturing sector’s chains, (8) promoting service-oriented
manufacturing and related service sectors, and (9) internationalizing man-
ufacturing, within the confines of a changing global political economy.
Each of these priorities evolved its own metrics as to progress realized,
distance to cover, to reach 2049.

More recently and to the expressed alarm of many in the United States
and the European Union, China has put in place a strategy of establishing
its own de jure and de facto technical and operational standards, with an
intermediate time goal of 2035. Standards are the ultimate form of power
projection in industrial competitiveness (CSIS 2020). This new policy has
the resulting effect of challenging extant technical and operational stan-
dards largely set heretofore in the European Union and, to a lesser extent,
in the United States. China has indeed embarked on a new course which
lights the road to 2049.
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9.3 CHINA’S FOUrR MAIN CHALLENGES

Assessing where China’s future growth path lays, Wang defined four major
processes which China will face for the coming thirty years as it upgrades
its industrial and innovatory capabilities (Dollar et al. 2020, pp. 259-279).
These four challenges, reflected in all the select topics addressed in this
volume, are occurring simultaneously, making China the only country fac-
ing such an overlap of rapid reforms impacting industrial policy issues.

Firstly, China faces the challenge, as per capita GDP increases, of shift-
ing resource allocation from agriculture to manufacturing to service, a
process under way, with societal and labor market implications. The role
of “state of the art” innovation in this process is central as detailed in the
volume’s chapter by Enderwick.

Second, it faces the dilemma of most transitional economies, still unde-
cided as to the speed of implementation, of moving from a centrally
planned economy to a mixed market economy. Industrial and innovation
policies have been one of the key reform instruments in China’s economy
since the late 1980’s, playing a decisive role in moving the Chinese growth
path from a command planned economy to a more “market economy with
Chinese characteristics.” This is squarely addressed in the chapter by
Sanpaolo, Di Tommaso and Liack. The concrete quantitative goals of
“Made in China 2025 is to reduce China’s reliance on foreign technol-
ogy while increasing the domestic market share for key Chinese products,
creating a large and relatively self-sufficient domestic market. Industrial
policy has thus become one of the principal pillars of the Chinese transi-
tion towards a modified economic system. It is worth recalling that indus-
try contributes some forty percent to Chinese GDP, roughly twenty eight
percent to employment figures. It is truly one of the proactive means to
become an international leader in innovation and technology (World
Bank 2019).

Third, since its entry into the World Trade Organization in 2001,
China has become the largest exporting country in the world, deeply
engaged in the process of economic globalization of its industrial base.
This global economic integration of the Chinese economy may have led to
an overdependence on exports. The issue is addressed head-on in the
chapter by Herrala, with its attendant implications. This third process also
saw the transformation of state-owned enterprises into multinational
enterprises. It also entailed significant international technology transfer,
with all the ensuing issues of adequate intellectual property protection and
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technological leads’ erosion by China’s trading partners, as well as a
greater internal liberalization of capital but also the status of the renminbi
as a global transactional and possibly reserve currency in Asia. Yet, one of
the great paradoxes for today’s China is its leadership’s push to position
the country as a champion of globalization in a post-Covid world while, at
the same time, increasingly restrict the free flow of information, goods,
and capital between China and the world at large. At stake, reaching the
commanding heights of global advanced manufacturing and technology
innovation and achieving a measure of strategic autarky. This third process
and the related paradox are amply illustrated in several of the volume’s
expert chapters by authors Lepore and Chen (life sciences), McIntyre and
Hoadley (commercial aircraft manufacturing), Yi (semiconductor indus-
tries), and Jolly (digital transformation technologies), among others.

Lastly, the ongoing process of China’s rise as a global geopolitical actor
is inextricably linked to its industrial and innovatory capabilities and mir-
rored in such initiatives as the Belt and Road Initiative and the Regional
Comprehensive Economic Partnership of 2020. This theme is reflected in
the piece by Papageorgiou and dos Santos Cardoso.

In conclusion, as Elisabeth Economy notes, in a well-received book,
President Xi seeks a unique policy model known as the “third revolution”.
This model, following her analysis, tracks four dimensions: long game in
historical time favoring control rather than competition; centralizing
power and control over information; reclaiming China’s greatness; and a
challenge to reconcile an illiberal state seeking leadership in a liberal world
order. We can only speculate that perhaps this growth model “might
become a standard bearer for other countries disenchanted with the
American and European models of liberal democracy” (Economy
2018, p. 12).
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