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Z Science, technology and innovation

policy in times of strategic
competition

Technological leadership has long underpinned the economic prosperity
and security of OECD countries and has typically involved some measure
of protection of technologies from strategic competitors. The growing
ascendancy of China in frontier technologies has ushered in a new era of
intensified strategic competition, particular in critical technologies that will
underpin future economic competitiveness and national security.
Governments are putting in place measures to (i) reduce STI
interdependency risks and restrict international technology flows;

(il) enhance industrial performance through STI investments; and

(iii) strengthen international STI alliances among like-minded economies.
These measures could disrupt integrated global value chains and the deep
and extensive international science linkages that have built up over the last
30 years. Coupled with a growing emphasis on “shared values” in
technology development and research, they could lead to a “decoupling” of
STl activities at a time when global challenges require global solutions
underpinned by international STI co-operation. A major test for
multilateralism will be to reconcile growing strategic competition with the
need to address global challenges like climate change.
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Key messages

Technological leadership has long underpinned the economic prosperity and security of
OECD countries. Leadership has inevitably involved some measure of protection of
technologies from strategic competitors, but such efforts today are complicated by the
interdependent and multinational nature of contemporary technological innovation.

The People’s Republic of China (hereafter China) has accumulated increasingly sophisticated
technological capabilities over the last two decades and is already a market leader in areas like
5G and at the forefront in others, including batteries and photovoltaics. While China is tightly
embedded in global value chains and international science networks, its growing technological
ascendancy, made possible by the stability and opportunity the international order provides, has
ushered in a new era of intensified strategic competition.

For liberal market economies, China’s ascendancy raises three main areas of concern, each of
which is expected to underpin future economic and national security: (i) rising competition in
critical technologies that are expected to underpin future economic competitiveness;
(i) diverging values and interests between China and liberal market economies, challenging the
existing international rules-based order; and (iii) growing recognition of vulnerability from a lack
of diversification in technology supply-chains.

As economic and security policy agendas show signs of growing convergence, concepts like
“technology sovereignty” and “strategic autonomy” — which refer to a polity’s capacity to act
strategically and autonomously in an era of intensifying global technology-based competition —
have emerged as frames for science, technology and innovation (STI) policy. This framing could
— and is indeed intended to — disrupt existing technology ecosystems. It could also have
unintended effects — for example, on co-operation in basic science.

The chapter focuses chiefly on STl-related policies in China, the European Union and the United
States. It shows that countries use, often in combination, three main types of policy intervention
to strengthen their technology sovereignty and strategic autonomy:

1. protection measures, such as export controls, foreign direct investment screening, negative
lists and research security measures, to restrict international technology flows and reduce
supply-chain vulnerabilities

2. promotion measures, such as industrial policies, to strengthen domestic industrial
capabilities and performance and reduce dependencies on foreign suppliers

3. projection measures, such as international STI alliances and technical standards, to
intensify STI co-operation around shared values and interests and diversify technology
supply chains.

Policy discussions on interdependency vulnerabilities often cite two prime examples:
semiconductors and critical minerals. The chapter describes how OECD countries and China
are investing heavily in innovation in both areas, using a mix of protection, promotion and
projection measures to strengthen their relative positions.

These policies may sacrifice some of the gains derived from specialisation, economies of scale,
and the diffusion of information and know-how. They could also undermine future co-operation
on global grand challenges. A maijor test for multilateralism will be to reconcile growing strategic
competition with the need to address collectively global challenges like climate change.
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Introduction

China’s ascendancy in science and technology has brought many benefits. It has contributed significantly
to the world’s stock of knowledge through its scientific research and has accelerated innovation in
technology areas that are critical to sustainability transitions. It is already a market leader in some
technologies, such as 5G, and at the forefront in others, including batteries and wind turbines. These
successes are underpinned by significant growth in R&D expenditures, with China now employing the
largest number of researchers globally. They have also been made possible by the stability and opportunity
the international order provides.

China’s growing technological capabilities have also ushered in a new era of intensified strategic
competition with liberal market economies. Policy concerns stem from growing competition in critical
technologies that are expected to underpin future economic competitiveness and national security,
diverging values and interests between China and liberal market economies that challenge the existing
international rules-based order, and growing vulnerability from supply-chain interdependencies. These
concerns have prompted technology leaders, such as the European Union and the United States, to seek
greater technological sovereignty and strategic autonomy vis-a-vis China, with the aim of reducing
technology supply-chain vulnerabilities and checking China’s ambition to lead in critical technologies like
artificial intelligence (Al).

The COVID-19 pandemic and Russia’s war of aggression against Ukraine have also shone a spotlight on
global interdependencies, and their benefits and risks. For instance, solutions to the pandemic have drawn
upon extensive international co-operation in science and technology. But the pandemic has also disrupted
global supply chains on goods ranging from face masks to semiconductors, leading to critical shortages in
many OECD countries. The war in Ukraine has exposed disruption vulnerabilities in the supply of Russian
hydrocarbons and Ukrainian grains that engendered unprecedented increases in global gas and food
prices, with destabilising knock-on economic effects. Both crises have amplified previously existing
concerns about a heavy reliance on non-diversified supply chains.

To reduce their mutual technology dependencies, China, the European Union and the United States —
which between them account for most of the world’s advanced science and technology developments and
production’ — have recently introduced initiatives to strengthen domestic STI capabilities and reduce
international technology dependencies. Technology-fuelled industrial policy, underpinned in part by
COVID-19 recovery investments, has become newly fashionable, combining security concerns with
economic renewal and the need for green transitions. This is most visible in semiconductors, but also
extends to other technology fields.

Such policy efforts to reduce technology dependencies could disrupt integrated global value chains, and
the deep and extensive international science linkages that have built up over the last 30 years. Coupled
with a growing emphasis on “shared values” in technology development and research, these developments
could lead to a “decoupling” of STI activities, particularly between the European Union and the
United States on the one hand, and China on the other. This is at a time when global challenges, notably
climate change, require global solutions underpinned by international STI co-operation. China, the
European Union and the United States are each establishing various overlapping and sometimes
competing international fora and platforms to co-operate on technology development, governance and
diffusion. However, these are not global, and a major test for multilateralism will be to reconcile growing
strategic competition with the need for international co-operation to address global challenges.

The chapter is based on a literature review of some of the main trends and policy responses related to
growing strategic competition. It begins with a brief overview of strategic competition and its growing
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influence on STI policy. The increasing “securitisation”? of STl is part of a policy push for greater strategic
autonomy, whose meaning remains contested, but which broadly aims to (i) reduce STI interdependency
risks and restrict international technology flows; (ii) enhance industrial performance through
STl investments; and (iii) strengthen international STI alliances among like-minded economies. The
chapter includes sections discussing each of these policy goals. This is followed by a section that describes
how China, the European Union and the United States are pursuing these policy goals to reduce their
vulnerabilities in semiconductors and critical minerals. A final section draws some lessons and presents a
brief outlook for STI policy in times of strategic competition.

Strategic autonomy in research and innovation

Technology is central to today’s geopolitical competition (The White House, 2022;1;), and technological
leadership has long underpinned the economic prosperity and security of OECD countries. Leadership has
inevitably involved some measure of protection of technologies — particularly military technologies, but also
civilian ones with dual-use potential — from strategic competitors. These efforts are complicated by the
interdependent and multinational nature of contemporary technological innovation, with R&D processes
for developing new technology more collaborative and globally distributed than in the past. This means
many technologies have diverse origins and rely heavily on other technologies with owners, users and
stakeholders in multiple countries. Many also have dual-use potential (National Academies of Sciences,
Engineering, and Medicine, 20222)).

At the same time, economic and security thinking are converging, with countries increasingly concerned
about vulnerabilities arising from excessive dependence on others. This has led to increasing government
intervention in the economy — particularly in China — and new policy measures to enhance self-sufficiency
and resilience. As a rising economic power, China is faced with an imperative to acquire and develop
technologies to climb the global value chain and escape the middle-income trap.® China has implemented
comprehensive industrial policy measures to support “national champions” and engaged in overseas
acquisitions to bridge the technological gap (Wigell et al., 2022;3)). However, these are seen by liberal
market economies as distortions to the competitive playing field that undermine the rules and norms of the
global economy (Goodman and Robert, 20214)).

Supply-chain vulnerabilities and geopolitical tensions related to China’s ascendancy have led to growing
policy interest in “technology sovereignty”, which refers to a polity’s capacity to act strategically and
autonomously in an era of intensifying global technology-based competition (Edler et al., 20215)). A related
concept, “strategic autonomy”, is broader and refers to a polity’s capacity to act independently in
strategically important policy areas. It does not imply isolation or decoupling from the rest of the world, but
rather describes a polity’s capacity to develop and manage international relations independently. It is tied
to technology sovereignty, insofar as the latter creates opportunities to compete at technological frontiers,
with positive impacts on the polity’s ability to influence global affairs (Crespi et al., 2021), (March and
Schieferdecker, 2021(7;). Countries’ capacity to successfully develop, integrate and use emerging and
disruptive technologies in military applications is a traditional measure of their strategic autonomy (Soare
and Pothier, 2021(g)), but this capacity also applies to many commercial technologies, particularly those
with dual-use potential.

This intensified era of geopolitical competition is putting pressure on the rules and institutions that govern
the international economy. In its latest national security strategy (The White House, 2022;1;), the United
States government notes challenges to the post-Second World War rules-based system. These rules have
always been subject to dynamic change, driven by the evolving interests of powerful countries and
changing global norms (Edler et al., 20215)). As China strives for technological leadership, it also seeks to
define what these new “rules of the road” should look like. This makes the technological race between
China and liberal market economies a competition between different systems and values (Soare and
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Pothier, 2021)), (Edler et al., 20215)). This difference lies at the core of strategic competition, since the
nature of different political systems determines how technologies are developed and used, and their
success will define the broader appeal of these systems in the longer term (Schmidt et al., 2022(9)).

Three types of policy intervention for strengthening strategic autonomy

The policy literature (e.g. (Helwig, Sinkkonen and Sinkkonen, 202110;; March and Schieferdecker, 20217;
Goodman and Robert, 2021y4))) identifies three main types of policy intervention for strengthening
technology sovereignty and strategic autonomy — i.e. protection, promotion and projection, sometimes
referred to as the “3Ps” (Figure 2.1):

1. protection: restricting technology flows and reducing dependency risks, e.g. through regulatory
policies like export controls, supply-chain diversification measures, etc.

2. promotion: enhancing domestic innovation capabilities and performance, e.g. through holistic
innovation policies, mission-oriented innovation policies, national industrial strategies, etc.

3. projection: extending and deepening international STI linkages, e.g.through international
technology alliances, active participation in international standards setting bodies, etc.

The challenge facing policy makers is to strike an appropriate balance between these types of policy
intervention in their country context. For example, much of the current technology sovereignty debate in
the United States centres on the balance between protection and promotion measures, with advocates of
a more active industrial policy (promotion) highlighting its centrality for meeting growing technology
competition from China. In practice, single policy initiatives, such as national industrial policies, can
incorporate elements of all three types of policy intervention. Along these lines, the European Commission
(European Commission, 202111;) has signalled the need for a coherent mix of industrial, research and
trade policies that can facilitate partnership and collaboration with like-minded countries in pursuit of
strategic autonomy. These policy areas are often quite independent of one another, and their orchestration
presents co-ordination and governance challenges for policy makers (Edler et al., 2021;5)), (Araya and
Mavinkurve, 202212;). Ultimately, no single formula exists, and an appropriate policy mix will vary
depending on countries, technology areas and industrial sectors. This calls for a targeted, risk
management-based approach informed by assessments of threats, risks and opportunities.

Figure 2.1. Three types of policy intervention to strengthen technological strategic autonomy

STRENGTHEN TECHNOLOGICAL
STRATEGIC AUTONOMY

g ¢ L
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vulnerabilities investments

The sections that follow cover each of these types of policy intervention. They explore the issues at stake
and point to policy initiatives from China, the European Union and the United States, which together
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account for most of the world’s science and innovation activities. Specific policy initiatives often combine
different types of intervention, and this is highlighted throughout. Table 2.1 lists the main policy initiatives
covered. To provide some context, the following section first presents a few selected headline indicators
on the science and innovation performance of China, the European Union and the United States.

Table 2.1. Selected recent policy initiatives that incorporate protection, promotion or projection

China Made in China 2025; 14th Five-Year Plan; Dual Circulation Strategy; Military-Civil Fusion;
Government Guidance Funds; China Standards 2035; Belt and Road Initiative

European Union  NextGenerationEU; New Industrial Strategy for Europe; New European Innovation Agenda;
Important Projects of Common European Interest; Chips Act for Europe; EU-US Trade and
Technology Council

United States CHIPS and Science Act; Inflation Reduction Act; Infrastructure Investment and Jobs Act; Quad;
Indo-Pacific Economic Framework for Prosperity; Group of Seven (G7) Partnership for Global
Infrastructure and Investment

Note: The table makes no claim to comprehensiveness, and the policy initiatives listed are limited to examples covered in later sections of this
chapter. Note that many of these initiatives cover more than one type of policy intervention (protection, promotion and projection).

How do China, the European Union and the United States compare? Some selected
headline indicators

The United States remains the largest absolute spender on R&D in the world, followed by China, which
overtook the European Union in 2014 (Figure 2.2). China’s R&D intensity grew from 1.71% in 2010 to
2.45% in 2021. This exceeds the R&D intensity of the European Union (2.15%,) but is still somewhat below
the level of the United States (3.46%).

Figure 2.2. Gross domestic expenditure on R&D (GERD), selected economies, 2000-21
US dollar (USD) billion in constant purchasing power parity (PPP) prices
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Source: OECD R&D statistics, February 2023. See OECD Main Science and Technology Indicators, http://oe.cd/msti, for most up-to-date
indicators (accessed on 8 February 2023).

StatLink Sa=m https:/stat.link/r09mdp
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Figure 2.3 shows the absolute R&D expenditures of China, the European Union and the United States
over the last two decades. The scale of China’s expenditures today suggest it has critical mass to innovate
at the frontier. The business sector accounts for the largest expenditures on R&D in all three areas by far,
though the proportion has increased in China in recent decades, from 60.0% in 2000 to 76.6% in 2020.
The government sector is the second-largest R&D performer in China, accounting for 15.7% of GERD in
2020, although this is a significant decline compared to 20 years earlier, when it accounted for 31.5%. The
higher education sector is the smallest, accounting for just 7.7% of GERD in 2020, a proportion largely
unchanged from 20 years earlier (8.6%). This situation is somewhat reversed in the European Union and
the United States, where the higher education sector is more prominent than the government sector, with
a growing share of GERD over the last 20 years.

Figure 2.3 also shows that China had 2.28 million researchers in 2020 — the largest number of researchers
in the world, compared to 1.89 million in the European Union and 1.59 million in the United States.* While
researcher numbers have grown markedly in all three areas over the last two decades, they have more
than tripled in China over the past 20 years, marking the greatest expansion compared to other countries.
To put this into perspective, China still had only 3.0 researchers per 1 000 in total employment in 2020,
which is around one-third of the European Union level, suggesting considerable room for further expansion.

Figure 2.3. R&D expenditures by sector and total full-time employed (FTE) researchers

USD billion in 2015 PPP prices and 1 000 FTE
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Note: 2020 R&D expenditure data are provisional for the United States, and estimated for China and the EU27; 2020 researchers’ data for the
United States corresponds to 2019.

Source: OECD R&D statistics, September 2022. See OECD Main Science and Technology Indicators Database, http://oe.cd/msti, for most up-
to-date OECD indicators.

StatLink Sa=r https:/stat.link/2mx;6f

China’s increases in R&D expenditures and personnel have translated into a higher volume and citation
impact of scientific publications. Figure 2.4 shows that China produced more scientific publications in 2020
than either the European Union or the United States. It also produced more top-cited scientific publications
in 2020. The European Union also increased its volumes of scientific publications and the number of top-
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cited, though by a smaller margin than China. Increases in the United States were much smaller, although
starting from a high level of performance.

Turning to patents, China accounted for 13% of IP5 patent families® in 2017-19 compared to just 1% in
1998-2000, surpassing Germany as the third-largest patenting country according to this measure
(Figure 2.5). Over the same period, the proportion of IP5 patent families originating in the United States
fell from 26% to 19%. Japan remains the top patenting country, accounting for 26% of IP5 patent families
in 2017-19, a proportion that is largely unchanged from 1998-2000, when it accounted for 28%. As the
preferred measure of internationalisation of innovative activities, inventive performance and diffusion of
knowledge, the data on IP5 patent families suggest that China has accumulated increasingly sophisticated
technological capabilities over the last two decades thanks to its R&D investments.

Figure 2.4. Trends in volume and citation impact of scientific publications, selected economies

Volume - Number of scientific publications (left hand axis)
Citation impact - Number of 10% top-cited scientific publications (right hand axis)
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Note: Peer-reviewed scientific publications convey the research findings of scientists worldwide. Subsequent citations by other authors provide
an indirect but objective source of information about the quality of research outputs, as implied by their use by the scientific community itself.
Despite limitations, such as that citations do not take into account the use of the scientific information by inventors or practitioners who are less
likely to publish in peer-reviewed journals, they provide one of the available quality adjustments to raw counts of documents. Their relevance
can be considered to be higher in the context of the higher education sector. The indicator of scientific excellence indicates the amount (in %)
of a unit's scientific output that is part of the set of the 10% most-cited papers within their respective scientific fields (see
https://www.oecd.org/sti/inno/Bibliometrics-Compendium.pdf).

Source: OECD calculations based on Scopus Custom Data, Elsevier, Version 6.2022, September 2022.

StatlLink Si=m https://stat.link/Oakyvp
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Figure 2.5. Distribution of IP5 patent families for selected countries and the rest of the world

Percentage of IP5 patent families originating in the different countries and regions that make up the total
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Note: Data refer to families of patent applications filed within the Five IP offices (IP5), by earliest filing date, according to the applicant's location.
Source: OECD, STI Micro-data Lab: Intellectual Property Database, http:/oe.cd/ipstats (accessed 9 February 2023).

StatLink Sz hitps://stat.link/oucrwx

Protection: Restricting knowledge flows and reducing risks from
interdependency

The first type of strategic autonomy policy intervention concerns protection, for example, in the form of
barriers to open knowledge and technology flows where there is growing recognition of risks to national
security. The COVID-19 crisis and Russia’s war of aggression against Ukraine have also brought
interdependency risks to the fore, raising questions about the resilience of a global production model
grounded on international fragmentation and just-in-time logistics. A shift in the balance between the
security of supply and efficiency considerations could lead to a reconfiguration of supply chains and the
use of suppliers at less distant locations. This reconfiguration could affect the sourcing of high-tech
products and components, particularly where there are vulnerabilities from key suppliers based in countries
with different geopolitical priorities (OECD, 2022;13)).

The growing research security agenda outlined in Chapter 1 shows that these concerns extend to basic
research, which has traditionally fallen outside of formal controls. International science collaboration has
blossomed in the last 20 years, particularly between OECD countries and China. Yet there exists a real
possibility that rising geopolitical tensions could limit these linkages and lead to a decline in international
science co-operation in the future.

This section is divided into two parts. The first provides a few selected headline indicators to show the
growth and extent of interdependencies between economies, particularly China, the European Union and
the United States. The second part looks more closely at recent policy trends that aim to reduce
vulnerabilities from interdependencies and considers what they could mean for future research and
innovation activities.
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Getting a measure of STl interdependency

Since the end of the Cold War, several types of STl linkages have deepened and expanded. These include
international science collaboration, international mobility of scientists and engineers, and global value
chains in high R&D-intensive economic activities, as briefly described below.

International science collaboration

Science depends on the global knowledge commons for progress, and around one-fifth of scientific
publications are co-authored internationally. As China’s scientific capabilities have grown in recent years,
it has developed strong research links with OECD countries. Data on collaboration based on scientific
publications — calculated using whole counts of internationally co-authored documents — shows
international collaboration between China and the United States grew rapidly over the last few decades
(Figure 2.6). In fact, between 2017-19, US co-authorship with China was more prevalent than with the
United Kingdom. This has since fallen quite sharply, allegedly owing to pandemic travel restrictions and
denial of visas that restricted Chinese students and scholars from travelling overseas (Wagner and Cai,
2022;141). Most of the decline — which started in 2020 and accelerated in 2021 — is in engineering and
natural sciences fields, which account for the bulk of bilateral research collaboration between China and
the United States (Figure 2.7). In the meantime, collaboration in other research fields, such as life and
health sciences and social sciences and humanities, continued to grow over the same period. These
patterns could be early signs of China-US disengagement from bilateral collaboration in research fields
that are critical to strategic competition. They could also signal that bilateral collaboration in other areas,
such as medicine and environmental sciences, where strategic competition is less prominent, could
continue to grow.

Figure 2.6. Bilateral collaboration intensity trends in scientific publications, 1996-2021
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Note: The indicator of bilateral collaboration intensity between two economies is calculated by dividing the number of scientific publications by
authors with affiliations in both economies (whole counts) by the square root of the product of the publications for each of the two economies
(whole counts). This indicator is therefore normalised for publication output. Publications refer to all citable publications, namely, articles, reviews
and conference proceedings.

Source: OECD calculations based on Scopus Custom Data, Elsevier, Version 6.2022, February 2023

StatLink Si=r https:/stat.link/sqxp5w
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Figure 2.7. Top 15 fields of collaboration between the United States and China

A. Number of United-States-China collaborations B. Collaboration changes
Coauthorship publications, whole counts, 2018 Percentage change in year relative to 2018 baseline
. 2019 2020 2021
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Note: Collaboration between China and the United States is defined by the number of co-authored publications between both countries (whole
counts). Publications refer to all citable publications, that is articles, reviews and conference proceedings. The top-15 in the chart corresponds
to those fields where more than 2 000 US-China co-authorship publications were recorded in 2018 (whole counts). Panel A shows the number
of 2018 collaborations, in absolute terms. Panel B shows the changes in collaborations for each year versus the previous year, as a percentage
of 2018 collaborations.

Source: OECD calculations based on Scopus Custom Data, Elsevier, Version 6.2022, February 2023.

StatLink sw=ra https://stat.link/apywgj

Foreign-born human resources for science and technology

Some of the largest research performers in OECD countries rely heavily on foreign-born PhDs and
postdocs to perform their R&D. In the United States, for example, foreign-born workers comprised 19% of
the science, technology, engineering and mathematics (STEM) workforce in 2019, up from 17% in 2010;
45% of workers in science and engineering occupations at the doctorate level were foreign-born, with the
highest shares among computer and mathematical scientists. Around half of foreign-born workers in the
United States whose highest degree was in a science and engineering field are from Asia, with India (22%)
and China (11%) as the leading birthplaces (National Science Board, 2022(15)). Indeed, China and India
make up almost half of foreign-born students in the United States (Figure 2.8). Data on net flows of
scientific authors show recent declines in the United States, becoming a net outflow in 2021 (Figure 2.9).
Net inflows of scientific authors into China mirror these declines to some extent, which points to Chinese
scientists returning from the United States. The European Union’s growing attractiveness for scientific
authors is partly a result of Brexit, with EU scientists returning from the United Kingdom.
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Figure 2.8. Foreign-born origin studying in the US tertiary education system

Percentage of foreign-born students from different countries and regions that make up the total
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StatLink Sa=r https:/stat.link/in5r6l

Figure 2.9. Net flows of scientific authors, top publishing countries, 2015 and 2021
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Note: Estimates are based on differences between annual fractional inflows and outflows of scientific authors for the reference economy, as
indicated by a change in the main affiliation of a given author with a Scopus ID over the author’s indexed publication span. An inflow is computed
for year t and economy c if an author who was previously affiliated to another economy is first seen to be affiliated to an institution in that
economy and year. Likewise, an outflow is recorded when an author who was affiliated to ¢ in a previous period is first observed to be affiliated
in a different economy in year t. In the case of affiliations in more than one economy, a fractional counts approach is used. In the case of multiple
publications per author in a given year, the last publication in any given year is used as reference, while others are ignored.

Source: OECD calculations based on Scopus Custom Data, Elsevier, Version 6.2022, September 2022.

StatLink sw=r https:/stat.link/6a97ow
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Global value chains in high R&D-intensive sectors

Changes in recent decades in the major importers® of intermediate products in high and medium-high
R&D-intensive economic activities highlight how economies have become increasingly interconnected in
global value chains. At the beginning of the 21st century, the United States was the largest importer of
intermediate products in high and medium-high R&D-intensive economic activities, with Japan its most
significant supplier. Twenty years later, China has become the largest importer (and exporter) of such
intermediate products. It is also the main supplier to its neighbouring economies (Japan, Korea and
Chinese Taipei) and the second-largest supplier to the United States, after Mexico (Figure 2.10). These

interdependencies would make potential decoupling between China and OECD countries highly disruptive
and costly.

Figure 2.10. Flows of intermediate products in high and medium-high R&D-intensive economic
activities, selected economies
Import flows, in USD current prices

A. 2000 B. 2021
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Note: Intermediate products in high and medium-high R&D-intensive economic activities are defined in https://www.oecd-ilibrary.org/science-
and-technology/oecd-taxonomy-of-economic-activities-based-on-r-d-intensity 5jlv73sqap8r-en. They include products from the following
industrial International Standard Industrial Classification of All Economic Activities, Fourth version (ISIC 4) sectors: D20 Chemicals and chemical
products; D21 Basic pharmaceutical products and pharmaceutical preparations; D26 Computer, electronic and optical products; D252 Weapons
and ammunition; D27 Electrical equipment; D28 Machinery and equipment n.e.c.; D29 Motor vehicles, trailers and semi-trailers; D302A9
Railroad equipment and transport equipment n.e.c.; D303 Air and spacecraft and related machinery; D304 Military fighting vehicles; D325
Medical and dental instruments and supplies. Panel B: 2021 data for Korea corresponds to 2020. This selection of imports flows represented
20 % of the World imports of intermediate products in high and medium-high R&D-intensive economic activities in 2021.

Source: (OECD, 2023)17)) (accessed 6 February 2023).

StatLink Sa=r https:/stat.link/21wj98
Reconfiguring interdependencies?
Managing international co-operation in science
The figures on international scientific collaboration illustrate that researchers from different countries work

together regardless of governments’ ideological positions. Scientific discovery occurs in an interconnected
ecosystem that draws upon collective intellect, know-how, talent, financial resources and infrastructure
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from around the world. The impressive growth in China’s scientific capabilities over the last two decades
make it an attractive partner for many researchers in OECD countries, and vice versa. Furthermore, global
challenges like the COVID-19 pandemic, climate change and other complex socio-economic issues cannot
be tackled without international research collaboration (OECD, 2022/1g)).

At the same time, it is likely that global research networks have yet to internalise fully the implications of
growing technological sovereignty, particularly in research areas with dual-use potential. Declining
collaboration between China and the United States in natural sciences and engineering since 2020 could
accelerate (Figure 2.7). While much uncertainty remains, excessively risk-averse policies could trigger a
more abrupt and extensive intellectual decoupling and disengagement. The policy challenge for OECD
member countries is to enable their researchers to continue robust and principled academic engagement
while protecting their interests and standing up for their values in a complex geopolitical environment (see
Chapter 1). This will not be easy, and managing the risks and benefits of internationalisation will need to
be informed by frequent data-driven mapping of research relationships to determine which areas are
essential for more open science, and which are not (Joseph et al., 2022}19]). Researchers will also need to
diversify their international linkages, drawing on support from research-funding agencies, which could do
more to deepen their contacts with a wider range of partner organisations globally (Deutsche
Forschungsgemeinschaft, 202220)).

Securitising high-tech commercial flows

The rapid pace of product and financial market integration at the global level, combined with the relentless
pursuit of efficiency gains through global supply chains, have brought economic benefits but also exposed
vulnerabilities to disruption, as shown during the COVID-19 pandemic. Increasing complexity has
introduced logistical fragility into global supply chains, with mounting geopolitical tensions raising the risk
of coercion to extract gains from partner countries elsewhere in the chain (OECD, 202121)).

As Figure 2.10 shows, China’s growth and integration into the world economy has seen manufacturing
firms in OECD countries use China increasingly as a source of high-tech inputs and a platform for final
assembly. This has caused growing technological interdependency between China and OECD economies
(e.g. in semiconductors), but also raised concerns about supply-chain vulnerabilities in critical
technologies. In parallel, China has accumulated increasingly sophisticated technological capabilities and
is already a market leader in some areas — such as 5G — and at the forefront in others, including Al, drones
and other technologies with potential military applications (Goodman and Robert, 20214)).

These developments have raised national security concerns among OECD countries, leading to a growing
“securitisation” of high-tech commercial flows. This is evidenced in the increasing use of barriers to direct
market access, such as negative lists, export controls’ and tightened foreign direct investment (FDI)
screening, and indirect barriers, like national standards. OECD economies are also looking at options to
diversify supply chains, making them more resilient and less vulnerable to disruptions and shocks. This
could entail boosting global capacities to produce multiple reliable and sustainable sources of materials
and inputs, intermediate goods and finished goods in priority sectors, as well as enhance logistics
infrastructure capacity (US Department of State, 202222).

Whether these new arrangements will end up being as efficient as current ones is an open question, but
they could see distinct and decoupled technology ecosystems emerge in China and liberal market
economies (European Chamber of Commerce in China and Mercator Institute for China Studies, 202123).8
The resulting re-division of the world into blocs separated by barriers will likely sacrifice some of the gains
from specialisation, economies of scale, and the diffusion of information and know-how (OECD, 2022}13).°
It will also lead to competition that may undermine future co-operation on global grand challenges, and
could signal the weakening of any notion of economic interdependency acting as a bulwark against future
conflict.
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Promotion: Enhancing industrial performance through STl investments

The second type of strategic autonomy policy intervention concerns promotion — notably in the form of
holistic industrial policy, in which STI policy plays a prominent part. A revival of industrial policy has been
the subject of active debate for more than a decade (e.g. (Rodrik, 201424;; Warwick, 201325; Criscuolo
et al., 20222¢])), particularly in light of the need for rapid sustainability transitions and the competitiveness
threat posed by China’s industrial policies. While the industrial and innovation policy mix in most
OECD economies remains largely focused on R&D, tax incentives and earlier-stage investment support,
there has been a resurgence in targeted interventions that are rationalised by geopolitical tensions, supply-
chain concerns and various “green” targets (DiPippo, Mazzocco and Kennedy, 2022p7)'°.
Decarbonisation, in particular, calls for what has been termed an “industrial revolution against a deadline”,
where relying on price signals alone may mean the technological change needed to reach net-zero
happens too late (Tagliapietra and Veugelers, 2020y25]) (see Chapter 3).

Most economists accept there exist sound theoretical rationales for industrial policies but are sceptical of
governments’ abilities to achieve well-targeted, timely and effective interventions in practice, mostly on
account of informational asymmetries between the public and private sectors, and the political risks of
policy capture by powerful insiders and special interests. Rodrik (2014p24)) argues that these hurdles are
not insurmountable and in fact apply to most areas of government policy. Rather, the debate concerns the
design of industrial policies, as well as the strong need for their evaluation and regular reassessment
(Warwick, 201325)).

In this regard, the OECD has outlined a framework for formulating industrial policy mixes that emphasises
the potential complementarities between instruments along several lines (Criscuolo et al., 202229
Criscuolo et al., 20222¢]). These include the distinction between horizontal and targeted policies, demand-
pull and supply-push instruments, and policies that improve firm performance and those that affect the
framework conditions for innovation. Chapter 3 outlines a similarly broad research and innovation
ecosystem framework, focusing on holistic STI policies for promoting sustainability transitions. Mission-
oriented innovation policies (MOIPs) incorporate a similar ecosystem perspective, but with a narrower
focus on fulfilling a specific mission, such as achieving net-zero greenhouse gas (GHG) emissions by
2050. MOIPs are the subject of Chapter 5. This section briefly outlines the industrial strategies and some
of their main policy instruments in China, the European Union and the United States.

China’s “indigenous innovation” drive

Despite its remarkable economic success, China is still at risk of being caught in the middle-income trap.
To escape this prospect, the Chinese government has launched several high-level initiatives over the years
to promote technology development and the upgrading of its manufacturing base.’” The “indigenous
innovation” campaign launched in 2006 as part of the Guidelines on National Medium- and Long-term
Programme for Science and Technology Development (2006-20) highlighted China’s resolve to catch up
with advanced industrialised nations and reflected a renewed focus on state intervention in technology
development (Arcesati, Hors and Schwaag Serger, 202130)). The guidelines sought to support a
comprehensive system of implementation by co-ordinating policies on R&D investment, tax incentives,
financial support, public procurement, intellectual property and education (OECD, 201731). Another
watershed moment came in 2015 with the launch of the Made in China 2025 industrial policy, which shifted
the focus from catching up to leapfrogging OECD countries at the innovation frontier, with a view to turning
China into an STI “superpower” by 2049.

Since then, China has made rapid progress towards becoming a global leader in some technology areas.
It has already forged ahead in fields such as 5G networks, and secured a strong position in areas like Al
and electric-vehicle batteries (Zenglein and Holzmann, 201932)). It invests heavily in research, and its R&D
intensity has already surpassed that of the EU27 (see Figure 2.2). The government also deploys some
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unique industrial policy instruments, especially government guidance funds, the state-owned financial
sector, non-financial state-owned enterprises and the party-state’s political guidance of private firms, to
develop domestic technological capabilities.? As a whole, this industrial policy support means that China
spends far more on supporting its industries than any other economy, an amount estimated at more than
twice the level of the United States in dollar terms in 2019 (DiPippo, Mazzocco and Kennedy, 202227)).

Rising tensions with the United States in recent years have caused China’s perspective on globalisation
and interdependence to shift, with “technology security” emerging as a core dimension of the Chinese
government’s all-encompassing national security concept (Arcesati, Hors and Schwaag Serger, 202130).
Faced with an increasingly turbulent and unpredictable external environment, the Chinese government is
looking to innovate its way out of many of the challenges it faces, and extols the importance of indigenous
innovation as crucial to becoming self-reliant (China Power Team, 202133)). The 14th Five-Year Plan for
National and Economic Social Development 2021-25) and its underpinning Dual Circulation Strategy, both
of which are described below, aim to achieve self-sufficiency in core technologies and reduce China’s
reliance on foreign technologies such as advanced semiconductors, where it has critical dependencies.

The most recent initiatives covered in this chapter are Made in China 2025, the 14t Five-Year Plan, the
Dual Circulation Strategy and Military-Civil Fusion, all briefly outlined in Box 2.1. These important initiatives
are both highly general and concise, setting key goals, directions, priorities and frameworks. They are
usually followed by more detailed and implementation-oriented action plans utilising tools and measures
such as government investments, R&D programmes, demonstration projects, tax incentives, financing
support and human-resource policies (OECD, 201731)). In fact, China has a very comprehensive set of ST
planning documents from high-level strategies to the sectoral level, and many are replicated at the province
level. China’'s government uses a sophisticated “strategic intelligence” system to monitor and scan
domestic and foreign STI policies, strategies, inputs and outputs, and provides strategic advice to decision
makers. The system draws on extensive databases managed by the Institute of Scientific and Technical
Information of China, a research institute under the Ministry of Science and Innovation. The institute
gathers and disseminates data covering domestic patents, talents, and the achievements of major science
and technology-funding programmes. It also gathers and disseminates “open-source” intelligence on
foreign STI sources, trends and achievements, promoting technology transfer from foreign sources to
national industries (Center for Security and Emerging Technology, 202134;; Arcesati, Hors and Schwaag
Serger, 2021;30)).

Box 2.1. Selected Chinese industrial policy initiatives

Made in China 2025

Launched in 2015, Made in China 2025 was an important milestone in Chinese STI policy as the first
of a series of national ten-year strategic initiatives covering the long-term comprehensive development
of China’s manufacturing industry (OECD, 201731)). Its aim is to build a world-class innovation system
and achieve global dominance in key technologies, to achieve major breakthroughs over the next
decades (Zenglein and Holzmann, 201932;). While Made in China 2025 called for a broader upscaling
of manufacturing capabilities, it prioritised progress in ten key industries.! It identified nine paths for
achieving its ambition, including making various enhancements to Chinese innovation capabilities,
promoting digitalisation, and targeting priority technologies and products. Within these nine paths, it
further identified eight directions for implementation related to system reform, fair market competition,
finance, tax, human resources, SMEs, international openness and co-ordination mechanisms. A
technology roadmap for priority technologies and products was also published in 2015, and later
updated (OECD, 2017(31).
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14th Five-Year Plan (2021-25)

While China’s five-year plans are wide-ranging, its 14th Five-Year Plan for National Economic and
Social Development places technology and innovation at the heart of China’s modernisation drive
(Arcesati, Hors and Schwaag Serger, 202130)). It echoes many of the ambitions outlined in Made in
China 2025, emphasising the goal of reducing China’s reliance on foreign technology as quickly as
possible through industrial modernisation and domestic technological innovation efforts, to become
ultimately a global leader in strategic emerging industries, frontier technology and basic science
(Grunberg and Brussee, 202135)). The 14th Five-Year Plan includes a commitment to formulating and
implementing strategic scientific plans and projects related to national security and economic
development, focusing on seven areas. It promises to establish a number of national laboratories and
to support the development of new types of research universities and institutes. It also commits to
boosting spending on basic research, an area where China has historically lagged (China Power Team,
202133)). It aims to develop and implement a ten-year action plan for basic research, acknowledging its
role in the development of indigenous breakthroughs in key science and technology fields. The plan
incorporates innovation indicators, including a commitment to increasing R&D expenditures by 7% per
year, almost doubling innovation patents over the plan’s five-year period, and increasing the digital
economy’s share of GDP to 10% by 2025 (Xinhua News Agency, 20213¢). For the first time, the Five-
Year Plan also includes a medium-term outlook (until 2035).

Dual Circulation Strategy

The Dual Circulation Strategy is China’s overarching plan for economic development and global
integration. Its name derives from the dual goals of strengthening innovation capabilities domestically
(via "internal circulation”) while maintaining global ties (via "external circulation”) (Bilgin and Loh,
202137). It is enshrined in the 14th Five-Year Plan and seeks to solve China’s core development
challenges in the next decades, ranging from domestic issues (such as insufficient innovation capacity,
income disparity and environmental degradation) to external risks (such as growing protectionism and
technological dependence) (Brown, Gunter and Zenglein, 20213s)). The strategy aims to do this by (i)
reducing external demand as a driver of economic growth, by boosting domestic consumption; (ii)
positioning China as a global manufacturing powerhouse in high value-added products; (iii) attaining
higher levels of self-sufficiency in key areas, by enhancing innovation; and (iv) ensuring access to
critical inputs, by diversifying supply chains and funnelling investment into specific sectors (China Power
Team, 202133)). As China becomes more self-reliant through this strategy, it could provide the grounds
for greater decoupling. On the other hand, the Dual Circulation Strategy does not aim for complete
autarky, and foreign technology and capital are viewed as vital for China to become more self-sufficient
and upgrade its economic structure (Bilgin and Loh, 202137).

Military-Civil Fusion

Inspired in part by the success of the United States in developing productive linkages between its civil
and defence technology ecosystems, China has been pursuing a Military-Civil Fusion initiative for
several years. This was subsequently mainstreamed in 2018 as part of its 13th Five-Year Plan. The
initiative aims to create and exploit synergies between economic development and military
modernisation, and encourages defence and commercial firms to collaborate and synchronise their
efforts by sharing talent, resources and innovations. It has expansive ambitions, from enhancing co-
operation in big data infrastructures to mobilising national defence (Kania and Laskai, 202139)).

1. The key industries are as follows: Information Technology (Al, loT, smart appliances); Robotics (Al, machine learning); Green Energy
and green vehicles (energy efficiency, electric vehicles); Aerospace equipment; Ocean Engineering and high-tech ships; Railway equipment;
Power equipment; New materials; Medicine and medical devices; and Agriculture machinery.
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The European Union’s “open strategic autonomy” agenda

While expenditures by the European Commission on STI and industry policies are a fraction of those of
EU Member States, they have a strong influence on the direction of European policies. EU policy has
played a central part in promoting the concept of “open strategic autonomy” in Europe as part of the green
and digital "twin transitions” agenda. EU Member States have different views on the meaning and
implications of strategic autonomy. Some prefer a European industrial policy that targets specific sectors,
while others prefer more horizontal measures that create the conditions for innovation (Lewander et al.,
2021101). On the eve of the COVID-19 pandemic, the European Commission presented a new industrial
strategy to support the twin green and digital transitions, make EU industry more competitive globally, and
enhance Europe’s open strategic autonomy (European Commission, 2020i41)). It updated the strategy in
2021 to reflect lessons from the pandemic, notably the need for a better understanding of Europe’s
strategic dependencies, how they may develop in the future and the extent to which they could lead to
vulnerabilities. The industrial strategy proposed strengthening and diversifying external trade on the one
hand, and strengthening Europe’s innovation capacity in key strategic areas on the other, using tools such
as Important Projects of Common European Interest (IPCEls) (see Box 2.2), industrial alliances, and
funding from Horizon Europe and the European Defence Fund (EDF) (European Commission, 202111)).

In response to the COVID-19 pandemic, the European Union launched the NextGenerationEU fund in
2020, worth EUR 750 billion (euros) (in 2018 prices). The purpose of the fund is to mitigate the economic
and social impact of the pandemic, and make European economies and societies more sustainable,
resilient and better prepared for the challenges and opportunities of the green and digital transitions. The
Recovery and Resilience Facility (RRF) is the key instrument at the heart of NextGenerationEU. The
European Union views the RRF as a unique opportunity to accelerate the development and transformation
of STI systems in Member States. The (European Commission, 2022p2) has estimated the overall
expenditure for research and innovation in Member States’ recovery and resilience plans at around
EUR 44 .4 billion, typically representing between 4% and 13 % of a country’s RRF allocation. These
investments target the green transition, digital technologies and health, and are accompanied by STI policy
reforms in some countries.

Although the European Commission continues to channel much of its support for research and innovation
through Horizon Europe and the structural funds, the toolkit of its innovation policy has expanded over the
years to cover the whole innovation chain. This had led to new initiatives, including the European
Innovation Council, established in 2021 with a budget of EUR 10 billion over seven years.'® The
European Commission adopted a New European Innovation Agenda in 2022 to position Europe at the
forefront of what is described as a new wave of "deep-tech” innovation. Deep tech is rooted in cutting-edge
science, technology and engineering, and calls for breakthrough R&D and large capital investments. The
agenda outlines dedicated actions to improve access to finance for European start-ups and scale-ups;
experiment new ideas through regulatory sandboxes; help create “regional innovation valleys”, including
in lagging regions; attract and retain talent in Europe; and improve the STI policy framework (European
Commission, 2022p3)). Many of the actions are based on existing measures, which will be extended or
better linked to other measures.

Box 2.2. Important Projects of Common European Interest (IPCEls)

The Treaty on the Functioning of the European Union provides the possibility to approve state aid for
IPCEIls. While these provisions have been used very rarely until recently, there is now strong
momentum to use IPCEls more extensively to achieve the European Union’s quest for strategic
autonomy (Szczepanski, 2020p4). IPCEIls are ambitious cross-border breakthrough innovation and
infrastructure projects led by EU Member States, which identify the scope of the project, select
participating companies and agree on project governance. Since Member States’ support constitutes
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state aid under EU rules, IPCEls have to be notified to the European Commission for assessment and
must meet various criteria for approval (European Commission, 2021as). The IPCEl on
microelectronics was the first to be approved in 2018, followed by an IPCEI on batteries in 2019. A
second IPCEI on batteries was approved in 2021 and aims to support research and innovation
throughout the battery value chain — from extraction of raw materials, through the design and
manufacturing of battery cells and packs, to the recycling and disposal in a circular economy — with a
strong focus on sustainability (European Commission, 2021us)). A further IPCEI on the hydrogen-
technology value chain was approved in 2022, covering the generation of hydrogen, fuel cells, storage,
transportation and distribution of hydrogen, and end-users applications, particularly in the mobility
sector (European Commission, 2022u6]). To give a sense of the scale and coverage of IPCEls, the
second battery initiative was established by 12 Member States, which will provide up to EUR 2.9 billion
in funding, to be complemented by an expected EUR 9 billion in private investments; the hydrogen
initiative involves 15 Member States providing up to EUR 5.4 billion in public funding, with an expected
private-sector investment of EUR 8.8 billion.

Growing emphasis on dual-use technologies

Well before Russia’s war of aggression against Ukraine, it was already apparent that the European security
environment had shifted, with Europe’s democratic systems challenged by a mix of hybrid threats
(European Commission, 2021(47;). The European Commission considers investment in innovation and
better use of civilian technology in defence as key to enhancing Europe’s technological sovereignty and
reducing its strategic dependencies (EEAS, 2022us)). Many critical technologies for security and defence
increasingly originate in the civilian domain, and use critical components with dual-use possibilities. The
European Commission published the “Action Plan on Synergies between civil, defence and space
industries” in 2021, which aims to enhance complementarities between civil and defence EU programmes
and instruments, promote “spin-offs” from defence and space R&D for civil applications, and facilitate “spin-
ins” of civil-driven innovation into European defence co-operation projects (European Commission,
2021p9)). It followed this up in 2022 with its “Roadmap on critical technologies for security and defence”.
The roadmap identifies technologies critical for EU security and defence. It seeks to ensure that defence
considerations are better incorporated in civilian European research and innovation programmes, and vice
versa. It also aims to promote from the outset an EU-wide strategic and co-ordinated approach for critical
technologies for security and defence, and to reduce strategic dependencies and vulnerabilities in the
value and supply chains associated with these technologies (European Commission, 2022;s0)).

In practice, plans like these have translated into increasing co-operation and co-ordination between civil
programmes like Horizon Europe and defence initiatives like the EDF, to make more effective use of
resources and technologies and create economies of scale (European Commission, 2020s1;; European
Commission, 2020u1;; Finkbeiner and Van Noorden, 202252;). Established in 2021 with a budget of
EUR 8 billion over seven years, the EDF promotes R&D co-operation between public research (typically
research and technology organisation, rather than universities) and firms. It supports competitive and
collaborative projects throughout the entire R&D cycle, including design, prototyping and testing.™ The
action plan also includes the new Observatory on Critical Technologies for the space, defence and related
civil sectors, which will begin work in 2023. The observatory will identify, monitor and assess critical
technologies, including their potential application and related value and supply chains, and any root causes
of strategic dependencies and vulnerabilities (European Commission, 2022s0)).

United States: A “modern American industrial strategy”

Although the United States has tended to eschew a formal national industrial strategy, publicly funded R&D
and procurement in defence-related sectors have historically underpinned development and US leadership
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in many technologies, including integrated circuits, GPS and the internet. Breakthroughs like these are the
result of civil-military integration involving a world-class network of US universities and firms collaborating
closely, for example, through federal organisations like the Defense Advanced Research Projects Agency
(Kania and Laskai, 202139]). China’s recent ascendancy in emerging critical technologies like 5G has led
several American policy makers and analysts to question whether this approach is sufficient for the
21stcentury, amid calls for a more active national industrial strategy that serves not only economic
development interests, but also national security (Guile et al., 2022s3)). Following this line of argument, the
United States needs to take a more formal, systemic and integrated approach to industrial policy if it is to
prevail in its technological rivalry with China. Such an approach should cover all economic sectors that
contribute to the country’s overall technical capabilities and production resilience, and aim to enhance the
innovation-enabling “operating environment” in which firms, institutions and individuals work (Atkinson,
2020;s4;; Allison et al., 202155;; SCSP, 202256)).

Somewhat along these lines, the Biden Administration has signed three major bills with bipartisan support:

e The CHIPS and Science Act (2022) is discussed below (Box 2.3). Briefly, it aims to ensure the
United States maintains and advances its scientific and technological edge by investing in R&D,
skills and manufacturing in semiconductors, as well as in other technological areas such as
nanotechnology, clean energy, quantum computing and Al. It also aims to unlock STI opportunities
beyond a few regions on the coasts and targets those groups who have been historically left out
(The White House, 2022;571). The US Department of Commerce (2022;ss)) has since published a
USD 50 billion implementation strategy for the “CHIPS for America Fund”, which will disburse a
large tranche of the act’s funding. The National Science Foundation has also established a
technology, innovation and partnerships directorate to strengthen the commercialisation of
research and technology.'

e The Inflation Reduction Act (2022) targets small businesses through measures that include
(i) doubling the refundable R&D tax credit for small businesses, from USD 250 000 to
USD 500 000; (ii) issuing domestic content requirements and offering targeted tax incentives to
spur the growth of American supply chains across technologies like solar, wind, carbon capture
and clean hydrogen; (iii) supporting the deployment of distributed zero-emission technologies
through a new “Clean Energy and Sustainability Accelerator”, which will prioritise over 50% of its
investments in disadvantaged communities; and (iv) assisting rural electric cooperatives by funding
clean energy and energy efficiency upgrades (The White House, 202259)).

e The Infrastructure Investment and Jobs Act (2021) aims to strengthen domestic production to
revitalise the US industrial base. It includes commitments to build zero-emission vehicles and their
components domestically, using grants to support battery and battery component manufacturing,
manufacturing facilities, and retooling and retrofitting of existing facilities. It also aims to invest in
advanced energy manufacturing facilities and clean energy demonstration projects in communities
where coal mines or power plants have been shut down (The White House, 2021s0;).

According to The White House (20221)), a strong vision of a “modern American industrial strategy” unifies
these laws. This strategy commits to making substantial public investments in three key areas, namely
infrastructure, innovation and clean energy. It seeks to “crowd in” private investment and spur innovations
that work towards achieving core economic and national security interests. These laws are all multi-year
mobilisation efforts but are expected to spur investments at a historical scale, totalling USD 3.5 trillion over
the next decade when counting both public capital and private investment.

The industrial strategy strongly emphasises developing manufacturing capabilities, since these create well-
paid jobs, decrease supply-chain vulnerabilities, and are the basis for building and maintaining
technological leadership. As such, they are part of the strategy to contribute to a more resilient and secure
US economy, better positioning the United States to weather future shocks. Addressing inequality is a
critical part of the approach, and many of the strategy’s instruments target disadvantaged groups and
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areas. Moreover, for all its emphasis on developing domestic technological and manufacturing capabilities,
the strategy recognises the importance of international partnerships to fulfil its mandate (The White House,
202261)).

Strengthening international STI alliances

The third type of strategic autonomy policy intervention is rooted in the projection of national interests in
international regulations, norms, standards and alliances. The confluence of issues related to trade,
technology and democracy has broadened perspectives on the role of technology in shaping and driving
new international alignment and alliance patterns (Soare and Pothier, 2021(g)). At one level, these alliances
are forged between like-minded democracies, such as OECD countries, which can gain (for example) from
regulatory co-operation to jointly set global technology standards based on shared values (Bauer and
Erixon, 2020p2;). At another level, they aim to project competing norms and values globally through
technology investments and assistance, particularly in low- and middle-income economies. Examples of
related policies include China’s Belt and Road Initiative (BRI), and the G7 Partnership for Global
Infrastructure and Investment initiative.

In some respects, these efforts at alliance-building represent a “recoupling” with like-minded and
trustworthy allies — sometimes referred to as “friend-shoring”. Strategic autonomy should not be conflated
with isolationism, and no single country has all the technological capabilities required to successfully
compete in the global economy and preserve its national security. Countries can amplify their domestic
innovation strengths through well-chosen strategic alliances, while at the same time enhancing their own
national security by supporting the technological capabilities of others.

This section starts with China, highlighting the science and technology aspects of its ambitious BRI and its
recent push to shape international technological standards. It then turns to new technology alliances forged
by the European Union and the United States.

China’s Belt and Road Initiative and standardisation push

Belt and Road Initiative (BRI)

Initially launched in 2013, the BRI is China’s signature foreign policy initiative, surpassing the post-Second
World War Marshall Plan as the largest global infrastructure project ever undertaken. Chinese banks and
businesses have invested billions of dollars under the BRI to fund and develop telecommunications
infrastructure, power plants, ports and highways in dozens of countries. Its scope has since expanded to
include a Digital Silk Road aiming to improve recipient countries’ telecommunications networks, Al
capabilities, cloud computing, and e-commerce and mobile payment systems (among other high-tech
areas), as well as a Health Silk Road aiming to put China’s vision of global health governance into action
(Council on Foreign Relations, 20213)). China is also using the BRI, particularly its Digital Silk Road
component, to complement its efforts to promote domestic standards in international standards
organisations and industry groups (see below) and advance regulatory harmonisation. By 2021, the BRI
encompassed over 140 countries, representing close to 40% of global output and 63% of the world’s
population (Huang, 20224)).

The BRI includes STI activities that address developmental challenges, particularly in agriculture, energy
and health care. Already in 2016, the Ministry of Science and Technology, the National Development and
Reform Commission, the Ministry of Foreign Affairs and the Ministry of Commerce jointly released the Plan
on Cooperation in Science, Technology and Innovation under the BRI (MOST (China Ministry of Science
and Technology), 2017es1). Science and Technology Daily (20226)) reports that by the end of 2021, China
had engaged in STI co-operation with 84 countries through the BRI, supporting 1 118 joint research
projects and establishing 53 joint laboratory projects. Furthermore, more than 30 bilateral or multilateral
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technology transfer centres between China and other countries had been built thanks to the BRI. Since
2016, the BRI has supported the exchange and training of around 180 000 science and technology
personnel in China, and over 14 000 young scientists for short-term research work. While it is difficult to
estimate the costs of these activities, Chen (201967;) estimates that the Chinese Academy of Sciences
alone had already provided around USD 268 million to STI projects associated with the BRI by 2019, a
figure that is likely much larger today. '

The Chinese Academy of Sciences also established in 2018 the Alliance of International Science
Organizations (ANSO), a non-profit, non-governmental international scientific organisation that aims to
support the needs and scientific capacity-building of the Global South through partnerships and co-
operation with its member countries and institutions. ANSO currently has 67 members from 48 countries,
including 27 national academies, 23 universities, 10 national research institutes and agencies, and
7 international organisations. It funds and organises fellowships and scholarships, training programmes
and collaborative research, and offers awards and prizes to both individuals and organisations. Its budget
is modest — around USD 13 million in 2021, most of which funded scholarships and collaborative research
projects.’”

China Standards 2035

Standards are critical to innovation: they provide a foundation for technology development and
interoperability, and safeguard global market access to technologies (Blind, 2013es;). Following the Made
in China 2025 strategy, the Chinese government launched China Standards 2035 in 2018. This strategy
aims to optimise the governance of standardisation in China, enhance its effectiveness and improve the
level of internationalisation of China’s standards.'® In particular, it aims to improve the traditionally weak
interaction between standardisation and technological innovation in China, and establish a formal
mechanism to link scientific and technological projects and standardisation work (Xinhua News Agency,
20211361). This will be important for China as it seeks to develop R&D ecosystems that elevate whole-sector
capacities, particularly in critical and emerging industries like Al, quantum computing and biotechnology
(Wu, 20229)). China Standards 2035 also aims to promote compatibility between Chinese standards and
the international standards systems, including through mutual recognition and co-ordinated development
of domestic and foreign standards. The strategy also promotes standards co-operation within the BRI
(Xinhua News Agency, 20213g)).

International standards emerge from a variety of sources, with international standard-setting organisations
playing important roles.'® Firms collaborate internationally with other players (including competitors) within
these organisations to develop and adopt standards created through co-ordinated technical efforts
(Shivakumar, 2022[707). Thanks to their technological supremacy, US firms have taken the lead in creating
and setting international standards in these fora for much of the post-Second World War era. However, as
China’s innovation capacity grows in key technologies, its capability to influence international standards is
also set to increase (Wigell et al., 2022711). This is creating considerable uncertainty, as the United States
(and other like-minded countries) and China have different styles of engagement and hold different values.
While participants in these bodies include a mix of government and private-sector researchers from
member countries, the US approach has been to let the private sector take the lead, leveraging its
extensive technical expertise and experience, and its knowledge of market need and demands (Goodman
and Robert, 2021y4). By contrast, China (and to some extent, the European Union) takes a more
government-led approach, which some interpret as a politicisation of what has been widely perceived until
now as a technocratic process. Technical standards also set the norms that govern the privacy and security
of different technologies, particularly digital technologies. Since these have so far been based on the values
and norms of liberal market economies, there are concerns that China’s increasing domination in standard-
setting organisations could pose a strategic risk to their integrity owing to diverging values (Wigell et al.,
2022(71)). These tensions have led to fears that the role of international standard-setting organisations in
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establishing fair and credible standards will be undermined, ultimately damaging technological progress
and market competition (Shivakumar, 20227qj).

New alliances involving the European Union and the United States

Both the United States and the European Union have made recent pronouncements on the importance of
international engagement to promote democracy-affirming norms and values, and reduce risks to national
security inherent in technologies with dual-use potential. For example, in its industrial strategy plans, The
White House acknowledges the importance of supply chain diversification, including through efforts to
“friend-shore” some production (The White House, 2022;1)).

EU-US Trade and Technology Council

Having convened for the first time in 2021, the EU-US Trade and Technology Council aims to promote the
responsible use of technologies, in line with democratic values and protection of human rights. It seeks to
enhance trans-Atlantic co-operation on a range of issues, including export controls and FDI screening, in
defence of national security, secure supply chains (especially with regard to semiconductors) and
technology standards, including co-operation on Al. In all, it aims to ensure joint leadership in setting global
norms for emerging and other critical technologies, and counter authoritarian influence in the digital and
emerging technology space (EU-US Trade and Technology Council, 202172;). The council has established
ten working groups to explore co-operation on these topics, in full respect of each side’s regulatory
autonomy.20

Other regional groupings

The Quad is a loose grouping between Australia, India, Japan and the United States that promotes shared
democratic values and respect for universal human rights in the ways technology is designed, developed,
governed and used (The White House, 2021(73)). Its focus includes critical and emerging technologies (for
which it recently issued “Principles for Critical Technology Supply-Chain Security”, organised around the
pillars of security, transparency, autonomy and integrity),?! climate-change mitigation and adaptation, and
space technologies. The Quad also launched the Quad Vaccine Partnership in 2021 to advance equitable
access to safe and effective vaccines in the Indo-Pacific region (Huang, 2022ps4)). The Quad operates
through expert working groups and international meetings, including biennial leaders’ summits.

A new, larger grouping covering the Asia-Pacific region was launched in 2022, known as the Indo-Pacific
Economic Framework for Prosperity.?2 One of its chief aims is to diversify supply chains to ensure secure
access to semiconductors, critical minerals and clean energy technology (The White House, 202274)). The
United States also announced the Americas Partnership for Economic Prosperity in 2022 to help supply
chains in the region be more resilient against unexpected shocks, and to promote innovation in both the
public and private sectors (The White House, 2022/75)).

Group of Seven (G7)

The G7’s agenda has long covered STl issues, and the initiatives outlined here are among the latest in a
long line. The largest initiative to date is the Partnership for Global Infrastructure and Investment (PGllI),
announced during the 2022 G7 Leaders’ Summit. The partnership aims to mobilise USD 600 billion in
global infrastructure investments by 2027, with up to EUR 300 billion in investments channelled through
the European Union’s Global Gateway initiative,2® and USD 200 million coming from the United States
(The White House, 2022p7)). Through blended finance, the PGIl seeks to mobilise public and private
resources in pursuit of values-driven, high-quality and sustainable infrastructure development. The
European Union’s Global Gateway initiative focuses on digital, climate and energy, transport, health, and
education and research, and is underpinned by a values-based approach promoting democratic values,
high standards, strong governance and transparency (Liao and Beal, 202277;). The US initiative focuses
on clean energy, secure digital networks and infrastructures, advancing gender equality and health security
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(The White House, 2022(7g)). Both initiatives emphasise the competitiveness benefits of these investments
for their domestic firms, in addition to their job creation potential. Both also call for a whole-of-government
approach, given the levels of investments involved and their expansive coverage.

Other recent relevant G7 initiatives include the Working Group on the Security and Integrity of the Global
Research Ecosystem, which was established to develop principles, best practices, and a virtual academy
and toolkit for research security and integrity (G7-Summit, 2022/79}); and a new Climate Club to accelerate
climate action and increase ambition, with a particular focus on the industrial sector (G7, 2022s0)).

Strengthening strategic autonomy in action: Semiconductors and critical
minerals

Policy discussions on technological sovereignty and vulnerabilities from interdependency often cite two
prime examples: semiconductors and critical minerals. OECD countries and China are investing heavily in
both areas, using a mix of protection, promotion and projection policies, as described below.

Semiconductors

Semiconductors are the building blocks of digital technologies and are most widespread in telecoms,
computers and other consumer electronics, as well as motor vehicles and medical devices (OECD,
2021p211). Semiconductor production is fragmented and specialised in a highly cost-efficient global supply
chain, which begins with chip design?* and continues through semiconductor manufacturing, testing,
assembly and packaging, before reaching end-user companies that incorporate the chips into their
products. No country or region has control over the entire value chain as each actor performs different
steps of the production process according to their comparative advantages (Varas, 2021s1;). However,
those segments involving manufacturing, assembly and testing are more concentrated,?® mainly because
of the enormous upfront investment costs in building state-of-the-art production facilities. While the
United States once dominated semiconductor production, many of its firms moved to a “fabless” production
model some time ago (or were established as such from the outset, e.g. Qualcomm), outsourcing their
chip designs to contract manufacturing companies that specialise in operating foundries for third parties
(European Commission, 2022s2). Today, Korea and Chinese Taipei are typically in the middle of the
supply chain: their semiconductor foundries import silicon wafers and equipment from Japan, Europe and
the United States to produce chips that are then exported to China for integration into consumer goods,
which are then re-exported to OECD countries (OECD, 2019s3)).

A major driver of innovation in the sector is miniaturisation of microprocessors that squeeze an ever-
increasing number of transistors into a given area to make them faster and more power-efficient. The most
advanced chips currently in production have a length of 5 nanometres (nm), which is expected to fall to
2nm by 2026. PCs and mobile phones are the main drivers of miniaturisation, and their high production
volumes help to sustain the high cost of technology development and state-of-the-art production facilities.
Chipmakers typically invest about one-third of their revenues in R&D and equipment. The cost of building
a leading-edge fabrication plant can be as high as EUR 20 billion (with an additional EUR 5 billion per year
to operate the plant). Only two companies, TSMC (Chinese Taipei) and Samsung (Korea), currently
manufacture chips at 5nm, while Europe had no foundries that manufacture components below 22nm in
2021 (European Commission, 2021(111).

The high concentration of semiconductor manufacturing in Asia raises concerns about vulnerability to
production disruptions. The effect of such disruption would be more consequential because the
semiconductor industry is an upstream industry. i.e. it supplies inputs to a wide range of other industries
(Haramboure et al., forthcomingis4)). Recent semiconductor shortages, related to exceptional demand and
supply shocks associated with the COVID-19 pandemic, have only served to exacerbate supply-chain
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concerns. Similarly, Asian countries look to reduce vulnerabilities tied to their dependence on US chip
design and the most advanced European photolithography equipment. While somewhat behind global
leaders in producing the most advanced chips, China is concerned about export controls, such as those
recently announced by the United States to restrict its ability to obtain advanced computing chips, develop
and maintain supercomputers, and manufacture advanced semiconductors (US Department of
Commerce, 2022jg5)).

Until recently, the bulk of public budgetary support in OECD countries has been upstream, targeting the
R&D activities of semiconductor firms with research grants and R&D tax incentives. This reflects their
specialisation in research-intensive segments of semiconductor supply chains.?® By contrast, China has
used massive subsidies to reduce its reliance on imports and its vulnerability to unilateral US export control
restrictions, earmarking as much as USD 200 billion over a ten-year period under its Made in China 2025
plan to strengthen domestic research and manufacturing capabilities across the whole supply chain
(EPRS, 2022;¢)).” Coupled with pressures from semiconductor shortages and renewed interest in
industrial policies to promote inclusive economic competitiveness and national security, this sort of support
has kicked-off a “subsidy race”, with all of the main players (i.e. the United States, the European Union,
Korea, Chinese Taipei and Japan) recently launching ambitious initiatives to promote their domestic
semiconductor industries. By way of example, Box 2.3 outlines recent “chips acts” emanating from the
European Union and the United States. Initiatives like these still focus on R&D investments, but also
feature other industrial policy incentives, such as those that promote manufacturing (e.g. through subsidies
for building and running fabrication facilities)?® or seek to attract overseas investment and talent.

Box 2.3. Recent “chips acts” in the United States and the European Union

United States CHIPS and Science Act

Signed into law in August 2022, the CHIPS and Science Act provides USD 52.7 billion for
semiconductor research, development, manufacturing and workforce development. This includes
USD 13.2 billion for R&D and workforce development, and USD 500 million to advance international
information and communications technology (ICT) security and semiconductor supply-chain activities.
The act stipulates the establishment of a technology, innovation and partnerships directorate at the
National Science Foundation, which was established in late-2022 to focus on fields like semiconductors
and advanced computing, advanced communications technology, advanced energy technologies,
quantum information technologies and biotechnology. It also expands fundamental and use-inspired
research at the Department of Energy's Office of Science, and the National Institute of Standards and
Technology. Besides supporting research, the act also seeks to strengthen the commercialisation of
research and technology, for example, through a 25% investment tax credit covering capital expenses
for the manufacturing of semiconductors and related equipment. To spur regional economic
development bringing together businesses, universities and local communities, the act has earmarked
USD 10 billion for the creation of regional partnerships that will develop technology, innovation and
manufacturing sectors (The White House, 2022;s7)).

European Chips Act

The European Chips Act, adopted by the European Commission in February 2022, seeks to strengthen
the European Union’s semiconductor ecosystem, ensure the resilience of supply chains, reduce
external dependencies and double the European Union’s global market share in semiconductors to
20% by 2030 (European Commission, 2022is7;). The act is expected to mobilise more than
EUR 43 billion in public and private investments, with EUR 11 billion coming from repurposing existing
funds under the European Union’s Horizon Europe and Digital Europe programmes (Zubascu, 2022sg)).
The act focuses on five strategic objectives: (i) strengthen research and technological leadership;
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(i) build and reinforce Europe’s capacity to innovate in the design, manufacturing and packaging of
advanced chips; (iii) put in place a framework to increase production by 2030; (iv) address skill
shortages and attract new talent; and (v) develop an in-depth understanding of global semiconductor
supply chains (European Commission, 2022s7). It proposes a three-pillar structure: Pillar 1 is intended
to bolster large-scale technological capacity-building and innovation in the EU chips ecosystem,
improving the transition "from lab to fab”; Pillar 2 focuses on improving EU security of supply by
attracting investment and enhancing production capacities within the European Union; and Pillar 3 aims
to set up a monitoring and crisis response mechanism. Pillar 1, which is most relevant to this chapter,
aims to reinforce Europe’s leadership in research; enable access across Europe to chip design tools,
and pilot lines for prototyping and testing innovative chips technologies; promote education, skills and
talent in microelectronics; and support a network of competence centres across Europe to promote
innovative design and use of semiconductors systems (EPRS, 2022s6)). The act is still under review
and is slated to be passed sometime in 2023.

Conducting the entire semiconductor manufacturing process in a single jurisdiction is neither feasible nor
economically desirable (OECD, 2019s3)), and “strategic autonomy” cannot be reached without trusted
international partners (Duchatel, 2022sq). The US CHIPS and Science Act is notable in this regard
because it allocates USD 500 million over five years towards a CHIPS for America International
Technology Security and Innovation Fund, which is intended to help the United States and like-minded
governments co-ordinate their security and supply-chain activities (Valigra, 2022(90)).

Critical minerals

Many clean energy technologies rely on critical minerals such as copper, lithium, nickel, cobalt and rare-
earth elements.?® One of the major uses of these critical minerals is the production of permanent magnets
for motors (e.g. in electric vehicles and wind turbine generators), where demand is expected to grow faster
than for any other sector, driven by the strong uptake of clean energy technologies. According to the
International Energy Agency (IEA) (IEA, 202191)), a typical electric car requires six times more mineral
inputs than a conventional car, while an onshore wind plant requires nine times more mineral resources
than a gas-fired plant for the same capacity (Figure 2.11). Moreover, in its “Net-Zero Emissions by 2050
Scenario”, the IEA estimates that mineral inputs for the production of energy-related infrastructure and
end-use equipment will be up to six times higher in 2040 than today. Rare-earth permanent magnets are
also used, for example, in ICT equipment (e.g. laptops, mobile phones and cameras) and medical
resonance imaging equipment. They are also crucial for modern weaponry, including combat aircraft,
drones and missile guidance systems (Alves Dias et al., 2020j92;; Matthews, 202293)).

OECD SCIENCE, TECHNOLOGY AND INNOVATION OUTLOOK 2023 © OECD 2023



| 69

Figure 2.11. Mineral intensity of selected clean and fossil energy technologies
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Much policy attention focuses on rare-earth elements, by virtue of their importance and the geographic
concentration of their production and processing (Figure 2.12). While rare earths are abundant in the
Earth's crust, minable concentrations are rarer than for most other mineral commodities (US Geological
Survey, 20229417). Owing to their environmental impacts, many mines and refining facilities have closed in
recent decades.®® China accounted for around 60% of rare earths mined in 2021, a decline compared to
recent years. However, the processing of critical minerals is typically more concentrated than their
extraction, and China heavily dominates production at every stage of the supply chain downstream of
mining in both electric-vehicle batteries and photovoltaics (IEA, 2022;95;; Schwellnus et al., forthcomingios;
OECD, 2022977). This is an outcome of policies that have supported the growth of a vertically integrated
domestic supply chain as a strategic industrial sector (Politi, 20229g)). It reflects China’s growing market
share in major downstream industrial ecosystems, which consume 70-75% of the global supply of rare
earths (Alves Dias et al., 202092)."
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Figure 2.12. Current production of many energy-transition minerals is more geographically
concentrated than for oil or natural gas
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China’s embargo on rare-earth exports to Japan in 2010-11 raised supply concerns, yet separation and
refining of rare-earth oxides continue to be predominantly performed in China (Alves Dias et al., 202092;;
Nakano, 20219)).3? The main Chinese rare-earth mining and processing companies are state-owned and
subsidised through both direct and indirect policy measures (Gaul} et al., 2021[100). Beyond rare-earth
elements, Russia’s war of aggression in Ukraine has raised further concerns about the supply of other
critical minerals for green technology. For example, Russia accounts for one-quarter of worldwide
palladium exports and, together with Ukraine, one-third of global nickel exports (OECD, 2022j1g).3% Ukraine
is also a major exporter of neon gas, a by-product of steel production used in semiconductor lithography
(OECD, 202213)).

These concerns have encouraged investment in new sources of supply to enhance the diversity and
resilience of clean energy supply chains. For example, several new projects have been launched outside
China, and some 20 projects are currently under development in Australia, Canada and the United States
(IEA, 2021p91)). However, long lead times to bring new mineral production online, as well as various
environmental and social impacts, all raise concerns about the stability and sustainability of critical mineral
supply.®* No single country will be able to solve these issues alone. Strengthened international co-
operation, combining open markets, strategic partnerships and a diversity of supply sources, will be
essential to guarantee the security, resilience and sustainability of critical minerals (IEA, 202295; OECD,
2022j971). Along these lines, the United States and key partner countries have announced the establishment
of the Minerals Security Partnership (MSP), an ambitious new initiative to bolster critical minerals supply
chains, and to ensure that critical minerals are produced, processed, and recycled in a manner that
supports the ability of countries to realise the full economic development benefit of their geological
endowments (US Department of Commerce, 2022s5). New supplies of critical minerals can also be
unlocked through innovation in production and processing technologies (for example, emerging
technologies like direct lithium extraction, or increased metal recovery from low-grade ores or waste
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streams), which would help reduce the need for new primary supplies. Technologies that lower energy or
water use can also bring environmental and operational benefits (IEA, 202191)).

Supply vulnerabilities could also be reduced by switching to other green technologies or critical mineral
substitutes, although these are generally less effective (US Geological Survey, 202294)). Innovation is
therefore key to making green technologies less material-intensive, and their critical materials easier to
recycle. While performance-competitive rare earth-free permanent magnets are still some way off,
research is driving progress to reduce consumption of rare earths in the automotive industry and in wind
turbine generators (Alves Dias et al., 2020j92). For example, emerging sodium-ion technologies that rely
on abundant and cheap minerals, and solid-state batteries could lead to a step improvement in
performance. For solar photovoltaics, organic and non-silicon thin-film technologies promise higher
efficiencies and lower manufacturing costs, although they remain at the prototype stage (IEA, 2022/95)).

As for recycling, rare earths are currently recovered in limited quantities from batteries, permanent magnets
and fluorescent lamps (US Geological Survey, 2022(s4)). Indeed, only 1% of rare-earth elements are
currently recycled in Europe (a proportion that is likely similar globally), highlighting the need to greatly
enhance recycling systems and infrastructure (Alves Dias etal., 2020p2). This will likely require
government support to incentivise recycling of end-of-life products, support collection and sorting activities,
and fund R&D on new recycling technologies (IEA, 202191)).

This is a systemic challenge that calls for various sorts of co-operation, including cross-governmental and
international. Along these lines, both the European Union and the United States have launched wide-
ranging policy initiatives in recent years to address vulnerabilities in supply chains for critical minerals, as
briefly described in Box 2.4.

Box 2.4. Recent EU and US initiatives to enhance supply-chain diversity in critical minerals

European Union

The European Commission developed the Action Plan on Critical Raw Materials and founded the
European Raw Materials Alliance (ERMA) in 2020. The action plan leverages Horizon Europe,
European Regional Development Funds, and national research and innovation programmes on waste
processing, advanced materials and substitution. For example, around EUR 300 million was earmarked
under Horizon Europe’s first work programme (2021-22) to fund raw materials-related research and
innovation. Projects should concentrate on exploration, mining, processing, refining, recycling and
substitution, as well as skill development, responsible mining practices, international co-operation with
resource-rich nations, secondary-source mapping in the European Union and identifying investment
needs (European Commission, 202111)). ERMA has been entrusted with identifying and addressing
legislative bottlenecks, and related opportunities that would enable the emergence of alternative
European and worldwide rare-earth supply chains. It also aims to promote a circular economy around
rare-earth elements, by advancing recycling and substitution (Gaul} et al., 20211001). The European
Commission has also published a foresight study on critical materials for strategic technologies and
sectors in the European Union (European Commission, 2020101;), which identified supply risks in the
stages of processed materials, components and assemblies.

United States

Building on earlier analysis of supply-chain vulnerabilities, the Biden Administration announced in
October 2022 the American Battery Materials Initiative to align and utilise federal resources to expand
the end-to-end battery supply chain. It aims to promote close collaboration with stakeholders, allies and
partners to develop more sustainable, secure and resilient supply chains. It covers steps to steer
research, grants and loans that support ecologically responsible essential-mineral extraction,
processing and recycling. The initiative also incorporates diplomatic efforts to construct reliable and
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sustainable global supply chains. These include the creation of the Mineral Security Partnership, to
catalyse investment from governments and the private sector in strategic opportunities that adhere to
high environmental, social and governance standards across the entire value chain. The United States
Geological Services has also been awarded more than USD 500 million from the Bipartisan
Infrastructure Law to better map mineral resources, preserve historical geologic data and samples, and
construct an energy and minerals research centre (The White House, 2022;102)).

Outlook

Thanks to its ascendancy in science and technology, China has contributed significantly to the world’s
stock of knowledge through its scientific research. It has also accelerated innovation in technology areas,
particularly photovoltaics and electric-vehicle batteries, that are critical to sustainability transitions.
However, as China is often seen as a systemic rival to liberal market economies, its rise also raises policy
concerns that have deepened in recent years as relations have deteriorated. These include growing
competition in critical technologies that are expected to underpin future economic competitiveness and
national security, diverging values and interests that challenge the international post-Second World War
rules-based order, and growing vulnerability from supply-chain interdependencies.

Technology lies at the core of these concerns, prompting technology leaders such as the European Union
and the United States to promote technological sovereignty and strategic autonomy as strategic policy
goals. Countries have adopted policies to restrict access to technologies (protection), invest in ambitious
domestic industrial policies to bolster their economic competitiveness (promotion) and strengthen
international technology alliances with like-minded countries (projection). The chapter has to some extent
taken a symmetrical view to illustrate that China has many similar concerns regarding liberal market
economies, and it is perhaps unsurprising to see certain parallels in the policy goals set and instruments
used. Policy domains such as trade, foreign affairs, defence and industry are driving many of these policy
developments, while research and innovation ministries and funding agencies have played a less central
role. Some of these policy domains have considerable science and innovation activities of their own
(e.g. defence and industry), others less so (e.g. foreign affairs).

The policy developments outlined in this chapter could have profound effects on STI policies, but these
remain underexplored, particularly at an internationally comparative level. Taking first the restrictions
imposed by protection measures — related to export controls, FDI screening, negative lists and research
security — these will lead to a certain degree of decoupling between technology (and possibly science)
ecosystems in China and liberal market economies. It remains difficult to predict how far this decoupling
will go. While autarky is unlikely, the global economy could split into rival blocs that significantly reduce
science and technology linkages compared to today. Assuming governments apply protection measures
flexibly on a case-by-case basis according to specific threats, continuous co-ordination between STI policy
and other policy domains — notably trade and investment, foreign affairs and national security, and
environment and energy — will be essential, although existing links in most countries remain weak. Most
R&D in technology-intensive economies is conducted in firms, where trade and investment restrictions will
be felt most keenly. Firms may also face skill shortages in economies dependent on overseas talent if
mobility is hindered because of visa restrictions or an unwelcoming environment. This issue applies
especially to public science, where overseas PhD students and researchers make up a sizeable part of
the workforce, particularly in the United States.

Promotion measures, in the shape of technology-fuelled industrial policies, look more positive for science
and innovation activities at first glance. More resources could be available, especially given the large
investments proposed, although what sorts of research and innovation will be funded is less clear. Many
of these policies adopt whole-ecosystem perspectives, so investments could cover the full range of the
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innovation chain — including basic science — and support the costs of new research and technical
infrastructures. Many policies are also mission-oriented, mobilising multiple ministries and stakeholders,
and involve ambitious public-private partnerships, which could bolster industry-academic links.
Furthermore, they often seek to accelerate sustainability transitions and promote greater societal inclusion
(see Chapter 3), which should affect how, where — and by whom — research and innovation are prioritised
and performed. A large domestic skill-development programme is important in this respect — especially if
international mobility declines and fewer overseas STEM personnel are available — but such investments
take several years to yield benefits. New EU and US industrial policies have taken care to signal the
importance of developing international linkages with like-minded countries, which could spur new
opportunities for international co-operation in science and innovation. At the same time, there exists a
danger of these large public investments descending into a “subsidy race”, with countries competing more
for private investments than co-operating on shared-interest technology developments. Domestic
STl ecosystems could be damaged irreparably if high-tech firms are attracted by generous subsidies
offered elsewhere and uproot their operations.

Finally, projection measures, particularly in the form of technology standards and international technology
alliances and partnerships, could provide platforms for diversifying and intensifying cross-country
STl linkages. These policy efforts can be seen as part of a “recoupling” agenda that targets supply chains,
science and technology collaboration, and STI capacity-building in a wide range of high-, middle- and low-
income economies. As with the other types of policies, cross-governmental co-ordination will be important,
including with overseas development policies. Projection measures provide opportunities for OECD
countries to diffuse and consolidate core values that promote sustainability, inclusion, and responsible
research and innovation on a more global scale. They could also spur much-needed investments in
research and innovation capacity-building in low- and middle-income countries, both aiding their
development objectives and contributing to solutions to global problems.

To some extent, the policies outlined in this chapter amount to “disruption by design”, but they also carry
the risk of unintended consequences. This might be said of any ambitious policy agenda, of course, but
the stakes are high, and mistakes are likely to be costly. Different technology supply chains have different
vulnerability risks, and the same applies to international science collaboration: different critical technologies
have varying dual-use potential, and countries differ in their capacities to exploit them. This variation points
to the need for a targeted policy approach, underpinned by risk-management assessments that draw on
the best available evidence, as well as forward-looking analysis where uncertainties preclude traditional
risk-based analysis. It also highlights the importance of a whole-of-government approach, given the range
of policy areas involved.

At the same time, while strategic competition presents its own challenges, it can also offer opportunities.
For example, international competition could be a major spur for technology-driven growth, and measures
to reduce technology dependency vulnerabilities through new investments could enhance global resilience
to future shocks. Furthermore, a “recoupling” agenda could potentially forge new research and innovation
alliances that may enable new science and technology leaders to emerge.

Strategic autonomy policies could be highly disruptive to existing STI ecosystems, whether presenting new
challenges or offering new opportunities. Their effects, intended or not, should be anticipated, and
adaptation and mitigation measures put in place. Much uncertainty and ambiguity remains, however,
calling for a future-scenario process that maps the “possibility space”. Taking a systemic view, such a
process should consider the range of possible disruptions and their upsides and downsides, as well as
alternative adjustment pathways and mitigation options. These policy measures could be disruptive at
multiple levels, including for innovative firms, public research-performing organisations (such as
universities and government labs) and even individuals (such as scientists), whose research collaborations
and mobility could be enhanced or curtailed. They could also strengthen or hinder prospects for
international STI co-operation to address global problems. A key challenge for multilateralism will be to
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reconcile growing strategic competition with the need for global action to tackle grand challenges, like
climate change. This challenge is further discussed in Chapter 3.
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Notes

' The chapter's focus on these technology leaders is a pragmatic one, reflecting time and space
constraints. Further analysis should ideally include other existing technology leaders (e.g. Japan) and
emerging ones (e.g. India).

2 In the context of this chapter, “securitisation” refers to the reframing of regular policy issues, such as
climate change, migration, and emerging technologies, into matters of “security”.

3 Griffith (2011p111]) defines a middle-income trap as “a situation whereby a middle-income country is failing
to transition to a high-income economy due to rising costs and declining competitiveness.”

4 Data for the United States are for 2019.

5 Patents protect technological inventions (i.e. products or processes providing new ways of doing
something or new technological solutions to problems). IP5 patent families are patents filed in at least
two offices worldwide, including one of the five largest intellectual property (IP)offices: the European Patent
Office, the Japan Patent Office, the Korean Intellectual Property Office, the US Patent and Trademark
Office, and the National Intellectual Property Administration of People’s Republic of China.

6 This selection of economies represents 43% of global imports of intermediate products from high and
medium-high R&D-intensive activities in 2020 and 39% of such imports in 2000. However, it is unevenly
distributed among those partners: 57% of Chinese imports are represented, while only 26% of the German
imports and 38% for the United States are captured in 2020.

7 Well-known export controls include those imposed by the United States on China with regards to
semiconductors. Lesser-known examples include China’s export ban on research monkeys, which has
adversely affected biomedical research in several OECD countries (Sanchez Romero, 20211103)).

8 Described varyingly as a “slippery slope” (European Chamber of Commerce in China and Mercator
Institute for China Studies, 202123)), “downward spiral” (Brown, Gunter and Zenglein, 20213s}), and “chain
reaction” (Wigell et al., 2022;3)), as China moves to pursue self-reliance, liberal market economies respond
by restricting China’s access to foreign technologies, further fuelling China’s self-reliance campaign
(Brown, Gunter and Zenglein, 20213s)). The result is a decoupling into rival blocs.

% Decoupling of the global economy would have a very costly outcome for the world and for individual
OECD members. According to WTO estimates, which are relatively modest, the disintegration of the global
economy into two blocs would reduce global GDP by 5%. The cost will not be equal to all countries, with
developing countries set to suffer the most. In a modest scenario, open markets that are geographically
close to China, and large open markets such as E.U would lose 4%; Other large markets would lose only
1% (WTO, 2022115)).

9 This OECD has developed a new experimental methodology for reporting industrial policy expenditure
in a comparable way across countries. It will gather harmonised data on industrial policy expenditures,
their composition, and their mode of delivery. See (Criscuolo, Lalanne and Diaz, 2022;112)).

" According to (Lin, 20171041), the middle-income trap arises from a middle-income country's failure to
achieve faster productivity growth through technological innovation and industrial upgrading when
compared to high-income countries.
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12 Based on available data, (DiPippo, Mazzocco and Kennedy, 202227)) use nine categories of instruments
to estimate China’s industrial policy spending: direct subsidies to firms, R&D tax incentives, other tax
incentives, government-financed business R&D, below-market credit to state-owned enterprises (SOEs),
state investment funds (government guidance funds), below-market land sales to firms, implied credit
advantage among SOEs for their large net payables balances and debt-equity swaps.

'3 The European Innovation Council, while a new initiative, is part of the wider Horizon Europe programme.
See https://eic.ec.europa.eu/about-european-innovation-council_en.

4 The EDF has adopted Horizon Europe tools, so that the two funds are becoming increasingly similar in
how they are run, which opens opportunities for collaboration. Important differences remain, however,
since EDF involves national ministries of defence in its projects. Projects and participating firms are also
subject to a number of security requirements and a higher level of control and oversight of research (Tani,
2022;105)).

15 https://beta.nsf.gov/tip/latest.

16 (Chen, 201967 states that by 2019, the Chinese Academy of Sciences had built 9 overseas science
and education centres in BRI countries and trained nearly 5 000 people, including 1 500 with master's and
doctoral degrees in science and engineering. Co-operation included more than 100 scientific and
technological projects to support sustainable development in BRI countries, and collaboration with more
than 100 high-tech enterprises and research institutions to establish the BRI Alliance to serve regional
economic and social development goals.

7 See the ANSO website (http://www.anso.org.cn) for more details.

'8 China recently followed up this strategy with two implementation documents: the National
Standardisation Development Outline in 2021 (see (Xinhua News Agency, 202136) and the National
Standardisation Development Action Plan in (2022[113})).

' These include organisations like the International Telecommunication Union, the Institute of Electrical
and Electronics Engineers, the International Organization for Standardization and the International
Electrotechnical Commission.

20 For example, Working Group 1 is charged with co-ordinating and co-operating on critical and emerging
technology standards. In 2022, it established the “Strategic Standardisation Information” mechanism to
take co-ordinated action if standardisation activities pose a challenge to EU-US strategic interests and
values (EU-US Trade and Technology Council, 202210e)).

21 See the website of the Japanese Ministry of Foreign Affairs
(https://www.mofa.go.jp/files/100347806.pdf).

22 The member countries are Australia, Brunei Darussalam, India, Indonesia, Japan, Korea, Malaysia,
New Zealand, Philippines, Singapore, Thailand, the United States and Vietnam.

23 https://ec.europa.eulinfol/strateqy/priorities-2019-2024/stronger-europe-world/global-gateway _en.

24 Further upstream, the supply chains for critical minerals/materials in chips is also global and dominated
by countries like China and Russia (Teer and Bertolini, 2022[114)). Critical minerals are discussed in the
sub-section that follows.

25 Chip design is also quite concentrated, with US chip design companies outsourcing production but
retaining their design activities.
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26 Chip design is the most R&D-intensive segment in the semiconductor supply chain (65% of total industry
R&D), while fabrication is the most capital-intensive (64% of total industry capital expenditure) (European
Commission, 2022s2)).

27 According to analysis by the (Semiconductor Industry Association, 2021107), the Chinese government
has long had an industrial policy to support its nascent chip industry, but these efforts accelerated in 2014
with the release of the National Guideline for the Promotion and Development of the IC Industry, which
laid out ambitious targets for industry revenue, production capacity and technological advances in
integrated circuits. In 2015, Made in China 2025 set aspirational goals for China to achieve 70% self-
sufficiency in semiconductors by 2025. Central to China’s semiconductor industrial policy is the National
Integrated Circuits Industry Development Investment Fund, established in 2014 with USD 21 billion in
state-backed financing and renewed in 2019 for a second round of state financing exceeding
USD 35 billion. Around two-thirds of this funding has targeted front-end manufacturing, with the goal of
increasing China’s share of global semiconductor production. Other funds, including from regional
governments (estimated at USD 25 billion), and other forms of intervention, including government grants,
equity investments and low-interest loans (estimated at over USD 50 billion), further support China’s
semiconductor companies.

28 This focus on promoting manufacturing is not without its critics. For example, (Garcia-Herrero and
Poitiers, 2022[108)) argue that the proposals in the European Commission’s European Chips Act over-
emphasise semiconductor production subsidies and do not focus enough on increasing value-added in
research.

29 Rare earths are a family of 17 elements comprising 15 elements in the lanthanides group (ranging from
lanthanum to lutetium), plus scandium and yttrium.

30 Substantial amounts of energy, as well as caustic and other hazardous substances, are used in the
creation of refined rare-earth metal. Extraction also results in the release of other harmful compounds,
such as the radioactive elements thorium and uranium, which are commonly found in mine tailings and
other waste dumps (Holland, 2020;109)).

31 According to (Nakano, 20219g]), China’s consumption of rare-earth minerals grew at an average annual
rate of 7.5% between 2004 and 2014 while the rare-earth mineral consumption of the rest of the world
decreased by 3.8%, raising China’s share of global consumption from 43% to 70%.

%2 New OECD analysis suggests export restrictions may be playing a non-trivial role in international
markets for critical raw materials, affecting availability and prices of these materials. OECD countries have
been increasingly exposed to the use of export restrictions for critical raw materials. Such restrictions are
also on the increase. For example, China increased the number of its restrictions by a factor of 9 over the
period 2009-2020, making it the country with the largest number of restrictions in 2020 (OECD,
forthcomingi11e)).

33 Palladium is a central component of vehicle catalytic converters that remove toxic emissions from
exhaust fumes, while nickel is used in electric-vehicle batteries.

34 For example, the ocean floor contains vast quantities of critical minerals. Growing demand is driving
technology development for exploration and extraction from deep-sea mining. However, the long-term
environmental effects from deep-sea mining are as yet unknown (GAQO, 2021110)).
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