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Summary

A fast energy transition is essential for Europe to meet its ambitious climate targets. China
has a crucial role in many of the key technologies that are essential for the energy transition
(like solar photovoltaics). Rising geopolitical tensions have highlighted the need to achieve a
better understanding of the position of China in key value chains and the geoeconomic risks
stemming from China in strategic value chains. The knowledge about the role of China in
wind energy and electrolyser value chains is limited in the Netherlands and in the EU. As a
result, it is hard to assess the level of risks associated with the central role of China and to
formulate policy to mitigate these risks.

The aim of this study is to:

d provide a thorough understanding of the past, current and possible future supply chains
of offshore wind energy and electrolysis, with a specific focus on Ching;

d provide policy recommendations on international cooperation and future organisation of
international competition for the supply chains of offshore wind energy and electrolysis.

For this study TNO has conducted desk research on the supply chains for offshore wind and
electrolysis in the Netherlands, the EU and China in 2020 and 2023. Expected developments
for the coming 5 years have also been analysed. The study focused on key components and
suppliers. For offshore wind these are the key components for the wind turbine (the blades,
nacelle and tower), the foundation and electrical components (Figure 1). Key suppliers also
include Original Equipment Manufacturers (OEM’s) that design and assemble final products
from the various components. For electrolysis the focus was on key components for the
stack (e.g. membranes and electrodes, see Figure 2) and the electrolysis plant. Other
relevant players are the assemblers of stacks from separate components and system
integrators for the whole electrolyser plant. While dependencies on critical raw materials
were not the core focus of the study, they have been included where relevant. The desk
research has been supplemented by 15 interviews with researchers, civil servants and
professionals active in the offshore wind and electrolysis supply chains in the EU and in
China.

HCSS has conducted an assessment of the geo-economic risks. TNO and HCSS jointly used the
HCSS Strategic Dependence Risk Framework to assess the impact and the probability of supply
chain disruptions. (Teer, A. De Ruijter, & Rademaker, 2024) They applied this framework to
assess the geopolitical risk levels of dependence on China in the offshore wind and electrolysis
value chains. The findings of the HCSS geo-economic risk assessment (in chapter 3) are based
on a combination of sources. First, the chapter leverages the value chain analysis and projec-
tions for 2028 presented in the previous chapter. In addition, it draws on past HCSS research
and additional desk research of primary sources, namely CCP leadership speeches and indus-
trial strategies, and secondary sources, such as thinktank reports on China’s macro-economic
goals. In addition, it cites a previously conducted HCSS-quantitative discourse analysis on CCP
leadership’s perceptions on the degree of international opposition to its rise. The probability
assessment on how likely the latter five risks are to occur in the next five years was arrived at
on the basis of two workshops with TNO-researchers. During a third HCSS internal workshop,
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participants used the HCSS Strategic Dependence Risk Framework to reach their conclusions.?
The same framework was used in the TNO chapter to assess the impact of disruptions in the
supply of wind energy and electrolysis components and end-products from China to the Neth-
erlands and the EU.
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Figure 1: Schematic overview of an offshore wind turbine (Nyserda, 2024)
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Figure 2 A schematic overview of PEM, showing the stack components (incl. the membrane and electrodes)
and the stack assembly. (TNO, 2023)

I The development of this risk assessment framework was commissioned by the Netherlands Ministry of Economic
Affairs and Climate (MinEZK). The risk assessment framework was designed by Joris Teer, Abe de Ruijter and
Michel Rademaker (HCSS). (Teer, A. De Ruijter, & Rademaker, 2024)
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Main findings market dynamics

In the past few years China has become a world leader in offshore wind and alkaline water
electrolyser technology, one of the two main electrolyser technologies. The leading position
is developed to achieve greater autonomy in what China’s government considers key
strategic technologies. Currently, the dependence in the Netherlands and the EU on Chinese
suppliers in the value chain is limited, except for a near-total dependence on China for
specific critical raw materials for offshore wind. It is likely that Chinese companies will
continue to develop a key position in the global offshore wind and (alkaline) electrolysis
value chains in the next 5 years. As a result, the dependence of the Netherlands and the EU
on China for these two key technologies can increase in the coming years, especially if
European wind turbine and electrolyser producers cannot maintain their competitive
position in Europe. A risk that gained attention in 2023 when the two main wind turbine
manufacturers in Europe faced significant financial losses, showing the vulnerability of the
offshore wind supply chain in Europe.

European players can be protected from unfair competition from Chinese manufacturers by
excluding or limiting Chinese companies from European offshore wind and electrolysis
markets, but there will be a cost. Excluding the significant production capacities in China can
strain European supply chains and limit the speed at which the energy transition can be
realised. It is important to navigate strategically, fostering collaboration where we
responsibly can and, at the same time, maintaining strategic independence.

Market dynamics offshore wind - past & future

In recent years China has become a world leader in the development of offshore wind
technology, producing high capacity wind turbines and low-cost components. There is no
consensus on the quality, but we expect it to be equal to or not far behind the quality of
Western turbines. China is expected to become even more dominant in the global offshore
wind market in the next 5 years.

Both the EU and China have strong local supply chains for offshore wind, but China is
dominant in global supply chains for many key components. Currently, the EU’s main area of
dependence on China is in permanent magnets and on the rare earth mining, refining and
processing and permanent magnet-making required toc make these magnets. China’s wind
energy sector is mostly self-sufficient, but also still imports some key components (e.g. roller
bearings, some power electronics and equipment for offshore installation). China’s strategy
is to also reduce these dependencies and strengthen their autonomy.

At the same time, Chinese companies are looking to expand their presence in Europe, all
across the offshore wind value chain, which leads to unfair economic competition and
subsequently to economic security risks. There are only two main offshore wind turbine
suppliers in the EU: Vestas MHI and Siemens Gamesa. These companies have faced financial
troubles in recent years. Yet offshore wind will already be an important part of the energy
mix in the Netherlands by 2030. In addition, offshore wind will be of great importance for
the energy transition throughout the EU. China’s growing focus on exporting turbines and
components poses an economic security challenge. The EU and the Netherlands’ overall
dependence on China is likely to greatly increase if the European wind turbine suppliers do
not survive their current financial issues. The only other offshore wind turbine producing
country (albeit with far less capacity) is the US, limiting options for diversification away from
Chinese suppliers in such a scenario.
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Market dynamics electrolysers - past & future

In recent years, the global electrolyser market has grown fast due to ambitious government
plans anticipating a large increase in global demand for renewable hydrogen and
electrolysis to produce the hydrogen. However, the future of the electrolyser supplier market
is uncertain, as the global supply chain is still in an early stage of development. It is not yet
clear if there will be a limited number of dominant global player(s) or more regional players,
and if so, who these might be. The market landscape is evolving rapidly. Ching, currently
world leading in expanding electrolyser manufacturing capacity, followed by Europe, is
taking big steps in terms of business and innovation.

Out of the two main electrolyser types included in the scope of this report (alkaline and PEM)
China prefers alkaline electrolysis because of its simplicity and cost-effectiveness. In line
with their national strategy to create greater self-sufficiency, China has developed the
complete supply chain domestically (or in other words a completely ‘vertically-integrated’
supply chain). The demand for Proton Exchange Membrane (PEM) electrolysers is smaller in
China due to its higher costs. Even though China is often described as a ‘black box’ of which
it is hard to tell what is exactly going on, it is evident that both the market and research for
electrolysis are developing fast.

The EU, on the other hand, embraces both PEM and alkaline technologies, valuing PEM for its
technical advantages, mainly better compatibility with variable electricity input from
renewable sources such as solar PV and wind energy. Europe also leads on the development
of high temperature Solid Oxide Electrolysers (SOE). This type is not the focus of this report
due to the lower current Technology Readiness Level (TRL). European companies are willing
to pay more for the technical benefits of PEM and for more efficient electrolysers due to high
electricity prices. In China low upfront costs are prioritised as lower electricity prices make
increased efficiency less relevant for the overall cost of hydrogen. Moreover, Europe stands
out for the safety and quality of electrolysers and their components, in accordance with
European legislation. The main current external dependence in the electrolysis supply chain
is in iridium, a material deemed ‘critical’ by the EU and used in PEM electrolysers. Iridium is
mostly mined in South Africa.

There is currently some, but limited trade in electrolyser components between Europe and
China. Additionally, there are some collaborations between European and Chinese
companies. Chinese companies are also in the process of establishing a (manufacturing)
base in Europe.

For Chinese companies to export to Europe, it is crucial to close the gap in quality, efficiency
and safety. On the basis of expert interviews, it is expected that it will take 1-2 years for
China to meet the quality and safety requirements that European companies are already
required to meet. This will (potentially) enable Chinese companies to export to Europe on a
large scale. Conversely, European companies are facing challenges in Ching, due to @
preference for domestic companies. These trends are likely to persist, leading to an unlevel
playing field, and a dominant position for China.

Geo-economic risk assessment

Geopolitical risks associated with a dependence on China in (future) vital sectors such as wind
energy and electrolysis value chains, at present and for the next five years, ought to be
assessed carefully. International value chains should be seen in a geopolitical context, namely
that of intensifying great power rivalry at a time of deep economic interconnectedness (see
section 3.1). In addition, taking stock of Beijing’s national aims and industrial policies is vital
to come to arisk assessment. Specifically, concepts from weaponised interdependence theory
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such as chokepoints and breaking points and the study of China’s key national strategies such
as Made in China 2025 and the new development philosophy are helpful to assess risks. After
all, throughout the last decade great powers have increasingly sought to deter, compel or
corrode the capabilities of rivals by leveraging control over (economic) chokepoints in the
world economy. Not coincidentally, throughout the last twelve years, the Chinese Communist
Party (CCP) under Xi Jinping has moved its focus from economic development and rapid
integration into the world economy to fostering greater economic self-reliance. Likewise, Xi
explicitly seeks to enhance dependence of other countries on China.

This report’s taxonomy of ten different geo-economic risks stemming from China in electrol-
ysis and wind energy value chains provides insight into the geopolitical risks associated with
dependence on Ching, now and in the next five years (see Section 3.2 and Table 1.1). The
taxonomy’s aim is not to be exhaustive, but to outline the main geo-economic risks that ma-
terialise at different levels of escalation of EU-China tensions. Risks can be divided in two cat-
egories. First, the taxonomy presents market-distorting actions the Chinese state has resorted
to structurally, such as risk 1 (“restrictions for EU companies on China’s market”) and risk 4
(“theft of EU intellectual property”). These measures aim to strengthen the position of domes-
tic firms, expand China’s self-reliance, and deepen dependence of the EU on China. These first
five geo-economic risks have already materialised in wind energy, “new energy”, “advanced
energy equipment” or in another priority industry identified in Made in China 2025 and the
14% Five-Year Plan. These measures structurally endanger the future (financial) success of EU
companies (see Table 1.1). As tensions continue to rise, Beijing may well intensify its protec-
tionist policies in the future.

Second, the taxonomy outlines five gec-economic risks that may materialise in the (near)
future. Two of these risks, namely risk 7 (“commercial monopolistic practices”) and risk 9 (“a
ban on exports of vital end-products to the EU”) can only occur in the 2028 negative scenario,
meaning a scenario when Chinese parties have become the sole remaining suppliers of
important wind energy and electrolysis components and end-products (see Table 1.1). In this
scenario, European OEMs have not survived their current financial difficulties by 2028. Chinese
companies are left as the main competitive parties with high production capacity in global
wind energy and electrolysis markets. In addition, the disruption if risk 8 (“an expansion of
increasingly effective cyber-attacks against vital infrastructure”) or risk 10 (“war-related
disruption to China’s production lines and supply routes between Europe and Asia”)
materialises will be far more severe if Chinese companies are the main remaining players in
offshore wind and electrolysis markets. All of the latter five risks are increasingly likely to occur,
when China-US and by extension China-EU tensions continue to rise (in line with the
relationship’s trajectory of the past decade). Especially at a time of military-strategic crisis,
these risks become suddenly, possibly entirely without warning, far more likely to materialise.

The risk of becoming strategically dependent in wind energy and electrolysis value chains on
China differs from the risk of becoming dependent on other third countries. In the next five
years, only Chinese parties have the production capacity to become dominant in the EU wind
energy sector. The future of electrolysis is more uncertain. China is likely to have become an
important player by 2030, but the complexity of electrolyser systems and related transporta-
tion challenges could make it harder for China to become dominant in a short time. This is
also the case for other states that are geographically far away from the EU.

Table 1.1: Taxonomy of geoeconomic risks stemming from China in strategic value chains

(see next page)
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Risk for the EU

China aims

Timing

Level EU-China

escalation

1. Restrictions for EU
companies on China’s

market

Strengthen position of Chinese firms, in
order to expand self-reliance and

increase dependence of EU on China

Structural / Ongoing / In place for over a

decade

2. State-subsidised
Chinese competition on
the EU market

Strengthen position of Chinese firms:

increase dependence of EU on China

Structural / Ongoing

3. (State-supported)
acquisition of EU
companies and

Intellectual Property

Strengthen position of Chinese firms:
expand self-reliance and increase

dependence of EU on China

Ongoing

4., Theft of EU

Intellectual Property

Strengthen position of Chinese firms:
expand self-reliance and increase

dependence of EU on China

Structural / Ongoing

5. Export bans on
technologies required to
produce essential

components

Strengthen position of Chinese firms:
maintain dependence of EU on Ching;

lock-in China’s technological advantages

Ongoing / accelerated in 2023

6. Ban on exports of
essential materials and

components

Strengthen position of Chinese firms;
Disrupt production of EU-competitors
(potentially fatally); Expand dependence
of EU on China; Compelling and deterring
the Netherlands and the EU from acting
against China’s “core interests”;
Corroding EU abilities to act against

China’s “core interests”

Legislation in place to initiate export ban for
some materials / Possible today; especially at
moments of rising CN-EU tensions / Likely if a

military crisis takes place in East Asia

7. Commercial

monopolistic practices

Strengthen position of Chinese firms by

increasing revenues and profits

Possible if China becomes the sole remaining
dominant producer of end-products (2028

negative scenario)

8. Expansion of
increasingly effective
cyber-attacks against

vital infrastructure

Compelling and deterring the
Netherlands and the EU from acting
against China’s “core interests”;
corroding EU abilities to act against
China’s “core interests”; Gathering
intelligence/nesting in EU-NL systems in
preparation for a large-scale attack at

later moment

Possible if China becomes the sole remaining
dominant producer of complex components
and end-products (2028 negative scenario) /

Likely at moments of high CN-EU tensions

9. Ban on export of vital

end-products

Compelling and deterring the
Netherlands and the EU from acting
against China’s “core interests”;
Corroding EU abilities to act against

China’s “core interests”

Possible if China becomes the remaining
dominant producer of end-products (2028
negative scenario) / Likely if a military crisis

takes place in East Asia

10. War-related
disruption to China’s
production lines and
supply routes between

Europe and Asia

Winning a regional conflict against
Taiwan, Japan, the Philippines and
possibly the United States. Prioritising key
supplies and materials (e.g., steel) and
personnel (e.g., factory workers) to

defence industries and the war effort.

Especially high-impact if China becomes the
remaining dominant producer of end-
products (2028 negative scenario) / Possibly

the direct result of a military crisis in East Asia

Structural

Very high
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In conclusion, the current lack of a level playing field in trade relations with China (risk 1 until
5) forces a ‘losing game’ on the EU. Through additional subsidies, tax breaks, IP-theft and
‘locking-in’ technologies that China monopolises, the Chinese government aims to continue
the growth of China's strategic manufacturing industries as fast as possible. Whilst China has
access to the EU's open market, it keeps its own market closed. Important to note is that this
is not just an economic strategy; it stems from the CCP's broader national security strategy to
achieve greater self-reliance and to expand dependence of the rest of the world on China.

This leaves the EU with two unattractive options. The first is to bear the costs of raising barriers
to China. That is, domestically developing wind energy and electrolysis industries to maintain
an independent position. This would include deploying similar market stimulating mecha-
nisms as China does, which are likely to be costly for taxpayers. This also means closing-off
markets for cheaper Chinese alternatives that may benefit EU energy consumers and make
the green transition cheaper.

The second option is to face the energy and national security risks that come with increased
Chinese market dominance in another vital sector. This involves accepting new high-risk stra-
tegic dependencies, likely including for complex components and sensitive end-products sup-
plied by Chinese companies. Considering the current financial difficulties of EU players in the
wind industry already face, choosing this option may threaten their survival and hurt EU man-
ufacturing and maritime industries, and European earning and manufacturing capacity more
broadly. Finally, a dominant position of Chinese suppliers on the EU market goes hand-in-hand
with four economic and national security risks (threats 6 until 10), including more severe cyber
security risks (see Table 3.). In the 2028 negative scenario, if tensions in East Asia escalate,
China may suddenly and without warning become unable or unwilling to supply the EU with
important components and end-products for its energy security.

How to navigate these strategic challenges

Based on the analysis above, we arrive at the following policy recommendations:

d Restrict market access in the EU for Chinese parties. Trade with China should take
place in a level-playing field. Based on China’s national aims and current industrial
policies it is unlikely that China will open up their market further for EU parties. Chinese
companies do not face the same restrictions in the EU that EU companies face in China.
A level playing-field can therefore only be achieved by restricting market access for
Chinese parties

8 Consider increasing non-financial requirements in public procurement like safety,
efficiency, circularity and ESG-criteria (CO, footprint, labour conditions, circular policies).
It is unlikely that EU companies can remain competitive on cost with Chinese
manufacturers. Increasing non-financial requirements in procurement may improve the
position of EU players as these are areas where the EU players have a stronger position.
However, ESG-criteria should not lead to the blocking of the imports of raw materials for
which the EU and member-states have a high level of dependence on specific non-
democratic countries in the Global South, as this would be a negative side-effect and
create new supply chain bottlenecks.

8 More often exclude Chinese manufacturers of complex / vital end products, such as
complete wind turbines, from projects, based on energy and national security
considerations. As geopolitical tensions rise and the offshore wind and electrolysis
become more important in the energy mix, the position of Chinese manufacturers in
projects needs to be reconsidered. Particularly the operation of installations needs to be
protected, as these installations are essential parts of the European energy system and
energy supply. Encouraging (through financial incentives) the use of non-Chinese end-
products and components can also contribute to alleviate current dependencies on
China in offshore wind. For instance, rewarding the use of components and materials
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produced outside of China in tenders can bring online EU or allied rare-earth mining,
refining and permanent magnet making. The Netherlands and the EU can also consider
introducing a list of “foreign entities of concern” as the US does.

Cooperation with China on technology development can accelerate the energy
transition, but be aware of unwanted technology transfer. As China takes a leading
global role in offshore wind and (alkaline) electrolysis development, it is also expected to
contribute more on innovation. Without collaboration, the EU could fall behind in
innovation in these sectors. However, any collaboration of knowledge exchange with
China should be approached carefully in order to protect European interests, innovation
and intellectual property.

Protect and expand the European offshore wind and electrolysis industries. In some
parts of the supply chains, the number of key players in Europe is limited. If some of
these players do not survive, the European value chain can quickly become strained and
overly reliant on China. Existing industry needs to be protected and strengthened in
order to maintain a strong position in Europe. Offshore wind and electrolysis
manufacturing industries in the EU need to be expanded to maintain a strong value
chain, as demand will continue to increase.

Keep developing alternative and next generation offshore wind and electrolysis
technologies. Dependencies on existing supply chains can be mitigated by developing
alternative technologies with value chains that can more easily be localised. For
example, current offshore wind designs rely on permanent magnets made with rare
earth elements and therefore create a dependence on China, where most of the
required rare earth materials are processed. It is possible to reduce the dependence on
permanent magnets by changing the generator design by using a gearbox instead.
Alternatives such as this should be developed to reduce strategic dependencies, or at
least be developed to such a level that they can quickly be deployed when required.
Collaborate with EU member-states, other trusted partners and neutral parties to
ensure the availability of sufficient alternatives to Chinese wind turbines and
electrolysers. There are currently limited alternative suppliers for offshore wind and
electrolysis. The US is an important player, with a large offshore wind OEM and a key
position in PEM electrolysis. Other countries, like Indiag, are developing domestic supply
chains. Collaboration with these parties creates a larger set of alternatives and makes it
possible to more quickly go to alternatives if supply disruptions occur,
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1.1

Introduction

Context

A fast energy transition is essential for Europe to meet its ambitious climate targets as set
out in the European Green Deal and to contribute to limiting global warming to 2.0 °C, ideally
1.5 °C, as set out in the Paris Agreement. The energy transition is also vital to reducing the
EU’s dependence on the imports of fossil energy and achieve the targets in the REPowerEU
Plan (European Commission, 2022) and Net-Zero Industry Act (European Commission,
2023).

China has a crucial role in many of the key technologies that are essential for the energy
transition, with over 90% of manufacturing capacity for some key technologies and
components (see Figure 1.1). The EU’s extreme dependence on China for solar PV and rare
earth elements is well known. Yet the knowledge about the role of China in wind energy and
electrolyser value chains is limited in the Netherlands and in the EU. As a result, it is hard to
assess the level of risks associated with the central role of China and to formulate policy to
mitigate these risks.

Rising geopolitical tensions have highlighted the need to achieve a better understanding of
the position of China in key value chains and the gececonomic risks stemming from China in
strategic value chains. In a world of deep economic interdependence and where great
power competition has returned, states increasingly exert political pressure by leveraging
their control over chokepoints in value chains. Under Xi Jinping’s New Development
Philosophy, China has expanded its already ambitious industrial policies to work towards
greater self-reliance, whilst making the rest of the world more dependent on China.?

On the short to medium term it is expected that cooperation with China will be necessary to
achieve a fast and affordable energy transition, due China’s low-cost manufacturing
capabilities and because many materials required for the transition are either majority
mined or refined in China. In order to balance speed, affordability, and strategic
(in)dependencies, a better understanding of the current role of China in key energy
technology value chains and expected developments in the coming years is required. In this
report, as requested, we will focus on two key technologies for the Dutch and European
energy transition: offshore wind energy and the water electrolyser technologies Alkaline and
PEM.

Offshore wind energy is an important technelogy for the energy transition in the
Netherlands and in Europe, both in the short and medium-term. The Netherlands aims to
have 70 GW of offshore wind installed by 2050, accounting for over half of total electricity
production in the country (Ministry of Economic Affairs and Climate Policy, 2023). Yet,
offshore wind will already be an important part of the energy mix in the Netherlands by
2030. By that time, the government aims to already have 21 GW installed, which is equal to

2 Specifically, Xi Jinping said: “we must tighten international production chains’ dependence on China, forming
powerful

countermeasures and deterrent capabilities based on artificially cutting off supply to foreigners.”

Xi, ‘Major Issues Concerning China’s Strategies for Mid-to-Long-Term Economic and Social Development’, 3.
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75 percent of current electricity demand (Ministry of Economic Affairs and Climate Policy,
2022). The Netherlands’ economy and vital sectors in 2030 will therefore already to some
extent depend on offshore wind. The European Union aims for over 60 GW by 2030 and 300
GW in 2030 (European Commission, 2023), indicating that offshore wind is important for the
whole Union.

Green hydrogen and electrolysis play a crucial role in the energy transition and the energy
system of the future for several reasons. Green hydrogen acts as a transport and storage
solution for electricity, especially from fluctuating sources like wind and solar. It stores
excess energy during peak production times to ensure a steady supply during low renewable
energy periods. Additionally, it serves as a raw material in the chemical industry and is a
greener alternative to conventional gas.

The electrolyser, producing green hydrogen, holds a central role, connecting renewable
energy sources (sun, wind) to various sectors (e.g. industry and transportation), as shown in
Figure 1.2 (TNO & FME, 2020).

Multiple technologies exist for electrolysis, but this report concentrates only on Proton
Exchange Membrane (PEM) and alkaline technologies. These two methods have reached ¢
level of development that makes them practical for real-world applications. While other
technologies, such as Solid Oxide Electrolysis Cell (SOEC), exist, they fall outside the scope of
this report because of the technology’s current level of maturity. Alkaline technology is
technologically simpler and less expensive than PEM. On the other hand, PEM has the
advantage that it is better at dealing with variable energy inputs, especially from sources like

solar and wind.
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Figure 1.1: Regional shares of manufacturing capacity for selected mass-manufactured clean energy
technologies and components. The European shares are indicated in pink and the Chinese shares in navy

blue. Source: (IEA, 2023).
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1.2
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(Source: TNO, FME, 2020)
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Figure 1.2: A schematic view on the role of Hydrogen in the Dutch future energy system. (TNO & FME, 2020)

Research aims and methodology

The knowledge about the role of China in wind energy and electrolyser value chains is
limited in the Netherlands and in the EU. As a result, it is hard to assess the level of risks
associated with the central role of China and to formulate policy to mitigate these risks. The
aim of this study is to:
8 provide a thorough understanding of the past, current and possible future of the
supply chains of offshore wind energy and electrolysis, with a specific focus on
China.
d provide policy advice on international cooperation and future organisation of
international competition for the supply chains of offshore wind energy and
electrolysis

For this study TNO has conducted desk research on the supply chains for offshore wind and
electrolysis in the Netherlands, the EU and China in 2020 and 2023. Expected developments
for the coming 5 years have also been analysed. The desk research has been supplemented
by circa 15 interviews with researchers, civil servants and professionals active in the offshore
wind and electrolysis supply chains in the EU and in China. A Strategic Dependence Risk
Framework that was developed by HCSS for a previous study commissioned by the Ministry
of Economic Affairs and Climate Policy was used to assess the impact of supply chain
disruptions for offshore wind and electrolysis.

HCSS has conducted an assessment of the geo-economic risks. TNO and HCSS jointly used the
HCSS Strategic Dependence Risk Framework to assess the impact and the probability of supply
chain disruptions.? They applied this framework to assess the geopolitical risk levels of de-
pendence on China in the offshore wind and electrolysis value chains. The findings of the HCSS
geo-economic risk assessment (in chapter 3) are based on a combination of sources. First, the
chapter leverages the value chain analysis and projections for 2028 presented in the previous

3 Teer, Ruijter, and Rademaker, ‘Navigating the Great Game of Choke Points: Assessing Geopolitical Risks and
Advancing Dutch and European Strategic Indispensability in Digital Value Chains’, March 2024, chaps 3, annex
la&lb.
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1.3

chapter. In addition, it draws on past HCSS research and additional desk research of primary
sources, namely CCP leadership speeches and industrial strategies, and secondary sources,
such as thinktank reports on China’s macro-economic goals. In addition, it cites a previously
conducted HCSS-quantitative discourse analysis on CCP leadership’s perceptions on the de-
gree of international opposition to its rise. The probability estimation on how likely the last five
risks are to occur in the next five years was made on the basis of two workshops with TNO
researchers. During a third HCSS internal workshop, participants used the HCSS Strategic De-
pendence Risk Framework to reach their conclusions.*

Reading guide

Chapter 2 describes market dynamics for offshore wind and electrolysis technologies for
2020, 2023 and anticipated changes by 2028. This analysis is done based on literature and
interviews with multiple parties (among others governmental, research institutes, industry,
consultants). In addition, this chapter contains an analysis of the impact of disruptions in the
supply of wind energy and electrolysers from China, both if they occur in 2023 and 2028.
Chapter 3 describes geo-economic risks that result from China’s role in offshore wind energy
and electrolysis for the Netherlands and the EU. Conclusions and policy recommendations
are presented in Chapter 4.

“ The development of this risk assessment framework was commissioned by the Netherlands Ministry of Economic
Affairs and Climate (MinEZK). The risk assessment framework was designed by Joris Teer, Abe de Ruijter and
Michel Rademaker (HCSS).Teer, Ruijter, and Rademaker, ‘Navigating the Great Game of Choke Points: Assessing
Geopolitical Risks and Advancing Dutch and European Strategic Indispensability in Digital Value Chains’, March
2024, chaps 3, Annex la&lb.
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2

2.1
2.1.1

Supply chain analysis and
scenarios

Karlien Sambell, Sam Lamboo, Lennart van der Burg and Piet Warnaar - TNO

Offshore wind
Offshore wind energy supply chain

Figure 2.1 gives an overview of an offshore wind installation. Key elements are the wind
turbine, of which the main three components are the tower, the nacelle and the blades. The
nacelle includes the generating components such as the generator. There are two types of
generator drivetrain designs: geared drivetrains and gearless direct-drives. Geared
drivetrains have more components that wear down and require maintenance, but rely on
lower levels of rare earth-based components. Gearless direct-drive turbines reduce the
amount of wear-prone components, but require more rare earth elements for the
permanent magnets for the generator.

The wind turbines are placed on a foundation and connected to the onshore energy
consumers through electrical infrastructure including cables and substations. Cperations
and maintenance of wind turbines, including warranties, O&M know-how and spare part
guarantees are important for a company to establish itself in a new market and require
bankability and long-term relationships.

Figure 2.1: Schematic overview of an offshore wind installation.
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2.1.2 Snapshot market dynamics offshore wind 2020

In 2020 71% of the worldwide installed offshore wind energy capacity was located in Europe
(see Table 2.1), with Germany and the UK leading in the development of wind parks. The
European offshore wind supply chain is described by GWEC as robust (Global Wind Energy
Council, 2020). In 2021 Europe accounted for about 40% of the global manufacturing
capacity for offshore wind towers, 25% of nacelles for offshore wind turbines and around
10% of offshore wind blades (IEA, 2023). Besides turbines, Europe had a strong local supply
chain for foundations, cables and electrical installations and offshore installation (Wood
Mackenzie, 2019).

Table 2.1: Overview cumulative installed offshore wind capacity in 2020 in Europe, China and the world.
Numbers vary slightly between sources. Sources: (Wind Europe, 2021) (Global Wind Energy Council, 2020)
(Global Wind Energy Council, 2023) (Guidehouse, 2023).

Cumulative installed

Country capacity (MW) Main turbine suppliers (including predecessors)
Belgium 2,261 Siemens Gamesa and MHI Vestas

Denmark 1,703 Siemens Gamesa and MHI Vestas

Germany 7,689 Siemens Gamesa, MHI Vestas and GE

The .

Netherlands 2,068 Siemens Gamesa and MHI Vestas

Sweden 192 Siemens Gamesa and MHI Vestas

The UK 10,428 Siemens Gamesa and MHI Vestas

Europe other | 154
Europe Total | 24,495

Siemens, Goldwind, Mingyang Smart Energy, Envision, Donfang

China 9,490 Electric, CSIC Haizhuang, Shanghai Electric and TZ

World other 458
World Total 34,443

Dutch companies had a strong competence in 2019 in foundations, electrical installations,
logistics and offshore construction and installation (Wood Mackenzie, 2019). Examples of
key players are SiF, Heerema, Strukton, Mammoet, Fugro, Damen, Van Qord, and Boskalis.

In 2020 China had nearly 9,5 GW offshore wind installed, 28% of the worldwide installed
capacity (see Table 2.1). Europe and China were also the two fastest growing regions. The
offshore wind energy supply chain in China grew rapidly in the years leading up to 2019
thanks to a robust onshore wind supply chain and rapid growth in deployments (Global Wind
Energy Council, 2020). By 2019, eight Chinese turbine Original Equipment Manufacturers
(OEMs) released offshore turbines greater than 5 MW, of which six are listed among the
world’s top ten offshore wind turbine suppliers in 2019. According to Wood Mackenzie, in
2019 China had a well-established local supply chain for offshore foundations and cables as
well (Wood Mackenzie, 2019). The local supply chain for electrical equipment and
installation activities was less strong according to the same study, but there were already
some local capabilities.
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In 2021 China accounted for around 50% of global manufacturing capacity for offshore
wind towers, over 70% of nacelles for offshore wind turbines and over 80% of offshore wind
blades (see Table 2.2). Most of the remaining capacity is located in Europe.

Table 2.2 Annual manufacturing capacity for wind technology components. Source: (IEA, 2023).

Tower (GW) Nacelle (GW)

Offshore Onshore
World 88 18 100 26 98 25
China 55% 53% 62% 73% 61% 83%
Europe 16% 41% 13% 26% 18% 12%
North America 11% 0% 10% 0% 10% 0%
g;:i‘;rfsm 12% 6% 8% 2% 6% 4%
i‘f::r‘i’éa& south 5% 0% 6% 0% 4% 0%
Africa 1% 0% 0% 0% 0% 0%
Eurasia 0% 0% 0% 0% 0% 0%
Middle East 0% 0% 0% 0% 0% 0%

China accounted for half of total exports in wind turbine components (both onshore and
offshore) (see Figure 2.2). Due to the high costs of shipping turbine components, such as
blades, nacelles, platforms, towers and vessels, only less than a fifth of the global output is
traded inter-regionally (IEA, 2023).

Global trade flows of wind energy components in USD, 2021 (Source: IEA, 2023)

China
China

Europe

Europe
United States

United States

Other Asia Pacific
Other Asia Pacific

Other Other

Note: Data for wind-powered generating sets were used as a basis to estimate trade for wind nacelles and blades.

Sources: IEA analysis based on Eurostat (for generating sets, wind-powered, DS-645593) Eurostat (2022); US Department of Energy (for wind-powered generating sets, towers,
generators, blades, hubs and nacelles) US DOE (2022a); the US International Trade Commission (for wind-powered generating sets and parts, blades and hubs) USITC (2021); and
analysis bosed on IEA investments data IEA (2022e).

China accounts for more than 0% of global wind turbine manufacturing and half of exports, and Europe Is the second-largest exporter of wind turbines.

Figure 2.2: Global trade flows of onshore and offshore wind energy components in USD, 2021. Source: (IEA,
2023).
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All offshore wind turbine designs in 2020 used permanent magnets for the generators. The
production of these magnets requires rare earth elements (REEs). Two types of rare earth
permanent magnets are used: neodymium iron boron (NdFeB) and Samarium Cobalt (SmCo)
(Vekasi, 2022). In 2021 China dominated the REE supply chain, with about 60% of the global
extraction and 90% of the global processing capacity (IEA, 2023) and over 90% of
permanent magnet manufacturing (Teer, Bertolini, & Girardi, 2023). China is also dominant
for in the mining or refining stages of other materials, such as cobalt and manganese, that
are used to produce permanent magnets (Vekasi, 2022).

World Mine Production of Rare-Earth Oxides by Country and Year from 1994 to 2021

@ United States @ Rest of the World @ China

300,000

250,000

200,000

150,000

100,000

50,000

Total rare-earth oxide mine production in metric tons

1994 1997 2000 2003 2006 2009 2012 2015 2018 2021

Year

Data source: US Geological Survey

Figure 2.3: China has dominated the mining of REE since its opening up in the 1990s. Yet US companies
have climbed back from 0% of rare earth mining 15 years ago to 15% of global mining in 2024. This figure
was produced by Dr. Kristin Vekasi and published on the Harvard University publication Epicenter (Vekasi,
2022). Data source: US Geological Survey.

2.1.3 Snapshot market dynamics offshore wind 2023

Between 2020 and 2023, China led the global offshore wind development - installing over
25 GW of new capacity in three years, 17 GW of which was realized in 2021 (see Figure 2.4).
The record year was driven by project developers wanting to commission projects before the
ending of the national feed-in-tariff subsidy scheme in 2022. From interviews we
understand that there is a preference in China to make use of local suppliers for wind energy
projects. Only Siemens Gamesa has played a significant role in the Chinese offshore wind
sector through technology licensed to Shanghai Electric (Waite, 2022).

In comparison, Europe installed 2.5 GW of new capacity in 2022, with France and Italy each
commissioning their first commercial offshore wind projects (Global Wind Energy Council,
2023). The wind turbines for the project in Italy are supplied by Mingyang Smart Energy,
making these the first 10 offshore wind turbines from a Chinese manufacturer to be
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installed in Europe. Mingyang has also entered a strategic agreement with a UK partner in
May 2023 with the goal to drive offshore wind expansion in the UK (Varney, 2023). Another
Chinese OEM, Goldwind, owns 70% of German turbine manufacturer Vensys since 2008
(Vensys, 2023). Vensys’ largest turbines are 6 MW - suggesting a focus on onshore wind
energy. However, the gearless design is useful for offshore turbine development as it
reduces the required components and maintenance.

New offshore installations (M\W)

® us

@ Other Asia

CAGR +19.2%

. China 2,317
@ Other Europe

Germany

UK

8,771

6,852
6,243 ;342
1,111
1,312 e
.35 123 .60 EES
2018 2019 2020 12(US) 2021 2022

Figure 2.4: Annual commissioning of new offshore wind capacity. The large increase in China in 2021 was a
consequence of a rush to realise projects before the Feed-in tariff subsidy scheme was stopped. Source:
(Global Wind Energy Council, 2023).

Chinese wind turbine manufacturers take a leading position and European
manufacturers face financial hardship

More than 15 wind turbine manufacturers are active in China. Although the domestic market
is large, competition has become increasingly fierce, with record-low prices being reported in
the past two years. Price pressure has acted as a driver of technology innovation, as Chinese
wind turbine OEMs have continued to launch new turbines with larger power rating and
bigger rotors to drive the costs further down. Over the past two-to-three years Chinese
turbine OEMs like Mingyang, Goldwind and Haizhuang have released offshore turbines in the
16-18 MW range, compared to 14-15 MW designs from Siemens Gamesa and Vestas MHL.
The Chinese manufacturers’ turbines include both designs with gearboxes and direct-drive
designs. The Chinese wind power equipment industry has moved from “following’ to ‘running
alongside’ and now ‘leading’ in wind technology development (Global Wind Energy Council,
2023). The top five Chinese wind turbine manufacturers are Goldwind, Envision Energy,
Zhejiang Windey, Mingyang Smart Energy and Donfang Electric (DEC) (CWEA, 2022).

There was no consensus on the quality of the Chinese offshore wind turbines in the
interviews conducted for this research. Views range from Chinese turbines being of lower
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quality resulting in higher maintenance required, to the Chinese turbines being of equal
quality to the main Western OEMs. A possible explanation of the higher maintenance levels
is a difference in maintenance strategy - with Chinese wind park developers accepting a
higher maintenance requirement as local labour is cheaper, compared to European
developers opting for more expensive turbines that require less maintenance. Based on the
interviews, we conclude that even if the quality of some of the main Chinese OEMs is lower
than the Western OEMs it will not be much lower,

Meanwhile, European wind turbine manufacturers Vestas Wind Systems, Nordex SE and
Siemens Gamesa reported significant operating losses in 2022 (European Commission,
2023) (Rystad, 2023). The manufacturers were particularly hit by inflation of raw material
prices and component prices, as well as supply chain instability resulting from the COVID
pandemic (Rystad, 2023). As EU turbine manufacturers have started to pass on costs to
project developers, several offshore wind projects face delays or are being abandoned
(Rystad, 2023) (Ambrose, 2023) (Reuters, 2023). In the EU, no new large offshore wind
projects reached final investment decision in 2022 (Wind Europe, 2023).

China continues to dominate the global supply chain for crucial wind turbine
components

With a global market share of more than 70%, China dominates the supply chain for
components such as castings, forgings, slewing bearings, towers and flanges (Global Wind
Energy Council, 2023). In addition, China dominates the fiberglass production with 60% of
global production (CWEA, 2022). India, the second-largest Asia-Pacific (APAC) hub for turbine
assembly and key components production, has an increasingly prominent role in the global
wind supply chain (Global Wind Energy Council, 2023).

China has the largest offshore wind nacelle manufacturing capacity (16 GW/yr, 1 GW of
which is owned by a western OEM) (Global Wind Energy Council, 2023). Europe has 9.5
GW/yr production capacity, expected to increase to 11.5 GW/yr next year (Global Wind
Energy Council, 2023). The production capacity for larger scale offshore wind turbine blades
and nacelles is expanding in Europe, with Siemens Gamesa extending its facility for >12 MW
turbines in Hull (UK) and Vestas constructing a base for

rare earth

(see ..
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