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The BE-WISE Research Project, coordinated by Ghent
University in collaboration with the Belgian Offshore Cluster
(BOC), aims to formulate policy recommendations that
strengthen the competitive position of the Belgian offshore

BE_W/EE wind energy (OWE) sector.

In its initial phase, the project maps the current strengths
and strategic priorities of the Belgian OWE industry. The
objective is to identify the sector’s overall economic impact,
the segments of the OWE value chain in which Belgian

firms hold a strong position, the third countries most
relevant to them as sources of (intermediate) inputs and as
markets for (intermediate and final) outputs, as well as their
principal policy preferences.

In this report, we present our findings and provide a
comprehensive overview of the Belgian OWE industry,
based on the firm-level database developed within the
project. This document has been shaped through several
stages, integrating firm-level data together with qualitative
information gathered via an industry-wide survey. An
accompanying Technical note outlines the methodological

steps and key decisions underlying the development of the
comprehensive, in-depth database of the Belgian OWE
sector, as well as the analytical framework applied.
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Executive summary

This report examines the international competitiveness of the European and Belgian offshore wind energy
(OWE) industry using bilateral trade data for wind turbines and key industrial components identified
as critical to the OWE supply chain under the Net-Zero Industry Act (NZIA). It complements the trade
flow analysis with an assessment of market access conditions, specifically tariff barriers and non-tariff
measures (NTMs), that shape the competitive environment in which EU and non-EU producers operate.
The analysis yields four main findings.

Main findings

The EU remains the world’s dominant exporter of wind turbines, but its lead is narrowing as
China scales up. The EU remains the world’s leading wind turbine exporter, accounting for 54% of
global exports in 2024 and posting a strong Revealed Comparative Advantage (RCA) of 2.6. It is also a
net exporter in 7 of the 10 NZIA component categories analysed. That lead rests on a manufacturing
base spread across Germany, Denmark, and Spain. That position has nevertheless weakened in relative
terms: the EU’s global export share in wind turbines fell from about 80% in 2007 to 54% in 2024, while
China’s rose from 2% to 36% (Figure 1). China now accounts for over 70% of new global offshore
wind installations, and its manufacturers are increasingly using that domestic scale to expand abroad.
Chinese turbine sales into the EU remain concentrated in onshore markets rather than offshore wind,
but the competitive pressure is clearly intensifying.

Supply-chain vulnerability is concentrated rather than broad-based, with permanent magnets
the single clear weak point. China accounts for 74% of EU imports of permanent magnets, and
the corresponding HHI of 0.56 is far above the usual threshold for high concentration. This is fully
consistent with the wider literature on rare earth and magnet dependence, even if different policy
documents sometimes report higher figures because they use different scopes or product definitions.
Most other component categories appear diversified at the aggregate level, with no single non-EU
country accounting for more than 20% of imports. The main caveat is steel towers: China’s direct share
has fallen sharply, but this has coincided with a surge in Turkish tower exports to the EU. Turkey now
accounts for 57% of extra-EU tower imports, which warrants closer scrutiny even though trade data
alone cannot prove circumvention.

A pronounced tariff and regulatory asymmetry favours Chinese exporters over EU producers.
The EU’s market for OWE components is among the most open in the world: the mean applied tariff on
OWE imports is approximately 1.3%, and most product-partner combinations are duty-free. China, by
contrast, charges 6-10% on virtually all OWE imports from the EU, and China is explicitly named in the
NZIA’s implementing regulation as a supplier concentration risk. Non-tariff measures compound this
imbalance: China imposes more than twice as many product-specific regulatory barriers as the EU (~31
distinct NTM types per OWE product vs. ~13 for the EU), with particularly extensive use of technical
barriers to trade and export controls. The EU’s low tariffs on its most China-dependent imports create a



Figure 1: The EU’s global export share has fallen as China’s has risen

100% - Wind turbines Other OWE components

Il China Il China
I India I Japan
80% - = United States 4 0 United States
I Japan I South Korea
w EU s EU
60% + W Rest of world 4 B Rest of world

40% -

Share of global exports (%)
Share of global exports (%)

20%

0% -
A DO O N LD D00 D0 aDdak A DO ON LD 9,00 D0 Ao ak
SRR RV 2> N2 80 & W2 O N V2 P S PR NNV 2> N2 80 O W2 O N V2 P

Share of global exports for wind turbines (left, HS 850231) and other OWE-relevant components (right), 2007-2024. The left
panel uses HS 850231, which is specific to wind energy; the right panel aggregates generic industrial product codes where
trade is dominated by non-OWE uses.

“supply chain trap” that limits the EU’s ability to deploy trade defence instruments without raising costs for
domestic manufacturers.

Belgium is not a turbine manufacturer, but it holds defensible niches in foundations and gear-
boxes. In foundations and floaters, Belgium accounts for approximately 9% of EU exports in this category
(RCA of 1.8), reflecting the presence of Smulders, a leading fabricator of transition pieces, jackets, and
other offshore wind structures; Belgium’s Relative Trade Balance for foundations has strengthened over
time, from 0.28 in the early 2010s to 0.40 in 2022-2024. In gearboxes, Belgium accounts for approxi-
mately 6% of EU exports (RCA of 1.5), reflecting ZF Wind Power’s manufacturing operations, a global
leader in wind turbine gearboxes whose Belgian facility serves European and global markets. These are
the clearest Belgian strengths in the goods data and are consistent with known firm-level evidence on
Smulders and ZF Wind Power. Belgium’s role in offshore wind centres on specialised heavy-industry
capacity in specific components, reinforced by strong port and logistics infrastructure. Belgium’s main
concentration risk is different from the EU average: it lies less in direct non-EU dependence and more in
reliance on Germany as a key supplier for turbines and generators. Belgium’s contribution to the OWE
value chain is also likely understated by goods trade data: Belgian companies, including Jan De Nul and
DEME, are significant global providers of offshore wind installation and marine engineering services that
are not captured in HS-based trade statistics.



Policy implications

Policymakers should concentrate on permanent magnets, the one clear dependence on China in the
data, and should resist treating every part of the supply chain as equally at risk, since most components
are bought from a wide enough range of countries. They should also watch how Europe’s openness
interacts with that dependence: the products Europe relies on China for most already enter at very low
tariffs, which is exactly where raising trade barriers would do the most harm to European manufacturers.
Belgium, for its part, should build on what it already does well, namely foundations, gearboxes, and
the installation and engineering services that the goods-trade data miss, rather than try to match larger
turbine-producing countries. These points are developed in Section 8.

Methodological note: Only one of the product codes used in this analysis (HS 850231, wind turbines) is
specific to wind energy, and it does not distinguish between onshore and offshore turbines. Results for
other NZIA component categories should be interpreted as indicative of broader industrial trade patterns
rather than OWE-specific flows.
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1 Introduction

The offshore wind energy sector is central to the European Union’s energy transition and industrial
strategy. With ambitious deployment targets under the EU’s revised Renewable Energy Directive and
the Net-Zero Industry Act (NZIA), Europe aims to maintain technological leadership while scaling up
domestic manufacturing capacity. The EU has historically been the dominant global player in wind turbine
technology: European manufacturers pioneered the offshore wind industry, European ports serve as key
logistics hubs, and European countries host the majority of installed offshore wind capacity worldwide.

The global wind energy market has grown rapidly, and with it the number of countries with significant
manufacturing capacity. Understanding how Europe’s competitive position has evolved, and where
potential vulnerabilities in the supply chain may lie, is essential for informed industrial policy.

This report analyses the international competitiveness of the European and Belgian OWE industry
through the lens of bilateral trade data. It complements the BE-WISE report “The Belgian offshore
wind energy sector: An in-depth analysis” (Rogissart, 2026), which provides a comprehensive firm-level
characterisation of the Belgian OWE sector. It addresses four questions:

1. How has Europe’s position in global trade of wind turbines and other NZIA components evolved
since 20077

2. Where do supply chain vulnerabilities lie in terms of import concentration and dependence on
individual trading partners?

3. What is Belgium’s specific position within European OWE-relevant supply chains?

4. What market access conditions, in terms of tariff barriers and non-tariff measures, do EU producers
and their competitors face?

It should also be noted that this analysis is limited to trade in goods. Trade in services, including
engineering, project management, installation, and maintenance, is not captured in the HS-based
trade data used here. This is a relevant omission, particularly for Belgium, which has developed
significant expertise in offshore wind installation and marine engineering services. The BE-WISE
report “The Belgian offshore wind energy sector: An in-depth analysis” (Rogissart, 2026), in which we
performed a characterization of the Belgian OWE sector, identifies 230 companies and approximately
11 000 employees active in offshore wind, with particular strengths in operations and maintenance,
assembly and installation, and supporting services. The competitiveness picture presented in this report
therefore understates Belgium’s full contribution to the OWE value chain.
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2 Data sources

2.1 Product selection

The product selection follows the NZIA’s identification of key components for the OWE supply chain.
Table 1 lists the product categories included in the analysis, mapped to their HS codes. The selection
is based on the components identified as critical to the offshore wind energy supply chain in An-
nex Ares(2025)545490 of the Net-Zero Industry Act (European Commission, 2025). The NZIA identifies
these inputs as essential to turbine manufacturing, installation, and grid connection. The selection
deliberately excludes generic upstream materials (e.g. flat-rolled steel products), which would dominate
trade volumes but have only a tenuous link to the OWE sector specifically. Two limitations of the product
classification should be noted:

» Only HS 850231 (wind-powered electric generating sets) is specific to wind energy. This
code captures wind turbines and nacelle assemblies, but does not distinguish between onshore
and offshore turbines. Trade data for this product can nonetheless be interpreted as genuinely
reflecting the wind energy industry.

+ All other product codes are generic industrial classifications. For instance, HS 848210-
848280 cover all types of ball and roller bearings used across automotive, aerospace, and general
manufacturing. Similarly, HS 730820 covers all iron and steel towers including telecommunications
towers and power transmission pylons. Trade volumes in these categories are dominated by
non-OWE uses. Nevertheless, a country’s overall capacity to produce and trade these components
is informative: a concentrated import dependency for bearings or gearboxes at the aggregate level
would also affect the OWE sector, even if the reverse (diversified aggregate sourcing) does not
guarantee diversified sourcing for wind-grade specifications specifically.

Throughout this report, the term “OWE-relevant components” is used to denote product categories that
include inputs to the offshore wind supply chain, without implying that the observed trade flows are
exclusively or even primarily related to offshore wind.

2.2 Trade flows

The analysis uses the CEPIlI BACI database (2026 version), which reconciles bilateral trade declarations
from UN Comtrade into consistent exporter-importer flows. The data cover 2007-2024 and are classified
according to the HS 2007 nomenclature at the six-digit level. All trade values are deflated to constant
2007 USD using the US Producer Price Index for Industrial Commodities (FRED PPIIDC, annual
averages). This index tracks the prices of manufactured and semi-finished goods. All trade values
are deflated to constant 2007 USD using the US Producer Price Index for Industrial Commodities
(FRED PPIIDC, annual averages), which tracks the prices of manufactured and semi-finished goods.

The decision to maintain trade values in USD despite the report’s geographic focus on Europe and
Belgium, is methodologically deliberate. First, the BACI databases natively report all global bilateral
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Table 1: NZIA component categories included in the analysis

Component HS code(s) and description
Wind turbines / nacelles 850231: Wind-powered electric generating sets
Bearings 848210, 848220, 848230, 848240, 848250, 848280:

Ball bearings, tapered roller, spherical roller, needle
roller, cylindrical roller, other

Gearboxes 848340: Gears, speed changers & torque convert-
ers

Generators 850164: AC generators, output >750 kVA

Parts of motors/generators (incl. blades) 850300: Parts suitable for use with machines of
heading 8501 or 8502

Permanent magnets 850511: Permanent magnets, of metal

Steel towers & masts 730820: Iron or steel towers & lattice masts

Foundations / floaters 730890, 890790: Iron/steel structures n.e.s.; other

floating structures
Electric conductors (incl. submarine cables) 854460: Electric conductors, for a voltage >1 000V

Power transformers 850423: Liquid dielectric transformers, power han-
dling capacity >10000 kVA

trade flows in USD. Converting these historical series into Euros would introduce exchange rate volatility
artifacts, where fluctuations in the EUR/USD exchange rate could obscure underlying trends in actual
trade volumes. Second, USD serves as the dominant invoicing currency for global industrial trade and
raw materials. Using USD provides the most stable and neutral baseline for calculating global market
shares and comparing the EU against non-EU competitors like China.

A further methodological caveat concerns the nature of gross trade data. The trade flows reported in
BACI measure gross values of goods crossing borders. They do not distinguish the domestic value
added embodied in a product from the value of imported intermediates that have been re-exported
after further processing. In globally integrated supply chains, where components may cross borders
multiple times before final assembly, gross trade statistics can overstate a country’s true contribution to
the value of its exports and understate it for upstream suppliers of intermediates. Value-added trade
data (such as those derived from multi-regional input-output tables like WIOD or TiVA) would in principle
provide a more accurate picture of where economic value is actually created, but they are not available
at the product-level granularity required for this analysis. The results presented here should therefore be
interpreted with this caveat in mind: countries that serve as assembly hubs may appear more prominent
in gross trade data than their domestic value-added contribution would suggest, while upstream suppliers
of specialised intermediates may appear less prominent.

The European Union is defined throughout as the EU-27 (post-Brexit composition). The United Kingdom
is classified as a non-EU partner. For EU-level indicators such as Revealed Comparative Advantage
and Relative Trade Balance, only extra-EU trade is considered: the EU is treated as a single bloc, and
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intra-EU flows are excluded to avoid double-counting. For individual country-level indicators (including
Belgium’s RCA, RTB, and market shares), all trade is included regardless of destination, since intra-EU
trade is a central part of each member state’s trade profile. Global export market shares and the intra-EU
specialisation analysis likewise include all trade flows.

2.3 Tariffs and non-tariff measures

Tariff data are drawn from the Market Access Map database (ITC), which provides bilateral applied tariffs
at the HS 6-digit level for each year. We use tariffs reported for Belgium (as a proxy for the EU Common
External Tariff, since all EU members share the same external tariff schedule), China, and the United
States for the period 2007-2023. All product codes are mapped to HS 2007 using WITS concordance
tables. Applied tariff rates are aggregated to the OWE component level as simple averages across 6-digit
lines within each product heading. Trade-weighted averages use real import values as weights, so they
capture the tariff burden actually faced by importers:

7 = > wieTit (1)

where w; ; is product ¢’s share in total real import value and 7; ; is the applied tariff rate.

Non-tariff measure data come from the UNCTAD TRAINS database, which records product-specific
regulatory measures at the HS 4-digit level. Only non-horizontal measures are included, i.e. those
applied to specific products rather than uniformly across all imports. Reporter coverage varies: EU
data are available for 2010-2024 (2017 missing), Chinese data for 2016 and 2024, and US data for
2014, 2017, 2018, and 2019. Cross-country comparisons use each reporter’s latest available year. A
methodological caveat is worth noting upfront: counting the number of distinct NTM types (an “inventory
approach”) is a useful proxy for regulatory complexity, but it does not measure the economic severity of
individual barriers. A simple labelling requirement counts the same as a strict import quota.

3 The global wind turbine market

The global market for wind turbines (HS 850231) has undergone significant changes since 2007. The
left panel of Figure 2 shows the evolution of global export shares for the EU, China, the top three
non-EU/non-China exporters per category, and the remaining rest of the world. Because this HS code is
specific to wind-powered generating sets, these trends can be interpreted with confidence as reflecting
the wind energy industry, though they capture both onshore and offshore turbines.

Absolute import and export volumes for both the EU and Belgium are shown in Appendix A.1. The
EU dominated global wind turbine exports throughout the late 2000s, with shares ranging from 74%
to 89% between 2007 and 2011. This share has since declined to around 54% by 2024. That is a
substantial drop in relative terms, but one that leaves the EU firmly as the world’s largest exporter,
roughly 18 percentage points ahead of the next largest.
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Figure 2: Share of global exports: wind turbines (left) and other OWE-relevant components (right), 2007-2024.
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The left panel uses HS 850231, which is specific to wind energy. The right panel aggregates generic industrial product codes
where trade is dominated by non-OWE uses. Each panel shows the top three non-EU, non-China exporters for that category
separately.

EU exports have not contracted in absolute terms; the EU’s relative share has fallen as new exporters,
above all China and India, have entered the market. China’s share rose from about 2% in 2007 to
36% in 2024, with particularly rapid gains from the mid-2010s onward, coinciding with China’s massive
domestic wind buildout and the scaling of its turbine manufacturing base for export markets. India has
also emerged as a notable exporter, reaching around 6% of global exports in 2024, buoyed by its own
domestic wind market and the presence of major turbine manufacturers. The United States and Japan
play a more modest role, with shares that have remained relatively stable at low levels.

The right panel of Figure 2 shows the share of different countries in global exports of other OWE
components. The EU covers a smaller part of global exports in other OWE components relative to that
of wind turbines. Notably, exports in these components are more internationally diversified beyond the
EU and China. Nevertheless, we observe a similar evolution as for wind turbine exports: the EU sees its
global market share gradually decreasing, whereas China and Rest of World face growing global export
presence.

Figure 3 plots the unit value of wind turbine exports (current USD per metric ton) for the EU and China,
providing a rough proxy for the price dimension of competition. Chinese wind turbine exports were
negligible before 2015 (typically under 100 000 tons per year, compared to 500 000+ for the EU), making
early-year unit values unreliable; the chart therefore shows China only from 2016 onward, when export
volumes became meaningful. The resulting picture is inconclusive: the two series criss-cross repeatedly,
with Chinese unit values sometimes above and sometimes below EU levels. In 2022, for instance,
Chinese exports were more expensive per ton than European ones, while in 2024 the pattern reversed.
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Figure 3: Unit value of wind turbine exports: EU vs. China, 2007-2024 (current USD per metric ton).
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Only years with export quantities exceeding 100 000 tons are shown, which excludes China’s early years when minimal
volumes made unit values unreliable. Unit values are computed from nominal trade values and quantities reported in BACI
(HS 850231). The two series criss-cross repeatedly, suggesting that weight-based unit values are too noisy to identify
systematic price differences.

EU unit values were considerably higher in the early years (reaching $14 000 per ton in 2009) but have
since converged toward the $7 000-10 000 range where both series overlap from 2016 onward. No
clear, sustained price gap is visible. This does not rule out price competition, but it does suggest that
unit values based on weight are too noisy to draw firm conclusions. Wind turbines differ substantially
in capacity, technology generation, and the composition of shipments (complete turbines vs. major
subassemblies), all of which affect the value-to-weight ratio independently of price competitiveness.

The right panel of Figure 2 shows a broadly similar but less pronounced pattern for the aggregate of
other OWE-relevant components. The EU’s share in these generic industrial categories has declined
from around 50% in 2007 to 37% in 2024, while China’s share has risen from 10% to 25%. However, the
interpretation of this panel is fundamentally different: these trade flows predominantly reflect generic
industrial activity, and the observed shifts mirror China’s general expansion as a manufacturing exporter
across many sectors.

4 European competitiveness: a position of strength under pressure

While the EU has ceded some of its former dominance in wind turbine exports, it retains a strong and
broadly based competitive position across OWE-relevant product categories. This section examines
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Figure 4: Share of global exports per component: EU (left) and China (right), 2022-2024 average vs. 2010-2012
average.
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The EU leads in most categories. The early-period markers show that the EU’s share has declined and China’s has risen
across the board, though the EU remains the largest exporter for 9 out of 10 components. Three-year averages are used to
smooth year-to-year volatility in product-level trade flows.

European competitiveness through three complementary lenses: global export market shares, Revealed
Comparative Advantage, and the Relative Trade Balance.

4.1 Global export market shares by component

Figure 4 presents the EU’s and China’s shares of global exports per component as a three-year average
(2022-2024), with the 2010-2012 average shown as reference markers. The EU leads in wind turbines
(54% of global exports), generators (47%), and gearboxes (45%), and holds significant shares in
bearings, foundations, electric conductors, and power transformers. The EU is the largest exporter for 9
out of the 10 component categories examined. The sole exception is permanent magnets, where China
dominates with 62% of global exports.

The 2010-2012 reference markers reveal, however, that the EU has lost export share in virtually every
component category over the past 15 years. China has gained correspondingly. For wind turbines, the
shift is most dramatic: the EU’s share fell from 86% to 54%, while China rose from 4% to 36%. For
other components, the shifts are smaller in magnitude and partly reflect China’s general growth as a
manufacturing exporter.

Figure 5 shows how this European export capacity is distributed across member states. Germany is by far
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Figure 5: Intra-EU specialisation in OWE-relevant exports, 2022-2024 average.
Intra-EU specialisation: share of EU exports per component (%, 2022-2024 avg)
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Each cell shows the share (%) of total EU exports accounted for by a given member state and component. The top 10 EU
exporting countries are shown. Germany dominates most categories, with Denmark holding a strong second position in wind
turbines and ltaly in gearboxes.

the largest EU exporter across most OWE-relevant components, accounting for 47% of EU wind turbine
exports and between 15% and 50% for other categories. Denmark is the second-largest wind turbine
exporter (31%), reflecting the presence of Vestas. Spain accounts for approximately 13% of wind turbine
exports, in line with Siemens Gamesa’s manufacturing footprint there. ltaly is a significant exporter
of gearboxes (23%) and power transformers (14%), while Poland plays a notable role in foundations
(14%) and electric conductors (13%). This distribution matters because it means that the EU’s wind
turbine export capacity does not depend on any single member state. Belgium’s share of EU exports is
modest (typically between 1% and 9% depending on the component), with its strongest contributions
in foundations (roughly 9%, reflecting the presence of Smulders, a leading fabricator of offshore wind
structures) and gearboxes (6%, reflecting ZF Wind Power’s manufacturing operations).

4.2 Revealed Comparative Advantage

To move beyond absolute export volumes, it is useful to look at Revealed Comparative Advantage (RCA),
a measure developed by Balassa (1965) that compares a country’s export specialisation in a particular

17



Figure 6: EU Revealed Comparative Advantage per component, 2022-2024 average vs. 2010-2012 average
(extra-EU exports).
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Values above 1 indicate comparative advantage. The EU holds a comparative advantage in 7 out of 10 component categories
(with parts of motors/generators at the threshold). Three-year averages smooth year-to-year volatility. The time series
underlying these bar charts are shown in Appendix A.3.

product to the world average. An RCA greater than 1 indicates that a country exports a product more
intensively than the global average, suggesting comparative advantage; an RCA below 1 indicates

comparative disadvantage. Formally:

ROAI = X, JX.

(@)

where X;; represents country i's exports of product j, X;. represents country i’s total exports, X ;
represents world exports of product j, and X.. represents total world exports. An RCA of 2, for example,
means that the country’s export share for that product is twice the world average.

Figure 6 applies this measure to the EU’s extra-EU exports. The EU has an RCA above 1 for 7 out of
10 component categories (with parts of motors/generators sitting right at the threshold). Wind turbines
have the highest RCA at 2.6, meaning the EU is more than two and a half times as specialised in wind
turbine exports as the world average. Gearboxes (2.3), generators (2.2), and power transformers (1.9)
also show strong comparative advantage. Only permanent magnets (RCA of 0.2) and steel towers (0.8)
fall clearly below the threshold.
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The 2010-2012 reference markers show that RCA values were systematically higher across the board.
Wind turbine RCA, for instance, fell from 3.9 to 2.6. This indicates a gradual erosion of European
specialisation relative to the rest of the world. The erosion runs across components, pointing to a general
expansion of global manufacturing capacity.

That said, an RCA of 2.6 remains a very strong value, and indicates that the EU has not lost its
comparative advantage in wind turbines. Rather, the rest of the world, led by China and India, has simply
built export capacity faster than the EU’s has grown. This is especially true for China: its manufacturers
first scaled on the back of an enormous domestic market, which by 2025 accounted for more than 70%
of new global offshore wind installations, and are now increasingly using that production base to expand
abroad.

4.3 Relative Trade Balance

The Relative Trade Balance (RTB) provides a direct measure of whether the EU exports more than it
imports for each component. It is defined as:

Xi; — M,

RTB; — —d — %
T Xy + M,

3)
where X;; represents country i's exports of product j and M;; represents imports. This measure ranges
from —1 (only imports) to +1 (only exports), with 0 indicating balanced trade.

The EU is a net exporter (positive RTB) for 7 out of 10 component categories (Figure 7). Wind turbines
show the strongest surplus (RTB of 0.60), followed by power transformers (0.57), gearboxes (0.46), and
generators (0.34). Foundations (0.23), bearings (0.20), and electric conductors (0.16) also have positive
RTB values. The EU is a net importer of three categories: permanent magnets (RTB of —0.83, a deep
deficit reflecting near-total import dependence), towers (—0.31), and parts of motors/generators (—0.24).
This helps reconcile an apparent puzzle in the export-share figures: the EU can still account for a small
but visible share of global permanent-magnet exports while remaining overwhelmingly import-dependent,
because gross trade data record some exports under the broad HS category for metal permanent
magnets even though the EU imports far more than it exports. These data do not allow one to distinguish
domestic production from re-exports or exports with high imported content.

The comparison with 2010-2012 values shows a clear declining trend. For wind turbines, the RTB
has declined from 0.93 to 0.60: still firmly positive, but substantially lower than a decade and a half
ago. In the early 2010s, the EU exported far more wind turbines than it imported; by the early 2020s,
imports from non-EU producers have grown to a meaningful share of total EU trade in this category.
Several other categories show a similar pattern of narrowing surpluses: gearboxes (from 0.63 to 0.46),
generators (from 0.66 to 0.34), foundations (from 0.53 to 0.23), and electric conductors (from 0.45 to
0.16) all had higher RTB values in the early period.

The permanent magnets deficit has deepened considerably, from —0.66 in the early 2010s to —0.83 in
the recent period. Steel towers saw one of the sharpest reversals: the EU moved from a clear trade
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Figure 7: EU Relative Trade Balance per component, 2022-2024 average vs. 2010-2012 average (extra-EU trade).
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trade surplus for several categories. The full time series are shown in Appendix A.3.
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surplus (RTB of 0.45) in the early period to a deficit (—0.31) in the recent period.

The RCA and RTB tell a consistent story: the EU is both specialised in and a net exporter of most
OWE-relevant components. Both indicators have declined since the early 2010s, but from levels high
enough that the EU remains the world’s leading exporter in 9 of 10 categories.

5 Supply chain concentration and import risks

Beyond export competitiveness, a key concern for the OWE industry is the concentration of import
sources for critical inputs. Even a region with strong export performance can be vulnerable if it depends on
a small number of suppliers for essential components. This section assesses supply chain concentration
at both the EU and Belgian levels, drawing on the Herfindahl-Hirschman Index (HHI), which measures
the concentration of import sources by summing the squared shares of all supplier countries:

N
HHI;; = > sfjk (4)
k=1

where s; ;1. represents the share of supplier country % in country 's imports of product j, and N is the
total number of trading partners. HHI values below 0.15 indicate low concentration, values between 0.15
and 0.25 indicate moderate concentration, and values above 0.25 indicate high concentration.

5.1 EU-level vulnerability assessment

To identify critical bottlenecks in the European OWE supply chain, we map aggregate market concentra-
tion against direct import reliance on China. Singling out China as the primary benchmark for supply
chain risk is justified on three grounds. First, as demonstrated in Sections 3 and 4, China is the main
non-EU partner that has rapidly and systematically scaled its global export capacity across almost all
OWE-relevant components. Second, current European industrial policy, including the Net-Zero Industry
Act and the Critical Raw Materials Act, explicitly prioritizes “de-risking” supply chains by reducing over-
reliance on single suppliers for green technologies; in practice, this policy focus is predominantly directed
at Chinese market dominance, with China explicitly named in the NZIA’s implementing regulation. Finally,
China’s unique position as both a systemic industrial competitor and a dominant supplier of critical inputs
poses distinct geopolitical and trade policy risks not present with allied trading partners.

Consequently, Figure 8 maps each component category along two dimensions: the share of EU imports
originating from China (horizontal axis) and the overall concentration of import sources as measured
by the HHI (vertical axis). Components in the upper-right quadrant, combining high single-country
dependency with concentrated sourcing, represent the greatest supply chain risk.

Permanent magnets stand out as the single major vulnerability, with China accounting for 74% of EU
imports and an HHI of 0.56, far above the threshold conventionally associated with high concentration
(0.25). No other component comes close to this level of concentrated dependence. Wind turbines sit at
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Figure 8: EU supply chain vulnerability by component, 2022-2024 average.
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the high-concentration threshold (China share of 12%, HHI of 0.25), though this figure is driven primarily
by the onshore wind market; for offshore wind specifically, Chinese turbine penetration remains negligible.
All other components cluster in the lower-left quadrant with both low China dependency and diversified
sourcing. Per-component HHI and CR5 values are reported in Appendix A.5; the full concentration time
series are shown in Appendix A.4.

Permanent magnets depend on rare earth elements (neodymium, dysprosium) whose global production
is heavily concentrated in China, a dependence well documented in the critical raw materials literature.
Industry surveys in the BE-WISE report “The Belgian offshore wind energy sector: An in-depth analysis”
(Rogissart, 2026) confirm the relevance of this finding: that 30% of Belgian OWE companies perceive
Chinese competition as a high-impact challenge, with concern particularly pronounced among component

manufacturers.

For most other components, the aggregate picture is reassuring, but it should be interpreted with
an important caveat. The apparently diversified sourcing for generic components such as bearings,
gearboxes, and steel structures reflects the entire market for these HS codes, not just OWE-specific
demand. The actual supply chain for wind-grade bearings or offshore-specification gearboxes may be
more concentrated than what aggregate trade statistics suggest, since only a subset of manufacturers in
these broad product categories may have the technical capability to serve the offshore wind market.

Figure 9 shows the composition of import sources for each component. For wind turbines, the EU
sources from Germany (40%), Denmark (25%), China (11%), India (11%), and Spain (10%), a genuinely
diversified supplier base with strong intra-EU alternatives. Multiple EU member states host major turbine
manufacturing operations, which limits the sector’s exposure to disruptions from any single source.

For permanent magnets, by contrast, China’s 74% dominance leaves Germany (8%) as the only
significant alternative supplier recorded within Europe in gross trade data. This should be interpreted
cautiously: customs data do not allow us to determine how much of those German flows reflects domestic
production, re-exports, or goods with substantial imported content, and any European magnet production
may itself rely on Chinese rare earth inputs as feedstock.

For most other components, the supplier base is well diversified across European and non-European
sources. Gearboxes, for instance, are sourced from Germany (25%), ltaly (15%), China (10%), and
others. Foundations and floaters come from Germany (13%), Poland (13%), Belgium (8%), and China
(8%), with multiple other EU and non-EU sources. This broad diversification, even if it partly reflects the
generic nature of the HS codes, provides a degree of supply chain resilience.

5.2 Evolution of Chinese import penetration

Figure 10 shows the evolution of China’s share in EU imports over time, separately for wind turbines
and other OWE-relevant components. For wind turbines, China’s share has been highly volatile: around
8-9% in 2019-2020, spiking to 27% in 2021, remaining at 22% in 2022, collapsing to 3% in 2023, and
rebounding to 12% in 2024. These swings should not be overinterpreted. Wind turbine trade is inherently
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Figure 9: Top 5 import sources per component for the EU, 2022-2024 average.
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Figure 10: China’s share of EU imports over time: wind turbines vs. other OWE-relevant components, 2007-2024.
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For wind turbines, China’s share spiked in 2021 before retreating. For other components, the increase has been steadier but
remains moderate.

lumpy: individual orders are large enough to move annual import figures substantially, and both total EU
imports and Chinese exports to the EU fluctuate sharply from year to year.! The 27% share in 2021, in
particular, was amplified by a sharp drop in total EU imports (from $3.1 billion to $1.5 billion in real 2007
USD), while China’s worldwide wind turbine exports were rather stable. The underlying trend is that
China has become a non-negligible supplier of wind turbines to the EU, but its share remains volatile and
difficult to distinguish from project-cycle noise. The destination countries for Chinese wind turbine exports
provide additional context: in 2021, the main recipients were Sweden ($82 million), Italy ($81 million),
Poland ($45 million), and Germany ($36 million); in 2024, they were Greece ($53 million) and Finland
($33 million). These are predominantly onshore wind markets, consistent with the observation that
Chinese penetration in European offshore wind remains negligible. One identified exception on the
offshore side is the 30 MW Beleolico/Taranto project in Italy, for which MingYang supplied turbines
delivered in 2021.

For other OWE-relevant components, the trend is steadier and more gradual: China’s share has risen
from 4% to around 14% over the full period. Given that these product codes capture broad industrial
trade, this trend partly mirrors China’s general expansion as a manufacturing exporter across many
sectors and is not necessarily OWE-specific.

'For instance, Dutch wind turbine imports swung from $1.25 billion (real 2007 USD) in 2020 to $62 million in 2021. In the
same year, Danish and German exporters shipped substantially more to non-EU destinations and less within the EU. Chinese
exports to the EU themselves ranged from $56 million (2023) to $401 million (2021).

25



Figure 11: China’s share of EU imports per component, 2022-2024 average vs. 2010-2012 average.
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China has gained import share across nearly all categories, most dramatically in permanent magnets. For most components,
however, absolute levels remain moderate (below 20%).

Figure 11 provides the per-component breakdown, comparing China’s import share between the 2010-
2012 and 2022-2024 periods for each product category. China has gained import share in virtually every
product category since the early 2010s, though from very different starting points. The increase is most
dramatic for permanent magnets (from 55% to 74%), deepening an already concentrated dependency.
For most other components, the increase has been modest in absolute terms, typically from low single
digits to 8-16%, levels that, while rising, do not yet constitute critical dependencies. A notable caveat
applies to steel towers: while China’s direct share of EU tower imports has declined from over 50% in the
mid-2010s to around 13% by 2022-2024, this coincides with a dramatic rise in Turkish tower exports to
the EU, from approximately $14 million in 2015 to $470 million in 2023. Turkey now accounts for 57% of
extra-EU tower imports. This pattern is consistent with supply chain circumvention, where Chinese-origin
steel or semi-finished towers are processed through Turkey before entering the EU market.

5.3 Belgium-specific vulnerabilities

Belgium’s import concentration patterns share the broad outlines of the EU picture but exhibit some
distinctive features, reflecting both Belgium’s smaller market size and its specific industrial geography.
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Figure 12: Belgium supply chain vulnerability by component, 2022-2024 average.
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Compared to the EU as a whole, Belgium shows higher import concentration for generators and wind turbines, driven by
dependence on Germany as a single dominant supplier rather than by non-EU exposure. For per-component HHI and CR5
breakdowns, see Appendix A.5.

Figure 12 shows the vulnerability scatter for Belgium.

Permanent magnets again appear as the most exposed category (China share of 50%, HHI of 0.34),
though Belgium’s exposure is somewhat lower than the EU average. This may reflect Belgium’s role as an
importer of finished wind turbines rather than individual components: permanent magnets enter Belgium
embedded in imported turbines and generators rather than as direct component imports. Additionally,
some Belgian imports may originate from other EU countries that perform intermediate processing, and
domestic manufacturers like ZF Wind Power may source permanent magnets through different supply
chains.

A distinctive Belgium-specific pattern is the high concentration for generators (HHI of 0.34) despite
moderate China exposure (22%): this reflects Belgium’s heavy dependence on Germany, which accounts
for 53% of generator imports (Figure 13). Wind turbines show the highest concentration of all (HHI of
0.49), with Germany supplying 67% of Belgian imports, followed by Denmark at 17%.
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Figure 13: Top 5 import sources per component for Belgium, 2022-2024 average.
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across EU partners.
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Belgium’s concentration risk is therefore internal to the EU: Germany alone supplies 67% of wind
turbine imports and 53% of generators. Intra-EU trade flows face no tariff barriers and are protected by
single-market rules, so the geopolitical risk is lower, but Belgium remains exposed to capacity constraints
or shifts in German industrial priorities.

6 Belgium’s position in OWE-relevant trade

Belgium is not a wind turbine manufacturer: its RCA for wind turbines is near zero (Figure 14), and it is a
deep net importer of turbines (RTB of —0.63, Figure 15). Belgium’s competitive strengths lie instead in
specific segments of the supply chain, particularly steel structures and mechanical components.

6.1 Comparative advantage and trade balance

Belgium exhibits a Revealed Comparative Advantage (RCA > 1) in two component categories: founda-
tions and floaters (RCA of 1.8) and gearboxes (1.5). These values indicate that Belgium is proportionally
more specialised in exporting these product categories than the world average. The foundations/floaters
RCA has increased since the early 2010s (when it stood at 1.6), suggesting that Belgium has strength-
ened its position in this segment. Gearboxes, by contrast, have seen their RCA decline from 1.7 in the
early period, though Belgium retains a clear comparative advantage.

For most other components, Belgium’s RCA falls below 1, indicating that Belgium is less specialised
than the world average. Electric conductors (0.7) and bearings (0.4) are in an intermediate range, while
wind turbines, generators, power transformers, and permanent magnets are all near zero, indicating no
meaningful export specialisation in these broad product categories.

The Relative Trade Balance (Figure 15) complements the RCA picture. Belgium is a net exporter of three
categories: foundations/floaters (RTB of 0.40), gearboxes (0.32), and electric conductors (0.06). It is a
net importer of the remaining seven categories, with permanent magnets showing the deepest deficit
(RTB of —0.72), followed by generators (—0.70), wind turbines (—0.63), and power transformers (—0.51).

The comparison with the early 2010s reveals a mixed picture. Belgium’s trade position has deteriorated for
several categories: power transformers shifted from a clear surplus (RTB of 0.61) to a deep deficit (—0.51),
generators moved from near balance (—0.06) to a strong deficit (—0.70), and parts of motors/generators
shifted from surplus (0.24) to deficit (—0.29). Foundations/floaters, by contrast, have seen an increased
surplus (from 0.28 to 0.40), and steel towers have narrowed substantially (from —0.79 to —0.28).

These patterns are consistent with Belgium’s industrial profile. The country hosts steel fabrication
capacity for offshore wind structures through companies like Smulders (transition pieces, jackets, and
foundations), wind turbine gearbox manufacturing by ZF Wind Power (a global leader in this segment),
and world-class port infrastructure (Antwerp and Zeebrugge/Ostend) that serves as a logistics hub for
offshore wind installation across the North Sea. The BE-WISE report “The Belgian offshore wind energy
sector: An in-depth analysis” (Rogissart, 2026) documents the broader Belgian OWE ecosystem in detail,
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Figure 14: Belgium’s Revealed Comparative Advantage per component, 2022-2024 average vs. 2010-2012
average.
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Belgium has RCA > 1 for foundations/floaters (1.8) and gearboxes (1.5), indicating comparative advantage in these product
categories. The early-period markers show that Belgium’s RCA for gearboxes has declined from a significantly higher level.
The full time series are shown in Appendix A.3.
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Figure 15: Belgium’s Relative Trade Balance per component, 2022-2024 average vs. 2010-2012 average.
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Figure 16: Belgium’s share of total EU exports per component, 2022-2024 average vs. 2010-2012 average.
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Belgium accounts for about 9% of EU exports in foundations/floaters and 6% in gearboxes, but is a negligible exporter of wind
turbines.

identifying 230 companies and approximately 11 000 employees, with particular strengths in operations
and maintenance (36% of companies), supporting services, and assembly and installation. Several
Belgian firms, including Jan De Nul, DEME, and Smulders, have established themselves as global
leaders in offshore wind installation and marine engineering. However, Belgium’s RCA and RTB for these
generic product categories reflect its broader industrial specialisation, not necessarily OWE-specific
production.

6.2 Belgium’s role as an EU exporter

Figure 16 shows Belgium’s share of total EU exports for each component (including exports to other EU
members), providing a more concrete sense of its weight within the European supply chain. Belgium
accounts for roughly 9% of EU exports in foundations and floaters, a share that has grown since the
early 2010s (when it was around 7.5%). It also contributes about 6% of EU gearbox exports, a share
that has remained stable over the period. For most other categories, Belgium’s share is lower than 3%.
Its share of wind turbine exports is near zero, consistent with the broader picture in the trade data that
Belgium is not an important exporter of turbines.
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These are modest shares for any individual country, but they position Belgium among the top 10 EU
exporters for several categories (as also visible in the intra-EU specialisation heatmap in Figure 5).
Belgium’s contribution to the European OWE supply chain is real, concentrated in the heavy industrial
and mechanical segments where the country’s port infrastructure and steel fabrication capacity provide
a natural advantage.

As noted in the introduction, this goods-trade perspective also understates Belgium’s full contribution
to the OWE sector. Belgian companies are significant providers of installation, engineering, and
maintenance services for offshore wind farms across Europe (see Rogissart, 2026, for a comprehensive
characterisation). These service exports do not appear in HS-based trade statistics but represent an
important dimension of Belgium’s OWE competitiveness that warrants complementary analysis using
services trade or firm-level data.

6.3 Import sourcing over time

Figure 17 shows the evolution of China’s share of Belgian imports over time, separately for wind turbines
and other OWE-relevant components. For wind turbines, China’s share was essentially zero until 2019,
then spiked sharply to 18% in 2021 before collapsing and surging again to 20% in 2024.2 For other
OWE-relevant components, China’s share has risen more gradually and steadily, from around 2% in
2007 to approximately 6% in 2024, a visible but still moderate increase.

6.4 Intra-EU supply chain integration

Belgium’s OWE-relevant trade is deeply embedded in European supply chains. Figure 18 shows
Belgium’s imports of OWE-relevant products from its top 5 EU partners over time. Germany is Belgium’s
most important EU supplier across these product categories, followed by the Netherlands, France, and
Italy. The overall decline in Belgian intra-EU imports, from approximately 2 000 million (2007 USD) in
2007-2009 to around 925 million in 2024, is notable, though its interpretation requires care. The decline
likely reflects multiple factors: broader shifts in the composition of Belgian industrial imports, changes in
the product mix within these generic HS codes, and possibly some substitution towards non-EU sources.
It does not necessarily indicate a weakening of Belgium’s integration into European OWE supply chains
specifically.

2This extreme volatility is characteristic of a small market where a single turbine order can shift import shares by double-digit
percentage points, and should not be interpreted as indicating a stable structural trend. These imports are likely attributable
to onshore wind projects, as Belgian offshore wind construction was completed by 2020, meaning no new offshore turbine
imports have occurred since then. A targeted search did not identify a specific named Belgian project corresponding to these
Chinese turbine imports.
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Figure 17: China’s share of Belgian imports, 2007-2024.
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Wind turbine imports from China are highly volatile, reflecting the lumpiness of individual turbine deliveries in a small market.
The share for other OWE-relevant components has risen gradually from around 2% to approximately 6%.

Figure 18: Belgium’s intra-EU imports of OWE-relevant products by partner, 2007-2024 (million 2007 USD).
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Germany is the dominant supplier, but total intra-EU imports have declined from approximately 2000 M in 2007-2009 to around
925 M in 2024. Belgium’s intra-EU exports are shown in Appendix A.6.
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7 Market access conditions: tariffs and non-tariff measures

This section examines tariff barriers and non-tariff measures (NTMs) on OWE goods, focusing on the
EU’s own regime and the barriers that EU exporters face in China and the United States.

7.1 The EU’s tariff regime on OWE goods

The EU applies very low tariffs on OWE-relevant imports. Figure 19 shows the mean applied tariff across
all OWE products and trading partners over time, together with the MFN rate. The mean applied tariff is
approximately 1.3% in 2024, and the median (not shown) is 0%: most product-partner combinations are
entirely duty-free thanks to the EU’s network of free trade agreements and preferential arrangements.
The MFN bound rate has been stable at around 4.3%, leaving a substantial unused “preference margin”
between what the EU could charge and what it actually charges.

The apparent jump in mean applied tariffs around 2014 visible in Figure 19 is a data artefact, not a
policy change. Before 2014, MAcMap reported the lower bound of tariff-line ranges for non-preferential
partners (which could be zero even when the applied rate was positive); from 2014 onward it reports the
actual applied rate. The post-2014 mean of approximately 1.3% is the more reliable measure. Both the
MFN rate and the underlying tariff schedule have been stable throughout the period.

Figure 20 breaks this down by component for the recent period (2021-2023). Bearings face the highest
tariffs by far: an applied rate of 2.4% and an MFN rate of 8.0%. Electric conductors and power
transformers follow at 1.1% applied and 3.7% MFN. At the other end, towers face zero tariffs under both
schedules, and wind turbines and foundations carry applied rates of just 0.4% against an MFN of 1.4%.
The preference margin is largest for bearings (5.7 percentage points) and zero for towers.

Trade-weighted tariffs, which account for the composition of actual imports, are broadly consistent.
The EU’s trade-weighted applied tariff has declined from 2.6% in 2007 to 1.9% in 2023, while the
trade-weighted MFN rate fell from 3.9% to 3.0% (Appendix A.7), partly reflecting shifts in the product mix
of imports toward lower-tariff items. Belgium, which applies the same external tariff schedule as all EU
members, has had a somewhat lower trade-weighted burden than the EU average (declining from 3.4%
to 1.6% over the same period), reflecting its particular sourcing patterns (Appendix A.7).

7.2 Tariff asymmetry with China

Figure 21 plots the EU’s tariff on Chinese goods against China’s tariff on EU goods for each OWE
component. Nearly all products sit above the 45-degree line: China protects more than the EU on
virtually every component. China charges 6-10% on all OWE imports from the EU. Towers face the
starkest gap (0% EU vs. 8% China, an 8 percentage point difference), followed by wind turbines (1.4%
vs. 8%, gap of 6.7 pp), electric conductors (3.7% vs. 10.1%, gap of 6.4 pp), and gearboxes (2.4% vs.
8%, gap of 5.6 pp). The sole exception is bearings, where both sides charge approximately 8%. The full
component-by-component breakdown is reported in Appendix A.9.

This asymmetry is structural. China’s applied rates equal its MFN rates, since there is no EU-China free
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Figure 19: EU applied tariff on OWE imports over time, 2007-2023: mean across all products and partners, with
MFN overlay.

Eo-E - oo -R--—R---R---E--—E---E---E---#---% _e¢— \Mean applied tariff
4 --#- Mean MFN tariff
As-
S
2
&
= 2 -
R
1_

2008 2010 2012 2014 2016 2018 2020 2022

The median (not shown) is 0% throughout the period. The MFN rate has remained stable at approximately 4.3%. The apparent
jump in the mean applied rate around 2014 is a data artefact: before 2014, MAcMap reported the lower bound of tariff-line
ranges for non-preferential partners (often zero), whereas from 2014 onward it reports the actual applied rate. The post-2014
level (approximately 1.3%) is the more reliable measure. Belgium-specific trade-weighted tariff trends are shown in
Appendix A.7.
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Figure 20: EU applied vs. MFN tariff by OWE component, 2021-2023 average.
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Simple averages across all trading partners. The applied rate reflects preferences under FTAs; the MFN rate applies to

partners without preferential access (including China). Per-component applied tariff evolution (recent vs. early period) is shown

in Appendix A.8.
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Figure 21: EU-China tariff asymmetry: EU tariff on Chinese imports vs. China’s tariff on EU imports, by OWE
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Points above the 45-degree line indicate that China applies a higher tariff than the EU. Only bearings are approximately

symmetric. The paired bar chart with exact gaps per product is shown in Appendix A.9.
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Figure 22: Tariffs faced by EU OWE exporters: China vs. USA, by component (most recent available year).
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China’s tariffs are uniformly high (6-10%) with little product-level variation. US tariffs are lower on average and more dispersed.
The time series evolution is shown in Appendix A.10.

trade agreement. The EU’s lower applied rates are not specific to China but reflect the general effect of
the EU’s FTA network, which pulls down the average across all partners. The gap is therefore persistent
by construction.

The tariff relationship between the EU and the United States is, by comparison, roughly balanced
(Appendix A.9). The EU actually charges higher tariffs than the US on several products (bearings: 8.0%
EU vs. 5.8% US; power transformers: 3.7% vs. 1.6%; foundations: 1.4% vs. 0%). Only for wind turbines
(1.4% EU vs. 2.5% US) and parts of motors/generators (2.7% EU vs. 3.1% US) does the US charge
more.

7.3 Tariffs faced by EU exporters: China vs. the United States

Figure 22 compares the tariffs applied by China and the United States on EU OWE exports, by component.
China charges 6-10% across the board, while US tariffs are lower and more variable (0% on towers and
foundations, up to 5.8% on bearings).

Trade-weighted tariffs confirm this over a longer horizon. Chinese tariffs on EU OWE exports have
fluctuated narrowly between 6.7% and 7.9% over the entire 2007-2023 period, with applied rates identical
to MFN rates throughout (Appendix A.10). US tariffs have been lower but trending upward: the trade-
weighted rate rose from approximately 1.3% in 2007 to 2.5-2.7% around 2016-2018, before easing to
2.2% in 2023. The EU thus faces tariff barriers in China that are roughly three to four times higher than
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Figure 23: Number of distinct NTM types per OWE component in the EU, 2022-2024 avg vs. 2010-2012 avg.
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Counts represent the average number of distinct non-horizontal NTM types recorded for each product heading. The
early-period markers (2010-2012 avg) show moderate growth over the period. The NTM count evolution over time is shown in
Appendix A.11.

in the United States.

7.4 Non-tariff measures: the EU’s regulatory landscape

Figure 23 shows the number of distinct NTM types applied to each OWE component in the EU as a
2022-2024 average. The EU imposes on average about 13 distinct types of product-specific NTMs
per OWE component, but the burden varies widely. Power transformers face the most (approximately
18 distinct NTM types on average in 2022-2024), followed by generators, parts of motors/generators,
and wind turbines (approximately 15 each). Foundations face 5 and towers just 1. Growth since the
early 2010s has been modest: power transformers went from approximately 16 types on average in
2010-2012 to approximately 18 in 2022-2024, wind turbines from 14 to approximately 15.

The specific types of measures are worth examining (Figure 24). The EU’s NTM regime is dominated by
Technical Barriers to Trade (TBT): product quality and performance requirements (applied to 15 of 16
OWE product codes), certification requirements (14), labelling requirements (14), and various conformity
assessment procedures. Each requires manufacturers to demonstrate compliance with European safety,
environmental, and performance criteria through testing, certification, and documentation.

The EU also applies non-automatic import licensing (E1, 13 products), licensing for strategic/security
reasons (E123, 13 products), and prohibitions on non-economic grounds (E32, 14 products). On the
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Figure 24: Most prevalent NTM types on OWE products in the EU, 2022-2024 avg vs. 2010-2012 avg.
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Bars show the average number of OWE product codes (out of 16) to which each NTM type applies. TBT measures (B-codes)
dominate, followed by licensing and export measures. Most measures were already in place by 2010-2012; the main additions
since then are B853 (distribution/location requirements after delivery) and B19. The evolution of NTM chapters over time is
shown in Appendix A.11.
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Figure 25: NTM chapter heatmap: product-NTM combinations by chapter and reporter (each reporter’s latest
available year).
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Each cell shows the count of product-NTM type combinations for a given reporter and NTM chapter. Reporters are ordered by
total NTM count. Data years vary by reporter (see Appendix A.12 for exact years).

export side, the EU maintains export prohibitions (P31) and export licensing requirements (P33), each
covering 13 products, regulating the outflow of dual-use goods and sensitive technologies. The overall
NTM landscape has been stable: TBT product-NTM combinations rose from 88 in 2010 to 131 in 2024,
while licensing (41) and export measures (26) remained largely constant (Appendix A.11).

7.5 Cross-country NTM comparison

Figure 25 compares NTM regimes across 13 reporters by breaking down product-measure combinations
into chapters (TBT, SPS, pre-shipment inspection, contingent protection, licensing, and export measures).
The cross-country ranking by mean NTM count per product is shown in Appendix A.12.

China imposes by far the most extensive NTM regime on OWE goods: approximately 31 distinct types
per product on average, more than twice the EU’s 13 and well above Japan (17), India (17), and the
US (13). In total, China records 490 product-NTM combinations across the 16 OWE product codes,

42



compared to 199 for the EU and 204 for the US.

China’s TBT measures are the most extensive of any reporter (170 product-NTM combinations vs. 131
for the EU and 101 for the US), but the more distinctive feature is the scale of its export controls: 130
product-NTM combinations, five times the EU’s 26. These outbound measures do not restrict EU access
to the Chinese market directly, but they do provide the regulatory infrastructure through which China
can control the outflow of critical OWE components. This connects to the supply chain vulnerabilities
documented in Section 5: China’s position as a dominant supplier of permanent magnets and other
inputs is reinforced by a dense layer of export regulations. China also applies SPS measures to industrial
goods (59 combinations, compared to zero or near-zero for most reporters) and pre-shipment inspection
requirements (43 combinations).

The EU, with 199 product-NTM combinations, sits between the more open regimes (Mexico at 22, Turkey
at 49, Norway at 65) and the denser ones (Japan at 277, India at 104, China at 490). The EU relies
overwhelmingly on TBT measures (131 of 199 combinations), does not use SPS measures on OWE
goods, and makes minimal use of pre-shipment inspection and contingent protection.

7.6 Connecting competitiveness and market access

Linking the trade performance metrics from Sections 4-5 to the market access data reveals no strong
correlations between competitive strengths, import dependencies, and the tariff barriers applied by either
side.

First, China’s tariffs on European OWE exports are indiscriminate. China applies a blanket 6-10% tariff
across virtually all OWE components, regardless of the EU’s Revealed Comparative Advantage. Highly
competitive EU exports (like wind turbines, RCA 2.6) and weaker ones (like permanent magnets, RCA
0.2) face nearly identical barriers. There is no evidence of targeted tariff protection based on specific EU
competitive strengths.

Second, the EU’s tariff structure does not systematically correlate with its supply chain vulnerabilities.
The EU applies very low tariffs (mostly between 0% and 2.5%) across the board. As is shown in
Figure A.17, this flat tariff profile exists regardless of whether the EU is heavily dependent on China for a
specific component (e.g., permanent magnets face a 0.7% applied tariff) or has highly diversified, global
sourcing (e.g., bearings face 2.4%).

8 Conclusion and policy implications

This analysis of bilateral trade data, tariff barriers, and non-tariff measures for wind turbines and other
NZIA components yields four main findings.

First, the EU remains the dominant global exporter of wind turbines, accounting for 54% of world exports
and holding a strong Revealed Comparative Advantage (RCA of 2.6). The EU holds a comparative
advantage in 7 out of 10 OWE-relevant component categories and is a net exporter for 7 of them.
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However, this export dominance should be viewed alongside the fact that the majority of global installed
offshore wind capacity is now located in China, which accounted for over 70% of new offshore wind
installations in 2025. China’s initial focus on its domestic market is increasingly shifting toward exports,
as the trade data in this report demonstrate. At the same time, this position has gradually weakened
in relative terms: the EU’s global export share in wind turbines was around 80% in 2007, and RCA
values have declined across the board. New competitors, most notably China and to a lesser extent
India, have entered the market and gained significant export shares. The EU’s share has fallen because
the market has grown and new producers have entered it, not because European output has shrunk.
The intra-EU specialisation analysis further shows that European wind turbine manufacturing capacity
is spread across Germany, Denmark, and Spain, so the loss of any one country’s output would not
eliminate European supply.

Second, supply chain concentration risks are highly uneven across components. Permanent magnets
represent a clear and well-documented vulnerability: China accounts for 74% of EU imports, the import
concentration index is far above critical thresholds, and no credible large-scale alternative suppliers exist.
This finding is consistent with the broader literature on rare earth dependencies. For all other component
categories, import sources appear well diversified at the aggregate level, with no single non-EU country
accounting for more than 20% of imports and multiple intra-EU suppliers available. Wind turbines, in
particular, are sourced from Denmark, Germany, Spain, and India alongside China, so no single supplier
dominates.

Third, the EU’s market for OWE components is among the most open in the world, and this openness is
not reciprocated by its main competitors. The mean applied tariff on OWE imports is approximately 1.3%,
and most product-partner combinations are duty-free. China, by contrast, charges 6-10% on virtually all
OWE imports from the EU, creating a persistent and structural tariff asymmetry. Non-tariff measures
compound this imbalance: China imposes more than twice as many product-specific regulatory barriers
as the EU (~31 distinct NTM types per OWE product vs. ~13), with particularly extensive use of TBT
measures and export controls. The EU’s low tariffs on its most China-dependent imports (the “supply
chain trap”) further constrain the EU’s ability to deploy trade defence instruments without raising costs
for its own OWE manufacturers.

Fourth, Belgium’s trade profile in OWE-relevant goods is narrow but clearly defined. It is firmly a net
importer of wind turbines, generators, and permanent magnets, but holds a comparative advantage in
foundations/floaters and gearboxes, product categories consistent with its steel fabrication capacity and
port logistics infrastructure. Belgium accounts for about 9% of EU exports in foundations and 6% in
gearboxes, shares that are modest in absolute terms but place Belgium among the top 10 EU exporters
for these categories. Belgium’s import concentration risks are somewhat different from the EU average:
rather than non-EU dependency, Belgium faces elevated concentration on Germany as a single EU
supplier for wind turbines (67%) and generators (53%). Belgium’s position in the OWE value chain
is also likely understated by goods trade data, since Belgian companies are significant providers of
installation, engineering, and marine services that are not captured in HS-based trade statistics (see
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BE-WISE report “The Belgian offshore wind energy sector: An in-depth analysis” (Rogissart, 2026)).

Several limitations should be borne in mind when interpreting these results. Most fundamentally, only
one of the product codes used in this analysis, HS 850231 (wind-powered generating sets), is specific to
the wind energy sector, and even this code does not distinguish between onshore and offshore turbines.
All other product codes cover generic industrial components used across many sectors, and their trade
volumes are dominated by non-OWE demand. The supply chain concentration patterns documented
for these generic categories therefore reflect the overall industrial market, not the OWE-specific supply
chain. The actual OWE supply chain may be more concentrated than aggregate trade data suggest if
only a small number of specialized manufacturers serve the offshore wind market, or less concentrated if
OWE buyers have deliberately diversified their sourcing. This ambiguity cannot be resolved with trade
statistics alone.

For the NTM analysis, the inventory approach used here counts regulatory types without measuring their
economic severity. The cross-country NTM comparison should be interpreted as indicative of relative
regulatory complexity rather than as a precise ranking of market access barriers.

Additionally, this analysis does not cover trade in services, a relevant omission given the importance of
engineering, installation, and maintenance services in the OWE value chain, and Belgium’s particular
strengths in these areas. Trade data capture goods crossing borders, not domestic production or
consumption; countries that manufacture and install wind turbines domestically without exporting them
will appear less competitive than they are. Re-exports through major port economies like Belgium can
inflate apparent trade volumes. Finally, for a small open economy like Belgium, trade flows in specific
product categories can be highly volatile, driven by a small number of large orders.

These caveats mean the exact figures should be read with some caution, but the broad picture is clear
enough, and it points to a few concrete steps for the actors involved.

For policymakers

Focus on the vulnerability the data actually identify. The strongest case for action is permanent
magnets. China supplies about three quarters of EU imports, the sourcing is far more concentrated than
the usual risk thresholds allow, and there is no large alternative supplier to fall back on. Policymakers
should concentrate the resilience tools in the Net-Zero Industry Act and the Critical Raw Materials Act
here, on diversifying suppliers, recycling, and building alternative capacity, rather than spreading them
thinly. They should resist the temptation to treat every part of the supply chain as equally at risk: most
of the other components are bought from a wide range of countries, with no single non-EU supplier in
control.

Weigh openness against the places where Europe depends on China. Europe’s low tariffs are, on
the whole, a strength rather than a weakness. The difficulty is that the goods Europe relies on China
for most already come in at very low or zero tariffs, so raising barriers on them would land first on the
European firms that need those imports. This is not a reason to close the market, but policymakers
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should look case by case at whether trade defence can realistically be used at all in these categories.
Permanent magnets are again the clearest example.

Keep a close watch on China’s regulatory barriers. Beyond tariffs, China applies more than twice
as many product-specific rules per OWE good as the EU (about 31 against 13), and its export controls
on these goods are several times more numerous. These controls do not block access to the Chinese
market so much as give Beijing the means to limit exports of critical components if it ever chose to.
Policymakers should track this closely, along with the sharp shift from Chinese to Turkish steel towers,
which the trade data flag but cannot fully explain on their own.

For firms

European firms still sit on a strong industrial base, one that remains competitive across several of
the product groups examined here, from turbines themselves to generators, gearboxes, transformers,
and foundations. But the ground is shifting, and the assumptions that held during the years of near-
total European dominance no longer hold as firmly. Firms will need to adapt to a more competitive
international environment rather than rely on past strengths. Where permanent magnets, rare earths, or
other inputs bought mainly from China appear in their products, firms should take what steps they can,
lining up alternative suppliers, recycling, or redesigning to use less of them, to reduce their exposure to
the supply chain’s single biggest weak point.

For Belgium

Belgium should play to its strengths rather than try to match larger turbine-producing countries. That
means reinforcing the segments where it is already established: foundations and floaters, gearboxes,
and the installation, engineering, and marine services that are central to building and running offshore
wind farms but that the goods-trade data do not capture. Belgium’s main exposure is also different from
the EU average. Rather than depending directly on China, it leans heavily on Germany as a single
supplier for wind turbines and generators, a different kind of risk but one worth keeping an eye on. Read
alongside the BE-WISE report on the Belgian offshore wind sector (Rogissart, 2026), the trade evidence
points to a role that is narrower than that of Belgium’s larger neighbours but real and economically
significant.
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A Appendix

A.1 Trade volumes and partner composition

Figure A.1 shows the absolute import and export volumes for NZIA components over time, for the EU
and for Belgium.

Figure A.1: Evolution of imports and exports of NZIA components, 2007-2024 (million 2007 USD).
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Figure A.2 breaks down imports by individual trading partner, split between wind turbines and other

components. This complements the China-specific import share charts in the main text by showing all
major suppliers over time.

Figure A.3 quantifies the bilateral trade balance with China. The EU’s deficit in NZIA components has
widened considerably since 2018, driven primarily by generic components rather than wind turbines.
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Figure A.2: Imports by partner: wind turbines and other NZIA components, 2007-2024.
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Trade balance with China for NZIA components, 2007-2024 (million 2007 USD).

Figure A.3
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A.2 China’s import penetration: Belgium

Figure A.4 shows China’s share in Belgian imports per component, complementing the EU-level chart in
the main text (Figure 11). Belgium’s smaller market makes some of these shares more volatile than the
EU equivalents.

Figure A.4: China’s share of Belgian imports per component, 2022-2024 average vs. 2010-2012 average.
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Figure A.5: Revealed Comparative Advantage over time, 2007-2024.
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Wind turbine RCA has declined for both the EU and Belgium, while the median across all NZIA products has remained
relatively stable.

A.3 RCA and RTB evolution over time

Figures A.5 and A.6 show the full time series behind the per-component bar charts in sections 4 and 6.
Each panel displays the interquartile range across all NZIA products (shaded band) and the median
(dashed line), with wind turbines (HS 850231) indicated by the blue line.

Figure A.6: Relative Trade Balance over time, 2007-2024.
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The EU’s wind turbine RTB has declined from 0.93 to 0.60, indicating growing import penetration. Belgium’s median RTB is
persistently negative, consistent with its role as a net importer.
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A.4 Import and export concentration over time

Figures A.7 and A.8 track the concentration of import origins and export destinations over time using
both HHI and CR5. Wind turbines consistently show higher import concentration than the median NZIA
product, while export destinations tend to be more diversified than import origins.

Figure A.7: Import origin concentration over time, 2007-2024: HHI (top) and CR5 (bottom).
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Belgium shows higher and more volatile import concentration than the EU average, reflecting its smaller market size.
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Figure A.8: Export destination concentration over time, 2007-2024:

HHI (top) and CR5 (bottom).
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Export destinations are generally more diversified than import origins for both the EU and Belgium.
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A.5 Concentration per component

Figure A.9 shows import origin concentration per component (2022-2024 average vs. 2010-2012

average). These complement the vulnerability scatter plots in the main text by showing HHI and
CR5 individually for each component. Permanent magnets and wind turbines stand out as the most
concentrated import categories for the EU; for Belgium, wind turbines show particularly high concentration

due to dependence on Germany.

Figure A.9: Import origin concentration per component, 2022-2024 average vs. 2010-2012 average: HHI (top)

and CR5 (bottom).
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A.6 Belgium intra-EU exports

Figure A.10 shows which EU countries Belgium exports NZIA components to, complementing the
intra-EU imports chart in the main text (Figure 18). The Netherlands, France, and Germany are the
primary destinations.

Figure A.10: Belgium’s intra-EU exports of NZIA components by partner, 2007-2024 (million 2007 USD).
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A.7 Trade-weighted tariff evolution

Figure A.11 shows the trade-weighted applied and MFN tariff rates on OWE goods over time for the
EU as a whole and for Belgium specifically. Trade-weighted rates account for the composition of actual
imports, giving more weight to products with larger import values. Both the EU and Belgium show a

gradual decline in trade-weighted applied tariffs over the period, with Belgium’s burden consistently
somewhat below the EU average.

Figure A.11: Trade-weighted tariff evolution: applied vs. MFN rates, 2007-2023.

4.01 - ,/“\ . —e— Applied tariff (trade-weighted) - /._"'"“R —e— Applied tariff (trade-weighted)
~~ , - -~ S, d AN i i
Y e Y= MFN tariff (trade-weighted) 3.54 SSal A Sy --=-- MFN tariff (trade-weighted)
3.5+ S’ Ny RN s NN
e £ 301
3.0 1 - °
§ 25
X251 £ 2
2 S
S 504 B 2.0
£ )
# 15 2 151
$
1.0 8 107
=
0.5 0.51
U T T T T T T U 0.0 T T U T T T T U
2008 2010 2012 2014 2016 2018 2020 2022 2008 2010 2012 2014 2016 2018 2020 2022
(a) EU (b) Belgium

Trade-weighted averages use real import values (PPI-deflated BACI data) as weights. The EU’s trade-weighted applied rate
declined from 2.6% in 2007 to 1.9% in 2023; Belgium’s from 3.4% to 1.6%.
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A.8 EU applied tariff by component: recent vs. early period

Figure A.12 shows the EU’s simple average applied tariff per OWE component for the recent period
(2021-2023) alongside the early period (2007-2009). Applied tariffs have risen slightly for most products
compared to the early period, reflecting the increasing share of non-preferential partners (particularly
China) in EU imports.

Figure A.12: EU applied tariff per component, 2021-2023 average vs. 2010-2012 average.
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A.9 Tariff asymmetry by component: EU-China and EU-USA

Figure A.13 provides the component-by-component breakdown of tariff asymmetry between the EU and
its two main non-EU trading partners. For China, the asymmetry is consistently in China’s favour (China
charges more) across all products except bearings. For the United States, the picture is more balanced,
with the EU charging more on several products.

Figure A.13: Tariff asymmetry by component: what the EU charges vs. what the partner charges on EU exports.
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58



A.10 Tariffs on EU exports: time series

Figure A.14 shows the evolution of trade-weighted tariffs applied by China and the United States on EU
OWE exports over time. China’s tariff burden has been consistently high and flat; US tariffs have trended
upward from a lower base.

Figure A.14: Trade-weighted tariffs on EU OWE exports over time: China and USA, 2007-2023.
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China’s applied and MFN rates are identical (no FTA with the EU). US applied and MFN rates are also identical for most years.
China’s trade-weighted tariff has fluctuated between 6.7% and 7.9%; the US rate rose from 1.3% to approximately 2.2-2.7%.

59



A.11 NTM evolution over time and by chapter

Figure A.15 shows the evolution of the number of distinct NTM types per OWE product in the EU
over time (left), and the composition of NTMs by chapter over time (right). The NTM count has been
relatively stable, with a modest increase around 2012-2013. TBT measures account for the majority of
all product-NTM combinations throughout the period.

Figure A.15: EU NTM evolution over time, 2010-2024.
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A.12 Cross-country NTM comparison

Figure A.16 ranks 13 key reporters by the mean number of distinct NTM types per OWE product, using
each reporter’s latest available year. China leads with approximately 22 types per product, followed by
India (17), Japan (14), and the USA (13). The EU is mid-range at approximately 12. Reporter coverage
varies: EU data are from 2024, China from 2024, the USA from 2019. The year used for each reporter is
shown in parentheses.

Figure A.16: Mean number of distinct NTM types per OWE product, by reporter (latest available year).
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Each reporter’s latest available year is shown in parentheses. China (2016) leads with approximately 22 NTM types per
product; Mexico (2019) has the fewest at about 2.
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A.13 China dependency vs. EU tariff

Figure A.17 plots the relationship between China’s share of EU extra-EU imports (horizontal axis) and
the EU’s applied tariff (vertical axis) for each OWE component. Bubble size is proportional to import
value. The negative correlation illustrates the “supply chain trap” discussed in Section 7.6: products
where the EU is most dependent on China face the lowest tariffs, limiting the EU’s ability to use tariff
instruments without raising costs for downstream manufacturers.

Figure A.17: China’s share of EU extra-EU imports vs. EU applied tariff, by OWE component.
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