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Introduzione

In meno di vent'anni la Cina € passata da quote mar-
ginali a circa un terzo delle esportazioni mondiali
nelle catene delle batterie al litio e del fotovoltaico:
dal 9% e dal 19% del 2007 al 30-32% del 2022. Nel
2023 controllava oltre 1'80% della produzione foto-
voltaica globale, una concentrazione che I'Agenzia
Internazionale dell’Energia prevede persistente fino
al 2030. Nello stesso arco di tempo I'Europa ha al-
zato i propri obiettivi climatici, misurando i risultati
in emissioni evitate assai piu che in capacita
produttive acquisite.

Il saggio che presentiamo porta la firma di Fran-
cesco Crespi, Direttore Ricerche del Centro Econo-
mia Digitale, con Nicold Geri, Dario Guarascio ed
Enrico Marvasi, ed esce su Intereconomics, la rivi-
sta europea di politica economica dello ZBW. Cin-
que anni dopo il framework sulla sovranita tecnolo-
gica europea apparso sulla stessa testata, la linea di
ricerca che il CED ha aperto nel 2021 con il rapporto
Sovranita Tecnologica arriva al suo punto di massi-
ma tensione: la transizione verde. La formula degli
autori fotografa il rischio: dalla "dipendenza fossile”
alla "dipendenza verde”.

Il timore dei governi va preso nella sua versione
piu forte: accelerare il net-zero dentro catene domi-
nate da un solo attore puo trasformare la politica cli-
matica in un moltiplicatore di vulnerabilita. Ne di-
scendono due risposte speculari, entrambe costo-
se: frenare l'ambizione ambientale o inseguire I'au-
tosufficienza. Gli autori contestano la premessa: po-
sto come aut-aut tra clima e autonomia, il problema
€ mal formulato. Contano quali dipendenze siano
strategicamente rilevanti e dove la costruzione di
capacita domestiche sia realistica.

Il contributo metodologico sta qui. Le filiere ven-
gono mappate prodotto per prodotto, fino al livello a
sei cifre, con un indicatore di dipendenza dall'im-
port (IDEP) e uno di vantaggio tecnologico rivelato
sui brevetti (RTA). Su questa base gli autori rileggo-
no la curva del sorriso di Mudambi (2008): il valore
aggiunto privato di una fase puo divergere dal suo
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valore aggiunto strategico, fatto di resilienza, sicu-
rezza degli approvvigionamenti, conoscenza pro-
duttiva che il mercato non prezza. Dove i segnali di
prezzo tacciono, la politica industriale ha bisogno di
un metro. Il saggio lo fornisce.

L'evidenza e netta. Nel fotovoltaico lo stock bre-
vettuale europeo scende dal 23,2% al 14,2% tra il
2007 e il 2022, nelle batterie dal 131% al 9,5%; la
capacita europea nelle celle cresce trainata da im-
prese estere, sudcoreane in testa, sicché persino il
reshoring pud approfondire la dipendenza. Restano
vantaggi reali nei macchinari per la produzione di
batterie e pannelli. La conseguenza di policy € una
tabella, non uno slogan: rafforzamento selettivo
dove l'upgrading & plausibile; diversificazione, part-
nership e scorte dove non lo &; presidio dove la for-
za esiste gia; monitoraggio dove la rilevanza
sistemica é alta.

Per il Centro Economia Digitale ¢ terreno di casa:
la selettivita € il cuore della Sovranita Tecnologica,
scegliere i nodi senza scivolare nell'autarchia; part-
nership e diversificazione appartengono alla gram-
matica della Coopetizione; la posta € quella misura-
ta da High-Tech Economy, dove nel campione euro-
peo del rapporto un euro di valore aggiunto high-
tech genera 3,9 euro di PIL in tre anni. Per I'ltalia la
lezione di metodo precede quella di merito: intelli-
gence di prodotto prima delle narrazioni settoriali,
mappe granulari prima dei sussidi.

Resta la lezione di sequenza. La Cina ha costrui-
to capacita produttive prima della stringenza am-
bientale, o insieme ad essa; Europa e Stati Uniti
hanno fatto l'inverso, e la domanda verde si & tra-
dotta in importazioni. Il dilemma tra decarbonizza-
zione e autonomia, concludono gli autori, si puo evi-
tare. A una condizione, che & una scelta di politica
industriale: decidere quali nodi contano, e presidiarli
per tempo.

Rosario Cerra

Presidente, Centro Economia Digitale - Roma, luglio 2026
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Green Transition, Energy and Economic
Security: An Avoidable Dilemma

Geopolitical fragmentation appears to pit climate goals against energy and economic security.
Economies fear that the acceleration of the net-zero transition will shift their dependence from
“brown” (on fossil fuel suppliers) to “green” (on those who currently dominate key green supply
chains). Governments tend to respond either by weakening climate ambition or by pursuing
broad import substitution strategies. Framing this issue as a policy dilemma can be misleading.
The relevant question is not whether Europe should choose between decarbonisation and
autonomy, but rather which dependencies are strategically consequential and in which areas
capability building is feasible. Drawing on evidence from photovoltaic and lithium-ion battery

supply chains, this analysis combines granular supply chain mapping with indicators of
import dependency, technological specialisation and policy orientation. The evidence points
to a marked reshuffling in favour of China, growing vulnerabilities for the EU and the US, and
substantial heterogeneity across products and stages. These patterns imply that reducing
vulnerability does not automatically require self-sufficiency across entire sectors. It requires
product-level intelligence and selective interventions: capability building where upgrading is
plausible, and diversification, partnerships or stockpiling where it is not.

Over recent decades, climate policies and technological
developments have pushed economies towards more
sustainable growth. CO, emission targets reshaped in-
vestment and policy strategies, while subsidies, condi-
tional R&D incentives and public procurement acceler-
ated environmental innovations by making low-carbon
technologies more competitive and reducing uncertainty
(Tchorzewska et al.,, 2022; Costantini & Crespi, 2008;
Cheng et al., 2018; OECD, 2024; Zoboli et al., 2024).
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As globalisation expanded, decarbonisation-related pro-
duction, sourcing and make-or-buy decisions, includ-
ing those concerning green technologies, were largely
shaped by cost minimisation. This delivered efficiency
gains and accelerated the diffusion of solar panels,
lithium-ion batteries and electric vehicles. Yet it also re-
configured technological and production hierarchies,
strengthening Asian economies, especially China, in most
green industries (Crespi et al., 2026).

As geopolitical tensions intensified, interdependence
among unequally endowed economies increasingly
turned into trade coercion and weaponised choke points,
exposing economies reliant on external sources for raw
materials, technology and strategic goods. Economic
policy has consequently shifted from trade liberalisation,
offshoring and the search for the cheapest suppliers to-
wards strategic industry protection, rebuilding produc-
tion capacity and technological sovereignty (Crespi et al.,
2021; Edler et al., 2023; Rodrik & Walt, 2022; European
Commission, 2024, 2026).

Offshoring reduced the cost of green goods and helped
speed the net-zero transition, but it now sits uneasily with
the need to avoid excessive dependence on foreign sup-
pliers when political relations are unstable (Johnstone &
Schot, 2023). Recent tensions affecting strategic energy
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routes, including the Strait of Hormuz, again show how lo-
calised geopolitical crises can generate systemic effects.
For energy-importing economies such as the EU, decar-
bonisation is therefore also a way to reduce exposure to
traditional energy shocks and the risk that growth, prices
and macroeconomic stability are tied to on geopolitical
disruptions (Guarascio et al., 2025).

Decarbonisation is thus shaped by a policy dilemma. Ac-
cess to international markets can accelerate the transi-
tion by lowering the cost of raw materials, components
and technologies. Yet the international division of labour
increasingly clashes with the concentration of manufac-
turing and technological capabilities in a few firms and
countries. Recent evidence shows that many key green
technologies are geographically concentrated, with
China dominant in several sectors (International Energy
Agency, 2024). Climate policies relying mainly on de-
mand incentives and regulation may therefore accelerate
adoption while increasing strategic dependency (Baldwin
& Freeman, 2022; Caravella et al., 2024).

In asymmetric green value chains such as photovoltaics
and lithium-ion batteries, trade can widen the gap be-
tween dominant players and lagging countries. Ambitious
environmental targets may reduce fossil fuel depend-
ence, but they can also create new vulnerabilities linked
to imported technologies, intermediate inputs and critical
raw materials: a shift from “fossil dependency” to “green
dependency” (Caravella et al., 2021, 2024).

We argue that this “climate policy versus strategic au-
tonomy” trade-off is not inevitable but a policy dilemma
that can be addressed through an appropriate policy mix.
Whether the transition generates new vulnerabilities de-
pends on the combination of policies and on where inter-
vention is directed along the value chain (Flanagan et al.,
2011; Costantini et al., 2017; Rogge & Song, 2025). The
issue is whether governments can identify nodes where
dependency is consequential and domestic capability
building is both strategically relevant and realistically at-
tainable.

To frame this argument, we introduce a conceptual
framework in which the private value added generated
by a stage may diverge from its broader strategic impor-
tance. Market signals may therefore understate the value
of preserving or developing capabilities in critical nodes.

Granular supply chain mapping and product-level intelli-
gence are therefore crucial. Strategic importance cannot
be measured directly, but three related dimensions can
be tracked: dependency on external suppliers, systemic
relevance for the chain and the plausibility of upgrading

domestic capabilities through innovation. We measure im-
port dependency through trade indicators and use patent-
based technological specialisation as a proxy for local
capability and upgrading potential. Systemic relevance
instead requires broader technological and policy judge-
ment. The framework helps distinguish nodes where ca-
pability building may be realistic and strategically mean-
ingful from those where diversification, long-term partner-
ships or stockpiling may be more appropriate (Edler et al.,
2023; Caravella et al., 2024; Crespi et al., 2026).

We focus on the photovoltaic and lithium-ion battery sup-
ply chains, both central to decarbonisation but different
in technology, stage composition and market concentra-
tion. Building on Caravella et al. (2024) and Crespi et al.
(2026), we combine trade and patent data to analyse stra-
tegic dependency and technological capabilities across
countries and stages, and relate this evidence to environ-
mental and industrial policy approaches (Guarascio et al.,
2025, 2026).

Our main conclusion is that the climate—autonomy dilem-
ma is avoidable when policy targets strategically relevant
and tractable nodes. Environmental policies can create
demand and accelerate diffusion, but without productive
and technological strengthening they may increase im-
port dependence. Conversely, broad or poorly targeted
industrial interventions may be costly and ineffective. The
policy problem is therefore how to pursue strategic au-
tonomy selectively, pragmatically and consistently with
the green transition.

The acceleration-autonomy trade-off

Climate policy can clash with energy and economic se-
curity when it relies mainly on demand-side and regula-
tory instruments. Consumption subsidies, green public
procurement and standards can accelerate low-carbon
diffusion by expanding demand and reducing uncer-
tainty. Yet if productive and technological capabilities are
concentrated abroad, they may raise imports rather than
strengthen domestic industry, increasing dependence on
foreign suppliers of critical inputs, components and tech-
nologies (Baldwin & Freeman, 2022; Crespi et al., 2026).

Reducing external dependency can also create tensions
with acceleration. Governments may respond to vulner-
abilities through broad protectionism, local content re-
quirements or poorly targeted import substitution. These
measures can raise costs and may not stimulate domes-
tic production or innovation where capabilities are weak.
If autonomy is pursued too rapidly or broadly, it may slow
the transition or strengthen coalitions favouring delayed
decarbonisation (Meckling & Nahm, 2018).
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These tensions do not mean that climate policy and stra-
tegic autonomy necessarily conflict. Their relationship
depends on the value chain and the policy mix. Decar-
bonisation is a global objective, while strategic autonomy
is context specific: it depends on countries’ positions, the
geopolitical environment and the characteristics of par-
ticular inputs, products and technologies. This suggests
that autonomy should be pursued by identifying concrete
vulnerabilities and targeted interventions, not through
broad sectoral measures (European Commission, 2026).

Conceptually, this can be framed as a wedge between
the private and social value of maintaining domestic pro-
ductive and technological capabilities in specific nodes
of green value chains. In the standard smile-curve repre-
sentation, private value added tends to be higher in pre-
production and post-production activities and lower in
manufacturing (Mudambi, 2008). In a geopolitically frag-
mented context, however, the private value added of a
stage may diverge from its strategic relevance. Activities
that are not especially profitable for firms may still mat-
ter because they reduce dependency, preserve techno-
logical control and prevent downstream vulnerabilities.
Production-related knowledge, generated through new
processes, learning by doing and organisational learning,
can also enhance efficiency, strengthen competitiveness,
and foster spillovers across the supply chain and the wid-
er economy (Chang & Andreoni, 2020).

The “modified smile curve” illustrates this idea. It sug-
gests that, at each stage of a value chain, firms’ private
value added may differ from “strategic value added”: the
net social value generated in terms of resilience, security
of supply, idiosyncratic knowledge and capacity to re-
duce vulnerabilities. Some stages, products and technol-
ogies may therefore deserve policy attention even when
market signals alone do not identify them as especially
valuable (Figure 1).

Strategic value added is a conceptual rather than directly
observable object. Still, three dimensions help identify
where policy intervention may be justified: dependency
on external suppliers, systemic relevance for the chain
and the plausibility of upgrading domestic capabilities.
In our empirical set-up, import dependency is captured
through trade indicators, while technological specialisa-
tion provides a partial proxy for the local capability base
and upgrading potential (Caravella et al., 2024; Crespi
et al., 2026). Systemic relevance cannot be inferred me-
chanically from these indicators and requires broader
technological and policy judgement.

This distinction matters because not all dependencies re-
quire the same response (Table 1). Highly strategic but
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Figure 1
A modified smile curve
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Source: Authors’ own elaborations on Mudambi (2008).

hard-to-upgrade stages may call for diversification, long-
term partnerships, stockpiling or other risk-management
strategies. Other nodes may combine high dependency
with a non-negligible capability base, making selective ca-
pability building more realistic. The objective is not self-suf-
ficiency along the entire chain, but rather reducing exces-
sive unilateral dependencies where policy can affect do-
mestic capabilities, while anticipating emerging vulnerabili-
ties (Edler et al., 2023). Even low-dependency areas may
need monitoring, since specific raw materials or inputs can
become critical after disruptive technological change.

Strategic dependencies are uneven across green
value chains

Our analysis starts from a clear stylised fact: in less than two
decades, the US and the EU have lost ground in key green
value chains, while China has become dominant in several
crucial nodes. This applies to both the lithium-ion battery and
the photovoltaic supply chains, with differences across sec-
tors and stages. Export shares over the 2007-2022 period
show a marked reshuffling: China reached roughly 30%-32%

Table 1
Types of policy response
Depen- Upgrading
dency potential Policy response
High High Targeted capability building
High Low Diversification, partnerships, stockpiling
Low High Preserve existing strength
No strong case for intervention (need to
Low Low monitor dependencies that may emerge in

the future)

Source: Authors’ elaboration.
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of world exports in both chains in 2022, up from about 9% in
batteries and 19% in photovoltaics. By 2022, the EU's shares
were around 12%-13%, Japan’s around 6%-13%, the US’s
around 6%-10% and South Korea’s around 4%-7%. The issue
is therefore not only trade performance, but changing global
control over strategically relevant production segments.

Manufacturing capacity data and announced projects con-
firm these patterns. The International Energy Agency (2024)
shows that China controlled more than 80% of global pho-
tovoltaic production in 2023 and that high concentration is
expected to persist until 2030. China also accounts for about
80% of global battery cell manufacturing capacity, although
this share is projected to decline to 60% by 2030 as industrial
policies such as the Inflation Reduction Act and the Net-Zero
Industry Act support new investment. Yet battery capac-
ity built in the EU is largely driven by foreign-headquartered
firms, mainly from South Korea (International Energy Agency,
2026). Thus, even when strategic autonomy concerns push
Europe to expand domestic production, current policy may
still increase dependence on foreign actors.

Global hierarchies have also shifted in technological capabili-
ties. China’s share of patent stock increased from a very low
level in 2007 to 26.2% in lithium-ion battery supply and 22.0%
in photovoltaic supply chain by 2022. In batteries, Japan re-
mained the largest holder despite its share falling from 39.2%
to 30.7%, while South Korea'’s share rose from 9.2% to 18.4%
and the EU’s declined from 13.1% to 9.5%. In photovoltaics,
Japan’s share remained around 30%, the EU’s share fell from
23.2% to 14.2% and South Korea’s rose from 3.7% to 8.1%.
The joint consideration of trade and technology is crucial:
strategic dependency is revealed in imports or exports, but
shaped by production and technological capabilities, which
affect upgrading, diversification and vulnerability over time.

Starting from this evidence, we use two indicators to iden-
tify vulnerable nodes and the capability base available to
address them. The first is import dependency (IDEP),!
which combines the normalised trade balance, the import
share from the main supplier and that supplier’s global ex-
port share (higher values indicate stronger dependency).
The second is revealed technological advantage (RTA), a
patent-based Balassa-type index measuring technologi-
cal specialisation in each input (values above one indicate
relative specialisation). Together, these indicators show
how dependency and capabilities evolve and, up to the
six-digit product level, where vulnerabilities are more se-
vere and upgrading more plausible.

1 Formally, the IDEP is computed as follows (Gehringer, 2023):
IDEPi'k't=NTBW*( (IMPMSim+EXPSHW)/Z).
Where, for each product included in the supply chain, NTB represents
the normalised trade balance, IMPMS the import share from the main

supplier j, while EXPSH the main supplier’s global export share.

Figure 2
Import dependency (IDEP) and technological
specialisation (RTA) in 2007 and 2022
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cialisation.

Source: Authors’ elaboration based on BACI and OECD Regpat data.

The aggregate picture conveys a clear message (Figure 2).
China moves from relative weakness to significant strength,
combining lower dependency with stronger technological
specialisation. The EU and the US follow the opposite tra-
jectory: increasing dependency is associated with techno-
logical weakening, or with technological strengthening that
is too slow to offset productive decline. Japan also loses
ground, while South Korea remains dependent in several
cases but shows signs of upgrading. Overall, countries that
strengthen their technological position are more likely to
reduce dependency, while those that lose technological
ground tend to become more exposed.
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Figure 3

Countries’ positioning relative to the import dependency (IDEP) and technological specialisation (RTA)
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This relationship should not be overstated. It is neither me-
chanical nor uniform across sectors and stages. Aggregate
indicators can hide significant product-level heterogeneity: in
both batteries and photovoltaics, competitive positions in one
part of the chain may coexist with vulnerabilities in another.

Strengthening selected nodes can therefore reduce some
dependencies while new exposures emerge elsewhere.

Disaggregation by stage and product makes the picture
more useful for policy (Figure 3). China dominates impor-
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tant downstream segments of both the lithium-ion battery
and the photovoltaic supply chains, such as battery
chemistries (LFP, NCA, NCM, LNO) and static converters,
but remains more dependent on some upstream inputs,
including lithium ores and high-purity silicon. The EU is
weak in several upstream and downstream stages, while
preserving advantages in specific segments such as
manufacturing machines for battery and panel produc-
tion. The US faces similar problems, with some supplier
diversification in photovoltaics. South Korea shows a
stronger upgrading trajectory in batteries, while Japan
combines remaining technological capabilities with a de-
clining role in several market segments.

Strategic dependencies are therefore not uniform.
A country may be highly exposed in one stage, well posi-
tioned in another and marginal in a third. Granular supply
chain intelligence is needed to distinguish more and less
critical nodes and identify realistic margins for selective
industrial policy.

This also clarifies the link with the conceptual framework.
The empirical exercise does not measure strategic value
added directly, but it identifies characteristics plausibly
related to it: high import dependency signals vulnerability,
technological specialisation indicates part of the domes-
tic capability base, and systemic relevance requires tech-
nological and policy judgement about the role of each
product or stage.

The role of industrial and environmental policies

Strategic dependencies cannot be understood indepen-
dently of policy. The evidence above identifies where
vulnerabilities arise, while the policy mix helps assess
whether climate policy can coexist with domestic produc-
tion and technological upgrading or instead increases im-
port dependence. In the European debate, environmental
policies are often portrayed as a threat to competitive-
ness, but the relationship is more complex. Environmen-
tal stringency, green public procurement and consumer
subsidies can expand domestic markets for green goods.
However, if domestic production and technological ca-
pacity are weak, rising demand is likely to be met by for-
eign producers, increasing external dependence.

This is especially relevant for photovoltaics and lithium-
ion batteries. In both cases, climate policy-induced de-
mand does not automatically translate into domestic
production, innovation capabilities or learning. Demand-
side support may accelerate adoption, but without sup-
ply-side strengthening it may reinforce dominant foreign
producers. The problem is not environmental targets as
such, but their disconnection from the productive side of

the transition (Costantini et al., 2015; Crespi, 2016; Nunez-
Jimenez et al., 2022).

The divergent trajectories of key players become evident
when comparing the Environmental Policy Stringency in-
dicator with industrial policy initiatives targeting lithium-
ion battery and photovoltaic products (Figure 4). This evi-
dence should be read cautiously, but it suggests broad poli-
cy orientation and sequencing.? China has combined an ac-
tive industrial policy stance with gradually stronger
environmental stringency, alongside declining import de-
pendencies in both chains (Figures 2 and 3). By contrast, the
EU and the US long focused mainly on environmental strin-
gency and only recently intensified industrial policy to reduce
accumulated external dependence. This is consistent with
the idea that the interaction between environmental, indus-
trial and innovation policies matters for external dependency.

The comparison also points to sequencing. In China, in-
dustrial and innovation policies appear to have built pro-
ductive and technological capabilities before or alongside
stronger environmental regulation. In the EU and the US,
the policy profile was more unbalanced: for a long time,
acceleration occurred while too little attention was paid
to production and technological capacities along the sup-
ply chain. Under these conditions, green demand may
have accelerated adoption but also increased import de-
pendency. This supports the broader argument that the
climate—autonomy dilemma depends on how climate, in-
dustrial and innovation policies are combined.

Where domestic capabilities are weak, demand expan-
sion may reinforce countries that already dominate the
chain. Selective industrial and innovation policies are
therefore needed to address coordination failures, ca-
pability gaps and dependency risks in strategic nodes.
Policy should focus where dependency is significant, ca-
pability development is plausible and resilience gains do
not undermine the pace of transition.

Implications for European policymaking

This analysis yields three implications for European
policymaking. First, strategic dependency is not binary.
Some external dependence is less risky, especially when
diversified, and openness can still lower costs, create
scale economies and diffuse technology. The objective is
not self-sufficiency, but reducing excessive dependence

2 A simple count of industrial policy measures does not capture their
scale, fiscal intensity, quality, implementation capacity or effective-
ness. Nor does it fully account for institutional differences across
China, the United States and the European Union. Moreover, the
Global Trade Alert database on which the policy count rests is limited
to trade-related policies.
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Figure 4

Number of industrial policies targeting photovoltaic and lithium-ion battery supply chains (right-axis) and

Environmental Policy Stringency indicator (left-axis)
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in strategically important nodes. The key question is un-
der what conditions openness generates vulnerabilities
beyond standard efficiency concerns.

Second, industrial policy must be selective. The appropri-
ate response depends on the combination of dependen-
cy, strategic relevance and plausible upgrading potential.
Some cases justify targeted support to innovation, scale-
up and production; others call for supplier diversification,
long-term partnerships, stockpiling or risk management.
Intervention should follow granular supply chain mapping
rather than broad sectoral narratives.

Third, timing and sequencing matter. Ambitious envi-
ronmental targets can expand green markets and ac-
celerate adoption, but they do not automatically cre-
ate domestic productive capabilities. If demand-side
measures precede attention to supply-side constraints,
stronger demand may mainly raise imports and make
later upgrading more difficult and costly. Environmental
policy should therefore be accompanied early by meas-
ures strengthening capabilities where domestic upgrad-
ing is strategically relevant and feasible.

The evidence from solar and lithium-ion battery supply
chains points in the same direction. Environmental poli-
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cies can enlarge domestic markets while also creating
strategic vulnerability, but this outcome is not inevita-
ble. Where capabilities are concentrated abroad, de-
mand expansion alone may reinforce foreign suppliers.
A balanced supply-push and demand-pull policy mix
can instead support the green transition without com-
promising energy and economic security. Industrial pol-
icy will be ineffective if it is too broad, poorly targeted or
disconnected from the value chain. The challenge is to
align climate policy and strategic autonomy through a
pragmatic and selective policy mix.

European policy should distinguish among dependen-
cies. Where dependency, systemic relevance and ca-
pabilities are high, policy should support innovation,
scale-up and production. Where dependency is high but
upgrading unrealistic, priorities should be diversification,
partnerships, recycling, stockpiling or demand flexibility.
Where Europe has capabilities, policy should prevent
erosion; where dependency is limited but systemic rel-
evance high, it should prevent future vulnerabilities.

We conclude that the climate—autonomy dilemma is not
inescapable. Its severity depends on how green value
chains are structured and how environmental, industrial
and innovation policies are combined. The transition is
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unlikely to be delivered by market incentives alone. It re-
quires public policy capacity to identify strategic nodes,
coordinate interventions and mobilise resources where
price signals and firm-level incentives understate broad-
er resilience, security and capability-building benefits.

For the EU, this means moving beyond both unrealis-
tic self-sufficiency ambitions and the belief that market
openness alone will solve the problem. A realistic ob-
jective is to preserve openness while reducing depend-
ence in strategically relevant and tractable nodes. Guid-
ed by granular evidence, decarbonisation and strategic
autonomy can become mutually reinforcing objectives
of a more resilient European growth strategy.

References

Acemoglu, D., Aghion, P., Bursztyn, L., & Hemous, D. (2012). The envi-
ronment and directed technical change. American Economic Review,
102(1), 131-166.

Adomako, S., & Tran, M. D. (2024). Exploring the effect of R&D support,
green technology transfer, sustainable innovation. Sustainable Devel-
opment, 32(5), 4758-4769.

Baldwin, R., & Freeman, R. (2022). Risks and global supply chains: What
we know and what we need to know. Annual Review of Economics, 14,
153-180.

Caravella, S., Costantini, V., & Crespi, F. (2021), Mission-Oriented Policies
and Technological Sovereignty: The Case of Climate Mitigation Tech-
nologies. Energies, 14, 6854.

Caravella, S., Crespi, F., Cucignatto, G., & Guarascio, D. (2024). Techno-
logical sovereignty and strategic dependencies: The case of the pho-
tovoltaic supply chain. Journal of Cleaner Production, 434, 140222.

Chang, H. J., & Andreoni, A. (2020). Industrial policy in the 21st century.
Development and change, 51(2), 324-351.

Cheng, W., Appolloni, A., D’Amato, A., & Zhu, Q. (2018). Green public pro-
curement, missing concepts and future trends: A critical review. Jour-
nal of Cleaner Production, 176, 770-784.

Costantini, V., & Crespi, F. (2008). Environmental regulation and the export dy-
namics of energy technologies. Ecological Economics, 66(2-3), 447-460.

Costantini, V., Crespi, F., Martini, C., & Pennacchio, L. (2015). Demand-
pull and technology-push public support for eco-innovation: The case
of the biofuels sector. Research Policy, 44(3), 577-595.

Costantini, V., Crespi, F., & Palma, A. (2017). Characterizing the policy mix
and its impact on eco-innovation: A patent analysis of energy-efficient
technologies. Research policy, 46(4), 799-819.

Crespi, F. (2016). Policy complexity and the green transformation of the
economies as an emergent system property. Environ Econ Policy Stud,
18, 143-157.

Crespi, F., Caravella, S., Menghini, M., & Salvatori, C. (2021). European
technological sovereignty: An emerging framework for policy strat-
egy. Intereconomics, 56(6), 348-354.

Crespi, F., Geri, N., Guarascio, D., & Marvasi, E. (2026). Can strategic de-
pendencies harm the acceleration towards net-zero transition? The
case of the lithium-ion battery industry. LEM Working Paper Series,
No. 2026/10. Institute of Economics, Scuola Superiore Sant’Anna.

Edler, J., Blind, K., Kroll, H., & Schubert, T. (2023). Technology sover-
eignty as an emerging frame for innovation policy: Defining rationales,
ends and means. Research Policy, 52(6), Article 104765.

European Commission. (2024). Technological sovereignty of the EU. In Sci-
ence, research and innovation performance of the EU 2024. European
Commission.

European Commission. (2026). Communication from the Commission
to the European Parliament, the Council, the European Economic

and Social Committee and the Committee of the Regions on Euro-
pean tech sovereignty, accompanied by an EU open source strategy
(COM(2026) 5083 final).

Flanagan, K., Uyarra, E., & Laranja, M. (2011). Reconceptualising the ‘pol-
icy mix’ for innovation. Research policy, 40(5), 702-713.

Geels, F. W., Kern, F., & Clark, W. C. (2023). System transitions research
and sustainable development: Challenges, progress, and pros-
pects. Proceedings of the National Academy of Sciences, 120(47),
€2206230120.

Gehringer, A. (2023). Calibrating the EU’s trade dependency. Survival,
65(1), 81-96.

Goedeking, N., & Rogge, K. S. (2026). Systemic acceleration capacity in
net-zero transitions: Electrifying transportation in California. Environ-
mental Politics, 1-28.

Guarascio, D., Reljic, J., & Zezza, F. (2025). Energy vulnerability and re-
silience in the EU: Concepts, empirics and policy. Journal of Industrial
and Business Economics, 52(3), 683-726.

Guarascio, D., Reljic, J., & Simonazzi, A. (2026). United in Diversity? EU
Core-Periphery Divides at the Time of the Green Transition. Govern-
ance, 39(1), e70089.

International Energy Agency. (2026). Global EV Outlook 2026.

International Energy Agency. (2024). Advancing clean technology manu-
facturing.

Johnstone, P., & Schot, J. (2023). Shocks, institutional change, and sus-
tainability transitions. Proceedings of the National Academy of Scienc-
es, 120(47), e2206226120.

Juhasz, R., Lane, N. J., Oehlsen, E., & Perez, V. C. (2025). Measuring
industrial policy: A text-based approach. NBER Working Paper, No.
33895. National Bureau of Economic Research.

Kruse, T., Dechezleprétre, A., Saffar, R., & Robert, L. (2022). Measuring
environmental policy stringency in OECD countries: An update of the
OECD composite EPS indicator. OECD Economics Department Work-
ing Papers, No. 1703. OECD Publishing.

Meckling, J., & Nahm, J. (2018). When do states disrupt industries? Elec-
tric cars and the politics of innovation. Review of International Political
Economy, 25(4), 505-529.

Mudambi, R. (2008). Location, control and innovation in knowledge-in-
tensive industries. Journal of Economic Geography, 8(5), 699-725.
Nunez-Jimenez, A., Knoeri, C., Hoppmann, J., & Hoffmann, V. H. (2022).
Beyond innovation and deployment: Modeling the impact of technol-
ogy-push and demand-pull policies in germany’s solar policy mix. Re-

search Policy, 51(10), 104585.

OECD. (2024). Harnessing Public Procurement for the Green Transition.
OECD Publishing.

Rodrik, D., & Walt, S. M. (2022). How to build a better order: Limiting great
power rivalry in an anarchic world. Foreign Affairs, 101(5), 142-155.
Rogge, K. S., & Song, Q. (2025). Achilles’ heels of acceleration? Assess-
ing critical capacity for transformative policy mixes. In Transformative
Mission-Oriented Innovation Policies (pp. 284-302). Edward Elgar Pub-

lishing.

Sovacool, B. K., Geels, F. W., Andersen, A. D., Grubb, M., Jordan, A. J.,
Kern, F., Kivimaa, P., Lockwood, M., Markard, J., Meadowcroft, J.,
Meckling, J., Moore, B., Raven, R., Rogge, K. S., Rosenbloom, D.,
Schmidt, T. S., Shot, J., Scharp, D., Stephenson, J., Vormedal, I. &
Yang, K. (2025). The acceleration of low-carbon transitions: Insights,
concepts, challenges, and new directions for research. Energy Re-
search & Social Science, 121, Article 103948.

Tchérzewska, K. B., Garcia-Quevedo, J., & Martinez-Ros, E. (2022). The
heterogeneous effects of environmental taxation on green technolo-
gies. Research Policy, 51(7).

Zoboli, R., Mazzanti, M., & Tagliapietra, S. (Eds.). (2024). Economic poli-
cies for the sustainability transition. MDPI.

Intereconomics 2026 | 4


https://doi.org/10.1257/aer.102.1.131
https://doi.org/10.1257/aer.102.1.131
https://doi.org/10.1002/sd.2936
https://doi.org/10.1002/sd.2936
https://doi.org/10.1016/j.jclepro.2023.140222
https://doi.org/10.1016/j.jclepro.2023.140222
https://doi.org/10.1016/j.jclepro.2023.140222
https://doi.org/10.1016/j.jclepro.2017.12.027
https://doi.org/10.1016/j.jclepro.2017.12.027
https://doi.org/10.1016/j.ecolecon.2007.10.008
https://doi.org/10.1016/j.ecolecon.2007.10.008
https://doi.org/10.1007/s10018-015-0131-4
https://doi.org/10.1007/s10018-015-0131-4
https://doi.org/10.1007/s10272-021-1013-6
https://doi.org/10.1007/s10272-021-1013-6
https://doi.org/10.1007/s10272-021-1013-6
https://doi.org/10.57838/sssa/zzpq-aa78
https://doi.org/10.57838/sssa/zzpq-aa78
https://doi.org/10.57838/sssa/zzpq-aa78
https://doi.org/10.1016/j.respol.2023.104765
https://doi.org/10.1016/j.respol.2023.104765
https://doi.org/10.1016/j.respol.2023.104765
https://doi.org/10.1073/pnas.2206230120
https://doi.org/10.1073/pnas.2206230120
https://doi.org/10.1073/pnas.2206230120
https://doi.org/10.1080/09644016.2026.2616990
https://doi.org/10.1080/09644016.2026.2616990
https://doi.org/10.1007/s40812-025-00340-9
https://doi.org/10.1007/s40812-025-00340-9
https://www.iea.org/reports/global-ev-outlook-2026
https://doi.org/10.1073/pnas.2206226120
https://doi.org/10.1073/pnas.2206226120
https://doi.org/10.3386/w33895
https://doi.org/10.3386/w33895
https://doi.org/10.1093/jeg/lbn024
https://doi.org/10.1093/jeg/lbn024
https://doi.org/10.3390/books978-3-7258-1841-9
https://doi.org/10.3390/books978-3-7258-1841-9

