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ABSTRACT

The global transition toward low-carbon industrial systems has accelerated the strategic importance of
environmental, social, and governance (ESG) governance within contemporary manufacturing industries. This
article examines how ESG governance influences industrial competitiveness, innovation capability, and
organizational transformation through a comparative analysis of the electric vehicle (EV) industries in Germany
and China. The study argues that green industrial competitiveness depends not only on technological innovation
or market scale but on the interaction between institutional governance systems, industrial policy coordination,
corporate strategy, and supply chain transformation. Germany and China were selected because both represent
globally influential EV ecosystems operating under distinct institutional and governance models: Germany
through coordinated market capitalism and advanced manufacturing specialization, and China through state-led
industrial transformation and platform-integrated industrial policy. Drawing on OECD industrial indicators,
International Energy Agency reports, corporate disclosures, trade statistics, sustainability reports, and peer-
reviewed business scholarship, the findings indicate that China’s vertically integrated and policy-driven EV
ecosystem has generated rapid scalability and cost competitiveness, while Germany’s governance-intensive model
has emphasized engineering quality, ESG compliance, and long-term industrial upgrading. However, both
systems face structural challenges related to supply chain dependence, regulatory uncertainty, labor transition, and

geopolitical fragmentation. This article contributes to business and economics scholarship by developing a
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governance-centered framework linking ESG institutionalization, industrial transformation, innovation

ecosystems, and long-term competitive resilience in green manufacturing sectors.
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INTRODUCTION

The acceleration of climate transition policies, decarbonization strategies, and green industrial
restructuring has transformed the global automotive industry into one of the most strategically contested
sectors within the contemporary world economy. Governments, corporations, investors, and international
organizations increasingly regard electric vehicle (EV) industries as critical components of industrial
competitiveness, energy transition, technological sovereignty, and sustainable economic development.
According to the International Energy Agency (IEA, 2025), global electric vehicle sales exceeded 17 million
units in 2024, with China and Europe accounting for a substantial proportion of global market expansion.
This transition has intensified competition among firms and states seeking leadership in battery

manufacturing, green supply chains, digital mobility systems, and low-carbon industrial innovation.

The emergence of ESG governance as a central corporate and institutional framework has
fundamentally reshaped strategic management within industrial sectors. ESG governance extends beyond
environmental compliance to encompass corporate transparency, labor standards, stakeholder accountability,
sustainable finance, supply chain resilience, and long-term organizational legitimacy. In manufacturing-
intensive sectors such as automotive production, ESG governance increasingly influences investor
confidence, regulatory access, technological innovation, and global competitiveness (Eccles & Klimenko,
2019). Consequently, firms operating within green industrial ecosystems must integrate sustainability

objectives with organizational transformation and strategic adaptation.

Germany and China provide analytically significant comparative cases because both countries
occupy central positions within the global EV industry while operating under substantially different
institutional and economic governance systems. Germany represents a coordinated market economy
characterized by advanced industrial specialization, stakeholder-oriented governance, labor coordination
mechanisms, and export-oriented manufacturing systems. China, by contrast, represents a state-coordinated
industrial model emphasizing strategic industrial policy, scale-driven manufacturing expansion, integrated

supply chain ecosystems, and aggressive technological upgrading.

The transformation of the automotive industry has generated profound business and economic
implications. Traditional internal combustion engine production systems are increasingly challenged by
battery technologies, digital mobility platforms, Al-enabled manufacturing systems, and sustainability-
oriented regulatory frameworks. The World Bank (2024) argues that industrial decarbonization is reshaping
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global value chains, investment flows, and technological competition across advanced and emerging
economies. Simultaneously, geopolitical tensions, raw material dependencies, and trade fragmentation have

introduced new risks affecting global manufacturing resilience and supply chain coordination.

The academic and managerial problem addressed in this article concerns how ESG governance
influences industrial competitiveness and organizational transformation under conditions of technological
disruption and sustainability transition. While firms increasingly adopt ESG frameworks, the relationship
between ESG institutionalization, innovation capability, and long-term industrial competitiveness remains
contested. Some scholars argue that ESG governance enhances strategic resilience by improving stakeholder
trust, operational efficiency, and sustainable innovation (Porter & Kramer, 2011). Others contend that ESG
compliance may increase short-term operational costs and regulatory complexity, particularly within highly

competitive manufacturing sectors.

Existing scholarship has produced substantial insights regarding sustainability transition, green
innovation, and industrial policy. Porter (1998) emphasizes that competitive advantage emerges through
productivity, innovation, and strategic positioning. North (1990) demonstrates that institutional systems
shape economic incentives and organizational behavior. Teece (2018) highlights the role of dynamic
capabilities in enabling firms to adapt under technological uncertainty. Mazzucato (2021) argues that state-
led mission-oriented industrial policy can accelerate innovation and green transformation. Gereffi (2020)

emphasizes the restructuring of global value chains under technological and geopolitical disruption.

However, current business and economics literature remains limited in several respects. First, many
studies analyze ESG governance primarily as a reporting mechanism rather than as a strategic organizational
transformation process. Second, comparative analyses between European and East Asian green industrial
governance systems remain insufficiently integrated with strategic management theory. Third, existing
scholarship often examines EV competitiveness through technological efficiency indicators while
underestimating governance structures, labor coordination, and institutional legitimacy. Fourth, limited
attention has been devoted to how ESG governance influences supply chain resilience and industrial

competitiveness under geopolitical fragmentation.

The theoretical gap therefore concerns the insufficient integration of institutional economics, ESG
governance, and industrial strategy literature. The empirical gap involves limited comparative analysis
explaining how Germany and China’s governance systems shape EV competitiveness through different
organizational and policy mechanisms. The strategic management gap concerns how firms balance
sustainability compliance, innovation investment, and global market competition within rapidly transforming

industrial ecosystems.

This article contributes to business and economics scholarship in four principal ways. First, it
develops a comparative governance framework linking ESG institutionalization with industrial
competitiveness and organizational transformation. Second, it demonstrates that sustainable competitive

advantage in green manufacturing depends on institutional coordination and supply chain governance rather
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than technology alone. Third, it integrates strategic management theory with comparative industrial policy
analysis. Fourth, it identifies ESG governance as a mediating mechanism connecting innovation ecosystems

with long-term industrial resilience.
The analytical framework developed in this article conceptualizes the following relationship:

ESG Governance — Innovation Ecosystem Coordination — Industrial Transformation —

Competitive Advantage — Long-Term Economic Resilience

This framework emphasizes that governance systems influence the ability of firms and industries to
coordinate innovation, manage supply chain risks, mobilize investment, and sustain legitimacy under

sustainability transition pressures.

The research objective of this article is to examine how ESG governance systems influence

industrial transformation and competitive advantage within the EV industries of Germany and China.

METHODOLOGY

This study employs a comparative institutional and strategic industrial analysis to examine how ESG
governance influences industrial competitiveness and organizational transformation within the electric
vehicle industries of Germany and China. The comparative design was selected because both countries
represent globally significant EV ecosystems operating under distinct institutional governance structures and
industrial policy traditions. Germany reflects a coordinated market economy emphasizing stakeholder
governance, engineering specialization, labor coordination, and export-oriented industrial systems, whereas
China reflects a state-led industrial transformation model characterized by strategic policy coordination,
vertically integrated manufacturing ecosystems, and rapid scale-based expansion. The unit of analysis
consists of national EV industrial ecosystems, including firms, regulatory institutions, supply chains,
innovation networks, and governance systems. Core analytical variables include ESG governance
institutionalization, industrial policy coordination, innovation investment intensity, battery supply chain
integration, labor transition capacity, export competitiveness, and organizational adaptation mechanisms. The
theoretical-methodological alignment integrates institutional economics, strategic management theory,
innovation systems analysis, and comparative industrial governance to explain how institutional structures

shape green industrial competitiveness.

The empirical analysis draws upon triangulated secondary data from OECD industrial
competitiveness indicators, International Energy Agency reports, World Bank industrial transition data,
European Commission sustainability reports, Chinese industrial policy documents, EV market statistics,
corporate sustainability disclosures, and peer-reviewed business and economics literature published between
2020 and 2026. Analytical interpretation combines comparative institutional analysis with strategic
organizational evaluation and industrial ecosystem assessment. Cross-case triangulation was conducted

through comparison of governance structures, industrial coordination mechanisms, battery ecosystem
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development, ESG compliance systems, and competitive market outcomes. Reliability was strengthened
through the use of internationally recognized datasets and publicly verifiable corporate and institutional
reports. Ethical considerations are limited because the study relies exclusively on publicly available
secondary sources and does not fabricate interviews or private organizational data. Nevertheless, several
limitations remain, including differences in transparency standards between countries, evolving geopolitical
conditions affecting industrial policy, and difficulties in isolating ESG governance effects from broader
macroeconomic and technological variables. Despite these constraints, the comparative institutional design
provides substantial explanatory value regarding governance-mediated industrial transformation within green

manufacturing sectors.

Findings and Discussion
1. ESG Governance and Institutional Industrial Coordination

The comparative evidence demonstrates that ESG governance significantly shapes industrial
competitiveness by influencing investment coordination, innovation incentives, supply chain management,
and stakeholder legitimacy. Germany’s EV industry operates within a governance-intensive industrial
framework emphasizing labor coordination, sustainability compliance, industrial upgrading, and long-term
manufacturing specialization. China’s EV sector, meanwhile, operates through a state-coordinated industrial

transformation strategy emphasizing scalability, ecosystem integration, and technological acceleration.

Germany’s governance model reflects the institutional characteristics of coordinated market
capitalism, where firms, labor unions, industrial associations, and regulatory institutions interact through
structured coordination mechanisms. ESG governance within German automotive firms is strongly
connected to regulatory compliance, sustainability reporting, carbon reduction targets, and labor transition
management. Major German automotive firms increasingly integrate ESG metrics into strategic planning,
supply chain evaluation, and investor communication systems. The evidence suggests that governance

legitimacy enhances long-term investment confidence and organizational resilience.

China’s governance model differs substantially because industrial transformation is closely
connected to state-led strategic planning and policy coordination. Government incentives, subsidies,
industrial targets, and infrastructure investments have accelerated EV adoption and manufacturing expansion.
China’s vertically integrated battery ecosystem has enabled rapid scalability and cost reduction,
strengthening global market competitiveness. However, governance concentration and policy dependence

also create vulnerabilities related to regulatory intervention, trade restrictions, and geopolitical tensions.

The comparative evidence indicates that ESG governance affects industrial competitiveness through
three primary mechanisms. First, governance systems influence strategic investment coordination and
innovation allocation. Second, governance legitimacy shapes global market access and investor confidence.

Third, institutional structures affect labor transition capacity and supply chain resilience.
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From a theoretical perspective, these findings reinforce institutional economics arguments
emphasizing that industrial competitiveness depends on governance systems rather than market forces alone.
The findings further extend ESG scholarship by demonstrating that sustainability governance functions as a

strategic organizational capability rather than merely a compliance framework.

Managerially, the evidence suggests that firms must integrate ESG governance into core strategic
operations, including supply chain management, workforce planning, and innovation investment. Companies

treating ESG governance solely as reputational branding may experience weaker long-term resilience.

2. Innovation Ecosystems and Green Industrial Transformation

Innovation ecosystem coordination constitutes a central determinant of EV industrial
competitiveness. Both Germany and China have developed sophisticated industrial ecosystems involving
battery manufacturers, software developers, component suppliers, research institutions, and energy
infrastructure providers. However, the comparative evidence demonstrates substantial differences in

innovation governance and ecosystem integration strategies.

China’s EV ecosystem benefits from strong vertical integration, aggressive industrial scaling, and
extensive domestic supply chain coordination. Chinese firms have achieved major competitive advantages in
battery manufacturing, rare earth processing, and low-cost EV production. State-supported industrial
coordination has accelerated technology diffusion and manufacturing expansion across multiple regions.
According to IEA (2025), China accounts for a dominant share of global battery manufacturing capacity and
EV production.

Germany’s innovation ecosystem, by contrast, emphasizes engineering quality, precision
manufacturing, industrial specialization, and sustainability-oriented technological upgrading. German firms
have invested heavily in premium EV production, software integration, and advanced manufacturing
systems. However, the transition from internal combustion systems to electric mobility has generated

substantial organizational and labor restructuring pressures.

The comparative findings indicate that China’s industrial model provides stronger scalability and
manufacturing flexibility, while Germany’s model provides stronger governance legitimacy and engineering
specialization. However, both systems face structural vulnerabilities. China remains exposed to export
restrictions and geopolitical trade tensions, while Germany faces higher production costs and slower

adaptation processes.

These findings support dynamic capability theory by demonstrating that organizational adaptation
depends on the ability to coordinate technological innovation with institutional governance and industrial
restructuring. Competitive advantage within green industries therefore emerges from ecosystem coordination

capability rather than isolated firm-level innovation.
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For policymakers, the findings imply that green industrial competitiveness requires integrated
strategies combining innovation investment, ESG governance, workforce transition programs, and supply

chain diversification.

3. Supply Chain Transformation and Strategic Resilience

The transition toward electric mobility has fundamentally restructured global supply chains by
increasing dependence on batteries, semiconductors, rare earth minerals, and renewable energy systems.

Consequently, supply chain governance has become a critical strategic issue within the EV industry.

China has developed substantial control over battery supply chains through vertically integrated
production systems and long-term investment in mineral processing and battery manufacturing. This
integration enhances production efficiency and cost competitiveness. However, concentration within global

battery ecosystems also generates geopolitical tensions and dependency risks.

Germany’s EV sector remains integrated into highly globalized supply chains but has increasingly
pursued diversification strategies to reduce dependency on external battery suppliers and geopolitical
vulnerabilities. European industrial policies supporting battery alliances and green industrial investment

reflect broader concerns regarding strategic autonomy and supply chain resilience.

Table 1. Comparative Matrix of Governance Systems, Strategic Transformation, and Business

Outcomes
Variable Germany China Empirical Analytical
Evidence Interpretati
on
Governan Coordinate State-led ESG Governance
ce System d market industrial reporting systems
capitalism coordination integration shape
with versus industrial
stakeholde industrial adaptation
r policy pathways
governanc acceleration
e
Innovatio Engineerin Vertically Premium Scale and
n g integrated EV specializatio
Ecosyste specializati scalable manufacturi n  generate
m on and manufacturin ng  versus different
sustainabili g ecosystem large-scale competitive
ty battery advantages
upgrading expansion
Supply Diversified Integrated European Supply chain
Chain but battery and battery control
Structure externally mineral alliances influences
dependent ecosystem versus strategic
supply dominance Chinese resilience
chains processing
capacity
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ESG Regulatory Strategic EU  ESG ESG
Governan -intensive industrial regulations governance
ce sustainabili sustainability versus affects
ty coordination policy- market
complianc driven legitimacy
e green
transition
Competiti High-value Cost Export- Different
ve industrial competitiven oriented governance
Outcome specializati ess and rapid premium models
on global positioning generate
expansion versus distinct
scalable competitiven
mass- €ss patterns
market
growth
Structura Higher Geopolitical Trade Long-term
1 Risk production exposure and tensions resilience
costs and regulatory and depends on
slower concentratio industrial governance
adaptation n risk transition flexibility
pressures

The table demonstrates that Germany and China pursue different pathways toward green industrial
competitiveness. Germany prioritizes governance legitimacy, industrial quality, and sustainability
compliance, while China prioritizes scalability, ecosystem integration, and manufacturing dominance. The
comparative evidence indicates that long-term resilience depends on balancing industrial efficiency with

institutional adaptability and geopolitical diversification.

These findings contribute to strategic management scholarship by demonstrating that supply chain
governance has become central to industrial competitiveness within green manufacturing sectors. Firms
increasingly require governance systems capable of managing geopolitical uncertainty, sustainability

regulation, and technological disruption simultaneously.

4. Labor Transformation, Sustainability Governance, and Socio-Economic Outcomes

The EV transition has generated substantial implications for labor systems, regional development,
and socio-economic restructuring. Electric mobility production systems require different technological
capabilities and labor structures compared with traditional automotive manufacturing. Consequently,
organizational adaptation increasingly involves workforce retraining, industrial restructuring, and regional

transition policies.

Germany’s coordinated governance system provides stronger institutional mechanisms for labor
transition management through vocational training systems, labor negotiations, and industrial coordination
structures. However, the transition also threatens traditional automotive employment associated with

combustion engine production systems.
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China’s industrial expansion has generated significant employment growth within Dbattery
manufacturing, EV assembly, and renewable energy sectors. Nevertheless, labor governance challenges
remain concerning working conditions, regional inequality, and sustainability standards within mining and

manufacturing supply chains.

The comparative evidence demonstrates that ESG governance affects socio-economic outcomes
through labor coordination, regional industrial policy, and sustainability accountability. Green industrial
transformation therefore cannot be understood solely through environmental metrics or technological
innovation indicators. Long-term competitiveness depends on whether industries can sustain social

legitimacy and workforce stability during structural transition.

From a managerial perspective, firms increasingly require workforce-centered transformation
strategies emphasizing retraining, organizational learning, and sustainability governance. Companies unable

to manage labor transition effectively may experience productivity instability and reputational risk.

For policymakers, the findings suggest that industrial transition policies must integrate labor
protections, regional investment strategies, sustainability standards, and innovation coordination. Green
industrial competitiveness depends not only on technological leadership but also on institutional capacity to

manage socio-economic transformation.

Conceptual Framework

ESG Governance — Innovation Ecosystem Coordination — Industrial Transformation —

Competitive Advantage — Long-Term Economic Resilience

This article develops a conceptual framework explaining how ESG governance influences industrial
competitiveness and organizational transformation within green manufacturing sectors. ESG governance
functions as the foundational institutional mechanism shaping investment coordination, stakeholder

legitimacy, sustainability accountability, and strategic adaptation capacity.

Governance systems influence innovation ecosystem coordination by affecting how firms, suppliers,
regulators, investors, and research institutions interact within industrial networks. Effective governance
structures facilitate long-term investment, technological upgrading, workforce transition, and supply chain
resilience. Innovation ecosystem coordination subsequently enables industrial transformation through the
integration of battery technologies, digital manufacturing systems, renewable energy infrastructure, and

sustainability-oriented production systems.

Industrial transformation strengthens competitive advantage by improving productivity,
technological specialization, market legitimacy, and strategic flexibility. However, long-term economic

resilience depends on balancing scalability with governance legitimacy, sustainability accountability, and
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geopolitical adaptability.

The framework therefore advances business and economics scholarship by demonstrating that
sustainable industrial competitiveness emerges from governance-mediated ecosystem coordination rather
than technological innovation alone. ESG governance constitutes a strategic capability connecting industrial
transformation with long-term resilience under conditions of climate transition and global economic

restructuring.

CONCLUSION

This article examined how ESG governance systems influence industrial transformation and
competitive advantage within the EV industries of Germany and China. The findings demonstrate that green
industrial competitiveness depends on the interaction between governance structures, innovation ecosystems,
supply chain coordination, and organizational adaptation. Germany’s governance-intensive model
emphasizes engineering quality, labor coordination, and sustainability legitimacy, while China’s state-
coordinated industrial model emphasizes scalability, manufacturing integration, and rapid technological

expansion.

The article contributes theoretically by integrating institutional economics, ESG governance theory,
strategic management, and industrial transformation scholarship into a comparative analytical framework.
Empirically, the study demonstrates that different governance systems generate distinct pathways toward
green industrial competitiveness. The findings indicate that ESG governance should be understood not
merely as a reporting framework but as a strategic institutional mechanism shaping innovation coordination,

industrial resilience, and market legitimacy.

The managerial implications are substantial. Firms operating within green manufacturing sectors
must integrate ESG governance into supply chain strategy, workforce planning, technological upgrading, and
geopolitical risk management. Competitive advantage increasingly depends on governance flexibility and

sustainability coordination rather than production efficiency alone.

The policy implications are equally significant. Governments seeking industrial competitiveness
within green sectors must balance industrial policy, ESG regulation, innovation investment, and labor
transition support. Excessive regulatory fragmentation or geopolitical dependency may undermine long-term

resilience despite short-term industrial expansion.

Several limitations remain. The study relies on secondary data and cannot fully isolate ESG
governance effects from broader macroeconomic and geopolitical variables. Differences in corporate
transparency standards also affect cross-country comparability. Future research should examine firm-level
ESG performance variation, battery supply chain governance, and labor transition outcomes across additional
industrial economies.

Copyright © 2025 by Author/s. This is an open access article distributed under the Creative Commons Attribution License which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited. 33



Ultimately, this article argues that the future competitiveness of green manufacturing industries
depends on the capacity of firms and institutions to integrate sustainability governance, technological

innovation, and socio-economic coordination into coherent long-term industrial transformation strategies.
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