R Challenges in Sustainability /\ ACADLORE

51"\\§ https://www.acadlore.com/journals/CIS b fistoemd i
From Compliance to Strategy: Cleaner Production as a Pathway to N
Sustainable Competitiveness St

Yunus Furuncu™

Department of Management and Organization, Kocaeli University, 41001 Kocaeli, Turkey

* Correspondence: Yunus Furuncu (yunus.furuncu@kocaeli.edu.tr)

Received: 01-19-2026 Revised: 05-06-2026 Accepted: 05-12-2026

Citation: Furuncu, Y. (2026). From compliance to strategy: Cleaner production as a pathway to sustainable
competitiveness. Chall. Sustain., 14(3), 519-534. https://doi.org/10.56578/cis140306.

@ © 2026 by the author(s). Published by Acadlore Publishing Services Limited, Hong Kong. This article is available for free
download and can be reused and cited, provided that the original published version is credited, under the CC BY 4.0 license.

Abstract: Cleaner production (CP) has evolved from a regulatory obligation into a strategic management approach
that supports firms’ transition toward sustainable competitiveness. This study examines how cleaner production
practices move beyond compliance-oriented environmental management to become strategic capabilities
associated with stronger innovation orientation, operational efficiency, and corporate legitimacy. Drawing on the
Natural Resource-Based View (NRBV) and the Porter Hypothesis, this research employs a multiple-case
qualitative content analysis of six energy-intensive firms—Enerjisa, Tipras, Sisecam, Enel, E.ON, and
TotalEnergies—for the 2020-2024 reporting period. The findings identify a three-stage evolutionary trajectory of
cleaner production integration: compliance-driven, efficiency-driven, and strategy-driven. Firms that move toward
strategic integration tend to exhibit stronger dynamic and organisational capabilities and clearer strategic
positioning in sustainability-oriented decision-making. European multinationals demonstrate more holistic and
mature integration due to stable policy frameworks and access to sustainable finance, whereas emerging-economy
firms primarily leverage cleaner production for efficiency gains and regulatory compliance. The study contributes
to theory by conceptualising cleaner production as a dynamic strategic capability rather than a technical or
operational tool and by providing comparative qualitative evidence consistent with the innovation-competitiveness
mechanisms proposed by the Porter Hypothesis across diverse institutional contexts. In practice, the findings offer
actionable insights for managers and policymakers seeking to design regulatory, financial, and organisational
enablers that accelerate the transition from compliance to strategy, thereby positioning cleaner production as a
central pathway through which firms may build sustainable competitiveness. Given the qualitative and document-
based design, the study does not claim causal proof but identifies patterned associations across cases and
institutional contexts.

Keywords: Cleaner production; Sustainable competitiveness; Natural Resource-Based View; Strategic
management

1. Introduction

Cleaner production (CP) has evolved from a narrowly defined environmental management tool into a central
pillar of sustainability-oriented corporate transformation. Initially promoted by international organisations as a
preventive approach to reducing waste and emissions, CP was widely implemented as a technical and regulatory
requirement aimed at minimising environmental impact at the lowest possible cost (Hens et al., 2018; Leeraphong
et al., 2025; Severo et al., 2017). During this early compliance-oriented period, firms often adopted end-of-pipe
technologies and incremental efficiency measures that remained peripheral to strategic decision-making. As
regulatory pressures increased and stakeholder expectations evolved, CP gained renewed importance as a
framework linking environmental quality with operational and organisational improvements.

Parallel developments in strategic management theory have reframed the relationship between environmental
practices and competitiveness. The Resource-Based View (RBV) and its extension, the Natural Resource-Based
View (NRBV), argue that pollution prevention, resource efficiency, product stewardship, and sustainability-
oriented capabilities can generate resources that are valuable, rare, and inimitable, thereby underpinning long-term
competitive advantage (Barney et al., 2011; Hart, 1995; Russo & Fouts, 1997). Similarly, Porter & van der Linde
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(1995) proposed that environmental regulation, when properly designed, can stimulate innovation, productivity,
and profitability-challenging traditional assumptions about the trade-off between environmental and economic
performance. These perspectives collectively position environmental practices not as compliance burdens, but as
strategic enablers capable of enhancing a firm’s adaptability, resilience, and capacity for innovation.

Recent empirical research has reinforced these theoretical claims by demonstrating that CP practices—ranging
from resource efficiency and waste minimisation to circular economy initiatives and process redesign—are
reported to be associated with operational, environmental, and economic benefits (Al Kaabi et al., 2025). Firms
integrating CP into their management systems, quality structures, and innovation processes are more likely to
achieve eco-efficiency, respond effectively to market and regulatory changes, and strengthen their competitive
position (Oliveira Neto et al., 2020). Despite these advancements, CP is often treated as a technical or operational
tool rather than a strategic pathway for building sustainable competitiveness.

At the same time, sustainable competitiveness has emerged as a key framework in policy and management
research. Rather than focusing solely on costs, productivity, or short-term profits, sustainable competitiveness
emphasises the capacity to generate long-term economic value while safeguarding environmental integrity and
social well-being (Balkyté & Tvaronavi¢iené, 2010). Recent studies highlight innovation, environmental, social,
and governance (ESG) performance, resilience, and sustainability-oriented capabilities as foundational elements
of sustainable competitiveness. However, CP is often included as a secondary indicator within composite indices
rather than being conceptualised as an active, dynamic process that may contribute to sustainable competitiveness
(Zhang et al., 2025).

Research on eco-innovation similarly confirms the potential of environmental innovations-new products,
processes, digital tools, and circular business models-to improve firm competitiveness, particularly when
integrated into strategic and organisational systems (Adams et al., 2016; Barriga Medina et al., 2022;
Lewandowska et al., 2022). However, most eco-innovation studies emphasise innovation outputs (e.g., patents,
Research and Development (R&D) intensity) rather than underlying CP pathways, organisational learning
processes, and capability development mechanisms through which firms may shift from reactive compliance to
more proactive strategic engagement and leadership (Cai & Li, 2018; Tariq et al., 2025).

These issues are especially salient in emerging and transition economies. Firms in such contexts often face
fragmented regulatory environments, resource constraints, and limited access to green finance, which push them
toward short-term compliance rather than long-term strategic investment (Huang, 2025). At the same time,
growing exposure to global supply chains, ESG requirements, and low-carbon market opportunities creates
pressure for deeper organisational change and leadership in CP (Mohammed, 2026). Understanding how
companies across differing institutional contexts navigate the transition from compliance-driven CP to strategy-
driven CP constitutes a notable theoretical gap.

Despite substantial research on CP, eco-innovation, environmental management systems, and sustainable
competitiveness, several critical gaps remain. First, existing CP literature tends to emphasise technical options,
operational efficiency, and environmental performance, rather than treating CP as a strategic capability that
enhances long-term competitiveness (Mady et al., 2023). Second, limited empirical evidence documents how CP
both evolves along a compliance-efficiency-strategy continuum and aligns with capability development, as
outlined in NRBV theory (Alkaraan et al., 2024; Hart, 1995). Third, little comparative research has investigated
how institutional environments shape the development of CP practices in emerging and developed economies,
thereby limiting the understanding of the conditions under which CP contributes most effectively to sustainable
competitiveness (Geng et al., 2025).

Against this backdrop, this study examines how CP evolves from a compliance-oriented environmental practice
into a strategically embedded organisational capability. Drawing on the NRBV and the Porter Hypothesis, the
study develops and empirically explores a compliance-efficiency-strategy trajectory, using qualitative content
analysis of six energy-intensive firms operating in different institutional contexts.

The study does not seek statistical generalisation. Instead, it aims for analytical generalisation by tracing how
CP is framed, implemented, and linked to selected proxies of sustainable competitiveness across theoretically
relevant cases. These proxies include reported operational-efficiency gains, ESG-related positioning, access to
sustainable finance, integration with innovation and circularity initiatives, and evidence of strategic embedding in
governance and investment decisions.

This study addresses these gaps by examining how CP evolves from a compliance-oriented environmental
practice into a strategic capability that may support sustainable competitiveness. Grounded in the NRBV and
informed by the literature on CP, eco-innovation, and sustainability-oriented capabilities, this study analyses how
firms integrate CP into their strategic processes, which organisational mechanisms support this integration, and
how these mechanisms are associated with economic, environmental, and reputational outcomes. The central
research question guiding this paper is: How can CP be transformed from a compliance-oriented environmental
practice into a strategic approach that enhances firms’ sustainable competitiveness?

This paper makes three main contributions. First, it conceptualises CP as a dynamic strategic capability,
extending the NRBV and the sustainability-oriented innovation theory. Second, it develops and empirically
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illustrates a compliance-efficiency-strategy trajectory for CP, identifying distinct practices, capabilities, and
performance outcomes throughout this evolution. Third, it offers practical and policy insights for firms-particularly
in emerging markets-seeking to leverage CP not only to meet regulatory requirements but also to strengthen their
long-term, sustainability-driven competitive position.

2. Literature Review

CP emerged in the early 1990s as a preventive, efficiency-oriented strategy designed to reduce waste, emissions,
and resource use throughout production systems. Unlike end-of-pipe approaches, CP integrates environmental
considerations directly into product and process design, enabling firms to achieve ecological benefits alongside
cost and productivity gains. Early empirical evidence demonstrated that CP measures-such as energy recovery,
waste minimisation, and material substitution-generated measurable operational efficiencies, illustrating that
environmental responsibility and profitability can complement one another (Salami & Klinghoffer, 2025).
However, much of this literature still treats CP primarily as a preventive or efficiency-oriented production practice
rather than as a staged strategic capability-development process.

As CP practices matured, the concept expanded beyond technical interventions to encompass broader
management principles that support sustainability-oriented innovation, organisational learning, and circular
resource flows (Ghormare et al., 2024; Nasrollahi et al., 2020). Contemporary CP research increasingly links CP
with eco-innovation, environmental management systems, life-cycle thinking, and circular economy practices. Yet
these studies rarely explain how such practices become embedded in strategic decision-making over time.
Adoption drivers range from regulatory pressures and stakeholder expectations to technological innovation and
firm capabilities (Maldonado et al., 2025; Tu et al., 2025). In emerging economies, CP is increasingly recognised
as a means of overcoming institutional constraints and improving competitiveness (Nasrollahi et al., 2020; Wang
etal., 2023).

The transition from compliance to strategy represents a major paradigm shift in corporate environmental
management. Earlier work has shown that firms often view environmental practices as necessary costs incurred to
satisfy regulatory requirements (Haile & Singh, 2025). However, seminal contributions by Hart (1995) and Porter
& van der Linde (1995) reframed environmental practices as potential drivers of innovation and competitiveness.
Subsequent studies have demonstrated how integrating environmental management into strategic planning leads
to superior financial, reputational, and operational outcomes (Barney et al., 2011; Russo & Fouts, 1997). CP, as
an operational embodiment of this integration, enables firms to build dynamic capabilities associated with
continuous innovation, stakeholder engagement, and resource efficiency (Andersén, 2021). Empirical studies
suggest that proactive environmental strategies are associated with efficiency gains, reputational benefits, and
improved risk management. However, the specific pathway through which CP moves from compliance to strategic
integration remains underexplained.

Research on eco-innovation reinforces the strategic potential of CP by demonstrating that environmental
innovations-such as new green products, resource-efficient processes, and circular business models-strengthen
both environmental and economic performance (Adams et al., 2016; De Marchi, 2012). Eco-innovation studies
generally associate environmental innovation with stronger market positioning, stakeholder legitimacy, and
sustainability-related performance (Méndez-Leon et al., 2024; Shahbaz & Malik, 2025). Nevertheless, this
literature often focuses on innovation outputs, such as green products, patents, or R&D activity, rather than on the
CP routines and organisational learning processes that precede strategic integration.

CP provides the operational foundation for eco-innovation, while eco-innovation adds technological and
strategic depth; together, they form the core of sustainability-oriented innovation (Alkaraan et al., 2024; Nasrollahi
et al., 2020; Severo et al., 2017). However, the effectiveness of this relationship depends on internal capabilities
and external institutional conditions (Rifai et al., 2025). In emerging economies, institutional voids and resource
constraints often hinder sustained investment in CP and eco-innovation, leading to uneven adoption and
performance variability (Austin et al., 2025). Therefore, the CP—eco-innovation link needs to be examined not
only as a performance relationship, but also as a capability-building process shaped by organisational and
institutional conditions.

Sustainable competitiveness extends traditional competitiveness by integrating economic performance,
environmental stewardship, and social resilience (Balkyté & Tvaronavi¢iené, 2010; Wang et al., 2023). At the firm
level, it refers to the ability to generate long-term value while managing resource constraints, stakeholder pressures,
and systemic risks (Cavaco & Machado, 2015). Innovation, digitalisation, and ESG-oriented governance systems
have emerged as critical determinants of sustainable competitiveness (Marczewska et al., 2025).

CP contributes directly to sustainable competitiveness by enhancing resource efficiency, embedding
sustainability within organisational routines, and strengthening corporate legitimacy. Firms with integrated CP
practices and strong sustainability-oriented capabilities tend to outperform their peers in productivity, innovation,
and market competitiveness (Larabi, 2026; Pereira-Moliner et al., 2012). Sustainable competitiveness can thus be
understood as an emergent outcome of long-term CP integration coupled with strategic intent and organisational
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learning.

Despite the growing literature on CP, eco-innovation, and sustainable competitiveness, these research streams
remain only partially integrated. CP studies often emphasise technical options, operational efficiency, and
environmental performance, while eco-innovation research tends to focus on innovation outputs rather than the
underlying organisational routines that enable strategic transformation. Similarly, sustainable competitiveness
studies frequently treat environmental practices as aggregate indicators instead of examining how they become
embedded in firm-level strategy. As a result, limited research explains how CP evolves from compliance-oriented
adoption into a strategically embedded capability, particularly across different institutional contexts. To address
this gap, this study conceptualises CP as a staged strategic capability-development process. Building on the NRBV
and sustainability-oriented innovation literature, it develops a compliance—efficiency—strategy trajectory and
examines how this trajectory appears across six energy-intensive firms operating in different institutional contexts.

3. Methodology
3.1 Research Design

This study employs a qualitative, multiple-case, content-analysis design to investigate how CP evolves from a
compliance-oriented practice into a strategic capability that supports sustainable competitiveness. A qualitative
approach enables an in-depth examination of organisational learning processes, managerial interpretations, and
contextual dynamics, while a multiple-case design ensures analytical generalisation across diverse regulatory and
industry settings (Krippendorff, 2018; Mayring, 2021; Wdcik et al., 2025). The research is anchored in the NRBV
(Barney et al., 2011; Hart, 1995) and the sustainability-oriented innovation literature (Adams et al., 2016), which
jointly inform the analytical framework and the interpretation of the findings.

3.2 Case Selection and Scope

A purposive sampling strategy was adopted to ensure heterogeneity and cross-contextual validity. Six firms
operating in energy-intensive and manufacturing sectors were selected based on three criteria: (a) public
availability of detailed sustainability and cleaner-production disclosures; (b) operations across distinct institutional
and regulatory environments; and (c) availability of sustainability and integrated reports covering the 2020-2024
reporting period.

The final sample comprises three European multinationals—Enel, E.ON, and TotalEnergies—and three Turkish
firms—Enerjisa, Tiipras, and Sisecam. Data were collected from corporate sustainability reports, integrated reports,
policy documents, ESG disclosures, and third-party assessments (CDP, Sustainalytics, MSCI, and Refinitiv). This
longitudinal dataset provides robust evidence of changes in CP practices and strategic integration over a five-year
period.

This study deliberately focuses on large, publicly listed, energy-intensive firms rather than small- and medium-
sized enterprises (SMEs). This sampling decision is motivated by theoretical and methodological considerations.

First, large firms operating in energy-intensive sectors are more likely to implement CP practices across multiple
organisational layers, ranging from regulatory compliance and operational efficiency to strategic integration. As
such, they provide a suitable empirical context for observing the full compliance-efficiency-strategy trajectory
proposed. SMEs, by contrast, often adopt CP in a fragmented or project-based manner, which limits visibility into
long-term capability development.

Second, publicly listed firms are subject to stringent disclosure requirements and regularly publish sustainability,
integrated, and ESG reports aligned with international standards such as the Global Reporting Initiative (GRI).
This ensures data availability, transparency, and longitudinal comparability-key requirements for qualitative
content analysis and cross-case synthesis.

Third, the strategic relevance of CP is more pronounced in large firms due to their capital intensity, regulatory
exposure, and stakeholder scrutiny. These firms face greater pressure from investors, regulators, and global value
chains, which makes them more likely to translate CP from an operational necessity to a strategic capability.

Accordingly, the selected cases are not intended to represent all firm types statistically, but rather to enable
analytical generalisation by capturing theoretically rich and information-dense cases. This approach aligns with
established methodological guidance for multiple-case qualitative research, where depth, comparability, and
theoretical relevance take precedence over population representativeness.

These six firms were selected not merely because they publish sustainability reports, but because they provide
theoretically relevant variation across three dimensions: sectoral energy intensity, visibility of CP-related
disclosures over time, and institutional contrast between mature EU sustainability regimes and an emerging-
economy setting. Within the Turkish context, Enerjisa was selected because it offers clear evidence of electricity-
distribution dynamics and digital-efficiency initiatives, Tiipras because it represents a highly energy- and
emissions-intensive refining context, and Sigsecam because it provides a relevant manufacturing case characterised
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by circularity practices and fuel-substitution efforts. Within the European context, Enel was selected for its strong
emphasis on circular strategy and strategic embedding, E.ON for its system-level integration of network
transformation and digital infrastructure, and TotalEnergies for its transition-oriented reinvestment logic and low-
carbon repositioning. Taken together, these cases provide a comparative basis for tracing how CP is framed,
implemented, and strategically embedded across different sectors and institutional environments.

3.3 Data Collection and Coding Procedures

The study employs a hybrid content analysis approach, systematically combining deductive and inductive
coding procedures (Krippendorff, 2018; Mayring, 2021). The deductive framework was derived from two streams
of the literature: the NRBV (Barney et al., 2011; Hart, 1995) and the established CP dimensions. Three overarching
categories were defined:

(1) Regulatory Compliance—Ilegal adherence, environmental reporting, 1SO 14001 certification.

(2) Operational Efficiency—waste reduction, resource optimisation, cost-saving process improvements.

(3) Strategic Integration—innovation initiatives, stakeholder engagement, ESG-linked investments.

To ensure cross-case comparability, these categories were mapped onto the relevant GRI Standards (301-308;
401-419).

Inductive coding involved iterative readings, resulting in subcodes, including circular product design, digitalised
production, green R&D trajectories, and sustainability-oriented supply-chain collaboration. Two independent
coders applied all codes using NVivo 14; intercoder reliability reached Cohen’s x = 0.87, indicating high
agreement. Discrepancies were resolved through consensus, ensuring the validity of category definitions and
coding logic.

To improve classification transparency, Table 1 expands the coding structure by explicitly linking first-order
codes and second-order categories to stage-assignment rules, dynamic capability indicators, and selected proxies
of sustainable competitiveness. This structure ensures that case classification is based not on isolated disclosures,
but on repeated, theory-informed patterns observed across documents and reporting periods.

Table 1. Overview of the coding logic, stage assignment, and analytical structure

i - . - Sustainable
Anfgltellc al Description Example Stage ARstllgnment Dynamlgi((:;atg?blhty Competitiveness
Proxy
Corporate
sustainability,
integrated, Sources were Reported efficiency

Tiipras Integrated

annual, and ESG Annual Report 2025;

reports published

Data Enel Integrated
source be;\r/]v;eeré‘?ZO Annual Report 2025;
supported t])y CDP/Sustainalytics
selected third- summartes
party ESG
assessments
Descriptive codes “
capturing explicit IS.O 14.00},_
Cleaner . certlﬁc_atlon ;
First-order Production (CP)- _ Cnerey Intensity
codes related reductl.on ; “digital
statements in metering”; “cullet
corporate recycling”; “green
disclosures bond issuance”
Aggregated Regul_atory.
categories comphance,
Second- reflectin Operational eco-
order underlvin gCP efficiency; Digital
categories mecthigms integration; Circular
ACIOSS Cases innovation; ESG-
linked investment
Ti?'::rrl_s?c:iir Compliance-driven
Analytical - CP; Efficiency-driven
A - derived through .
dimensions axial coding and CP; Strategy-driven
Cross-case cP

included only when
they provided
repeated and
traceable CP-related
disclosures across
reporting periods

Repeated evidence of
sustainability-related
opportunity recognition, finance alignment,
investment action, and  innovation integration,
organisational embedding strategic sustainability
positioning

gains, ESG
positioning, green

Sensing-related codes:  Explicit references to
risk/opportunity recognition; operational savings,
Seizing-related codes: emissions/intensity
investment/process reductions, ESG

Individual codes
were not used alone
for final stage

classification; they  redesign; Reconfiguring- improvements,
had to recur across related codes: governance, investor relevance,
documents and years supply-chain, or strategy product/process
integration innovation

Categories were used
to identify whether
CP remained
compliance-oriented,
became efficiency-
oriented, or reached
strategy-level
integration
Compliance-driven:
CP framed mainly as
legal adherence,
certification, and
legitimacy.

Eco-efficiency
outcomes, reputational
signals, access to
sustainable finance,
low-carbon strategic
repositioning

Pollution prevention;
Resource efficiency;
Organisational learning;
Strategic reinvestment;
Capability reconfiguration

Sensing: identifying
sustainability
pressures/opportunities.
Seizing: implementing CP
investments and redesign.

Evidence of stronger
ESG orientation,
innovation capacity,
efficiency
performance, green-
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comparison Efficiency-driven: CP Reconfiguring: embedding finance relevance, and

linked to cost CP into governance, long-term strategic
savings, resource innovation, and business embedding
optimisation, and strategy
process
improvement.

Strategy-driven: CP
linked to innovation,
capital allocation,
governance, and
long-term value

creation
Llnkz_ig_e of Flnal_ |nterp_retat|on Sustainable
empirical required alignment

NRBYV: pollution prevention ~ competitiveness
and strategic environmental interpreted through
capability; Dynamic observable qualitative

categories to the Pollution prevention;  between coded
Theoretical NRBV, dynamic Dynamic capabilities;  disclosures and
alignment  capabilities Innovation-led theory-informed

perspective, and  competitiveness  stage criteria rather capabilities: 515:”5”?9' prOé(_IeS rather tlhan
Porter than author seizing, reconfiguring irect causa
Hypothesis judgement alone measurement

Note: CP = Cleaner production; ESG = Environmental, social, and governance; NRBV = Natural Resource-Based View.
3.4 Data Analysis

Data analysis followed a three-stage, theory-driven sequence to ensure systematic rigor and cross-case
comparability.

Stage 1: Descriptive Coding

All explicit and implicit CP practices were identified and categorised to construct within-case profiles of
compliance, efficiency, and strategic actions.

Stage 2: Pattern Coding

Descriptive codes were condensed into higher-order themes linking CP activities to competitive outcomes-such
as cost reduction, process and product innovation, and improvements in corporate reputation. These themes reflect
NRBYV constructs and sustainability-oriented innovation pathways.

Stage 3: Cross-Case Synthesis

Patterns were examined using constant-comparative techniques across developed (EU) and emerging (T Urkiye)
contexts to identify structural differences, contextual enablers, and capability trajectories. This synthesis informed
the development of a three-phase compliance-efficiency-strategy model of the evolution of CP.

Triangulation of academic literature, corporate press releases, and third-party ESG ratings enhanced the
analytical robustness and reduced single-source bias (Alkaraan et al., 2024; Arvidsson & Dumay, 2022). The
resulting framework provides an empirically grounded explanation of how CP transforms from an operational
requirement into a strategic capability.

Case-stage classification was not based on isolated disclosures but on repeated evidence across multiple
reporting years and categories. A firm was coded as strategy-driven only when CP-related actions were explicitly
linked to innovation, investment, governance, or long-term value creation, rather than to compliance or efficiency
alone.

3.5 Validity, Reliability, and Ethical Considerations

Because sustainability reports may contain symbolic or impression-management disclosures, the analysis did
not treat corporate statements as self-validating evidence. Wherever possible, claims were cross-checked against
third-party ESG assessments, repeated disclosures across years, and observable strategic signals such as green
bond activity, taxonomy alignment, or sustained capital allocation toward low-carbon initiatives.

Construct validity was ensured through multi-source triangulation using corporate documents, ESG assessments,
and peer-reviewed research. External validity was strengthened by benchmarking the findings against established
frameworks, including Porter & van der Linde (1995)’s innovation hypothesis and the World Economic Forum’s
sustainable competitiveness pillars (Balkyté & Tvaronavi¢iené, 2010). Reliability was enhanced through an audit
trail documenting coding decisions, NVivo structures, and version-controlled memos. Because the study relied
exclusively on publicly available documents, it did not involve human subjects or confidential data, thereby
ensuring full compliance with ethical standards. Potential reporting biases were mitigated by triangulation with
third-party ESG evaluations. Nevertheless, the document-based design cannot fully eliminate greenwashing risk,
which should be considered when interpreting stage maturity and competitiveness outcomes.
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3.6 Methodological Contribution

Methodologically, the study advances CP research by applying a longitudinal multiple-case content analysis
that captures both the temporal evolution and the institutional variation in CP practices. The integration of NRBV
with sustainable competitiveness frameworks bridges environmental management research and strategic capability
development. By operationalising the compliance-efficiency-strategy trajectory using GRI-aligned indicators and
transparent coding procedures, the study offers a replicable analytical model to examine the maturation of CP
capabilities. The methodological rigour-ensured through triangulation, explicit coding structures, and a detailed
audit trail-strengthens the credibility of the findings and demonstrates how CP can evolve into a strategic capability
that supports sustainability outcomes.

4. Findings

To enhance analytical transparency and address potential subjectivity in interpretation, Table 2 presents a
structured cross-case comparison of CP practices, coding categories, stage assignment logic, dynamic capability
indicators, and associated competitiveness proxies.

The findings reveal that CP adoption does not follow a uniform trajectory across firms, but instead reflects
differentiated patterns of capability development. Turkish firms (Tiipras, Sisecam, Enerjisa) predominantly exhibit
compliance-driven and efficiency-driven CP characteristics, whereas European firms (Enel, E.ON, TotalEnergies)
show stronger evidence of more advanced forms of CP integration, including elements of strategic embedding.
However, this distinction should not be interpreted as a strict dichotomy, but rather as a continuum with
intermediate positions.

Across all cases, stage classification is based not on isolated disclosures but on repeated patterns observed across
reporting periods. A firm is classified as strategy-driven only when CP is explicitly embedded in innovation,
governance, and long-term strategic positioning, rather than being limited to compliance or efficiency
improvements.

Importantly, the relationship between CP maturity and sustainable competitiveness should be interpreted with
caution. While the evidence suggests that more advanced CP integration is associated with stronger ESG
positioning, innovation orientation, and efficiency improvements, the analysis relies on qualitative proxies rather
than direct causal measurement. Therefore, the findings should be understood as indicative of a structured
relationship rather than as definitive proof of causality.

Table 2. Cross-case evidence for cleaner production (CP) stage assignment and competitiveness proxies

. Key CP P_r|mary Coding  Stage Assignment Dynamic Capability CompetitivenessCaution/Li
Firm - Disclosure - o
Practice Basis Category Rationale Marker Proxy mitation
Evidence
Enerjisa shows . supports a
: Sensing: -
repeated evidence of . N transition
- identification of
Annual CP being used P from
A system inefficiencies - .
L report and beyond compliance ) Efficiency  compliance
Digital S - and energy losses; .
. sustainability . and linked to L9 improvement, to
metering, Operational . Seizing: digital . -
’ -related efficiency and - ESG-maturity efficiency,
smart-grid . eco- - metering and smart- .
. . disclosures L . operational S . signals, stronger  but full
Enerjisa investments, . efficiency; . grid investments; A
- referring to P improvement. o sustainability  strategy-
loss reduction, . Digital . Reconfiguring: IR -
digital . . However, evidence . : positioning in driven
energy-flow R integration . partial integration - -
L9 optimisation of full organisation- . energy integration
optimisation . - into broader LSS .
and network wide strategic P distribution remains
- L9 sustainability and -
efficiency embedding is still developing
. network-
partial rather than . rather than
management logic
complete. fully
established
ISO 14001-  Integrated Tiiprag remains  Sensing: recognition Strategic
based annual report primarily positioned  of environmental capability
environmental emphasising between compliance- compliance Process- claims
- Regulatory . - . - .
management, compliance . . driven and requirements; efficiency gains, should be
- compliance; .. . . L - .
. pollution systems, - efficiency-driven CP. Seizing: efficiency- environmental interpreted
Tiipras ? Operational - - . !
control, heat- environmenta CP is repeatedly oriented process legitimacy,  cautiously
recovery | o framed as necessary ~ improvements; resource because
efficiency . o O .
systems,  management, for operational Reconfiguring: optimisation  disclosures
closed-loop and selected legitimacy and limited evidence more
water practices  process- process optimisation, beyond operational strongly
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efficiency but evidence of adaptation support
improvement strong innovation- or compliance
S governance-level deepening
strategic embedding and
is limited. efficiency
than full
strategic
transformat
ion
Sisecam Stronger
Sustainability demonst_r a_tes Sensing: recognition than pure
stronger efficiency- A compliance
Cullet and annual - of emissions and -
. . driven CP and some . L , but still
recycling, reporting . . material-efficiency Resource
. . n 2 Operational early strategic o 2 - . better
alternative  highlighting : pressures; Seizing: circularity, .
- eco- signals through . interpreted
fuels, energy-  recycling, L . ; . recycling and lower-carbon
. : - efficiency; circularity-related . - as
Sisecam intensity fuel - - alternative-fuel production
> N Circular  practices. However, . o L advanced
reduction,  substitution, . . - implementation; positioning, L
production evidence of CP being R, - efficiency-
lower-carbon and . . Reconfiguring: ~ operational eco- .
- e practice fully embedded in - - driven CP
production  emissions- canital allocation or partial movement efficiency with
practices intensity gor orate-wide toward circular emerdin
improvement P production routines ging
strategic governance strategic
remains limited. elements
Although
strategicall
Sensing:
Circular Enel provides identification of advanced,
Integrated . S .
economy repeated and explicit  sustainability Strategic the
- : annual report - o hond .
integration, explicit] Strategic evidence that CP-  opportunitiesand  sustainability  evidence
sustainability- IiFrJlkin y inte rat%on' related practices are transition pressures;  positioning,  still comes
oriented . g d ' embedded in Seizing: integration  innovation primarily
. circularity  Circular . : ] by - .
infrastructure . . innovation, of circular principles  orientation, from
Enel . and innovation; . L .
planning, S - infrastructure into operations and  stronger long-  corporate
. sustainability ESG-linked . L :
product design - - planning, and long- planning; term value-  disclosures
. to planning,  strategic . A - .
alignment, - - term value creation.  Reconfiguring:  creation framing, and should
. design, and embedding S - . -
investment- This justifies embedding into  investor-facing not be read
value S L
related . classificationas  design, investment, ESG relevance as causal
- creation .
embedding strategy-driven CP.  and governance proof of
processes competitiv
eness
effects
Sensing: E.ON may
E.ON shows - ensing. be
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direction classification as of resources and reported
strategy-driven CP. capability base transition
outcomes

are not

fully
comparable

across all

firms

Reported efficiency- or cost-related figures are treated as firm-specific disclosure indicators rather than directly
comparable performance measures, because firms differ in sector, reporting boundaries, baseline years, and
calculation methods. The cross-case analysis suggests that institutional environments may be associated with
differences in CP trajectories and strategic embedding.

European firms operate within stable regulatory frameworks, stringent disclosure obligations, and strong market
incentives for decarbonisation. This institutional support appears to be associated with earlier and more cohesive
integration of CP into strategy, innovation, and investment systems.

By contrast, Turkish firms face regulatory inconsistencies, limited enforcement, and constrained access to
sustainable finance. Consistent with the emerging-economy literature, these conditions appear to be associated
with stronger compliance- and efficiency-oriented practices, but slower progress in the strategic embedding of
those practices.

Table 3 summarises the relative positioning of the six firms along the CP trajectory based on cross-case evidence.
Stage assignment is not derived from isolated disclosures, but from repeated patterns observed across reporting
periods and coding categories. The final column presents qualitative proxies of sustainable competitiveness,
reflecting observable signals such as efficiency improvements, circularity practices, ESG-related positioning, and
strategic embedding in investment and governance processes.

Table 3. Comparative positioning of firms along the cleaner production (CP) trajectory

Firm Comp_llance- Efflc_lency- Stra_tegy- Sustainable-Competitiveness Proxy
Driven Driven Driven
Enerjisa % v A Digital efficiency m_tegratlon; ESG maturity
signals
Tiipras v v A Process efficiency and compliance deepening
Sisecam % v A Resource circularity ano_l emissions-intensity
reduction
Enel - v % Capital allocation and_cwcular-strategy
embedding
E.ON - v % System-level d_lgltal |nteg_rat|0n and investor-
facing ESG alignment
. Transition-oriented reinvestment and low-carbon
TotalEnergies — v v - o
strategic repositioning
Note: v =strong implementation; A = developing; — = limited.

Importantly, the classification should be interpreted as indicative rather than absolute. In several cases, firms
exhibit partial or transitional characteristics (A), suggesting uneven progression across stages rather than a strictly
linear trajectory.

This structured comparison enhances transparency by making the link between empirical evidence, coding logic,
and theoretical interpretation explicit.

To illustrate the analytical categories identified in the cross-case analysis, this section presents selected excerpts
from corporate sustainability and integrated reports. These excerpts provide illustrative evidence of how CP
practices are framed, implemented, and progressively integrated across firms and institutional contexts.

In the compliance-driven stage, CP is predominantly framed in terms of regulatory alignment and certification.
For instance, Tiipras emphasises that environmental management is grounded in compliance-oriented systems,
stating that “environmental compliance and adherence to national and international regulations remain the
foundation of our sustainability approach, supported by 1SO 14001 -certified environmental management systems”
(Tipras, 2025). This framing reflects a rule-based logic in which CP is positioned primarily as a mechanism for
legitimacy and risk mitigation rather than as a strategic resource.

As firms progress toward efficiency-driven integration, CP practices are more frequently framed in relation to
operational improvements and reported performance outcomes. Sisecam reports that “cullet recycling and
alternative fuel use have reduced energy intensity and carbon emissions across selected production lines” (Sisecam,
2025), highlighting how CP contributes to eco-efficiency and cost reduction through process optimisation.
Similarly, Enerjisa notes that “digital metering and smart-grid investments enable real-time optimisation and
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reported loss-reduction” (Enerjisa, 2025), illustrating how digitalisation supports the routinisation of CP within
operational systems.

European firms exhibit more advanced CP integration at the systems and infrastructure levels. EON (2025)
explicitly frames its distribution networks as enablers of cleaner and more efficient energy systems, stating that
“distribution networks are being transformed into intelligent platforms that manage complex energy and data flows,
enabling efficient integration of renewable energy”. This indicates an advanced, efficiency-driven model in which
CP is embedded within network management and digital infrastructure rather than being articulated as a standalone
environmental programme.

At the strategy-driven stage, CP is explicitly linked to corporate strategy, capital allocation, and long-term value
creation. Enel highlights that “circular economy principles are embedded in infrastructure planning, product design,
and investment decisions, positioning sustainability as a core driver of value creation” (Enel, 2025), thereby
suggesting a more advanced level of CP into corporate decision-making processes. Likewise, TotalEnergies frames
CP as a strategic lever for transformation, noting that “reported efficiency improvements from CP initiatives are
reinvested in low-carbon energy projects and innovation pathways” (TotalEnergies, 2025), thereby linking
operational efficiency to capability reconfiguration and long-term competitiveness.

Taken together, these excerpts provide illustrative support for the compliance-efficiency-strategy trajectory
identified in the cross-case analysis. They illustrate how CP may evolve from a compliance mechanism into an
operational capability and, in more advanced cases, into a strategically embedded resource.Three recurring
mechanisms appear to support firms’ progression along the CP trajectory. First, standardisation through ISO and
GRI frameworks may create a foundation for more adaptive ESG and innovation-oriented management systems.
Second, reported efficiency gains and process improvements are sometimes linked in corporate disclosures to
green R&D, digitalisation, and sustainable product development. Third, CP routines appear to become embedded
in training, supplier collaboration, and cross-functional sustainability practices, thereby supporting organisational
learning. Three overarching insights summarise the empirical findings:

(1) CP follows an evolutionary pathway, shifting from regulatory compliance to internal efficiency and
ultimately to strategic integration.

(2) CP appears to be associated with dual value signals by simultaneously enhancing internal operations and

strengthening external legitimacy through improved innovation and ESG performance.

(3) Institutional context strongly influences CP outcomes, with firms in supportive policy and financial

ecosystems achieving more advanced strategic integration.

Overall, the evidence suggests that CP is not merely a technical or environmental function but a strategic
management process. Firms that embed CP within innovation systems, governance structures, and stakeholder
relations appear more likely to report stronger operational, environmental, and reputational signals.

5. Discussion

This section interprets the empirical findings through the theoretical lenses of the NRBV, the Porter Hypothesis,
and the sustainable competitiveness literature. The results suggest that CP does not operate as a static
environmental practice but evolves into a strategic capability that may support firms’ competitiveness across
diverse institutional contexts.

5.1 From Compliance to Strategic Integration

The findings suggest that CP develops through an evolutionary capability-building trajectory. In the initial stage,
firms tend to adopt CP primarily in response to environmental regulations, certification requirements, and external
enforcement pressures. This compliance-driven orientation, which is particularly visible among the Turkish firms
in the sample, is consistent with prior research identifying regulatory pressure as a key driver of CP adoption
(Habib et al., 2022; Li, 2025; Oliveira Neto et al., 2020; Tatoglu et al., 2019).

As CP becomes more deeply embedded in organisational routines, firms begin to internalise environmental
practices in ways that generate process efficiency, operational learning, and accumulated tacit knowledge. These
internal gains create the conditions for a broader strategic role of CP. In this sense, the progression from
compliance to strategic integration reflects Hart (1995)’s NRBV, which proposes that environmental practices can
evolve into valuable and difficult-to-imitate organisational capabilities when linked to core business activities.
Rather than remaining a short-term regulatory response, CP increasingly may become part of a longer-term
capability-development process (Andersén, 2021; Barney et al., 2011).

5.2 Cleaner Production as a Dynamic Capability

The findings indicate that CP may function as a dynamic capability when it supports resource reconfiguration,
adaptive responsiveness, and continued innovation in the face of sustainability-related pressures. This pattern is
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particularly visible in firms such as Enel, E.ON, and TotalEnergies, where CP is connected to digital
transformation, R&D programmes, human capital development, and sustainability governance structures (EON,
2025; TotalEnergies, 2025). Such alignments appear to enhance absorptive capacity and strengthen firms’ ability
to sense and seize emerging sustainability opportunities (Alkaraan et al., 2024; Russo & Fouts, 1997).

From this perspective, CP is not simply an environmental tool but an evolving set of organisational routines that
may be associated with environmental, operational, reputational, and financial value over time. This interpretation
remains consistent with the NRBV, while adding a stronger process-oriented understanding of how CP becomes
strategically meaningful as it is embedded more deeply within organisational systems. These findings are also in
line with prior research showing that environmental capabilities contribute more effectively to firm performance
when supported by managerial commitment and complementary assets (Andersén, 2021; Aryee et al., 2025; Yi &
Demirel, 2023).

5.3 Qualitative Evidence Consistent with the Porter Hypothesis

The findings provide qualitative evidence broadly consistent with the Porter & van der Linde (1995) hypothesis.
Across the cases, CP-related initiatives were frequently framed as cost-saving and efficiency-enhancing, although
directly comparable firm-level financial effects were not uniformly disclosed.

Strategic uses of CP, such as Enel’s circular economy initiatives and TotalEnergies’ renewable energy
expansion, are consistent with Porter’s “innovation compensation effect”. Rather than imposing competitive
burdens, environmental expectations appear to be associated with technological and organisational creativity. This
pattern is consistent with contemporary findings indicating that proactive sustainability strategies yield greater
innovation and long-term competitive advantage (Cater et al., 2025; Hermundsdottir & Aspelund, 2022; Javeed et
al., 2022; Villegas et al., 2026).

5.4 Cleaner Production and Sustainable Competitiveness

The findings suggest that more advanced CP integration is associated with stronger qualitative signals of
sustainable competitiveness, defined as the ability to maintain a long-term competitive advantage while
simultaneously improving environmental and social outcomes (Balkyté¢ & Tvaronavi¢iené, 2010; Kusuma &
Jumantoro, 2025). Firms that reached the strategy-driven stage reported stronger signals of innovation capacity,
gained greater stakeholder legitimacy, achieved higher ESG scores, and strengthened their market positioning.

European firms benefited from coherent regulatory frameworks, predictable disclosure requirements, and access
to sustainable finance, enabling them to integrate CP into strategic planning and investment processes. Meanwhile,
Turkish firms exhibited strong efficiency-based gains but limited strategic embedding, reflecting weaker
regulatory enforcement, funding constraints, and institutional gaps (Nipper et al., 2025). These contrasts affirm
the importance of institutional maturity in accelerating the strategic contribution of CP.

5.5 Theoretical, Managerial, and Policy Implications

This study contributes to the academic literature in three key ways. First, it extends the NRBV by interpreting
CP as an evolving capability whose strategic significance depends on organisational embedding and institutional
context. Second, it integrates CP into the sustainable competitiveness framework, suggesting how environmental
routines contribute to a long-term strategic advantage. Third, by providing evidence from both developed and
emerging economies, the study offers contextual validation of the Porter Hypothesis, providing qualitative
evidence that environmental practices may be associated with innovation and competitiveness even in the presence
of institutional constraints.

For managers, the findings underscore the importance of treating CP as a strategic investment rather than a
compliance obligation. Integrating CP with R&D, digital transformation, supply chain governance, and ESG
reporting may support significant innovation potential, operational efficiencies, and reputational benefits.
Strengthening ESG transparency may enhance investor confidence, support access to sustainable finance, and
position firms more competitively in sustainability-driven markets.

At the policy level, the study highlights the need for stable and coherent regulatory frameworks that encourage
firms to pursue strategic-rather than reactive-environmental action. Financial instruments such as tax incentives,
green financing schemes, and technology transfer programs can accelerate firms’ strategic adoption of CP.
Additionally, strengthening ESG disclosure standards and benchmarking systems can enhance transparency and
create competitive pressure that drives improved sustainability performance across industries.

Overall, the findings suggest that CP has evolved from a technical environmental tool into a transformative
strategic capability. As firms advance along the compliance-efficiency-strategy trajectory, CP becomes embedded
within organisational routines, innovation systems, and stakeholder engagement processes. By linking ecological
responsibility with long-term competitive success, CP provides a viable pathway for firms seeking to thrive in an
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increasingly sustainability-driven global economy.
5.6 Theoretical Contribution to the Natural Resource-Based View

This study extends the NRBV by suggesting that CP should be interpreted not merely as a technical
environmental practice, but as an evolving capability with strategic implications. The findings indicate that the
value of CP increases as it becomes embedded more deeply in organisational routines, governance arrangements,
and innovation-oriented processes.

The contribution is twofold. First, the study introduces a stronger process perspective into the NRBV by showing
that environmental capabilities develop gradually rather than existing as static resources. Second, it demonstrates
that the strategic relevance of such capabilities is shaped not only by internal organisational factors but also by
institutional conditions. In this sense, the study helps clarify how environmental practices may become part of
longer-term strategic advantage.

6. Conclusion

This study examined how CP may evolve from a compliance-oriented practice into a strategic capability.
Drawing on a multi-case analysis of six firms—Enerjisa, Tiipras, Sisecam, Enel, E.ON, and TotalEnergies—the
findings suggest a three-stage progression from compliance-driven adoption to efficiency-driven optimisation and,
in more advanced cases, to strategy-driven integration.

As CP practices become more deeply embedded, they appear to generate both internal and external value.
Internally, firms report process efficiencies, operational learning, and resource-related gains. Externally, they
strengthen ESG-related positioning, stakeholder legitimacy, and broader sustainability alignment. In this sense,
the findings suggest that CP may contribute to longer-term competitiveness when integrated into strategic decision-
making and innovation processes.

The study contributes to the literature by interpreting CP as an evolving capability rather than a static
environmental practice, linking it to qualitative signals of sustainable competitiveness, and providing comparative
evidence broadly consistent with the Porter Hypothesis across different institutional settings. From a managerial
perspective, the results suggest that firms are more likely to realise strategic value from CP when it is aligned with
digital transformation, innovation activities, supply chain governance, and sustainability-oriented learning. For
policymakers, the findings highlight the importance of regulatory coherence, consistent enforcement, green-
finance incentives, and supportive disclosure frameworks in enabling firms to move beyond compliance and
toward deeper strategic integration.

7. Limitations and Future Research

Despite its theoretical and empirical contributions, this study has several limitations. First, it adopts a qualitative
multiple-case design based on six large, publicly listed, energy-intensive firms. While this approach allows for in-
depth analysis and analytical generalisation, the findings are not intended to be statistically representative of all
firms or sectors.

Second, the exclusive focus on large firms limits the transferability of the findings to SMEs, which often face
different resource constraints, reporting capacities, and regulatory pressures. For this reason, the compliance—
efficiency—strategy trajectory identified here may unfold differently in SME settings or in less energy-intensive
industries.

Third, the analysis relies on secondary document-based evidence drawn from publicly available sustainability,
integrated, and ESG reports. Although the study uses triangulation with third-party ESG assessments to reduce
reporting bias, corporate disclosures may still contain symbolic or impression-management elements. Therefore,
greenwashing risk cannot be fully excluded.

A further limitation concerns causal interpretation. Because the study is based on qualitative and document-
based evidence over a limited time horizon, it does not establish direct causality between CP maturity and
sustainable competitiveness outcomes. Instead, it identifies patterned associations across cases and institutional
contexts.

Future research could address these limitations by using mixed-methods or quantitative designs, incorporating
SME samples, extending the temporal scope, and integrating primary data such as interviews, survey evidence, or
internal performance indicators. Comparative studies across sectors and regions would also help clarify how
institutional conditions shape CP trajectories and their strategic implications.

Data Availability

The data that support the findings of this study are derived from publicly available reports, academic literature,
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and organizational case studies, all cited throughout the article. Due to the qualitative and secondary nature of the
analysis, no proprietary or raw datasets were generated or analyzed during the current study. All relevant sources
are referenced in the manuscript and are available from the corresponding author upon request.

Conflicts of Interest
The author declares no conflicts of interest.
References

Adams, R., Jeanrenaud, S., Bessant, J., Denyer, D., & Overy, P. (2016). Sustainability-oriented innovation: A
systematic review. Int. J. Manag. Rev., 18(2), 180-205. https://doi.org/10.1111/ijmr.12068.

Al Kaabi, M., Abdella, G. M., & Gindik, M. (2025). Bridging the policy-practice divide: Global systematic
mapping of circular economy implementation in construction waste. Front. Built Environ., 11, 1603851.
https://doi.org/10.3389/fbuil.2025.1603851.

Alkaraan, F., EImarzouky, M., Hussainey, K., Venkatesh, V. G., Shi, Y., & Gulko, N. (2024). Reinforcing green
business strategies with Industry 4.0 and governance towards sustainability: Natural-resource-based view and
dynamic capability. Bus. Strateg. Environ., 33(4), 3588—-3606. https://doi.org/10.1002/bse.3665.

Andersén, J. (2021). A relational natural-resource-based view on product innovation: The influence of green
product innovation and green suppliers on differentiation advantage in small manufacturing firms.
Technovation, 104, 102254. https://doi.org/10.1016/j.technovation.2021.102254.

Arvidsson, S. & Dumay, J. (2022). Corporate ESG reporting quantity, quality and performance: Where to now for
environmental policy  and practice? Bus. Strateg. Environ., 31(3), 1091-1110.
https://doi.org/10.1002/bse.2937.

Aryee, R., Adaku, E., Alfa, A. A., Quayson, S., Quartey, E., & Amoakoh, M. N. (2025). The role of organisational
citizenship behaviour and green human resource management in the relationship between circular economy
practices and firm performance. Int. J. Emerg. Mark., 21(5), 1545-1564. https://doi.org/10.1108/ijoem-12-
2024-2074.

Austin, A. A., Alatas, S., & Agbonifi, D. (2025). Financing eco-innovation in an emerging economy: The role of
internal resources, external support and government in Turkish SMEs. Sustain. Dev., 34(1), 213-226.
https://doi.org/10.1002/sd.70260.

Balkyte, A. & Tvaronaviciené, M. (2010). Perception of competitiveness in the context of sustainable development:
Facets of  “sustainable competitiveness.” J. Bus. Econ. Manag., 11(2), 341-365.
https://doi.org/10.3846/jbem.2010.17.

Barney, J. B., Ketchen, D. J., & Wright, M. (2011). The future of resource-based theory. J. Manag., 37(5), 1299—
1315. https://doi.org/10.1177/0149206310391805.

Barriga Medina, H. R., Guevara, R., Campoverde, R. E., & Paredes-Aguirre, M. I. (2022). Eco-innovation and
firm  performance:  Evidence  from  South  America.  Sustainability,  14(15), 9579.
https://doi.org/10.3390/su14159579.

Cai, W. & Li, G. (2018). The drivers of eco-innovation and its impact on performance: Evidence from China. J.
Clean. Prod., 176, 110-118. https://doi.org/10.1016/j.jclepro.2017.12.109.

Cater, T., Ursi¢, D., Cater, B., & Zabkar, V. (2025). The nexus of technological innovation, green product/process
innovation and environmental strategy: The path towards sustainability-based competitive advantage.
Technol. Anal. Strateg. Manag., 38(5), 521-535. https://doi.org/10.1080/09537325.2025.2486010.

Cavaco, N. M. & Machado, V. C. (2015). Sustainable competitiveness based on resilience and innovation—An
alternative approach. Int. J. Manag. Sci. Eng. Manag., 10(2), 155-164.
https://doi.org/10.1080/17509653.2014.975165.

De Marchi, V. (2012). Environmental innovation and R&D cooperation: Empirical evidence from Spanish
manufacturing firms. Res. Policy, 41(3), 614-623. https://doi.org/10.1016/j.respol.2011.10.002.

Enel. (2025). Integrated annual report 2024. https://www.enel.com/content/dam/enel-
com/documenti/investitori/informazioni-finanziarie/2024/annuali/en/integrated-annual-report_2024.pdf
Enerjisa. (2025). Enerjisa 2024 annual report.

https://www.enerjisainvestorrelations.com/medium/ReportAndPresentation/File/3361/: Applications: Adobe
%201InDesign%202023:Adobe%20InDesign%202023.app:Contents:MacOS:ENR_FRAT_2023_uyg71.pdf

EON. (2025). Sustainability reporting. https://www.eon.com/en/about-us/sustainability/reporting.html

Geng, Y., Zhao, S., Zhang, X., Li,J., Yan, Y., & Gao, J. (2025). Sustainable consumption and production: Research
status, evolvement, and trends over the recent two decades. Sustain. Dev., 34(1), 416-456.
https://doi.org/10.1002/sd.70270.

Ghormare, R. R. N., Fatima, S., Grover, P., Phutela, N., Kandpal, V., & Santibanez Gonzalez, E. D. R. (2024).
Exploring the paradigm shift towards sustainability: A systematic literature review on circular economy and

531



eco-innovation. AIMS Environ. Sci., 11(6), 940-959. https://doi.org/10.3934/environsci.2024047.

Habib, M. A., Karim, M. R., Dulal, M., & Munir, M. S. (2022). Impact of institutional pressure on cleaner
production and sustainable firm performance. Sustainability, 14(24), 16748.
https://doi.org/10.3390/su142416748.

Haile, M. B. & Singh, S. (2025). Corporate environmental strategy and environmental performance. Bus. Strateg.
Dev., 8(4). https://doi.org/10.1002/bsd2.70215.

Hart, S. L. (1995). A natural-resource-based view of the firm. Acad. Manag. Rev., 20(4), 986-1014.
https://doi.org/10.2307/258963.

Hens, L., Block, C., Cabello-Eras, J. J., Sagastume-Gutierez, A., Garcia-Lorenzo, D., Chamorro, C., Herrera
Mendoza, K., Haeseldonckx, D., & Vandecasteele, C. (2018). On the evolution of “cleaner production” as a
concept and a practice. J. Clean. Prod., 172, 3323-3333. https://doi.org/10.1016/j.jclepro.2017.11.082.

Hermundsdottir, F. & Aspelund, A. (2022). Competitive sustainable manufacturing—Sustainability strategies,
environmental and social innovations, and their effects on firm performance. J. Clean. Prod., 370, 133474.
https://doi.org/10.1016/j.jclepro.2022.133474.

Huang, Y. (2025). Research on the impact of green finance policy on small and medium enterprises financing. Int.
J. Glob. Econ. Manag., 8(2), 47-54. https://doi.org/10.62051/ijgem.v8n2.06.

Javeed, S. A., Zhou, N., Cai, X., & Latief, R. (2022). How does corporate management affect green innovation via
business environmental strategies? Front. Environ. Sci., 10, 1059842,
https://doi.org/10.3389/fenvs.2022.1059842.

Krippendorff, K. (2018). Content Analysis: An Introduction to its Methodology. Sage.

Kusuma, A. P. H. & Jumantoro, T. R. P. (2025). Harnessing digital transformation to accelerate sustainable
investment through environmental, social, and governance integration (ESG). Veteran Law Rev., 8(1), 28—
44, https://doi.org/10.35586/velrev.v8il.10662.

Larabi, C. (2026). Linking innovation capability, strategic orientation, and strategic renewal to sustainable
performance: A dynamic capabilities perspective in Saudi small and medium enterprises. Bus. Strateg.
Environ., 35(1), 1255-1271. https://doi.org/10.1002/bse.70229.

Leeraphong, A., Chuairuang, S., & Sukrat, S. (2025). Advancing sustainability through digital transformation:
Empirical evidence from Southeast Asian listed companies. Bus. Strateg. Dev., 8(4), 70223.
https://doi.org/10.1002/bsd2.70223.

Lewandowska, M. S., Golebiowski, T., & Roszkiewicz, M. (2022). Eco-innovation, international competitiveness
and economic performance of European Union enterprises: Triangle approach. Eur. Res. Stud. J., XXV(1),
635-645. https://doi.org/10.35808/ersj/2876.

Li, J. (2025). New infrastructure construction, institutional pressure, and sustainable development performance:
Empirical evidence from Chinese manufacturing enterprises. Sustainability, 17(19), 8551.
https://doi.org/10.3390/su17198551.

Mady, K., Battour, M., Aboelmaged, M., & Abdelkareem, R. S. (2023). Linking internal environmental
capabilities to sustainable competitive advantage in manufacturing SMEs: The mediating role of eco-
innovation. J. Clean. Prod., 417, 137928. https://doi.org/10.1016/j.jclepro.2023.137928.

Maldonado, I., Pinho, C., Silva, A., & Silva, L. (2025). Beyond regulatory pressures: Exploring the drivers of CSR
and sustainability reporting in Portuguese SMEs. Sustain. Accounting, Manag. Polic. J., 17(3), 961-983.
https://doi.org/10.1108/sampj-10-2024-1098.

Marczewska, M., Hegerty, S. W., Panwar, R., & Kostrzewski, M. (2025). Digital transformation, ESG, and
companies’ performance: An exploratory study of the European food sector. J. Technol. Transf.
https://doi.org/10.1007/s10961-025-10247-1.

Mayring, P. (2021). Qualitative Content Analysis. Sage.

Méndez-Leodn, E., Diaz-Pichardo, R., Reyes-Carrillo, T., & Rosario Reyes-Santiago, M. del R. (2024). What is
unique about sustainable business models for the base of the pyramid? Bus. Strateg. Environ., 33(3), 2345—
2366. https://doi.org/10.1002/bse.3609.

Mohammed, A. (2026). Carbon-cutting chess: Strategizing resilient low-carbon investments for supply chains.
Bus. Strateg. Environ., 35(1), 515-548. https://doi.org/10.1002/bse.70178.

Nasrollahi, M., Fathi, M. R., & Hassani, N. S. (2020). Eco-innovation and cleaner production as sustainable
competitive advantage antecedents: The mediating role of green performance. Int. J. Bus. Innov. Res., 22(3),
388. https://doi.org/10.1504/ijbir.2020.107978.

Nipper, M., Ostermaier, A., & Theis, J. (2025). Mandatory disclosure of standardized sustainability metrics: The
case of the EU Taxonomy Regulation. Corp. Soc. Responsib. Environ. Manag., 32(2), 2171-2190.
https://doi.org/10.1002/csr.3046.

Oliveira Neto, G. C. D., Tucci, H. N. P., Correia, J. M. F., da Silva, P. C., da Silva, V. H. C., & Ganga, G. M. D.
(2020). Assessing the implementation of cleaner production and company sizes: Survey in textile companies.
J. Eng. Fibers Fabr., 15, 1-12. https://doi.org/10.1177/1558925020915585.

Pereira-Moliner, J., Claver-Corté&, E., Molina-Azorm, J. F., & José Tar¥ J. (2012). Quality management,

532



environmental management and firm performance: Direct and mediating effects in the hotel industry. J.
Clean. Prod., 37, 82-92. https://doi.org/10.1016/j.jclepro.2012.06.010.

Porter, M. E. & van der Linde, C. (1995). Toward a new conception of the environment-competitiveness
relationship. J. Econ. Perspect., 9(4), 97-118. https://doi.org/10.1257/jep.9.4.97.

Rifai, M., Makduani, R., Krisnanto, B., Panus, P., & Lawalata, I. L. D. (2025). The relationship of work
environment, organizational culture, and employee welfare to financial performance. Adv. Manag. Financ.
Report., 3(3), 1129-1147. https://doi.org/10.60079/amfr.v3i3.636.

Russo, M. V. & Fouts, P. A. (1997). A resource-based perspective on corporate environmental performance. Acad.
Manag. J., 40(3), 534-559. https://doi.org/10.2307/257052.

Salami, F. & Klinghoffer, N. B. (2025). Enhancing energy recovery from waste through torrefaction: A study on
municipal solid waste (MSW) fractions under N> and CO- atmospheres. Can. J. Chem. Eng., 104(3), 1100-
1120. https://doi.org/10.1002/cjce.70095.

Severo, E. A., Guimar&s, J. C. F. de., & Dorion, E. C. H. (2017). Cleaner production and environmental
management as sustainable product innovation antecedents: A survey in Brazilian industries. J. Clean. Prod.,
142(2), 87-97. https://doi.org/10.1016/j.jclepro.2016.06.090.

Shahbaz, M. H. & Malik, S. A. (2025). The role of green HRM and intellectual capital in firm performance: A
mediated-moderated analysis. J. Intellect. Cap., 27(2), 413-439. https://doi.org/10.1108/jic-01-2025-0005.

Sisecam. (2025). 2024 Siirdiiriilebilirlik Ilkeleri Uyum Raporu. https://lwww.sisecam.com/tr/s-investor-
relations/Investor%20Relations/Material%20Disclosures/03.03.2025%202024%20S%C3%BCrd%C3%BC
r%C3%BClebilirlik%20%C4%BO0lkeleri%20Uyum%20Raporu.pdf

Tariq, M., Elahi, A. R., Zainab, Z., & Ashfag, F. (2025). Sustainable SME development: Analysis of green
pathways through leadership, culture and innovation. Int. J. Ethics Syst. https://doi.org/10.1108/ijoes-12-
2024-0396.

Tatoglu, E., Frynas, J. G., Bayraktar, E., Demirbag, M., Sahadev, S., Doh, J., & Koh, S. C. L. (2019). Why do
emerging market firms engage in voluntary environmental management practices? A strategic choice
perspective. Br. J. Manag., 31(1), 80-100. https://doi.org/10.1111/1467-8551.12351.

TotalEnergies. (2025). Sustainability & Climate 2025 Progress Report.
https://www.totalenergies.com/system/files/documents/totalenergies_sustainability-climate-2025-progress-
report_2025_en.pdf

Tu, T. M., Nguyen, P. N., Nguyen, Q. H., Phan, H. H., & Nguyen, P. K. L. (2025). Stakeholder pressure, circular
economy, and SME performance: The role of green innovation in emerging markets. E+M Econ. Manag.,
28(3), 244-260. https://doi.org/10.15240/tul/001/2025-3-015.

Tiipras. (2025). Tiipras 2024 integrated annual report. https://lwww.tupras.com.tr/assets/uploads/integrated-
report/tupras-2024-integrated-annual-report.pdf

Villegas, F., Markovic, S., Sancha, C., Davcik, N. S., Sharma, P., & Llonch, J. (2026). Circular economy: The key
link between learning orientations and competitive advantage in small and medium-sized enterprises. Bus.
Strateg. Environ., 35(1), 848-862. https://doi.org/10.1002/bse.70186.

Wang, C., Wei, Y., & Wu, L. (2023). Global eco-innovation and its local impact in emerging economies: Boundary
conditions of environmental regulations and pollution intensity. J. Prod. Innov. Manag., 40(6), 761-793.
https://doi.org/10.1111/jpim.12675.

Wdcik, P., Ciszewska-Mlinari¢, M., Morgan-Thomas, A., & Madzinski, M. (2025). How do we get there?
Dynamics of strategic renewal: A multiple case study of Polish SMEs. Cent. Eur. Manag. J., 33(4), 697-716.
https://doi.org/10.1108/cemj-02-2025-0039.

Yi, Y. & Demirel, P. (2023). The impact of sustainability-oriented dynamic capabilities on firm growth:
Investigating the green supply chain management and green political capabilities. Bus. Strateg. Environ.,
32(8), 5873-5888. https://doi.org/10.1002/bse.3453.

Zhang, A., Li, W., Wang, Q., & Yan, Z. (2025). Exploring the nexus between customer ESG performance and
supplier green innovation: Insights from Chinese listed firms. Emerg. Mark. Financ. Trade., 62(6), 2027—
2042. https://doi.org/10.1080/1540496x.2025.2563156.

Appendix

Appendix A. Coding Structure and lllustrative Examples

This appendix presents illustrative examples of the qualitative coding process used in the NVivo-based content
analysis. The coding scheme was developed iteratively through open, axial, and selective coding, allowing
analytical categories to emerge from corporate disclosures while remaining theoretically informed by the NRBV,
dynamic capabilities logic, and the Porter Hypothesis.

Table Al provides representative excerpts from corporate sustainability, integrated, and annual reports, together
with the corresponding first-order codes, second-order categories, and CP integration stages. The purpose of this
appendix is not to treat isolated excerpts as self-sufficient evidence, but to illustrate how repeated disclosure
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patterns were translated into analytically comparable categories across cases and reporting periods.

In the coding process, stage assignment was based on theory-informed criteria rather than on single statements.
Compliance-driven integration was identified when CP-related disclosures primarily emphasised legal adherence,
certification, environmental management systems, and regulatory legitimacy. Efficiency-driven integration was
identified when disclosures linked CP to resource optimisation, energy efficiency, recycling, digital monitoring,
or process improvement. Strategy-driven integration was identified only when CP-related practices were explicitly
connected to innovation, capital allocation, governance structures, long-term value creation, or strategic
repositioning.

To strengthen interpretive transparency, the coding process also considered dynamic capability markers. In
particular, disclosures were examined for evidence of sensing (recognition of sustainability-related pressures or
opportunities), seizing (investment, redesign, or implementation responses), and reconfiguring (embedding CP
into broader organisational, governance, or innovation systems). These indicators were used as interpretive
supports rather than as mechanical classification tools.

Table Al. lllustrative coding examples from corporate disclosures

Second-Order CP Integration

Sample Excerpt (Corporate Reports) First-Order Code Category Stage
“Environmental compliance and adherence to national and
international regulations remain the foundation of our Regulatory ~ Compliance-oriented Compliance-driven
sustainability approach, supported by 1SO 14001-certified compliance CpP integration

systems.” (Tiipras, Integrated Report)
“Cullet recycling and alternative fuel use have reduced energy
intensity and carbon emissions across selected production lines.
(Sisecam, Sustainability Report)
“Digital metering and smart-grid investments enable real-time
optimisation and systematic loss reduction.” (Enerjisa, Annual

. Energy efficiency  Operational eco-  Efficiency-driven
improvement efficiency integration

Digital Efficiency-driven

Process integration

Report) optimisation integration
“Distribution networks are being transformed into intelligent
- i System-level Advanced
platforms that manage complex energy and data flows, enabling Digital network ffici q fici ari
efficient integration of renewable energy.” (E.ON, Integrated  transformation etniciency an etniciency-driven
AT integration integration

Annual Report)
“Circular economy principles are embedded in infrastructure

planning, product design, and capital allocation decisions.” Strategic

Strategic integration Strategy-driven

(Enel, Integrated Annual Report) embedding of CP Integration
Efﬁc:lenc_y gains from C_leaner Productlon (CE) initiatives are CP-enabled Capability Strategy-driven
reinvested in low-carbon innovation pathways.” (TotalEnergies, . - f - -
reinvestment reconfiguration integration

Universal Registration Document)

The examples in Table Al illustrate how CP can be interpreted as progressing from rule-based compliance
mechanisms toward more deeply embedded organisational capabilities. Early-stage codes capture regulatory
alignment and certification, whereas later-stage codes reflect operational learning, digital integration, strategic
reinvestment, and stronger links to innovation and governance.

Importantly, these excerpts are presented as illustrative examples rather than exhaustive proof of stage
membership. Final case classification was based on repeated patterns across multiple disclosures and reporting
periods, as explained in the methodology and findings sections. In this respect, E.ON represents a boundary case:
it exhibits advanced efficiency-driven integration at the infrastructure and system level, but the disclosures provide
less explicit evidence of fully articulated corporate-wide strategic embedding than in Enel or TotalEnergies.

To enhance reliability, all documents were independently coded by two researchers. Inter-coder agreement was
assessed using Cohen’s Kappa, yielding a value of 0.87, which indicates a high level of coding consistency.
Discrepancies were resolved through joint discussion and codebook refinement.
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