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Abstract

This study examines how environmental management systems (EMSs) function as
information-based organizational capabilities that drive circular product innovation in
manufacturing SMEs operating in an emerging economy. Grounded in the resource-based
view (RBV) and institutional theory, the study develops and empirically tests a model
linking EMSs to circular-oriented product innovation through the mediating role of green
transition, while assessing the moderating influence of policy support. Data were collected
through a cross-sectional survey administered in two temporally separated phases to miti-
gate common method bias, targeting senior managers of ISO 14001-certified manufacturing
SMEs registered in the Turkish Trade Register Gazette. A total of 511 valid responses were
analyzed. Measurement reliability and validity were established using confirmatory factor
analysis, and hypotheses were tested via Hayes” PROCESS macro. The results indicate
that an EMS significantly enhances circular product innovation both directly and indi-
rectly. Green transition emerges as a strong partial mediator, explaining a substantial share
of the total effect, highlighting its critical role in translating environmental information,
routines, and capabilities into product-level circular outcomes. While organizational sus-
tainability policy does not moderate the EMS-green transition relationship, policy support
significantly strengthens the impact of green transition on circular product innovation.
Firms operating within more supportive policy environments achieve substantially higher
levels of circular innovation. Overall, the study advances the understanding of how infor-
mation system-enabled capabilities and supportive institutional conditions jointly shape
sustainability transitions, offering insights for managers and policymakers seeking to foster
circular innovation in manufacturing SMEs.

Keywords: environmental management system; circular product innovation; green
transition; policy support; dynamic capabilities; manufacturing SMEs

1. Introduction

Manufacturing industries worldwide are undergoing a profound transformation
driven by escalating environmental concerns, resource depletion, and global commitments
to sustainability [1]. Circular economy (CE) principles have emerged as a cornerstone of
this transition, encouraging firms to decouple growth from resource consumption through
sustainable design, waste minimization, and product circularity. For emerging economies,
the shift toward circular production is particularly critical due to heightened pressures from
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environmental degradation, increasing sustainability expectations, and intensifying global
competition [2—4]. Turkey’s manufacturing sector, dominated by small- and medium-sized
enterprises (SMEs), represents a strategic context for examining how firms mobilize internal
and external enablers to pursue circular product innovation [5,6]. As SMEs contribute
significantly to national economic output yet remain disproportionately linked to environ-
mental burdens, understanding the drivers of circular innovation within this sector is both
timely and essential [7,8].

Despite increasing global attention on CE, manufacturing SMEs continue to face chal-
lenges in embedding circular principles into product design and production processes.
These challenges arise from limited resources, technological constraints, weak environmen-
tal practices, and uneven access to supportive institutional mechanisms [9-11]. In emerging
markets, where institutional structures are still evolving, firms must rely on both internal
capabilities and external policy support mechanisms to advance circular innovation [12].
This creates a pressing need to examine how environmental management systems (EMSs),
organizational sustainability policies, green transition practices, and policy support—rather
than regulatory enforcement—interact to shape circular product innovation outcomes [13].

A review of the literature highlights several important gaps. First, although an EMS
has been linked to improved sustainability performance, scholars have paid insufficient
attention to how an EMS enables product-level circular innovation, particularly in resource-
constrained SMEs [14]. Second, the role of green transition as a mediating capability
linking EMSs to circular innovation remains underexplored, despite its conceptual rele-
vance as a process that integrates environmental technologies and sustainable practices
across operations [15]. Third, limited empirical evidence exists regarding how organiza-
tional sustainability policies influence capability-building processes, especially in emerging
economies where such policies are still evolving [16]. Fourth, while institutional theory
emphasizes the role of external institutional environments in shaping innovation, the
moderating role of supportive policy instruments in conditioning circular product inno-
vation has received limited empirical validation, with recent studies calling for stronger
integration of internal and external determinants [17-19].

Grounded in the Resource-Based View (RBV) and a selective application of Institu-
tional Theory, this study addresses these gaps by developing and evaluating a model
that links EMSs to circular product innovation through green transition, while evaluating
the moderating effects of organizational sustainability policy and policy support as an
enabling institutional mechanism. The RBV provides a foundation for conceptualizing
EMSs and green transition as strategic capabilities that enable firms to redesign products
for circularity [20]. Meanwhile, Institutional Theory is employed in this study exclusively
to explain how supportive policy environments strengthen the relationship between in-
ternal environmental capabilities and circular innovation outcomes [21]. This study does
not examine coercive or regulatory institutional pressures. This theoretical integration is
particularly relevant for Turkey, where manufacturing SMEs operate under rising envi-
ronmental expectations and increasing government initiatives aimed at supporting, rather
than imposing, circular economy adoption.

Based on these gaps and theoretical foundations, this study is guided by the following
research questions:

Q1: To what extent does the environmental management system enhance circular
product innovation in manufacturing SMEs?

Q2: How does green transition mediate the relationship between the environmental
management system and circular product innovation?
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Q3: To what extent do organizational sustainability policy and policy support as
enabling institutional mechanisms condition or strengthen the pathways leading to circular
product innovation?

Addressing these research questions enables a more comprehensive understanding
of how capability-based mechanisms and supportive institutional enablers shape circular
innovation within resource-constrained SMEs [22]. By examining these relationships simul-
taneously, the study advances the CE literature beyond isolated analyses of environmental
practices and contributes nuanced empirical insights into how internal environmental
capabilities and policy-enabled institutional contexts jointly influence the sustainability
transition of manufacturing SMEs. The study makes several contributions. Theoretically,
it enriches CE and sustainability management literature by integrating capability-based
and institutional perspectives while explicitly delimiting the institutional scope to en-
abling policy support mechanisms. Empirically, it provides large-scale evidence from
511 ISO 14001-certified Turkish SMEs [23], addressing the scarcity of quantitative stud-
ies on CE practices in emerging economies. Practically, the findings offer insights for
managers on strengthening internal environmental capabilities and for policymakers on
designing targeted, support-oriented institutional instruments that amplify firms’ circular
innovation potential.

The remainder of the paper is organized as follows. Section 2 develops the theoretical
framework and hypotheses, drawing on the Resource-Based View and Institutional Theory.
Section 3 details the research methodology, including the sampling strategy, data collection
procedures, and analytical techniques. Section 4 presents empirical results. Section 5
discusses the theoretical and practical implications of the findings and concludes the study
by outlining its limitations and offering directions for future research.

2. Theoretical Framework and Hypotheses Development
2.1. Resource-Based View and Institutional Theory

The RBV posits that organizations achieve superior and sustained performance by
developing and deploying valuable, rare, inimitable, and non-substitutable internal re-
sources and capabilities [24,25]. Contemporary extensions of the RBV emphasize dynamic
and sustainability-oriented capabilities that enable firms to adapt operations, innovate pro-
cesses, and incorporate environmental considerations into strategic decision-making [26].
Within the context of CE adoption, EMSs, sustainability-driven routines, and green transi-
tion practices are viewed as critical internal capabilities that strengthen firms’ capacity to
design eco-efficient products and minimize resource waste [14,20]. From this perspective,
EMSs and green transition practices represent organizational capabilities that support the
development of circular product innovation by embedding environmental stewardship
into operational and design processes. The RBV therefore provides a logical foundation
for conceptualizing how internal strategic resources enable SMEs to reconfigure product
development processes towards circularity [27,28].

Institutional theory complements this internal resource perspective by emphasizing
how external institutional environments shape organizational behavior through regulatory,
normative, and cognitive pressures [29,30]. However, rather than adopting the full spec-
trum of institutional pressures, the present study draws selectively on institutional theory
to focus specifically on supportive and enabling institutional mechanisms [31]. In emerging
economies, institutional forces play a significant role in shaping sustainability-related prac-
tices because external structures often compensate for limited internal capabilities. In this
study, the institutional environment is operationalized exclusively through policy support
mechanisms, such as governmental incentives, subsidies, tax benefits, incubator programs,
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and direct institutional assistance, which are designed to facilitate firms’ sustainability-
oriented innovation activities rather than impose coercive compliance requirements [21].

Accordingly, this study does not empirically examine coercive or regulatory pressures,
nor does it assess firms’ responses to mandatory compliance regimes. Instead, policy
support is conceptualized as an enabling institutional mechanism that strengthens the
effect of firms’ internal environmental capabilities on circular innovation outcomes. Recent
studies show that such supportive institutional arrangements amplify firms’ sustainable
innovation activities, especially when combined with internal environmental routines [17].

Integrating the RBV and institutional theory in this selective manner offers a robust
and theoretically coherent conceptual lens for the present study. While the RBV captures
how EMSs and green transition serve as strategic internal capabilities that enhance firms’
circular product innovation, institutional theory is applied to explain how supportive policy
environments condition and reinforce the effectiveness of these capabilities, rather than
how regulatory mandates impose sustainability behavior [32,33]. This integrative approach
is particularly relevant for manufacturing SMEs in Tiirkiye, which often operate under
resource constraints and rely on institutional support mechanisms to pursue sustainability
transformation [34]. Accordingly, EMSs and green transition represent internal capability-
building mechanisms, organizational sustainability policy represents internal governance
alignment, and policy support reflects the external enabling institutional environment
facilitating circular innovation [35]. Collectively, these theories provide a comprehensive
foundation for developing the study’s hypotheses, explaining both the internal capability-
driven pathways and the externally conditioned—but supportive—mechanisms that shape
circular product innovation.

2.2. Environmental Management System and Circular Product Innovation

An EMS represents a structured set of processes, procedures, and organizational rou-
tines designed to minimize environmental impacts while enhancing regulatory compliance
and resource efficiency [14]. An EMS typically includes environmental planning, risk
assessment, supplier requirements, monitoring mechanisms, and continuous improvement
tools that guide firms toward systematic environmental performance enhancement. For
manufacturing SMEs, an EMS serves as a foundational capability that brings discipline,
structure, and strategic direction to environmental operations, compensating for resource
limitations that often constrain sustainability adoption [2]. Through the RBV lens, an EMS
is conceptualized as a strategic capability that embodies valuable and firm-specific environ-
mental knowledge, routines, and operational processes [20]. These capabilities are essential
for enabling firms to redesign or reconfigure product development pathways in pursuit
of circularity. An EMS also facilitates organizational learning by creating the internal
conditions necessary for environmental experimentation, pollution reduction, and resource
optimization. Prior studies confirm that firms with strong EMSs are more inclined to pursue
eco-design and life cycle-oriented product decisions, ultimately enhancing sustainable
product innovation [36]. Because an EMS enhances the firm’s ability to systematically
monitor inputs, measure impacts, and improve environmental performance, it directly
supports the transition from linear product development to circular product innovation,
such as designing products for recyclability, modularity, reuse, or biodegradability [14]. In
this sense, an EMS provides the structural backbone through which sustainability ambi-
tions are operationalized, enabling SMEs to embed circularity at the product-design stage.
Accordingly, an EMS is expected to serve as a major internal driver of circular product
innovation within resource-constrained manufacturing SMEs [37]. Therefore, the following
hypothesis is proposed:

H1: Environmental management systems have a positive effect on circular product innovation.
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2.3. Environmental Management System and Green Transition

Green transition refers to the organizational shift toward environmentally responsible
technologies, production processes, and operational routines [15]. It reflects a dynamic
capability through which firms adopt eco-friendly technologies, embed green practices in
daily operations, and integrate sustainability principles across their value chains. Unlike an
EMS, which establishes environmental management structures, green transition represents
the actual behavioral and technological transformation that brings environmental strategies
to life [38]. The RBV positions green transition as a capability that enhances firms’ adaptive
capacity, allowing them to continuously reconfigure resources and develop new methods
of sustainable production [34]. Without strong environmental capabilities, green transition
initiatives may lack direction or coherence. An EMS therefore acts as a precursor to green
transition by generating the environmental intelligence, resource allocation, and strategic
support required for firms to adopt green technologies and implement sustainability-
oriented processes [39]. Existing studies show that an EMS facilitates operational greening
by promoting resource conservation, environmental monitoring, and systematic adop-
tion of eco-friendly technologies [14]. Within SMEs, an EMS also encourages a culture
of environmental responsibility, leading to higher employee engagement in sustainable
practices and supporting long-term green transition efforts [17]. Through standardized
procedures, an EMS reduces uncertainty associated with environmental investments and
increases organizational readiness for technological transitions. Thus, an EMS provides
the structural, informational, and cultural foundation necessary for green transition to
emerge. As firms formalize their environmental strategies through EMSs, they become
better positioned to adopt advanced environmental technologies, redesign production
systems, and integrate sustainability into daily operations [40]. Accordingly, the following
hypothesis is proposed:

H2: Environmental management systems have a positive effect on green transition.

2.4. Green Transition and Circular Product Innovation

Circular product innovation encompasses design and development practices that
minimize environmental impact by maximizing product longevity, modularity, recyclabil-
ity, biodegradability, and material efficiency [20]. As firms transition toward sustainable
production systems, green transition becomes a critical enabler of such innovation because
it equips firms with the technologies, resources, and environmental capabilities required
to pursue circularity at the product-design stage. Green transition enhances circular in-
novation by embedding eco-efficient technologies, renewable resource strategies, and
waste-minimization practices throughout the production cycle [15]. These capabilities sup-
port the redesign of products in ways that align with CE principles, such as using recyclable
materials, designing for disassembly, or implementing modular structures. Prior research
highlights that firms undergoing green transformation display greater innovativeness,
heightened environmental sensitivity, and improved capabilities for sustainable product
development [34]. Through the RBV, green transition is conceptualized as a dynamic capa-
bility that continuously enhances firms’ capacity to innovate responsibly by integrating
sustainability into strategic and operational decisions [41]. As firms adopt eco-friendly
technologies and practices, they acquire new knowledge and resources enabling them to
generate environmentally responsible product innovations [42]. This process strength-
ens circular product innovation by embedding sustainability into early stages of product
development. Moreover, green transition serves as a bridge between EMSs and circular
product innovation. While an EMS provides environmental structure and routines, green
transition transforms these structures into tangible product-level outcomes. Thus, green
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transition captures the operational transformation required to translate environmental
management principles into circular product innovations. Accordingly, the following
hypotheses are proposed:

H3: Green transition has a positive effect on circular product innovation.

H4: Green transition mediates the relationship between environmental management systems and
circular product innovation.

2.5. The Moderation Effect of Organizational Sustainability Policy on the EMS—-Green Transition

Organizational sustainability policy represents a formal internal governance mecha-
nism that articulates a firm’s commitment to sustainability principles, outlines responsi-
bilities, and embeds environmental expectations into daily operations [16]. Such policies
ensure that sustainability becomes strategically integrated across departments and aligned
with organizational priorities. They also establish internal accountability structures that
reinforce sustainability practices and legitimate environmental investments [43].

From RBV and institutional perspectives, organizational sustainability policy strength-
ens EMS effectiveness by providing internal legitimacy, strategic prioritization, and clear
behavioral guidelines [41]. When sustainability policies are strong, employees are more
likely to engage with environmental systems, managers allocate more resources for green
transformation, and environmental initiatives receive greater internal support. Within
SMES, sustainability policy creates a cultural and strategic climate that enhances the likeli-
hood of transitioning to green technologies and practices [44]. Prior research demonstrates
that formal sustainability policies strengthen the implementation of environmental strate-
gies by aligning staff behaviors, coordinating cross-departmental actions, and reinforcing
environmental norms [17]. Thus, organizational sustainability policies amplify the effect
of EMSs on green transition. When sustainability is formalized and embedded within
governance frameworks, the environmental routines created by EMSs are more effectively
operationalized, resulting in stronger and more comprehensive green transition outcomes.
Thus, the following hypothesis is proposed:

H5: Organizational sustainability policy positively moderates the relationship between environ-
mental management systems and green transition, such that the relationship is stronger when
organizational sustainability policy is high.

2.6. The Moderation Effect of Policy Support on the Green Transition and Circular
Product Innovation

Policy support refers to government-provided incentives, financial instruments, in-
stitutional assistance, and development programs designed to support firms” adoption
of circular economy practices [21]. Drawing selectively on institutional theory, this study
conceptualizes policy support as a supportive and enabling institutional mechanism rather
than a coercive or compliance-based force. For manufacturing SMEs, policy support re-
duces financial barriers, enhances access to green technologies, and provides specialized
knowledge needed for circular innovation. National CE strategies, tax incentives, incu-
bator programs, and direct government assistance all serve to strengthen firms’ ability to
transform green capabilities into circular product outcomes [18].

Although institutional theory broadly distinguishes between coercive, normative,
and cognitive pressures, the present study does not examine coercive or regulatory insti-
tutional pressures. Instead, the institutional environment is operationalized exclusively
through supportive policy instruments that facilitate firms’ voluntary engagement in green

https://doi.org/10.3390/su18042060


https://doi.org/10.3390/su18042060

Sustainability 2026, 18, 2060

7 of 22

transition and circular innovation activities. Empirical findings consistently show that
such supportive institutional arrangements magnify the effect of internal sustainability
capabilities on innovation by enhancing resource availability, lowering risk, and improving
organizational legitimacy.

As green transition is often resource-intensive, supportive policy mechanisms can
accelerate firms’ ability to redesign products using eco-friendly materials, circular design
principles, and waste-minimization strategies. Therefore, the positive influence of green
transition on circular product innovation is expected to be significantly stronger when
firms operate in environments characterized by high levels of policy support, rather than
regulatory compulsion [45]. Accordingly, the following hypothesis is proposed:

He6: Policy support positively moderates the relationship between green transition and circular
product innovation, such that the relationship is stronger when policy support is high.

2.7. Organizational Characteristics: Firm Age and Firm Size

Firm-level characteristics such as age and size can meaningfully influence the de-
velopment of environmental capabilities and innovation outcomes; therefore, they are
incorporated into the model as covariates. Firm age reflects the degree of accumulated
experience, organizational learning, and process maturity that may shape how effectively
firms implement environmental management systems or engage in green transition ef-
forts [17]. Older firms may benefit from established operational routines and greater
institutional knowledge, while younger firms may exhibit greater adaptability and open-
ness to sustainability-driven transformation.

Similarly, firm size is often linked to variations in resource availability, managerial
capacity, and structural complexity, factors that can impact both sustainability adoption and
product innovation. Larger SMEs typically possess more financial and human resources to
invest in EMS implementation, green technologies, and circular-oriented product develop-
ment. Including firm age and firm size in the analysis ensures that observed relationships
among the core variables are not confounded by these underlying structural differences.

2.8. Conceptual Framework

As illustrated in Figure 1, the conceptual framework integrates the RBV and a selective
application of Institutional Theory to explain how internal environmental capabilities
and supportive external institutional mechanisms drive circular product innovation in
manufacturing SMEs. The RBV positions the EMS as a core capability that enhances firms’
environmental routines, knowledge structures, and sustainability practices, enabling them
to redesign products for reuse, recyclability, and reduced environmental impact [14,20]. The
model proposes that an EMS not only exerts a direct effect on circular product innovation
but also influences it indirectly through green transition. Green transition captures firms’
implementation of sustainable technologies and environmentally responsible operations,
serving as a dynamic capability through which EMS-driven processes translate into product-
level circular outcomes [2,15].

Two moderating variables refine these relationships. Organizational sustainability
policy strengthens internal governance alignment and commitment to environmental pri-
orities, increasing the likelihood that EMS practices evolve into concrete green transition
initiatives [41]. Externally, policy support reflects supportive and enabling institutional
instruments, such as incentives, development programs, and institutional assistance, rather
than coercive or regulatory pressures. Consistent with the study’s empirical scope, Institu-
tional Theory is applied here to explain how supportive policy environments condition
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and amplify the effectiveness of green transition in generating circular product innovation,
rather than how regulatory mandates impose sustainability behavior [18,21].

Internal Factor External Factor

Organizational Sustainability Policy Support

System

Environmental Manag

Policy
G : He
E H4: Indirect
it HZ B> Green Transition Hvs P| Circular Product Innovation

A

H1

Controls:

Firm age, Firm size

Figure 1. Conceptual research model.

Collectively, the model presents an integrated capability-institutional perspective in
which an EMS drives circular product innovation directly and via green transition, condi-
tioned by internal governance mechanisms and external supportive institutional conditions.
Importantly, the framework does not incorporate coercive or regulatory institutional pres-
sures, focusing instead on how enabling policy support complements firm-level capabilities
to facilitate sustainability transition in manufacturing SMEs.

3. Methods
3.1. Sample and Data Collection

The target population of this study comprises Turkish manufacturing SMEs. SMEs
were selected due to their central role in job creation and national and global economic
development [46]. At the same time, manufacturing SMEs are associated with substantial
environmental impacts, contributing significantly to environmental degradation. Accord-
ingly, the transition from traditional production systems to circular economy practices
is considered critical for mitigating these challenges [8,47]. In this context, generating
scientific knowledge on EMSs and identifying practical mechanisms for achieving cir-
cular product innovation are essential for addressing contemporary environmental and
societal concerns.

This study employed a cross-sectional research design and collected data from senior-
level managers working in Turkish manufacturing SMEs. A cross-sectional design was
deemed appropriate because the study aimed to capture empirical evidence on the rela-
tionships among the variables at a specific point in time. Data were collected from major
industrial cities in Tiirkiye, including Istanbul, Izmir, Bursa, and Konya. These locations
were purposively selected as they represent the core hubs of manufacturing activity in
the country. Manufacturing SMEs were identified through the Turkish Trade Register
Gazette, and the purpose of the study was clearly communicated to potential participants.
Participation was strictly voluntary.

Only manufacturing SMEs compliant with the ISO 14001 environmental management
standard were included in the study to ensure consistency in environmental management
practices across firms [48]. In line with the study criteria, firms employing between 50 and
249 employees were considered eligible for inclusion [49].
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To mitigate potential common method bias (CMB), data collection was temporally
separated following the recommendations of Podsakoff et al. [50]. Temporal separation
reduces respondents’ tendency to rely on previous responses when answering subsequent
questions [51]. Accordingly, at Time 1 (T1), measures related to environmental manage-
ment systems, organizational sustainability policy, and green transition were collected.
At Time 2 (T2), one month later, data on policy support and circular product innovation
were obtained. Responses from T1 and T2 were matched using a unique identifier code.
Data collection was conducted between February and March 2025. Only respondents who
completed the T1 questionnaire were invited to participate at T2.

In total, 990 questionnaires were distributed across both waves using a combination
of paper-based and electronic surveys. Of these, 567 responses were received. After
excluding 56 incomplete questionnaires, 511 valid responses remained for analysis, yielding
an effective response rate of 51.62%, which is comparable to and exceeds response rates
reported in similar studies [52].

Sample characteristics are presented in Table 1. In terms of industry distribution,
food processing and beverages accounted for 127 firms (24.85%), textile and apparel for
109 firms (21.33%), furniture, paper, and printing for 41 firms (8.03%), plastics and chemicals
for 18 firms (3.52%), construction and building-related manufacturing for 44 firms (8.61%),
IT and digital services for 18 firms (3.52%), electrical and electronic assembly for 53 firms
(10.37%), and other manufacturing activities for 81 firms (15.85%). Regarding firm size,
10 firms (1.95%) employed fewer than 50 employees, 309 firms (60.00%) employed between
50 and 150 employees, and 196 firms (38.05%) employed between 151 and 249 employees.
With respect to firm age, the majority of the sampled firms (394 firms; 77.10%) had been
operating for more than ten years.

Table 1. Sample Information.

n=>511 Category Frequency %

Nature of business Food processing and beverages 127 24.85

Textile and apparel 109 21.33

Furniture, paper and printing 41 8.03

Plastics/Chemicals 38 7.44

General cCo;r:EJ;CtE); n/ building a4 8.61

IT and digital services 18 3.52

Electrical and electronics assembly 53 10.37

Others 81 15.85

F“m;f;lg;‘;’;l;er of >50 10 1.95
50-150 309 60

Between 151 and 249 196 38.05

Firm age (years) 3-5 17 3.30

6-10 104 20.19

11-15 84 16.31

16-20 199 38.65

Above 20 111 21.55

3.2. Measures

All measurement items were adopted from previously validated scales to ensure
content validity and comparability with prior research. The questionnaire was originally
developed in English and translated into Turkish following a back-translation procedure to
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ensure semantic equivalence [53]. A pilot test with a small group of manufacturing SME
managers was conducted to assess item clarity and wording, resulting in minor refinements.
All construct items were measured using a five-point Likert scale ranging from 1 (“strongly
disagree”) to 5 (“strongly agree”).

Environmental management system (EMS) was measured using four items adapted
from Jain et al. [14], capturing the extent to which firms implement formalized environmen-
tal procedures and supplier-related environmental requirements.

Green transition was measured with four items adopted from Kekkonen et al. [15],
reflecting firms” adoption of environmentally friendly technologies and the integration of
sustainability practices into daily operations.

Organizational sustainability policy was measured using five items from Tang et al. [16],
assessing the formalization, communication, and enforcement of sustainability-related policies
within the organization.

Policy support was measured with five items adapted from Ilyas et al. [21], capturing
firms” access to government incentives, incubator programs, and institutional assistance
supporting circular economy adoption.

Circular product innovation was measured using five items from De Arroyabe et al. [20],
reflecting product design practices aimed at recyclability, reusability, modularity, and the use
of nonpolluting materials.

Firm size and firm age were included as control variables to account for potential
structural differences across firms. Firm size was operationalized based on the number of
employees, categorized as 50-150, 151-249, and above 249 employees, consistent with SME
classifications in prior studies [6,12,54]. Firm age was measured using categorical ranges
of years since establishment. These controls were incorporated to isolate the net effects
of environmental management systems, green transition, and policy support on circular
product innovation.

3.3. Analytical Methods

The measurement scales adopted in this study were sourced from well-established
instruments in the literature. However, to establish the reliability and the adopted scales,
confirmatory factor analysis (CFA) was used to assess the reliability and validity of the
measurement items. Following the establishment of the reliability and validity of the
measurement item, the proposed hypotheses, as demonstrated in the research model, were
tested using Model 4 (direct and mediation analysis) and Model 21 (conditional direct
effects), as recommended by Hayes [55]. The tool is being widely used in social science
studies because it facilitates the testing of direct and indirect relationships, while also
accommodating moderation, moderated mediation, and covariate paths [17,56]. Moreover,
the PROCESS macro is a robust tool for conducting regression analysis on mediation and
moderation, and it also provides an index of moderated mediation [55]. A significant effect
is determined when zero is not contained between the lower level and upper level of the
confidence interval.

3.4. Non-Response Bias and Common Method Bias (CMB)

In this study, non-response bias was examined by comparing early and late responses
based on key sample characteristics (i.e., firm size and nature of business). No statistically
significant differences were observed between the early and late respondents, indicating
non-response bias is not a major problem in this study [57].

Following recent studies [56] and recommendations [50], procedural remedies were
integrated into the research design and data collection. Specifically, to mitigate socially
acceptable responses and minimize anxiety, the survey was anonymized, and respondents
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were assured that the data collection would be used for academic purposes only. Further-
more, Harman'’s single-factor test was used for statistical control, and the results indicate
that the first factor accounted for 20.19% of the total variation. This is less than 50% cut-off,
which suggests that CMB is not a serious problem in this study [50]. Additionally, the
variance inflation factor (VIF) test was conducted, and the results indicate that the VIF
values for all observed variables were below the 3.3 cut-off. The results indicate that
multicollinearity issues do not affect the results.

Finally, the marker variable technique, suggested by Lindell and Whitney [58], was
employed by including a theoretically unrelated variable in the study. The results showed
that the highest correlations between the marker variable and the main constructs of the
study were 0.03. The results further confirm that CMB is not a serious problem in this study.
Taken together, the procedural and statistical measures reinforce the conclusions drawn
from this research.

4. Analysis and Results
4.1. Measurement Model Evaluation

In this study, convergent validity and discriminant validity were assessed to evaluate
the reliability and validity of the measurement model. Specifically, standardized factor
loadings and average variance extracted (AVE) were examined. The results presented in
Table 2 indicate that the standardized factor loadings of the measurement items ranged
from 0.647 to 0.905, exceeding the recommended minimum threshold of 0.60 [59]. In line
with convergent validity requirements, the AVE values for all constructs exceeded 0.50,
ranging from 0.514 to 0.889 [60].

Table 2. Measurement Model.

Variables Codes Standardized Factor Loadings AVE CR o
Environmental Management System 0514 0.808  0.805
EMS1 0.684
EMS2 0.729
EMS3 0.754
EMS4 0.698
Green Transition 0.649 0.880 0.876
GT1 0.826
GT2 0.883
GT3 0.847
GT4 0.647
Organizational Sustainability Policy 0522 0845  0.845
OSP1 0.710
OSP2 0.755
OSP3 0.758
OSP4 0.680
OSP5 0.704
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Table 2. Cont.
Variables Codes Standardized Factor Loadings AVE CR o

Policy Support 0.677 0911  0.903
PS1 0.899
PS2 0.905
PS3 0.881
PS4 0.788
PS5 0.600

Circular Product Innovation 0.618 0.889  0.886
CPI1 0.810
CP12 0.861
CPI3 0.820
CPl4 0.768
CPI5 0.656

Goodness of model fit metrics: X2 /df = 2.548; CFI = 0.944, RMSEA = 0.059; TLI = 0.935;
NFI = 0.911, IFI = 0.944

Note: EMS = environmental management system, GT = green transition, OSP = organizational sustainability
policy (OSP), PS = policy support, CPI = circular product innovation.

Internal consistency reliability was assessed using Cronbach’s alpha and composite
reliability (CR). As shown in Table 2, Cronbach’s alpha values ranged from 0.805 to 0.903,
while CR values ranged from 0.808 to 0.911, both exceeding the recommended threshold of
0.70 [61]. These results confirm the reliability, internal consistency, and convergent validity
of all measurement scales.

Furthermore, discriminant validity was assessed using the Fornell-Larcker criterion. As
reported in Table 3, the square root of the AVE for each construct was greater than its correspond-
ing inter-construct correlation coefficients, indicating satisfactory discriminant validity [60].

Table 3. Discriminant Validity.

Construct Mean Std. EMS GTN osp PS CPI Firm Age  Firm Size
EMS 4.060 0.786 (0.717)

GIN 3.877 0.946 0.643 ** (0.806)

osp 3.883 0.832 0.423 ** 0.616 ** (0.722)

PS 3.782 0.938 0.485 ** 0.481 ** 0.352 ** (0.823)

CPI 3.805 0.837 0.643 ** 0.571 ** 0.535 ** 0.535 ** (0.786)

Firm age - - 0.029 0.030 0.017 0.009 0.007 -

Firm size - - 0.018 0.022 0.011 0.014 0.013 0.024 -

Note: EMS = environmental management system; GTN = green transition; OSP = organizational sustainability
policy; PS = policy support; CPI = circular product innovation. Numbers in bold represent the square root of AVEs;
Std. = standard deviation; ** = significant at the level of p < 0.01.

Finally, confirmatory factor analysis (CFA) results indicate that the measurement
model demonstrates an acceptable fit to the data. All goodness-of-fit indices exceeded
recommended thresholds [62,63]: x?/df = 2.548, comparative fit index (CFI) = 0.944, root
mean square error of approximation (RMSEA) = 0.059, Tucker-Lewis index (TLI) = 0.935,
normed fit index (NFI) = 0.911, and incremental fit index (IFI) = 0.944.
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4.2. Hypothesis Test: Direct and Mediation

The PROCESS macro (Model 4) was employed to test the proposed direct and indirect
relationships. In line with the procedures recommended by Hayes and Preacher [64],
5000 bootstrap samples were used to generate 95% bias-corrected confidence intervals.
Table 4 presents the results of the regression and mediation analyses.

Table 4. Direct and Mediation Results.

Hypothesis Relationships B S.E. T-Values LL UL R?
H1 EMS — CPI 0.197 0.076 2.603 ** 0.048 0.347
H2 EMS — GTN 0.899 0.080 11.207 *** 0.741 0.992 0.632
H3 GIN — CPI 0.495 0.042 11.711 *** 0.411 0.578
H4 EMS — GTN — CPI 0.445 0.055 0.342 0.557

Note: EMS = environmental management system; GTN = green transition; CPI = circular product innovation. **
significant at the level of p < 0.01; *** = significant at the level of p < 0.001.

The results indicate that the EMS has a significant positive effect on circular product
innovation ( = 0.197, t = 2.603, p < 0.01), supporting Hypothesis 1. The EMS also exhibits
a strong positive effect on green transition ($ = 0.899, t = 11.207, p < 0.001), supporting
Hypothesis 2. In addition, green transition has a significant positive effect on circular
product innovation (3 = 0.495, t = 11.711, p < 0.001), supporting Hypothesis 3.

To assess mediation, this study followed the bootstrap-based mediation proce-
dure recommended by Hayes [55], rather than relying solely on causal-step approaches.
As shown in Table 4, when green transition is included as a mediator, the direct relationship
between EMSs and circular product innovation remains significant (8 = 0.445, 95% CI
[0.342, 0.557]), indicating partial mediation and supporting Hypothesis 4.

The magnitude of the mediation effect was assessed by calculating the ratio of the
indirect effect to the total effect. Specifically, the indirect effect (EMS — green transition —
circular product innovation) was divided by the total effect of EMSs on circular product
innovation, indicating that approximately 69.31% of the total effect operates through green
transition [65]. This proportion was derived from the bootstrapped mediation estimates
produced by the PROCESS macro. Consistent with prior mediation research, partial
mediation is observed when both direct and indirect effects remain significant [66].

4.3. Hypothesis Test: Moderation Analysis

The moderation analysis was conducted using Model 21 of Hayes’ PROCESS
macro [55]. Firm age and firm size were included as covariates, and all predictor variables
were mean-centered prior to analysis to minimize multicollinearity concerns. Two regres-
sion models were estimated based on the hypothesized moderation paths. As shown in
Table 5, the covariates (firm age and firm size) exhibited non-significant and weak effects
on both green transition and circular product innovation.

In Model 1 of Table 5, the environmental management system has a positive impact
on green transition ( = 0.592, t = 7.473, p < 0.001, 95% CI [0.436, 0.748]). However, the
interaction between environmental management system and organizational sustainability
policy does not significantly moderate this relationship (8 = 0.107, t = 1.523, p > 0.05, 95%
CI[—0.030, 0.244]). Therefore, Hypothesis 5 is not supported.

In Model 2 of Table 5, green transition has a positive effect on circular product inno-
vation (3 = 0.239, t = 5.546, p < 0.001, 95% CI [0.154, 0.324]). Importantly, the interaction
between green transition and policy support is significant (3 = 0.095, t = 2.096, p < 0.05, 95%
CI [0.006, 0.183]), indicating a moderation effect and supporting Hypothesis 6.
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Table 5. Moderation Results.
95% CI
Hypothesized Paths Effect S.E. T-Values
LL UL
Model 1: Green Transition
Co: Firm age — GT 0.010 0.016 0.029 (ns) —0.099 0.047
Co: Firm size — GT 0.015 0.010 0.055 (ns) —0.071 0.025
EMS — GT 0.592 0.079 7.473 *** 0.436 0.748
OSP — GT 0.372 0.041 9.131 *** 0.292 0.452
H5: EMS x OSP — GT 0.107 0.070 1.523 (ns) —0.030 0.244
R% =0.395
Model 2: Circular Product Innovation
Co: Firm age — CPI 0.008 0.013 0.023 (ns) —-0.077 0.111
Co: Firm size — CPI 0.009 0.017 0.30 (ns) —0.073 0.083
EMS — CPI 0.488 0.049 9.953 *** 0.392 0.585
GT — CPI 0.239 0.043 5.546 *** 0.154 0.324
PS — CPI 0.064 0.066 0.975(ns) —0.065 0.193
Heé: GT x PS — CPI 0.095 0.048 2.096 * 0.006 0.183
R? = 0.555
The specific conditional values of PS on GT-CPI
—1SD (below the mean) 0.074 0.053 1.403 (ns) —0.029 0.179
Mean 0.238 0.043 5.511 *** 0.153 0.322
+1SD (above the mean) 0.401 0.053 7.533 *** 0.296 0.505

Index of moderated mediation by PS
EMS — GT — CPI 0.021 0.014 - —0.043 0.049

Note: EMS = environmental management system; GT = green transition; OSP = organizational sustainabil-
ity policy; PS = policy support; CPI = circular product innovation. * = significant at the level of p < 0.05;
*** = significant at the level of p < 0.001; ns = non-significant.

Consistent with established moderation analysis practices, a simple slope analysis was
conducted to further interpret the interaction effect. Figure 2 illustrates the conditional effect
of green transition on circular product innovation at three levels of policy support, defined
as low (—1 standard deviation below the mean), medium (mean), and high (+1 standard
deviation above the mean). This approach follows standard conventions in PROCESS-based
moderation analysis.

The results show that at low levels of policy support, the effect of green transi-
tion on circular product innovation is not significant (f = 0.074, t = 1.403, p > 0.05,
95% CI [—0.029, 0.179]). At mean levels of policy support, the relationship becomes pos-
itive and significant ( = 0.238, t = 5.511, p < 0.001, 95% CI [0.153, 0.322]), while at high
levels of policy support, the effect is strongest and highly significant (8 = 0.401, t = 7.533,
p <0.001, 95% CI [0.296, 0.505]). These findings indicate that supportive policy environ-
ments strengthen the positive impact of green transition on circular product innovation,
thereby validating Hypothesis 6.
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Figure 2. The Conditional Direct Effect of the Focal Predictor (Green Transition) At Different Values
of Policy Support on Circular Product Innovation.

5. Discussions and Implications
5.1. Discussion of Findings

This study provides robust empirical evidence that EMSs constitute a pivotal internal
capability for advancing circular product innovation in manufacturing SMEs within an
emerging economy, thereby reinforcing and extending prior sustainability and circular
economy research. Consistent with the RBV, the significant direct effect of EMSs on circular
product innovation confirms that structured environmental routines, standardized pro-
cedures, and continuous improvement mechanisms embedded in EMSs enable firms to
redesign products in line with circular principles [20,24]. These findings align with earlier
studies suggesting that an EMS enhances firms’ ability to integrate eco-design, life-cycle
thinking, and material efficiency into product development processes [14,36]. Within the
Turkish SME context—characterized by resource constraints and operational volatility—the
EMS appears to function not merely as a compliance-oriented system, but as a knowledge-
based infrastructure that supports sustainability-oriented innovation. This insight is partic-
ularly relevant to the Special Issue’s focus on information systems and knowledge transfer,
as the EMS formalizes environmental information flows, monitoring systems, and feedback
mechanisms that facilitate learning and innovation across organizational units.

Beyond this direct relationship, the results demonstrate that green transition plays a
central mediating role in translating EMSs into circular product innovation, offering deeper
insight into the dynamic capability mechanisms underpinning sustainability transitions.
The partial mediation effect indicates that while an EMS establishes the structural and
informational foundations for environmental management, circular innovation is realized
primarily when firms actively engage in green transition practices, such as adopting envi-
ronmentally friendly technologies, reconfiguring production processes, and embedding
sustainability into daily operations [15,34]. From an RBV perspective, green transition
represents a dynamic capability that enables firms to recombine environmental knowledge,
technological resources, and operational routines into innovative circular product out-
comes [41]. This finding advances the circular economy literature by empirically validating
green transition as a critical mechanism linking environmental management systems to
product-level innovation—an area that has remained largely conceptual in prior research [2].
Importantly, the magnitude of the indirect effect underscores that sustainability transitions
are not instantaneous outcomes of formal systems, but rather cumulative processes of
organizational transformation and learning [42].
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The moderation results further enrich this capability-based explanation by reveal-
ing distinct and asymmetric roles for internal governance and external institutional sup-
port. Contrary to expectations, organizational sustainability policy did not significantly
strengthen the relationship between EMSs and green transition. This finding suggests that
in ISO 14001—certified SMEs, EMSs may already internalize environmental priorities and
provide sufficient procedural guidance, thereby diminishing the marginal influence of ad-
ditional policy formalization [12,16]. In emerging economy contexts, sustainability policies
may remain symbolic or weakly enforced, limiting their ability to meaningfully enhance ca-
pability development beyond what is already embedded within EMS routines [43,44]. This
result contributes to the sustainability governance literature by highlighting that internal
policies alone may be insufficient to accelerate green transformation unless accompanied
by tangible resources, managerial commitment, and operational integration.

In contrast, policy support emerged as a critical institutional catalyst that significantly
amplifies the impact of green transition on circular product innovation, aligning with
Institutional Theory as applied in this study. The findings demonstrate that supportive pol-
icy instruments—such as financial incentives, development programs, and governmental
assistance—enhance firms’ ability to convert green transition efforts into tangible circular
innovation outcomes by reducing financial risk, improving access to green technologies,
and strengthening organizational legitimacy [18,21]. Importantly, this study conceptualizes
institutional influence exclusively through enabling and supportive mechanisms rather
than coercive or regulatory pressures.

The conditional effects analysis further reveals that green transition yields meaningful
innovation benefits primarily under moderate to high levels of policy support, underscoring
the importance of external enabling environments for SMEs operating under resource
and capability constraints [17]. These findings indicate that sustainability transitions in
emerging economies are neither purely firm-driven nor institutionally imposed, but rather
depend on the interaction between internal dynamic capabilities and supportive policy
environments that facilitate voluntary engagement in circular innovation.

Additionally, the non-significant effects of firm age and firm size suggest that cir-
cular product innovation in manufacturing SMEs is not primarily driven by structural
characteristics, but rather by the presence of environmental management capabilities and
supportive institutional conditions. This finding aligns with prior studies indicating that
sustainability-oriented innovation depends more on dynamic capabilities and enabling
policy environments than on firm demographics, particularly in resource-constrained and
emerging economy contexts [67-70].

Taken together, these findings make a significant contribution to the Special Issue’s
focus on information systems, dynamic capabilities, and sustainability transition. The
study demonstrates that the EMS functions as an information-intensive system that struc-
tures environmental knowledge and decision-making, green transition acts as a dynamic
capability that operationalizes this knowledge, and policy support provides the institu-
tional conditions necessary to scale circular product innovation. By integrating the RBV
and Institutional Theory, the study advances a nuanced understanding of how internal
information-based capabilities and external policy mechanisms jointly shape sustainability-
oriented innovation in manufacturing SMEs. In doing so, it moves the circular economy
literature beyond isolated analyses of environmental practices and offers a capability—
institutional framework that is particularly salient for emerging economies pursuing sus-
tainable industrial transformation.
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5.2. Theoretical Contributions

This study makes several important theoretical contributions to the CE, sustainability
management, and information systems literature by advancing a capability—institutional
perspective on circular product innovation in emerging economies. First, the study extends
the RBV by empirically demonstrating that EMSs function as information-intensive strate-
gic capabilities, rather than merely compliance-oriented tools. While prior studies have
acknowledged the role of EMSs in improving environmental performance, this study ad-
vances theory by showing that an EMS directly supports product-level circular innovation
and indirectly does so through green transition. In doing so, the findings respond to calls
for a deeper understanding of how sustainability-related capabilities enable innovation
under resource constraints [14,20]. By positioning EMSs as a structured mechanism for
environmental knowledge generation, coordination, and learning, the study aligns the RBV
with the growing emphasis on information systems as enablers of sustainability-oriented
innovation, thereby enriching the theoretical foundations of CE research.

Second, the study contributes to the dynamic capability literature by empirically
validating green transition as a mediating capability that operationalizes EMSs into circular
product innovation. While green transition has often been discussed conceptually, empirical
evidence explaining how it functions as a transformational mechanism has remained
limited, particularly in SME contexts [2,15]. The partial mediation effect observed in this
study confirms that formal environmental systems alone are insufficient to generate circular
outcomes unless firms actively reconfigure technologies, processes, and routines toward
greener operations. This insight advances the RBV by illustrating how static environmental
capabilities (EMS) evolve into dynamic, innovation-generating capabilities through green
transition [41]. As such, the study contributes to the Special Issue theme by clarifying how
sustainability-oriented information and routines are transformed into innovation through
organizational capability reconfiguration.

Third, the study refines sustainability governance theory by revealing boundary
conditions in the effectiveness of internal sustainability policies. Contrary to prevailing
assumptions, organizational sustainability policy did not moderate the EMS—green transi-
tion relationship. This finding challenges the dominant view that formal internal policies
automatically strengthen sustainability capability development [16] and suggests that, in
emerging economy SMEs, EMSs may already embody sufficient governance and informa-
tional guidance to drive green transition. Theoretically, this result nuances the RBV and
sustainability governance literature by highlighting that policy formalization without sub-
stantive resource integration may yield diminishing returns, particularly in contexts where
environmental systems are already institutionalized [43,44]. This contributes a more critical
and context-sensitive understanding of internal sustainability governance mechanisms.

Fourth, drawing selectively on Institutional Theory, the study provides strong empir-
ical evidence that policy support acts as a catalytic supportive institutional enabler that
amplifies the innovation outcomes of green transition. The significant moderating effect of
policy support confirms that external enabling mechanisms—such as financial incentives,
development programs, and governmental assistance—play a decisive role in converting
internal green capabilities into circular product innovation [18,21]. This finding advances
institutional theory by moving beyond compliance-based explanations and demonstrat-
ing how supportive policy environments, rather than regulatory or coercive pressures,
actively enhance firms’ innovation returns from sustainability investments. Importantly,
the conditional effects reveal that green transition yields substantial innovation benefits
only under moderate to high levels of policy support, underscoring the co-evolution of
internal capabilities and enabling institutional contexts in sustainability transitions.
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Finally, by integrating the RBV and Institutional Theory within a single empirical
framework, this study advances circular economy theory by offering a multilevel expla-
nation of circular product innovation that bridges internal capability development and
supportive institutional conditions. The findings demonstrate that circular innovation
in emerging economies is neither purely firm-driven nor unsupported by institutional
enabling mechanisms but rather emerges from the interaction between information-based
environmental systems (EMS), dynamic transformation processes (green transition), and
policy-based support environments. This integrated perspective contributes to CE schol-
arship by addressing long-standing calls for more holistic, theory-driven models that
explain sustainability transitions in resource-constrained contexts [17,71]. Collectively,
these contributions position the study as a meaningful advancement in understanding how
information systems, dynamic capabilities, and support-oriented institutional forces jointly
shape circular innovation in emerging-market SMEs.

5.3. Practical Implications

The findings of this study offer several actionable implications for managers, policy-
makers, and sustainability practitioners, particularly within manufacturing SMEs operating
in emerging economies. First, the strong direct and indirect effects of EMSs on circular prod-
uct innovation underscore the importance of viewing EMSs not merely as a certification
or compliance mechanism, but as a strategic information system that supports innovation
and sustainability transition. Managers should leverage EMSs as a structured platform for
collecting, analyzing, and disseminating environmental data across departments, enabling
informed decision-making in product design, material selection, and process optimization.
By embedding EMS outputs into R&D and product development routines, firms can trans-
form environmental information into actionable knowledge that supports circular product
innovation, such as design-for-reuse, recyclability, and modularity.

Second, the central mediating role of green transition highlights the need for managers
to move beyond formal environmental structures toward active operational and technolog-
ical transformation. While an EMS provides the foundation, circular product innovation
materializes only when firms invest in green technologies, reconfigure production pro-
cesses, and integrate sustainability principles into daily operations. SME managers should
therefore prioritize capability-building initiatives that support green transition, including
employee training, cross-functional sustainability teams, and incremental investments in
eco-efficient technologies. These actions facilitate organizational learning and knowledge
transfer, enabling firms to convert environmental management routines into tangible in-
novation outcomes. This implication aligns closely with the Special Issue’s emphasis on
dynamic capability development and sustainability-oriented transformation.

Third, the non-significant moderating role of organizational sustainability policy sug-
gests that internal policies alone may be insufficient to accelerate green transition if they
remain symbolic or disconnected from operational realities. For practitioners, this implies
that sustainability policies must be closely aligned with EMS practices, resource allocation,
and managerial incentives to be effective. Rather than expanding policy documents, firms
should focus on translating sustainability commitments into clear responsibilities, perfor-
mance indicators, and accountability mechanisms that reinforce day-to-day environmental
practices. In resource-constrained SMEs, streamlined and operationally embedded policies
may be more impactful than comprehensive but weakly enforced sustainability statements.

From a policy perspective, the findings provide compelling evidence that policy
support is a critical external catalyst for converting green transition efforts into circular
product innovation. Government agencies and regulatory bodies in emerging economies
should design targeted and accessible policy instruments, such as financial incentives, tax
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relief, technical assistance programs, and innovation grants, to reduce the risks and costs
associated with circular product development. The conditional effects observed in this
study indicate that without sufficient policy support, the innovation potential of green
transition remains underexploited. Policymakers should therefore ensure that sustainability
policies are not only coercive but also enabling, fostering experimentation, learning, and
innovation among SMEs.

Finally, the combined implications of EMSs, green transition, and policy support
point to the need for strong coordination between firms and public institutions. Industry
associations, development agencies, and sustainability networks can play a bridging role
by facilitating knowledge exchange, disseminating best practices, and aligning firm-level
capabilities with national circular economy strategies. For emerging economies pursuing
sustainability transitions, such coordinated efforts can accelerate the diffusion of circular
product innovation and enhance the long-term competitiveness of manufacturing SMEs.
Collectively, these practical insights emphasize that achieving circular innovation requires
an integrated approach that aligns internal information systems and dynamic capabilities
with supportive institutional environments.

5.4. Limitations and Future Research Directions

Despite its contributions, this study is subject to several limitations that open avenues
for future research. First, the use of a cross-sectional research design restricts causal infer-
ence; therefore, future studies could adopt longitudinal or multi-wave designs to better
capture the dynamic evolution of environmental management systems, green transition,
and circular product innovation over time. Second, the empirical context is limited to
ISO 14001-certified manufacturing SMEs in Tiirkiye, which may constrain the generalizabil-
ity of the findings to non-certified firms, large enterprises, or other emerging and developed
economies; comparative cross-country studies or multi-sector analyses would enhance
external validity. Third, the study relies on perceptual, self-reported measures, which may
introduce common method bias despite the application of established statistical remedies;
future research could integrate objective indicators, archival data, or multi-source responses
to strengthen measurement robustness. Fourth, while organizational sustainability policy
and policy support were examined as moderators, additional boundary conditions—such
as digital maturity, green human resource practices, supply chain integration, or environ-
mental leadership—could further refine our understanding of how internal and external
mechanisms interact to shape circular innovation [72]. Finally, future research could ex-
tend the theoretical framework by explicitly incorporating information system capabilities,
such as big data analytics or digital platforms, to examine how digital infrastructures
enhance knowledge transfer and accelerate sustainability transitions. Addressing these
limitations would deepen insight into the complex, multilevel processes through which
firms in emerging economies achieve circular product innovation.
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