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ABSTRACT: Although companies are increasingly expected to implement environmental product policies (EPP), many
find it difficult to translate general sustainability goals into concrete product-related actions. This challenge is particularly
relevant for innovative companies, where product strategies evolve rapidly and require structured risk-based deci-
sion-making. This study examines how three activities of the risk management process - risk identification (Rl), risk
assessment (RA), and risk monitoring (RM) — support the implementation of EPP and whether enterprise risk manage-
ment (ERM) acts as a mechanism linking risk practices with environmental product strategies. The study uses a quanti-
tative design and employs PLS-SEM to analyse survey data from 587 respondents representing innovative companies.
The model tests both the direct impacts of R, RA, and RM on EPP and the indirect effects through ERM as a mediating
construct. The results show that ERM significantly enhances the implementation of EPR indicating that structured enter-
prise-level risk management supports environmental initiatives such as eco-design, energy reduction, and waste manage-
ment. Among the risk management activities examined, RM is the strongest driver of ERM, followed by RA, confirming
that continuous monitoring and evaluation are crucial for integrating sustainability into product-related decisions. RA and
RM also show a moderate direct impact on EPP, while Rl has a weak effect, suggesting that risk identification alone does
not lead to effective implementation of environmental policy without coordinated ERM practices. This study extends
sustainability and risk management research by explaining how ERM translates risk management processes into practi-
cal green product policies in innovative firms. The findings clarify why monitoring- and evaluation-based procedures are
more influential than awareness-based practices and provide a structured framework for improving EPP implementation
through enterprise-level risk management systems.
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Introduction

In recent years, escalating environmental challenges - including climate change, resource deple-
tion, and increasing stakeholder expectations - have intensified the pressure on firms to accelerate
sustainable development and embed environmental responsibility into strategic decision-making
(Adomako etal., 2021). As sustainability transitions reshape competitive conditions, innovative firms
have been increasingly expected to not only generate technological advancements but also imple-
ment environmentally responsible product strategies that contribute to sustainability objectives and
long-term organisational resilience (Schulte et al., 2020; George et al., 2023). Consequently, environ-
mental product policies (EPP) have gained growing relevance as firms seek to reduce negative envi-
ronmental impacts and align product development decisions with sustainability imperatives (Chai-
rani & Siregar, 2021; Btach et al., 2025). This issue is particularly timely in the European context,
including Poland, where firms operate under rapidly evolving sustainability-related requirements
and market expectations.

Recent EU regulatory developments increasingly shift sustainability requirements to the product
level, most notably through the Ecodesign for Sustainable Products Regulation (EU) 2024/1781
(European Parliament & Council of the European Union, 2024), which strengthens expectations
regarding environmental performance across product categories and has been reinforced through
recent EU policy agreements (Council of the European Union, 2023). In parallel, the Corporate Sus-
tainability Reporting Directive (CSRD) reinforces the relevance of assessing sustainability-related
risks and opportunities and strengthens expectations for formalised risk governance in sustainabil-
ity transitions (European Parliament & Council of the European Union, 2022; European Commission,
2025). This shift is also reflected in European supervisory priorities, which increasingly emphasise
the integration of sustainability-related risks into governance and risk management systems (Euro-
pean Securities & Markets Authority, 2022). Despite growing regulatory and market pressure to
implement product-level environmental product policies, empirical evidence remains limited on (i)
how specific risk management activities - risk identification (RI), risk assessment (RA), and risk
monitoring (RM) - translate into effective EPP implementation in innovative firms, and (ii) whether
enterprise risk management (ERM) functions as the governance mechanism that enables this trans-
lation under uncertainty. This gap is consequential because innovation-driven product decisions
involve technological uncertainty and shifting market conditions that can impede the operationalisa-
tion of environmental commitments (Chairani & Siregar, 2021; Btach et al, 2025). While prior
research acknowledges that risk management and governance capabilities support decision-making
under uncertainty, it rarely explains through which risk management activities and via what govern-
ance mechanism firms achieve product-level environmental policy implementation.

These challenges are particularly salient for innovative firms - here understood as organisations
implementing product and/or process innovations - because innovation-driven decision-making
involves heightened uncertainty, resource constraints, and a constant need to balance environmental
ambitions with performance pressures (Liu et al., 2024; Cabaleiro-Cervifio & Mendi, 2024; Lu et al,,
2025). Recent studies increasingly highlight the interdependence between sustainability-driven
innovation and risk management capabilities, particularly under conditions of heightened uncer-
tainty and resource constraints (Maksum et al, 2024). Previous research indicates that integrated
risk management can support strategic decision-making under uncertainty and enhance organisa-
tional governance capabilities (Monazzam & Crawford, 2024; Aven, 2016; Beasley et al.,, 2005). More
specifically, the literature provides limited insight - particularly in European settings and innova-
tion-driven firms - into whether RI, RA, and RM exert direct effects on EPP implementation or
whether their influence occurs indirectly through ERM as a systematic governance mechanism
(Shahzad et al,, 2022; Othman & Hussein, 2024; Beasley et al.,, 2024; Gorzen-Mitka, 2024).

The integration of risk management practices - specifically risk identification (RI), risk assess-
ment (RA), and risk monitoring (RM) - into the implementation of environmental product policies
has the potential to enhance firms’ capacities to manage environmental risks while contributing to
the achievement of sustainable development goals (Otham & Hussein, 2024; Shahzad et al,, 2022;
Beasley et al., 2024; Gorzen-Mitka, 2024). Therefore, this study addresses this research gap by examin-
ing how core risk management activities (RI, RA, RM) influence the implementation of environmental
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product policies (EPP) in innovative firms and by analysing the mediating role of ERM in translating
structured risk governance processes into effective environmental product strategies aligned with
sustainability objectives. By focusing on product-level policy implementation (rather than general
sustainability orientation), the study responds directly to the EU shift toward enforceable sustaina-
bility requirements and clarifies the governance mechanisms that enable firms to operationalise
environmental commitments under uncertainty. Consistent with sustainability governance perspec-
tives, this study conceptualises EPP as a set of formalised product-related environmental policy prac-
tices embedded in organisational routines and managerial decision-making, thereby capturing sub-
stantive implementation rather than symbolic compliance. This is particularly relevant in the Polish
context, where firms must reconcile EU-driven sustainability requirements with volatility and
resource constraints, increasing the strategic role of enterprise-level risk governance.

Based on this reasoning, the study seeks to answer the following research questions:

RQ1. How do risk identification (RI), risk assessment (RA), and risk monitoring (RM) influence

the implementation of environmental product policies (EPP) in innovative firms?

RQ2. Does enterprise risk management (ERM) mediate the relationships between core risk man-

agement activities (RI, RA, and RM) and EPP implementation?

RQ3. Which risk management activity (RI, RA, or RM) has the strongest strategic relevance for

supporting effective EPP implementation through ERM?

To answer these questions, this study analyses survey data from 587 representatives of innova-
tive firms operating in Poland across multiple sectors. The empirical analysis employs partial least
squares structural equation modelling (PLS-SEM) based on constructs measured using a structured
questionnaire with a seven-point Likert scale.

The findings are intended to inform both management practice and public policy by highlighting
how integrated risk management can act as a catalyst for sustainability-oriented innovation and the
strategic alignment of environmental initiatives with organisational goals.

In doing so, the study contributes to the literature by (1) extending the understanding of environ-
mental product policy implementation in innovation-driven firms, (2) empirically positioning ERM
as a strategic mechanism that enables the translation of risk management activities into sustainabil-
ity-oriented product outcomes, and (3) offering managerial and policy implications relevant for firms
operating under increasing sustainability requirements in the European and Polish context.

The remainder of the paper is organised as follows. Provides the literature review and theoretical
foundation for the hypotheses, including the conceptual justification of ERM as a mediator between
RI, RA, RM and EPP. Section 3 describes the research methodology, including data collection proce-
dures, sample characteristics, operationalisation of constructs, and the modelling approach. The
results and discussion are presented in Section 4, which reports the evaluation of the measurement
and structural models, assesses the validity and reliability of the constructs, and presents the hypoth-
esis testing outcomes. Finally, Section 5 concludes with key findings, managerial and policy implica-
tions, limitations, and directions for future research at the intersection of enterprise risk manage-
ment, environmental product strategies, and sustainability transitions in innovation-driven organi-
sations.

Literature review and Hypotheses Development

Theoretical Background and Gap

Existing research links risk management and sustainability outcomes, yet it predominantly
addresses sustainability at a general level (Beasley et al., 2005; Marlowe et al., 2013; Mikes & Kaplan,
2015; Wang et al.,, 2022; Shah et al, 2024; Hoyt & Liebenberg, 2025) and rarely explains how
risk-management routines translate into product-level environmental product policies (EPP). More-
over, enterprise risk management (ERM) is often treated as a control system or an organizational
attribute, rather than as an integrative capability and information-processing structure (Beasley et
al,, 2005; Mikes & Kaplan, 2015; Wang et al,, 2022; Hoyt & Liebenberg, 2025; Shah et al,, 2024) that
converts risk signals into coordinated product policy choices (especially in environmental perspective).
Consequently, the literature lacks a process-based explanation of which specific risk-management
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routines (risk identification, assessment, monitoring) enable EPP and whether ERM acts as a mediat-
ing mechanism that integrates routine-level risk practices into consistent EPP implementation in
innovative firms operating under high uncertainty. This study addresses this gap by decomposing
risk management into RI,RA and RM, testing their direct effects on EPP, and examining ERM as a medi-
ator that translates these routines into product-level environmental policy adoption.

To make this theoretical gap explicit and to provide a solid grounding for the proposed rela-
tionships, Dynamic Capabilities Theory (DCT) (Teece et al., 1997; Teece, 2010, 2009) and Organisa-
tional Information Processing Theory (OIPT) (Galbraith, 1974) are adopted. They are adopted to
explain ERM as an integrative capability and information-processing structure that converts dis-
persed risk signals from risk identification (RI), risk assessment (RA) and risk monitoring (RM) rou-
tines into coordinated environmental product policy (EPP) choices. Institutional and stakeholder
theories complement this mechanism under which product-level EPP becomes salient. Institutional
theory explains EPP as a response to coercive and normative pressures arising from regulation,
standards, and legitimacy demands, which in innovative firms often materialise as concrete prod-
uct-development requirements (DiMaggio & Powell, 1983; Scott, 2014; Christensen et al., 2021).
Stakeholder theory complements this view by emphasising that customer; investor, and supply-chain
expectations increasingly require product-level environmental practices rather than general sustain-
ability declarations, making EPP strategically salient and reputationally consequential (Freeman,
2010; Mitchell et al., 1997). Hence, these contextual theories justify why EPP becomes a central out-
come under external pressures, while ERM is theorised as the mechanism that integrates risk signals
into coordinated product policy choices. Table 1 summarises these theoretical foundations.

Theoretical foundations and research gap

Focus of prior

Theory

Mechanism in this study

Theoretical gap

research
Dynamic Capabilties Innovation ERM asan |nt§grat|v§ papab|||ty ERM rarely tested as a
performance, enabling sensing-seizing-recon- i )
Theory (DCT) " . -2 capability translating RM
, resilience, figuring under uncertainty; o
g (Teeceetal, 1997 S . routines into product-level
8 sustainability supports coordinated EPP
£ Teece, 2010,2009) . . . EPP
£ adaptation implementation
5
£ Organizational Information ~ Coordination and E.RM s an information |nltegra .
38 . . . tion structure that consolidates, ~ Rarely applied to ERM and
Processing Theory (OIPT) information-pro- . . . . S
; i . integrates, and disseminates risk  product-level sustainability
(Balbraith, 1974; cessing under information into product polic olicy implementation
HauBmann et al. 2012) uncertainty L P policy policymp
decisions
Institutional Theory Sustamabﬂﬂy adop EPP driven by coercive/normative U”C'e?r how firms opera
. , _ tionand legitimacy/ . s ~ tionalize product environ-
(DiMaggio & Powell, 1983, , pressures (regulation, legitimacy); .
A compliance pres- I mental requirements
Scott, 2014; Christensen ERM helps operationalize o
£ etal, 2021) sures (often at compliance through RM activities
z " ESG/CSR level) P and ERM
o
(&)

Focus mostly on general

Stakeholder Theory Stakeholder pres- Stakeholder expectations CSR/ESG: not on product.
(Freeman, 1984; sures and CSR/ESG  increase demand for EPP; ERM level EPP/executicE)n
Mitchell et al., 1997) engagement enables credible implementation

Enterprise Risk Management and Environmental Product Policies

mechanisms

Contribution of this study

Positions ERM as a mediator
translating RI/RA/RM into
EPP in innovative firms

Conceptualizes ERM as an
information-processing
mediator between RM
routines and EPP

Positions ERM as a gover-
nance/integration mecha-
nism enabling the transla-
tion of risk routines into EPP

Extends stakeholder view by
showing ERM-driven transla-
tion into EPP

The transition toward sustainable development within innovative firms increasingly relies on the
integration of environmental considerations into product development processes (Schulte et al,
2020; Hock-Doepgen et al,, 2021). However, the implementation of effective environmental product
policies (EPP) often faces barriers arising from organisational risk perceptions, technological uncer-
tainties, and dynamic market conditions (Beasley et al., 2005; Rowan, 2025; Wieczorek-Kosmala &
Henschel, 2022; Thangamani, 2016; Mikes & Kaplan, 2015). From the perspective of Dynamic Capa-
bilities Theory (DCT) (Teece et al., 1997; Teece, 2009, 2010), addressing such turbulence requires
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organisational capabilities that support sensing, seizing, and reconfiguring resources to sustain inno-
vation and adaptation. In this context, structured risk management emerges as a critical enabler of
strategic decision-making under uncertainty, aligning environmental objectives with organisational
practices while mitigating potential barriers to green product innovation (Khurana et al., 2022).

Prior studies indicate that structured risk management within innovative environments facili-
tates cleaner production, eco-design, and waste reduction strategies by ensuring proactive identifica-
tion and management of potential risks during product development (Adomako et al., 2021; Schulte
et al, 2020; Cui et al,, 2024). Risk management practices such as risk identification (RI), risk assess-
ment (RA), and risk monitoring (RM) enable organisations to systematically address uncertainties
inherent in environmental innovation projects, while simultaneously supporting compliance with
sustainability objectives and enhancing market responsiveness (Al-Nimer, 2024; Beasley et al., 2024;
Gorzen-Mitka & Sipa, 2025; Hallikas et al., 2020). Yet, existing research typically treats these RM
routines as operational tools, leaving unclear how they are translated into product-level policy imple-
mentation mechanisms.

Enterprise Risk Management (ERM), as a systematic and integrated approach, extends traditional
risk management by embedding risk considerations into organisational strategy and processes.
Building on Organisational Information Processing Theory (OIPT) (Galbraith, 1974; Haufdmann et al.,
2012), ERM can be conceptualised as an information-integration structure that consolidates, inter-
prets, and disseminates risk-related information across functions, thereby improving coordination
and decision quality under uncertainty. This integrative role is particularly relevant for EPP, which
requires cross-functional alignment between innovation, sustainability, and product governance
(Marlowe et al,, 2013; Hoyt & Liebenberg, 2025; Wang et al., 2022). ERM also supports proactive
management of environmental risks in product development by systematically monitoring and
assessing risk factors while aligning these efforts with broader sustainability goals (Rowan, 2025;
Shah et al,, 2024; Thangamani, 2016; Shanyi & Murzin, 2021).

Furthermore, research on innovation-driven environments highlights that the adoption of ERM
contributes to organisational preparedness and agility, enabling firms to effectively address environ-
mental challenges while advancing green product strategies (Khurana et al., 2022; Marlowe et al,,
2013; Al-Nimer, 2024; Hanif et al,, 2023). By serving as a mediator, ERM translates structured risk
management processes into actionable environmental policies, supporting sustainability-oriented
transitions within innovative firms (Al-Nimer, 2024; Hanif et al., 2023; Kraus et al., 2020). From an
Institutional Theory perspective (DiMaggio & Powell, 1983; Scott, 2014; Christensen et al., 2021),
EPP implementation is also driven by coercive and normative pressures (e.g., regulation and legiti-
macy), and ERM helps operationalise these demands through coordinated governance mechanisms.
Similarly, Stakeholder Theory (Freeman, 1984; Mitchell et al., 1997) suggests that stakeholder expec-
tations increase demand for credible product-level environmental action, while ERM enables consist-
ent and accountable implementation across functions.

In light of these findings, it is reasonable to expect that the effective implementation of ERM will
positively influence the adoption and operationalisation of environmental product policies within
innovative firms. Therefore, this study proposes the following hypothesis:

Hypothesis 1 (H1). Enterprise Risk Management (ERM) has a positive and significant influence on
environmental product policies (EPP).

Risk Identification and Environmental Product Policies

Risk identification (RI) constitutes a foundational element within the risk management process,
enabling organisations to systematically recognise potential threats and opportunities that could
impact environmental objectives. Khurana et al. (2022) emphasise that effective risk management
frameworks support the early identification of risks in agile and complex project environments,
which is essential for organisations aiming to implement environmental initiatives within product
strategies. In the context of sustainability transitions, the ability to identify environmental and oper-
ational risks at early stages enables innovative firms to proactively address regulatory and technolog-
ical uncertainties, supporting cleaner production goals (Rowan, 2025; Marandi Alamdari et al., 2023;
Chairani & Siregar, 2021; Gorzen-Mitka, 2024; Kohler & Som, 2014).
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Marlowe et al. (2013) highlight the critical role of information flows and structured risk manage-
ment practices in innovative environments, indicating that risk identification must be embedded
within collaborative processes to effectively support sustainability-oriented innovation. These struc-
tures facilitate the translation of identified risks into actionable product policies, particularly when
aiming to reduce environmental impacts through product development (Thomas et al, 2022;
Hock-Doepgen et al., 2021; Kraus et al,, 2020).

Thangamani (2016) further demonstrates that structured risk identification under conditions of
uncertainty supports informed decision-making during engineering changes, which directly applies
to the introduction of environmental product policies (EPP) within innovative firms. They indicate
that systematic risk identification assists firms in managing uncertainties associated with imple-
menting eco-design and waste reduction strategies during product development processes (Schulte
etal, 2020; Shanyi & Murzin, 2021).

Taken together, the literature indicates that early and systematic risk identification strengthens
firms’ ability to anticipate and address environmental, regulatory, and technological uncertainties,
which supports the formulation and implementation of environmental product policies. Therefore,
the following hypothesis is proposed:

Hypothesis 2 (H2). Risk Identification (RI) has a positive and significant influence on environ-
mental product policies (EPP).

However, while RI enhances awareness of environmental and operational risks, its influence on
EPP often depends on the presence of enterprise risk management (ERM) systems capable of inte-
grating identified risks into organisational decision-making and sustainability objectives. ERM, as
discussed by Marlowe et al. (2013), facilitates structured information flows and collaborative govern-
ance processes, enabling firms to systematically process identified risks into effective environmental
strategies while maintaining innovation agility (Aziz et al., 2016; Raharjo & Hasnawati, 2022; Kraus
etal, 2020). Consistent with Organisational Information Processing Theory (OIPT) (Galbraith, 1974;
Haufdmann et al,, 2012), ERM can be viewed as the information-integration mechanism that converts
dispersed risk signals identified through RI into coordinated product-level policy decisions. In line
with Dynamic Capabilities Theory (DCT) (Teece et al., 1997; Teece, 2009, 2010), ERM may also func-
tion as an integrative capability that enables firms to reconfigure processes and align cross-func-
tional actions so that identified risks are effectively translated into EPP under uncertainty.

Therefore, the literature suggests that ERM acts as a mediating mechanism, converting the out-
comes of risk identification into actionable environmental product policies aligned with organisa-
tional sustainability goals.

Based on this, the following hypothesis is proposed:

Hypothesis ZM (H2M). The influence of risk identification (RI) on environmental product policies
(EPP) is positively mediated by enterprise risk management (ERM).

Risk Assessment and Environmental Product Policies

Risk assessment (RA) is a critical activity of risk management that involves analysing and prior-
itising identified risks based on their potential impact and likelihood, enabling firms to make informed
decisions aligned with environmental product policies (EPP). In the context of innovative firms, RA
supports the systematic incorporation of environmental criteria into product development while
addressing uncertainties related to market dynamics and regulatory frameworks (Miemczyk & Luzz-
ini, 2018; George et al., 2023; Schulte et al., 2020). Drawing on Dynamic Capabilities Theory (DCT)
(Teece et al., 1997; Teece, 2009, 2010), RA can be viewed as a sensing and seizing practice that helps
firms anticipate and prioritise environmental and market risks, thereby supporting adaptive prod-
uct-related decision-making.

George, Yadla, and Kulkarni (2023) emphasise that hybrid risk models applied in complex indus-
tries, such as automotive manufacturing, allow for a structured evaluation of operational and envi-
ronmental risks. This systematic risk assessment facilitates proactive planning and supports envi-
ronmental initiatives within production processes, which aligns directly with the implementation of
EPP in innovative firms.

Shanyi and Murzin (2021) highlight that risk assessment in new product development (NPD)
enables firms to manage the uncertainties associated with introducing new technologies and
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environmentally responsible products. By employing risk matrices and simulations, firms can better
evaluate potential challenges in implementing cleaner production practices and eco-design princi-
ples within EPP frameworks.

Rowan (2025) illustrates that environmental risk assessment plays a central role in supporting
the adoption of bioeconomy innovations, demonstrating how systematic evaluation of ecological
risks is vital for transitioning toward sustainable production models. This perspective confirms that
RA enables firms to align product development strategies with sustainability goals while managing
environmental uncertainties.

From an Institutional Theory perspective (DiMaggio & Powell, 1983; Scott, 2014; Christensen et
al,, 2021), regulatory and normative pressures increase the need to evaluate and prioritise environ-
mental risks that may affect product compliance, making RA an important antecedent of EPP adop-
tion and implementation. Similarly, Stakeholder Theory (Freeman, 2010; Mitchell et al., 1997) sug-
gests that heightened stakeholder expectations regarding product environmental performance
increase the salience of environmental risks, strengthening the role of RA in guiding EPP-related
choices.

While RA enhances the evaluation and prioritisation of environmental risks, its effective transla-
tion into EPP often requires the presence of enterprise risk management (ERM) systems. ERM pro-
vides a structured framework to integrate risk assessment outcomes into organisational processes,
ensuring that identified and evaluated environmental risks are addressed systematically within
product strategies (George et al,, 2023; Adomako et al,, 2021; Gorzen-Mitka, 2024; Cui et al., 2024). In
line with Organisational Information Processing Theory (OIPT) (Galbraith, 1974; Hauffmann et al,,
2012), ERM strengthens information processing by consolidating and disseminating RA outputs
across functions, enabling coordinated product-policy decisions under uncertainty.

Moreover, the application of ERM enhances interdepartmental collaboration and supports con-
sistent monitoring of environmental risk factors, which are essential in aligning risk priorities with
sustainability objectives in product development (Schulte et al., 2020; Thangamani, 2016). Through
this integration, ERM serves as a mediating mechanism, transforming risk assessment insights into
actionable environmental product policies that drive sustainability-oriented innovation. Consistent
with DCT (Teece et al., 1997; Teece, 2009, 2010), ERM can also be interpreted as an integrative capa-
bility that helps reconfigure resources and routines so that RA insights are converted into imple-
mented product-level environmental policies.

Based on these insights, the following hypothesis is proposed:

Hypothesis 3 (H3). Risk assessment (RA) has a positive and significant influence on environmental
product policies (EPP).

Although RA supports identifying and prioritising environmental risks, prior research provides
limited explanation of the organisational mechanism through which RA outcomes are translated into
product-level EPP; this highlights a theoretical gap addressed by positioning ERM as the integration
mechanism that converts RA insights into coordinated EPP implementation. From Institutional The-
ory and Stakeholder Theory perspectives, ERM additionally strengthens the credibility and consist-
ency of responses to compliance and stakeholder demands by embedding RA-informed priorities
into governance and cross-functional decision processes. Based on this, the following hypothesis is
proposed:

Hypothesis 3M (H3M). The influence of risk assessment (RA) on environmental product policies
(EPP) is positively mediated by enterprise risk management (ERM).

Risk Monitoring and Environmental Product Policies

Risk monitoring (RM) is a crucial element of the risk management process, involving continuous
observation and review of identified and assessed risks throughout project and product development
cycles. For innovative firms implementing environmental product policies (EPP), systematic RM ena-
bles the detection of emerging environmental, regulatory, and technological risks, ensuring that cor-
rective actions are taken proactively to align product development with sustainability objectives
(Al-Nimer, 2024; Hanif et al., 2023; Kohler & Som, 2014). From the perspective of Dynamic Capabili-
ties Theory (DCT) (Teece etal., 1997; Teece, 2010, 2009), continuous RM supports sensing and timely
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reconfiguring in turbulent environments, which is essential for innovation performance and sustain-
ability adaptation.

George, Yadla, and Kulkarni (2023) highlight the use of hybrid risk models in automotive manu-
facturing that incorporate ongoing monitoring to track and respond to operational and environmen-
tal risks dynamically. This approach enables firms to adjust processes and product strategies in
response to changing environmental risk profiles, supporting cleaner production and compliance
with environmental standards as part of EPP implementation.

Schulte et al. (2020) emphasise that RM within new product development (NPD) is essential for
addressing uncertainties during the design and implementation phases of environmentally responsi-
ble products. Continuous monitoring ensures that environmental risks identified and assessed dur-
ing earlier stages are revisited and updated, allowing firms to integrate sustainability considerations
effectively within EPP frameworks.

Rowan (2025) illustrates the role of RM in supporting bioeconomy innovations, demonstrating
that ongoing tracking of ecological risks is critical for firms transitioning toward environmentally
responsible practices. Monitoring environmental risks enables adaptive management, ensuring
alignment between product development and sustainability targets. In addition, Institutional Theory
(DiMaggio & Powell, 1983; Scott, 2014; Christensen et al.,, 2021) suggests that evolving regulatory
and normative pressures make such monitoring particularly important for maintaining legitimacy
and compliance at the product-policy level. Similarly, Stakeholder Theory (Freeman, 2010; Mitchell
etal, 1997) implies that continuous RM helps firms respond to stakeholder expectations by detecting
emerging concerns that may affect product environmental requirements and credibility.

Building on the above arguments and consistent with DCT, RM enables firms to continually detect
and respond to uncertainty, thereby supporting the operationalisation of environmental product
requirements and strengthening EPP implementation. Based on these insights, the following hypoth-
esis is proposed:

Hypothesis 4 (H4). Risk monitoring (RM) has a positive and significant influence on environmental
product policies (EPP).

While RM is essential for tracking and managing environmental risks, its effectiveness in influ-
encing EPP is significantly enhanced when integrated into enterprise risk management (ERM) sys-
tems. ERM provides a structured framework that aligns ongoing risk monitoring with organisational
strategy and operational practices, facilitating the translation of monitored risks into actionable envi-
ronmental product strategies (George et al., 2023). Consistent with Organisational Information Pro-
cessing Theory (OIPT) (Galbraith, 1974; HaufSmann et al,, 2012), ERM functions as an information-in-
tegration structure that consolidates and disseminates monitoring outputs across functions, improv-
ing coordinated product-policy decisions under uncertainty.

Furthermore, ERM promotes collaboration and effective information flows across departments,
ensuring that risk monitoring outcomes are systematically considered in environmental deci-
sion-making within product development (Wang et al,, 2022). Through this structured integration,
ERM mediates the influence of RM on EPP, supporting innovative firms in maintaining sustainability
alignment while adapting to evolving environmental risks. This mediation logic also aligns with DCT
by positioning ERM as an integrative capability that enables coordinated sensing-seizing-reconfig-
uring, and with Institutional and Stakeholder perspectives by helping firms operationalise external
pressures into consistent product-level policies.

Thus, ERM is expected to strengthen and channel the effect of RM into EPP by translating contin-
uous monitoring information into coordinated governance and product-policy actions, as predicted
by OIPT and supported by DCT, Institutional Theory, and Stakeholder Theory. Based on these insights,
the following hypothesis is proposed:

Hypothesis 4M (H4M). The influence of risk monitoring (RM) on environmental product policies
(EPP) is positively mediated by enterprise risk management (ERM).
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Research methods

Scale development, sampling strategy and data collection

This study employed a quantitative cross-sectional survey design to examine the relationships
among the proposed latent constructs within a single data collection period. The target population
consisted of innovative enterprises, defined as firms that implemented innovation(s) within the last
three years, ensuring that the surveyed organisations were actively involved in innovation-related
decision-making and practices. This research is based on a structured survey of representatives of
innovative enterprises. Data collection took place from July to September 2024, yielding 587 com-
plete and usable responses in total. A purposive sampling strategy was employed to ensure the inclu-
sion of firms actively engaged in innovation activities (see Table 2 for details of the sample’s compo-
sition).

Sample Description N=587

Category Subcategory N %
Small 234 399

Firm Size Medium 219 587 37.3 100
Large 134 22.8
1-5 72 12.3

Firm Maturity (years) o0 1% 587 18] 100
11-15 82 14.0
>15 327 55.7
Trade 77 13.1

Main Business Activity Manufacturing 164 587 279 100
Services 346 58.9
Female 269 458

Gender 587 100
Male 318 54.2
Specialist/Analyst 270 46.0
Middle Management 164 279

Job Position Senior Management 82 587 14.0 100
Accounting 66 11.2
Owner 5 09

The sample predominantly consists of small and medium-sized enterprises (77.2%), with over
half of the firms (55.7%) operating in the market for more than 15 years, indicating a mature and
experienced respondent base. The majority of firms are active in the services sector (58.9%), high-
lighting the relevance of environmental product policies within this domain. In terms of respondents’
positions, specialists and analysts (46.0%) and middle management (27.9%) are the most repre-
sented groups, ensuring that the survey captures perspectives from both operational and managerial
levels regarding the implementation of environmental product policies. The survey was administered
by a specialised external research agency, which supported standardised data collection procedures
and respondent verification. Participation in the study was voluntary and anonymous, which reduces
evaluation apprehension and supports response accuracy. The external research agency applied
standard data cleaning procedures by retaining complete responses and ensuring dataset consist-
ency prior to analysis.

The survey instrument was designed using established and validated scales from prior research
on risk management and sustainability practices (e.g., Beasley et al., 2024; Kraus et al, 2020).
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It included multiple items structured to capture five latent constructs: risk identification (RI), risk
assessment (RA), risk monitoring (RM), enterprise risk management (ERM), and environmental
product policies (EPP) (see Table 2). Responses were recorded on a seven-point Likert scale (1 =
strongly disagree, 7 = strongly agree), enabling the evaluation of participants’ perspectives on risk
management activities and the adoption of environmental product policies within their organisa-
tions. Since the study relies on perceptual measures, items were formulated to ensure clarity and
relevance for organisational respondents.

Measure of variables

Risk Identification (RI). Risk identification is considered a fundamental capability that deter-
mines whether a company can systematically identify uncertainties at an early stage (e.g., environ-
mental and operational) through structured information flows. This view is consistent with earlier
risk management literature, which emphasises the importance of early risk identification (e.g., Beas-
ley et al.,, 2005; Beasley & Branson, 2024). A sample item is: “We periodically update the list/catalog
of identified risks.”

Risk Assessment (RA). Risk assessment reflects a firm’s capability to evaluate identified risks.
This view aligns with prior risk management literature, which highlights the importance of system-
atically assessing risks in terms of their likelihood and potential impact (e.g. Shanyi & Murzin 2021;
Aven, 2016). A sample item is: “We carry out customer satisfaction surveys regarding our products/
services.”

Risk Monitoring (RM). Risk monitoring (RM) reflects a firm'’s capability to track risks over time.
It helps detect changes in risk levels and emerging threats (e.g. in the environmental area). This view
is consistent with the risk management literature, which underlines the importance of systematic
follow-up and periodic monitoring of key risks (e.g. Al-Nimer 2024; Hanif et al., 2023). A sample item
is: “In our company, we have defined acceptable levels of risk.”

Enterprise Risk Management (ERM). Enterprise risk management reflects an organisation-wide
approach to managing risk. It integrates risk practices across functions and levels. This view is con-
sistent with prior risk management literature, which emphasises an enterprise-wide, integrated
approach to managing risks (Beasley et al,, 2005; Beasley & Branson, 2024).

A sample item is: “When identifying risks, we focus on all operational processes (i.e., employ-
ment, supply chain, production, sales, customer service).”

Environmental Product Policies (EPP). Environmental product policies (EPP) reflect formal rules
and guidelines for reducing product-related environmental impacts. They guide product design and
development decisions. This approach reflects the literature stressing the importance of embedding
environmental objectives into product design and development routines (e.g. Hanif et al. 2023; Hal-
likas et al., 2020). A sample item is: “We have implemented a waste management policy in our com-
pany and monitor it (e.g., we have set recycling targets)”.

Table 3 shows that all latent constructs exhibit satisfactory internal consistency, with Cronbach’s
alpha values ranging from 0.750 to 0.857 (Cronbach, 1951).

Latent constructs

Construct Description / Item labels Number of items Cronbach's a
Risk Identification (RI) e.g. p1_1 Risk identification is carried out .. 3 0.819
Risk Assessment (RA) e.g. p1_6 We carry out customer satisfaction .... 3 0.750
Risk Monitoring (RM) e.g. p1_9 In our company, we have defined .... 4 0.832
Enterprise Risk Management (ERM)  e.g. p1_13 When identifying risks, we focus on .. 4 0.857
Environmental Product Policies (EPP) €4.p2.19 We have implemented a waste 6 0.856

management policy ..

The highest reliability was observed for the Enterprise Risk Management (0.857) and Environ-
mental Product Policies (0.856) constructs, confirming the robustness of the measurement scales
used in the survey. In addition to Cronbach’s alpha, the measurement model assessment in PLS-SEM
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was complemented with composite reliability and validity criteria in line with established recom-
mendations (Hair et al.,, 2019; Hair et al., 2021; Hair et al., 2022).

Data analysis

We employed PLS-SEM using SmartPLS 4.0 to test the proposed relationships between con-
structs, given its suitability for theory development and handling latent constructs with non-normal
data (Hair et al., 2021; Hair et al., 2022). As our study uses a reflective measurement model, we first
assessed the measurement model’s reliability and validity, followed by an evaluation of the structural
model. Direct and mediating effects were tested using bootstrapping with 5,000 resamples, consider-
ing mediation significant when the indirect effect and confidence intervals excluded zero (Hair et al,,
2021; Hair et al., 2022). To estimate the proposed relationships among latent constructs, this study
employed Partial Least Squares Structural Equation Modelling (PLS-SEM) using SmartPLS 4. PLS-
SEM was selected because the study aims primarily at explaining and predicting the variance of the
key endogenous construct - Environmental Product Policies (EPP) - and at assessing a mediation
mechanism (ERM) linking risk management dimensions with EPP. In such settings, variance-based
SEM is recommended due to its strong predictive orientation and its suitability for complex models
incorporating multiple latent variables and indirect effects (Hair et al., 2019; Hair et al., 2021; Hair et
al,, 2022). In contrast, covariance-based SEM approaches (e.g., AMOS) are more appropriate when
the research objective is strict theory confirmation with emphasis on global model fit indices and
parameter consistency under distributional assumptions (Hair et al., 2019; Henseler et al., 2016).
Since our research objective focuses on assessing path relationships, mediation effects, and maximis-
ing explained variance (R?) in EPP rather than prioritising overall model fit evaluation, PLS-SEM con-
stitutes the most appropriate methodological choice (Hair et al., 2021; Hair et al., 2022; Sarstedt et
al,, 2017). Following established recommendations, the analysis proceeded in two stages: first, the
reflective measurement model was assessed in terms of internal consistency reliability and conver-
gent/discriminant validity; second, the structural model was evaluated using bootstrapping with
5,000 resamples to test direct and indirect effects and their confidence intervals (Hair et al,, 2021;
Hair et al., 2022).

The conceptual model, shown in Figure 1, is reflective in nature (Hair et al., 2022; Hair et al,,
2019).

Pl 1
pl_3
pl_4
p2_19
pl6 p2_20
p1_7 p2_21
oila p2_22
p2_23
p2_24
pl_3
pi_10
pl_1i
pi_12

Figure 1. Conceptual model
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This study offers two contributions to the analysis of environmental product policies (EPP): (1)
subjective assessment of various elements of the risk management process, and (2) examination of
the indirect effect of enterprise risk management (ERM) on the relationship between these elements
and EPP.

Results of the research

Using PLS, the measurement model is evaluated in the first step, followed by the examination of
the proposed hypotheses.

Measurement Model Assessment Results

When evaluating reflective measurement models, the analysis centres on verifying indicator reli-
ability (including indicator-level reliability and internal consistency) as well as construct validity,
covering both convergent and discriminant validity. Indicator reliability was assessed by examining
the correlations between each item and its underlying construct, retaining items with loadings of
0.708 or higher (Hair et al.,, 2019). One indicator (p1_11; Figure 2) exhibited a loading slightly below
this threshold (0.705); however, Chin (1998) suggests that the 0.708 guideline can be applied flexibly
if the indicator contributes to content validity. Internal consistency reliability was then evaluated
using composite reliability (CR), with acceptable values ranging between 0.7 and 0.95 (Hair et al,,
2019).

p1_1
p1_3
1.4
P p2_19
0.041
0.758 e
16
Be __» P22
p1_7 0211
2.22
o8 p2_
RA
p2_23
0.260 0.240 0.233
S p2_24
v,
p1_10 0760
Y0.833
pl_11 <0705 0515 b
40.826
pl_12
RM 0827 gg0s ERM 765 0821
p1_13 pl_14 p1_15 pl_16

Figure 2. Model estimation results

In the risk identification (RI) construct, three indicators were used, with factor loadings of 0.793,
0.886, and 0.886, indicating a strong association between each item and the construct (all values >
0.70). This confirms that the items adequately measure the risk identification process in innovative
enterprises. The AVE value of 0.731 confirms high convergent validity, while the Composite Reliabil-
ity (CR) of 0.891 and Cronbach’s Alpha of 0.815 confirm high reliability for this construct. This indi-
cates that the RI construct is stable, consistent, and effectively measures risk identification as part of
risk management in the context of environmental policies.
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For the risk assessment (RA) construct, three indicators achieved factor loadings ranging from
0.737 to 0.788, which is acceptable in PLS-SEM models. The AVE of 0.571 indicates acceptable con-
vergent validity, while the CR of 0.800 and Cronbach’s Alpha of 0.702 confirm acceptable internal
consistency, meeting the recommended threshold of 0.70. Overall, the RA construct maintains an
adequate level of measurement quality and can be used as a reliable measure of the risk assessment
process in innovative enterprises.

In the risk monitoring (RM) construct, four indicators achieved factor loadings between 0.705
and 0.833, confirming good measurement quality (>0.70). The AVE of 0.612 confirms that the con-
struct explains the variance of its indicators well. The CR of 0.863 and Cronbach’s Alpha of 0.788
confirm good reliability for this construct, indicating consistency and stability in measuring risk
monitoring within enterprises.

For the enterprise risk management (ERM) construct, factor loadings range from 0.766 to 0.827,
demonstrating very good alignment with the construct. The AVE of 0.648 confirms good convergent
validity, while the CR of 0.880 and Cronbach’s Alpha of 0.819 confirm high internal consistency and
reliability. This indicates that the ERM construct is stable and effectively reflects integrated risk man-
agement as a key mediating element between risk management processes and environmental poli-
cies within innovative enterprises.

For the environmental product policy (EPP) construct, six indicators achieved factor loadings
ranging from 0.704 to 0.791, which is a very good result. The AVE of 0.583 indicates adequate conver-
gent validity, while the CR of 0.893 and Cronbach’s Alpha of 0.856 confirm high reliability and stabil-
ity of the construct. This indicates that environmental product policies are well-measured and appro-
priately represented in the model (Table 4).

Measurement model assessment: reliability and validity indicators

Construct Cronbach’s Alpha Composite Reliability ~ Average Variance

(CR) Extracted (AVE)
Reference values (Hair et al. 2019) >=0.708 >=07 >=0.50
Risk Identification (RI) 0.815 0.891 0.731
Risk Assessment (RA) 0.702 0.800 0.57
Risk Monitoring (RM) 0.788 0.863 0.612
Enterprise Risk Management (ERM) 0.819 0.880 0.648
Environmental Product Policy (EPP) 0.856 0.893 0.583

Overall, the constructs RI, RA, RM, ERM, and EPP exhibit robust psychometric properties, ensur-
ing that the indicators effectively represent their respective latent variables and that the measure-
ment model is suitable for further structural analysis.

Discriminant Validity of Constructs

EPP ERM RA RI RM
EPP 0.763 0.712 0.789 0.566 0.730
ERM 0.602 0.805 0.843 0.764 0.825
RA 0.584 0.724 0.756 0.832 0.844
RI 0.478 0.629 0.648 0.855 0.789
RM 0.606 0.709 0.738 0.640 0.782

Note: The values on the diagonal (bold) represent the square root of the AVE. The values below the diagonal indicate the correlations
between constructs, while the values above the diagonal (italics) show the HTMT ratios.

DOI: 10.34659/€is.2026.98.3.12569



ECONOMICS AND ENVIRONMENT 3(98) = 2026

The assessment of discriminant validity for the reflective measurement model was conducted
using both the Fornell-Larcker criterion and the HTMT ratio (Table 4). The results indicate that the
square roots of the AVE values for all constructs are higher than their correlations with other con-
structs, confirming discriminant validity according to the Fornell-Larcker criterion. Additionally, all
HTMT values are below the conservative threshold of 0.85, with the highest values observed between
ERM and RA (0.843) and between RA and RM (0.844). These high yet acceptable values suggest a
strong but distinguishable relationship between these constructs. The fact that none of the HTMT
values exceed 0.85 indicates that the constructs within the model are adequately distinct according
to the more rigorous HTMT assessment. These results confirm that the measurement model demon-
strates both convergent and discriminant validity, thereby allowing for the continuation to structural
model analysis and hypothesis testing within the structural equation modeling framework.

Structural Model Assessment Results

After establishing the model’s validity, we utilized the nonparametric PLS bootstrapping tech-
nique (Hair et al.,, 2022) to examine the significance of the path coefficients (3), to better understand
the relationships among the constructs, and to test the proposed hypotheses. The outcomes of this
structural model analysis are summarized in Table 6.

Structural model assessment: estimation and hypothesis verification

Structural Path (B) *t Value

AR Relationship Standardised Bootstrap UM Conbat
H1 ERM — EPP 0.233 3.316 0.001 Supported
H2 Rl — EPP 0.041 0.705 0.481 Rejected
H3 RA - EPP 0.211 5772 0.000 Supported
H4 RM - EPP 0.240 3.261 0.001 Supported

The structural model assessment indicates that out of the four hypothesised relationships, three
are supported, and one is not supported. Specifically, H1, which proposed that environmental risk
management (ERM) positively affects environmental proactive performance (EPP), is supported with
a significant path coefficient. H3, positing that risk assessment (RA) positively impacts EPP, is also
supported with a strong path coefficient. Similarly, H4, suggesting that risk monitoring (RM) posi-
tively affects EPP, is supported. However, H2, hypothesising that risk identification (RI) positively
influences EPP, is not supported, as indicated by a very low and non-significant path coefficient. These
findings demonstrate that while ERM, RA, and RM significantly and positively contribute to environ-
mental proactive performance within the model, risk identification alone does not have a statistically
significant direct impact on EPP in this context. This suggests that firms may benefit more from focus-
ing on the implementation and monitoring stages of risk management rather than solely on identifi-
cation when aiming to enhance proactive environmental performance.

Although the direct effects confirm that certain risk-related practices are linked to environmental
product policy, they do not clarify whether enterprise risk management (ERM) helps to strengthen or
channel these relationships. Since ERM can integrate and coordinate various risk practices within an
organisation, it is valuable to test its role as a mediator to see if it explains how these practices con-
tribute to environmental product policy. Therefore, in the next step of the analysis, a mediation test
was conducted to explicitly examine ERM as a mediator in these relationships. This approach pro-
vides a clearer picture of the pathways through which risk management efforts support environmen-
tal goals within the model.

14
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Mediation Effects: ERM Between risk constructs and environmental product policy (EPP)

:]};ps?s Indirect Path :Enf(ftr;c(tﬁ) t-value p-value ﬁﬁg:‘fjnce XQ)F Mediation Type f;?]r‘lf

H2M Rl - ERM - EPP 0.031 2.305 0.021 [0.008; 0.059] 43 Partial Complementary Mediation Significant
H3M RA — ERM - EPP 0.060 2.984 0.003 [0.025; 0.105] 22 Weak Mediation Significant
H4M RM — ERM — EPP 0.120 2.814 0.005 [0.046;0.211] 33 Partial Complementary Mediation Significant

To explore how Enterprise Risk Management (ERM) contributes to linking specific risk manage-
ment practices with Environmental Product Policy (EPP), a mediation analysis was performed, with
detailed results presented in Table 7.

For the Rl - ERM — EPP pathway (H2M), the analysis revealed a statistically significant indirect
effect (B = 0.031, p = 0.021), with a 95% confidence interval [0.008; 0.059] not containing zero, con-
firming the robustness of the result. The VAF of 43% indicates that ERM mediates nearly half of the
effect of Risk Identification (RI) on EPP, reflecting partial complementary mediation. This suggests
that while RI directly influences EPP, the implementation of ERM systems within the organisation
further strengthens this effect, highlighting that merely identifying environmental risks is insuffi-
cient without embedding them into a structured risk management system. This mediation indicates
that organisations that actively integrate identified environmental risks into ERM frameworks are
better positioned to translate these risks into concrete environmental product policies.

For the RA - ERM — EPP pathway (H3M), the mediation analysis showed a significant indirect
effect (B = 0.060, p = 0.003) with a confidence interval [0.025; 0.105]. The VAF for this path is 22%,
suggesting weak partial mediation. Although the mediating effect is significant, the relatively low VAF
indicates that the majority of the influence of Risk Assessment (RA) on EPP occurs directly, with ERM
playing a supplementary but still meaningful role. This finding implies that organisations that sys-
tematically assess environmental risks tend to incorporate these findings directly into their environ-
mental product policies while ERM structures provide an additional, yet less dominant, channel sup-
porting the implementation of these policies.

For the RM — ERM — EPP pathway (H4M), the strongest mediating effect was found (§ = 0.120, p
= 0.005), with a confidence interval [0.046; 0.211], confirming the significance of the mediation. The
VAF of 33% indicates partial complementary mediation, showing that ERM mediates a substantial
portion of the relationship between Risk Monitoring (RM) and EPP. This suggests that ongoing mon-
itoring of environmental risks, when channelled through ERM frameworks, significantly contributes
to the development and enforcement of environmental product policies within the organisation. The
results indicate that organisations that maintain systematic risk monitoring practices and embed
them within ERM structures are better able to align these practices with their environmental product
policy goals, ensuring continuous responsiveness and policy adjustment to emerging environmental
risks.

Collectively, these findings confirm that ERM acts as a significant mediating mechanism between
risk management practices and environmental product policy, although the strength of this media-
tion varies depending on the stage of the risk management process. ERM plays a particularly strong
role in supporting risk monitoring and risk identification in relation to EPP, while its mediating effect
is weaker in the context of risk assessment, where direct pathways remain dominant.

These results highlight the importance of not only implementing risk management practices
within organisations but also actively integrating them into an enterprise risk management system to
fully leverage their potential for advancing environmental product policies. Practically, organisations
aiming to enhance their environmental product policy should focus on strengthening their ERM
frameworks to capture the benefits of risk monitoring and risk identification, ensuring these pro-
cesses translate into proactive, structured, and responsive environmental policy actions.
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Discusion

This section discusses the findings in relation to each hypothesis and prior studies, and derives
theoretical and practical implications.

The results of the structural model assessment demonstrate that enterprise risk management
(ERM), risk assessment (RA), and risk monitoring (RM) have significant positive effects on environ-
mental product policy (EPP), while risk identification (RI) does not exhibit a statistically significant
relationship. Specifically, ERM has a significant positive effect on EPP ( =0.233; p = 0.001), support-
ing H1. These findings align with existing research emphasising that comprehensive ERM processes
contribute to environmental performance and the implementation of environmental product policies
(Aziz et al., 2016; Lundqvist, 2014; Shah et al., 2024). Specifically, Shanyi and Murzin (2021) high-
lights that ERM facilitates the integration of sustainability into product policies by enabling firms to
manage environmental uncertainties proactively (also Chairani & Siregar, 2021; Monazzam & Craw-
ford, 2024; Hoyt & Liebenberg, 2025). Overall, the result supports the view that ERM functions as an
integrative framework that helps organisations operationalise environmental risks within prod-
uct-related policies.

Conversely, the non-significant effect of RI on EPP supports the perspective presented by Beasley
etal. (2005), indicating that risk identification alone does not ensure effective risk treatment or envi-
ronmental policy improvement unless integrated with subsequent assessment and monitoring stages
(also Florio & Leoni, 2017; Gorzen-Mitka, 2024; Raharjo & Hasnawati, 2022). Consistent with this,
the direct effect of RI on EPP is not significant (§ = 0.041; p = 0.481), leading to rejection of H2.
This suggests that organisations focusing solely on identifying environmental risks without struc-
tured evaluation and follow-up may not achieve meaningful enhancements in environmental product
policies (Adomako et al., 2021; Marandi Alamdari et al., 2023; Shah et al., 2024).

Although H2 is rejected, RI shows a significant indirect effect on EPP through ERM (B = 0.031;
p = 0.021), indicating partial complementary mediation (VAF = 43%). The results of this study high-
light the significant role of Enterprise Risk Management (ERM) in supporting organisations in imple-
menting Environmental Product Policy (EPP). While previous research has established the value of
risk management in enhancing environmental and sustainability practices (Lundqvist, 2014; Raharjo
& Hasnawati, 2022; Shah et al.,, 2024 this study adds to the discussion by illustrating how ERM serves
as a mechanism that strengthens (in this study risk identification) and structures the impact of
risk-related practices on environmental product policy.

Furthermore, the significant role of RA is consistent with findings by Mikes and Kaplan (2015),
who argue that systematic risk assessment and continuous monitoring enhance organisational
responsiveness to environmental challenges, thereby strengthening the implementation of proactive
environmental policies (also Aven, 2016; Schulte et al., 2020; Miemczyk & Luzzini, 2018). In line with
this reasoning, RA has a significant positive effect on EPP (8 = 0.211; p < 0.001), supporting H3.

In addition to its direct effect, RA also influences EPP indirectly via ERM ( = 0.060; p = 0.003),
indicating significant (weak) mediation (VAF = 22%). The findings confirm that ERM is not merely a
risk control tool but functions as an integrative framework that helps organisations operationalise
environmental risks within their policies. This aligns with the perspective of Aziz et al. (2016), who
emphasises that organisations adopting structured ERM systems can transform fragmented risk
practices into coherent and actionable sustainability strategies (Chairani & Siregar, 2021; Monazzam
& Crawford, 2024; Hoyt & Liebenberg, 2025).

Furthermore, the significant role of RA and RM is consistent with findings by Mikes and Kaplan
(2015), who argue that systematic risk assessment and continuous monitoring enhance organisa-
tional responsiveness to environmental challenges, thereby strengthening the implementation of
proactive environmental policies (also Aven, 2016; Schulte et al., 2020; Miemczyk & Luzzini, 2018).
Consistently, RM has a significant positive effect on EPP (§ = 0.240; p = 0.001), supporting H4.

RM also shows a significant indirect effect on EPP through ERM (§ = 0.120; p = 0.005), indicating
partial complementary mediation (VAF = 33%). An important insight emerging from this study is the
differentiated mediating role of ERM depending on the stage of the risk management process.
The results suggest that ongoing and systematic practices, such as risk monitoring, particularly ben-
efit from integration into ERM frameworks, reinforcing their contribution to environmental product
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policy (Aven, 2016; Mikes & Kaplan, 2015; Gorzen-Mitka, 2024). In contrast, while risk assessment
and identification are essential, their integration within ERM adds structured value but does not
replace the direct actions these practices drive. This nuanced finding underlines the need for organi-
sations to not only perform risk-related activities but also align them under an enterprise-wide sys-
tem to enhance environmental responsiveness and policy effectiveness (Aziz et al., 2016; Schulte et
al,, 2020; Shah et al,, 2024).

Moreover, these findings underscore the strategic importance of ERM as a tool that enables
organisations to align operational risk management with environmental policy goals, supporting
continuous improvement and adaptation to emerging environmental challenges. It reflects a shift
from a compliance-focused view of risk management towards a strategic perspective, where ERM
becomes a lever for environmental policy advancement and proactive sustainability actions (Hair et
al,, 2022; Hoyt & Liebenberg, 2025; Shah et al.,, 2024).

For practitioners, the findings indicate the need to invest resources not only in identifying envi-
ronmental risks but also in developing robust assessment and monitoring mechanisms within ERM
frameworks to drive improvements in EPP (Aziz et al., 2016; Chairani & Siregar, 2021; Monazzam &
Crawford, 2024). The results also highlight the relevance of structured, organisation-wide risk gov-
ernance for translating risk-related activities into product-related environmental policies.

For policy makers, the evidence suggests shifting attention from risk identification alone to
enforceable organisational routines - risk assessment criteria, periodic monitoring, and enter-
prise-wide integration - because these are the elements that show direct effects on EPP and also
transmit indirect effects via ERM.

Conclusions

This article explored the relationships between risk management practices and environmental
product policies (EPP) within innovative enterprises, focusing on the mediating role of enterprise
risk management (ERM). The study was based on a structured survey of 587 representatives from
innovation-active firms, using PLS-SEM to test proposed hypotheses on direct and indirect effects.

The findings show that ERM, risk assessment (RA), and risk monitoring (RM) have significant
and positive direct effects on EPP, while risk identification (RI) does not exhibit a significant direct
effect on EPP. These results indicate that risk assessment and monitoring are important drivers of
environmental product policies within innovative enterprises, whereas identifying risks alone is
insufficient for policy implementation without further structured actions.

The mediation analysis confirmed that ERM significantly mediates the relationships between RI,
RA, RM, and EPP. These results demonstrate that while risk monitoring and assessment directly con-
tribute to the implementation of environmental product policies, embedding these practices within
an ERM framework further enhances their impact. Additionally, risk identification, despite lacking
a direct effect, exerts a significant indirect influence on EPP when integrated into ERM processes.

Implications for practice indicate that innovative firms aiming to implement environmental
product policies effectively should focus on systematic risk assessment and monitoring practices and
incorporate them within ERM frameworks to enhance environmental performance. The role of ERM
as a mediator highlights the need for structured integration of risk management processes within
organisational practices to translate risk-related activities into environmental product strategies.

A full interpretation of the results should consider several limitations related to the study design
and sample characteristics, which also indicate directions for future research. First, the cross-sec-
tional nature of the data limits the ability to draw causal conclusions regarding the mediating role of
enterprise risk management (ERM) in the relationship between environmental product policies and
related outcomes. Moreover, the study relies on self-reported survey measures, which may introduce
subjective and common-method bias.

Second, the sample structure may constrain the generalizability of the findings. Highly mature
firms (>15 years) represent 55.7% of the sample, while younger firms are relatively underrepre-
sented. Because firms at different maturity stages may differ in resources, routines, and formalization
of ERM and environmental product policies, the observed relationships may not generalize equally
across stages of organizational development. Similarly, the sample is dominated by services firms
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(58.9%), with manufacturing and trade less represented; given that sector-specific operational con-
ditions and regulatory exposure can shape both ERM practices and environmental product policies,
the results should be interpreted with caution across industries. Finally, respondents are mainly spe-
cialists/analysts (46.0%) and middle managers (27.9%), whereas senior managers and owners are
underrepresented. This distribution may matter because organizational roles differ in decision
authority and proximity to firm-level ERM and product policy choices.

Future research should therefore aim for more balanced samples in terms of firm maturity, sec-
tor, and job position to strengthen external validity. It would also be valuable to test whether these
characteristics moderate the relationships under examination and to employ longitudinal or experi-
mental designs to support stronger causal interpretation.

In summary, this study demonstrates that risk assessment and monitoring significantly influence
environmental product policies in innovative firms, and the integration of these practices within
enterprise risk management frameworks further supports the implementation of effective environ-
mental policies.
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lwona GORZEN-MITKA

ZINTEGROWANE ZARZADZANIE RYZYKIEM

JAKO CZYNNIK POSREDNICZACY W POLITYKACH
PRODUKTOW SRODOWISKOWYCH

W INNOWACYJINYCH PRZEDSIEBIORSTWACH

STRESZCZENIE: W badaniu zanalizowano, w jaki sposéb identyfikacja ryzyka (RI), ocena ryzyka (RA) oraz monitorowa-
nie ryzyka (RM) ksztattujg wdrazanie polityk produktéw Srodowiskowych (EPP) w branzach innowacyjnych. Ponadto
badanie wskazuje na mediacyjng role zintegrowanego zarzgdzania ryzykiem (ERM) w procesie przektadania dziatan zwig-
zanych z zarzgdzaniem ryzykiem na skuteczne strategie produktowe ukierunkowane na cele zréwnowazonego rozwoju.
Zastosowano ilosciowe podejscie PLS-SEM oparte na danych ankietowych pochodzgcych od 587 innowacyjnych przed-
siebiorstw. Wyniki pokazuja, Ze ERM w istotny sposéb poprawia wdrazanie EPP w firmach innowacyjnych, wspierajac
inicjatywy zwigzane z gospodarkg odpadami, redukcja zuzycia energii oraz ekoprojektowaniem. RM okazuje sie najsilniej-
szym czynnikiem napedzajacym ERM, a nastepnie RA, co potwierdza znaczenie systematycznego monitorowania i ewa-
luacji. RA i RM wywierajg umiarkowany wptyw na EPP, natomiast Rl ma minimalne znaczenie, co dowodzi, ze sama
$wiadomo$¢ ryzyka nie gwarantuje wdrazania polityk bez uporzadkowanego zarzadzania ryzykiem. Model wyjasnia role
ERM w przektadaniu proceséw zarzgdzania ryzykiem na praktyczne strategie produktowe prosrodowiskowe oraz we
wspieraniu transformacji w kierunku zréwnowazonego rozwoju w firmach innowacyjnych.

StOWA KLUCZOWE: zintegrowane zarzadzanie ryzykiem, polityki produktéw srodowiskowych, innowacyjne przedsie-
biorstwa, zréwnowazony rozwdj, strategie zielonych produktéw
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