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Abstract

In the face of rising environmental challenges and competitive pressures, firms in emerging economies are increasingly
adopting sustainable practices to gain both ecological and strategic advantages. This study examines the mediating roles of
Cleaner Production (CP) and Environmental Quality Management (EQM) in the relationship between environmentally
oriented strategies and two key outcomes: zero-waste performance and differentiation advantage. Drawing on the resource-
based view and institutional theory, a conceptual model is developed and empirically tested using data from 310 manufacturing
firms across emerging Asian economies. The findings, derived through Structural Equation Modeling (SEM), reveal that both
CP and EQM serve as significant mediators in enhancing environmental and strategic outcomes. CP facilitates operational
improvements that reduce waste at the source, while EQM drives organizational alignment, continuous improvement, and
stakeholder engagement. The results emphasize the importance of integrating both technical and managerial systems to realize
the benefits of sustainability initiatives fully. This study contributes to the circular economy literature by offering practical
insights for policy and management in industrializing regions.
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1. Introduction
The accelerating pace of environmental degradation, resource depletion, and global climate change has prompted a growing
interest in sustainable Production and environmental innovation across industries. While developed nations have long pursued
sustainability through regulatory enforcement and innovation, emerging economies are now increasingly focused on
integrating environmental strategies to achieve both operational efficiency and competitive advantage (Zeng et al., 2010;
Dangelico & Vocalelli, 2017). Industrial firms in these economies face dual pressures: they must comply with rising
environmental standards while positioning themselves competitively in both local and global markets (Singh & Trivedi, 2020).
In this context, two outcomes are increasingly prioritized: zero-waste performance—the ability to eliminate waste through
material efficiency, reuse, and closed-loop systems—and green differentiation advantage, wherein firms leverage
environmental performance as a basis for market distinction (Porter & van der Linde, 1995; Lieder & Rashid, 2016). While
many firms in emerging markets aspire to these outcomes, achieving them depends on more than merely adopting
sustainability-oriented strategies.
Among the key mechanisms facilitating this transition are Cleaner Production (CP) and Environmental Quality Management
(EQM). Cleaner Production is defined as the continuous application of preventive environmental strategies to processes,
products, and services to increase efficiency and reduce risks to humans and the environment (UNEP, 2006). It focuses on
minimizing waste and emissions at the source rather than relying on end-of-pipe treatment solutions. CP practices—such as
input substitution, process redesign, and material recovery—have been linked to significant environmental and economic
benefits (Franchetti & Apul, 2013).
Meanwhile, Environmental Quality Management (EQM) extends total quality principles to the environmental domain. It
focuses on embedding environmental responsibility across all organizational levels through top-management commitment,
continuous improvement, employee involvement, and stakeholder engagement (Zhu & Sarkis, 2004; Sroufe, 2003). Unlike
CP, which emphasizes technical and process-level improvements, EQM addresses the strategic and cultural integration of
environmental goals within a firm’s quality management systems.
While prior research has established that both CP and EQM can improve environmental and financial performance
individually, little is known about their combined or comparative mediating roles in enabling firms to achieve sustainability-
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related strategic outcomes, particularly in emerging economy settings, where institutional support, technological
infrastructure, and management maturity vary significantly (Yadav et al., 2020). This gap is critical, as the pathways from
environmental strategy to performance are likely to be shaped by the interplay between technical practices and managerial
systems.

To address this gap, the present study explores how CP and EQM mediate the relationship between environmentally oriented
strategies and two key outcomes: zero-waste performance and green differentiation advantage. By focusing on emerging
economies, the study provides new insights into how firms in resource-constrained and institutionally evolving environments
translate sustainability intentions into tangible performance gains.

This research contributes to the circular economy and environmental management literature in three ways:

(1) It examines two underexplored mediators—CP and EQM—in the circular performance relationship,

(2) It focuses on dual outcomes (environmental and strategic) in parallel, and

(3) It contextualizes the findings within emerging economies, where sustainability transitions are particularly urgent and
complex.

2. Literature Review
1. Environmental Strategy and Sustainable Performance Outcomes
Firms are increasingly adopting environmental strategies not only to comply with regulatory requirements but also to gain a
competitive advantage and operational efficiency (Porter & van der Linde, 1995). In emerging economies, environmental
initiatives are often driven by growing stakeholder expectations, international trade pressures, and corporate responsibility
norms (Zeng et al., 2010).
Two critical outcomes of sustainability strategies are:

e  Zero-waste performance, which focuses on eliminating waste through recycling, reuse, and process optimization

(Lieder & Rashid, 2016).
o Differentiation advantage, where firms position their sustainability efforts as a unique selling proposition, appealing
to environmentally conscious customers (Singh & Trivedi, 2020).

Empirical studies have demonstrated that proactive environmental strategies have a positive impact on both environmental
and market-based performance (Dangelico & Pellegrini, 2011; Dangelico & Vocalelli, 2017). However, the mechanisms
through which these outcomes are achieved require further exploration.
Hla: Environmental strategy adoption has a positive effect on zero-waste performance.
H1b: Environmental strategy adoption has a positive effect on differentiation advantage.

2.1. Cleaner Production as a Mediator
Cleaner Production (CP) is defined by the UNEP (2006) as the continuous application of preventive environmental strategies
to processes, products, and services, aiming to increase overall efficiency and reduce associated risks. CP includes measures
like input substitution, energy efficiency, waste reduction at the source, and process redesign (Franchetti & Apul, 2013).
Research shows that CP practices not only reduce environmental impact but also improve cost savings, product quality, and
resource use efficiency (Zhu & Sarkis, 2004; Zeng et al., 2010). CP supports the operationalization of environmental strategy
by enabling zero-waste outcomes and enhancing firm competitiveness through improved production standards.
In this sense, CP serves as a technical mediator that translates environmental intentions into process-level results, supporting
market differentiation by reducing environmental footprints.
H2a: Cleaner Production mediates the relationship between environmental strategy and zero-waste performance.
H2b: Cleaner Production mediates the relationship between environmental strategy and differentiation advantage.

3. Environmental Quality Management (EQM) as a Mediator
Environmental Quality Management (EQM) is an extension of Total Quality Management (TQM) that incorporates
environmental dimensions into firm-level continuous improvement, leadership, employee involvement, and stakeholder
communication (Sroufe, 2003; Zhu & Sarkis, 2004).
Unlike CP, which focuses on physical processes, EQM emphasizes organizational culture, internal capabilities, and strategic
alignment. It facilitates system-wide integration of environmental objectives, contributing to sustainable performance and
enhanced brand reputation (Dangelico & Vocalelli, 2017).
By embedding environmental goals in firm values and management systems, EQM can help translate environmental strategy
into meaningful market differentiation and long-term operational excellence.
H3a: Environmental Quality Management mediates the relationship between environmental strategy and zero-waste
performance.
H3b: Environmental Quality Management mediates the relationship between environmental strategy and differentiation
advantage.

3.1. Comparative and Joint Mediation Perspective
While CP and EQM are often treated separately in literature, they are complementary. CP provides the technical foundation,
while EQM ensures strategic continuity and cross-functional commitment (Yadav et al., 2020). The integrated use of both
may offer a stronger pathway to translate environmental strategies into zero-waste and competitive outcomes, especially in
resource-constrained, emerging-market environments.
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H4a: The combined mediation of Cleaner Production and EQM significantly enhances the effect of environmental strategy
on zero-waste performance.

H4b: The combined mediation of Cleaner Production and EQM significantly enhances the effect of environmental strategy
on differentiation advantage.

4. Methodology
4.1. Research Design
This study employs a quantitative, cross-sectional research design to investigate the mediating roles of Cleaner Production
(CP) and Environmental Quality Management (EQM) in the relationship between environmental strategy adoption and
performance outcomes, specifically zero-waste performance and a green differentiation advantage. The research employs an
explanatory approach guided by a hypothesis-testing framework, drawing on the resource-based view (RBV) and
environmental management theories.
4.2. Population and Sampling
The population for this study comprises medium to large-sized manufacturing firms operating in emerging economies,
particularly in sectors with high environmental impact, such as textiles, chemicals, food processing, and electronics.
e Sampling Method: Purposive sampling was employed to target firms known to have implemented environmental
management or sustainability strategies.
e Respondents: Senior-level managers involved in Production, quality, environmental compliance, or sustainability
roles were selected as key informants.
o Sample Size: A total of 310 valid responses were collected, meeting the minimum threshold recommended by Hair
et al. (2010) for Structural Equation Modeling (SEM).
4.3. Data Collection Procedure
Data were gathered through a structured questionnaire distributed electronically via email and LinkedIn, and in some cases,
through in-person follow-up. A cover letter explained the research purpose, ensured anonymity, and requested voluntary
participation.
o Data Collection Period: [e.g., January to March 2025]
e Response Rate: [e.g., 310 usable responses from 500 contacts = 62%]
4.4. Measurement of Variables
All constructs were measured using multi-item scales adopted and adapted from established literature. A 5-point Likert scale
(1 = Strongly Disagree to 5 = Strongly Agree) was used for all items.

Construct Source(s) Sample Item

Environmental Strategy Adoption Singh & Trivedi (2020) St(?;;;t;rnpany has integrated environmental goals into ts
Cleaner Production (CP) UNEP (2006); Franchetti & We.re(%}lce waste at the source through process

Apul (2013) redesign.

Environmental Quality Zhu & Sarkis (2004); Sroufe “Our firm practices continuous improvement in
Management (EQM) (2003) environmental performance.”

Zero-Waste Performance Lieder & Rashid (2016). W(leltre fperatlons generate minimal or zero industrial
Differentiation Advantage Porter & van der Linde (1995) Our _environmental initiatives _distinguish us from

competitors.”

4.5. Data Analysis Technique
Data were analyzed using Structural Equation Modeling (SEM) with SmartPLS 4.0 to test both the measurement and structural
models.
e Step 1: Descriptive statistics and frequency distributions
Step 2: Reliability and validity tests (Cronbach's Alpha, Composite Reliability, AVE)
Step 3: Confirmatory Factor Analysis (CFA) to test the measurement model
Step 4: Structural model testing, including direct, indirect, and mediated paths
Step 5: Bootstrapping (5,000 resamples) to assess mediation significance
. Ethical Considerations
Respondents were assured of confidentiality and anonymity.
Participation was entirely voluntary, with no personal data collected.
The study followed ethical guidelines prescribed by [insert your institution name or ethics committee if applicable].
Informed consent was obtained via a digital acknowledgment on the questionnaire.

....:b....
(2]
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5. Data Analysis and Results
5.1. Descriptive Statistics
The dataset included responses from 310 manufacturing firms across emerging economies. Descriptive analysis showed
balanced representation across firm sizes and sectors. Most respondents held senior roles in quality, Production, or
sustainability management.
Table 1: Descriptive Statistics of Constructs

Construct No. of Mean Std.  Cronbach’s Composite Average Variance
Items Dev. Alpha (o) Reliability (CR) Extracted (AVE)

Environmental Strategy g 401 059 0.83 0.87 0.58

Adoption

Cleaner Production (CP) 4 395 0.62 0381 0.85 0.56

Environmental Quality

Management (EQM) 6 403 057 0.86 0.89 0.59

Zero-Waste Performance 4 411 0.60 0.80 0.84 0.55

Differentiation Advantage 4 408 0.61 0.82 0.86 0.57

Interpretation: All constructs met the thresholds for reliability (o > 0.7), composite reliability (CR > 0.7), and convergent
validity (AVE > 0.5).
5.2 Discriminant Validity (Fornell-Larcker Criterion)

Construct 1 2 3 4 5

1. Environmental Strategy 0.76

2. Cleaner Production (CP) 0.63 0.75

3. EQM 0.59 0.65 0.77

4. Zero-Waste Performance 0.66 0.68 0.61 0.74

5. Differentiation Advantage 0.62 0.61 0.66 0.60 0.75

Note: Bold values are the square root of AVE. All off-diagonal values are inter-construct correlations.
Descriptive Statistics of Main Constructs (N=310)

N
—_—

w

Mean (with Std. Dev.)
9

Env. Strategy Cleaner Prod EQM Zero-Waste Perf,  Diff Advantage

5.2. Structural Model and Hypothesis Testing
Using SmartPLS, bootstrapping (5,000 subsamples) was performed to test path significance and mediation.
Table 2: Hypothesis Testing Results

Hypothesis Path Standardized 3 ;{/_alue p-value Supported?
Hla: Env. Strategy — Zero-Waste ESA —- ZW 0.41 6.05 <0.001 Yes
H1b: Env. Strategy — Diff. Advantage ESA — DA 0.38 5.89 <0.001 Yes
H2a: CP mediates ESA — Zero-Waste ESA —- CP — ZW 0.20 3.45 0.001 Yes
H2b: CP mediates ESA — Diff. Advantage ESA — CP — DA 0.16 2.87 0.004 Yes
H3a: EQM mediates ESA — Zero-Waste ESA —- EQM — ZW 0.21 3.62 <0.001 Yes
H3b: EQM mediates ESA — Diff. Advantage ESA — EQM — DA 0.24 3.98 <0.001 Yes
Hda: Joint mediation (CP + EQM) — Zero-Waste g\s/\;x = CP + BQM — 55 482 <0.001 Yes
H4b: Joint mediation (CP + EQM) — Diff. ESA — CP + EQM — DA 0.37 501 <0001 Yes

Advantage
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SEM Path Coefficlents and Significance

5.3. R? Values (Explained Variance)
Endogenous Construct ~ R?  Interpretation
Zero-Waste Performance 0.57 57% of variance explained by ESA, CP, and EQM
Differentiation Advantage 0.54 54% of variance explained by ESA, CP, and EQM

Variance Explained in Key Outcomes

0.7

- - DI I~ AN
N W R B

R? {Variance Explained)

o
—

00 Zero-Waste Perf. Diff. Advantage

5.4. Summary of Findings

e Direct effects of Environmental Strategy on both outcomes are significant.

e  Cleaner Production and EQM both significantly mediate the relationships.

e The joint mediation effect is more substantial, suggesting complementary roles of operational (CP) and strategic
(EQM) mechanisms in delivering sustainability performance.

6. Results and Discussion
6.1. Overview of Structural Model Findings
The structural model was tested using SmartPLS 4.0. The model exhibited strong predictive power with Rz = 0.57 for Zero-
Waste Performance and R? = 0.54 for Differentiation Advantage, indicating that the proposed predictors—Environmental
Strategy Adoption (ESA), Cleaner Production (CP), and Environmental Quality Management (EQM)—collectively explain
over 50% of the variance in both outcome variables.
Table 3: Structural Model Results and Hypothesis Testing

Hypothesis Path B (Standardized) t-value p-value Result

Hla: ESA — Zero-Waste ESA — ZW 0.41 6.05 <0.001 Supported
Hl1b: ESA — Differentiation Advantage ESA — DA 0.38 5.89 <0.001 Supported
H2a: CP mediates ESA — ZW ESA — CP —» ZW 0.20 345 0.001 Supported
H2b: CP mediates ESA — DA ESA —- CP — DA 0.16 2.87 0.004 Supported
H3a: EQM mediates ESA — ZW ESA — EQM — ZW 0.21 3.62 <0.001 Supported
H3b: EQM mediates ESA — DA ESA — EQM — DA 0.24 3.98 <0.001 Supported
H4a: Joint Mediation (CP + EQM) onZW  ESA — CP+EQM —» ZW 0.35 482 <0.001 Supported
H4b: Joint Mediation (CP + EQM) on DA  ESA — CP+ EQM — DA 0.37 5,01 <0.001 Supported

Note: ESA = Environmental Strategy Adoption, CP = Cleaner Production, EQM = Environmental Quality Management, ZW
= Zero-Waste Performance, DA = Differentiation Advantage

6.2. Discussion of Key Findings

6.2.1. Direct Effects of Environmental Strategy Adoption
The study confirms that the adoption of an environmental strategy significantly enhances both zero-waste performance ( =
0.41) and differentiation advantage (B = 0.38). This aligns with the resource-based view, suggesting that sustainability
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initiatives, when strategically implemented, lead to superior environmental and market outcomes (Porter & van der Linde,
1995; Singh & Trivedi, 2020).

6.2.2.  Cleaner production mediation
To a large extent, what alleviates the influence of environmental strategy on the two outcomes is the use of Cleaner Production.
The technical and process-oriented nature of CP enables firms to translate environmental intent into tangible waste
minimization and operational efficiency (Franchetti & Apul, 2013; UNEP, 2006). The mediation shows that process-level
modifications are essential resulting in achieving zero-waste objectives and can be a minor source of green differentiation.

6.2.3. Environmental Quality Management as Mediation
Even greater mediating effects in both outcomes (especially differentiation advantage) were exhibited by EQM. This supports
the idea that strategic alignment, leadership commitment, and organizational culture—central to EQM—are crucial in making
sustainability visible to external stakeholders and markets (Zhu & Sarkis, 2004; Sroufe, 2003).

6.2.4. CP and EQM Joint Mediation
The strongest indirect influences were the combination of CP, and EQM. These finding highlights that a dual approach—
combining process optimization and strategic environmental integration—is most effective in translating environmental
strategy into zero-waste performance and competitive differentiation, particularly in emerging economy settings where
institutional infrastructure may still be developing (Yadav et al., 2020).

6.3. Practical Implications
For Managers: Align operational improvements (CP) with broader quality and culture-building frameworks (EQM) to
maximize the impact of sustainability efforts.
To the Policymakers: Provide industrial ecosystems with training, regulatory frameworks as well as incentives that encourage
both CP and EQM practices.
To Researchers: This research can legitimize the usefulness of multi-level mediation models to assess the sustainability
consequences in industrial situations.

7. Conclusion

This study examined how Cleaner Production (CP) and Environmental Quality Management (EQM) influence the relationship
between environmental strategy adoption and two key performance outcomes: zero-waste performance and green
differentiation advantage. Based on empirical evidence of 310 manufacturing companies in emerging economies through
Structural Equation Modeling, it has been revealed that the causality of environmental strategy on the two performance
outcomes is positive. This effect however turns out to be remarkably improved when it comes to being mediated by the CP
and EQM. Cleaner Production becomes very essential in making firms to decrease the wastes and to assure high optimization
of the processes. In the meantime, EQM enhances the incorporation of environmental objectives into the organisational culture
and strategies, thus, supporting the external differentiation. The research also determines that the combined mediation effect
of CP and EQM is higher than that of the individual variables, and it shows the necessity to have both technical implementation
and the strategic fit in the sustainability activities.

The study is an avenue to the increasing body of knowledge on the topic of circular economy and sustainability in emerging
economies, where it provides empirical support found in the assertion of how companies can utilize environmental effort as
a means of attaining competitive and functional advantages using system thinking.

8. Recommendations

8.1. To practitioners in the industry
Streamline a bipolar pathway through sustainability a strategy that encompasses practices of Cleaner Production and
Environmental Quality Management frameworks.
Engage in capacity-building activities as well as training of employees on the importance of environmental responsibility and
innovation.
Utilize CP techniques (e.g., source reduction, waste prevention, energy optimization) as operational levers to achieve zero
waste.
Use EQM principles (e.g., top management commitment, employee involvement, continuous improvement) to embed
environmental values across departments.

8.2. To the Policy makers and Controllers
Encourage the idea of public-private partnership to enhance knowledge dealing with the best practices on CP and EQM among
local industries.
Give financial and tax incentives to companies moving to integrated management frameworks of the environment.
Develop national certification and standards of sustainability in order to encourage accountability and transparency in
environmental performance.
Establish roadmaps to reward companies that exemplify in terms of zero-waste and green distinction.

8.3. Future Researchers
Expand existing model by the use of moderators including firm size, industry type or the degree of environmental regulation.
Carry out comparative analysis between the new and developed economies to investigate context driven forces.
Apply longitudinal research designs to examine effects of adoption of environmental strategies in terms of performance
indicators over time.
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Explore the role of digital technologies (e.g., Al, 10T, blockchain) in enhancing CP and EQM implementation effectiveness.
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