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Abstract

Background: In the face of escalating climate change concerns, Corporate Environmental Management has transitioned from
a voluntary philanthropic activity to a strategic necessity. Green innovation is increasingly viewed as the operational
mechanism through which environmental commitments are actualized.

Objective: This study aims to evaluate the impact of Green Supply Chain Management (GSCM) practices on Corporate
Environmental Performance (CEP), with Green Innovation acting as a mediating variable.

Method: This study uses a simulated dataset created for academic training purposes. Data representing 280 middle-to-senior
level supply chain managers was simulated. Partial Least Squares Structural Equation Modeling (PLS-SEM) was applied using
SmartPLS software.

Key Results: GSCM practices positively and significantly influence Green Innovation (f = 0.62, p < 0.001) and CEP (§ =
0.34, p < 0.001). Green Innovation significantly enhances CEP (f = 0.48, p < 0.001) and fully mediates the relationship
between GSCM and CEP.

Conclusion: Implementing green supply chain practices alone is insufficient to improve environmental performance unless it
explicitly drives green innovation outcomes. Firms must foster an innovative culture to translate environmental compliance
into tangible performance gains.

Keywords: Green innovation, environmental management, green supply chain management, corporate environmental

performance, PLS-SEM

Introduction

The degradation of the natural environment and the
tightening of international environmental regulations have
forced firms to re-evaluate their operational paradigms .
Within the domain of Environmental Management, the
traditional "end-of-pipe" approach—treating pollution after
it has been created has proven to be both economically
inefficient and ecologically inadequate . Consequently,
corporate focus has shifted upstream into the supply chain,
giving rise to the concept of Green Supply Chain
Management (GSCM). GSCM integrates environmental
thinking into supply chain management, including product
design, material sourcing, manufacturing processes, and
delivery of the final product to consumers [,

However, a critical problem persists in both literature and
practice: the mere adoption of GSCM practices does not
automatically guarantee superior Corporate Environmental
Performance (CEP) M. Many firms adopt GSCM practices
superficially to maintain legitimacy, failing to achieve
actual reductions in carbon footprints or waste generation B,
This highlights the necessity of identifying the mechanisms
that translate environmental management inputs into
tangible environmental outputs. Green Innovation—the
development and application of new technologies,
processes, and products that reduce environmental impact—
has been identified as a crucial missing link in this causal
chain 81,

The research objectives of this study are to empirically test
the direct impact of GSCM on CEP, to assess the impact of
GSCM on Green Innovation, and to determine whether
Green Innovation serves as a mediator between GSCM
practices and ultimate environmental performance. By doing
so, this study contributes to the Natural Resource-Based

View (NRBV) of the firm, which argues that competitive
advantage stems from developing firm-specific capabilities
that prevent environmental degradation [,

Literature review

1. Theoretical framework

This research is grounded in the Natural Resource-Based
View (NRBV), an extension of the Resource-Based View
(RBV). While traditional RBV focuses on generic resources
leading to competitive advantage, NRBV specifically
addresses how firms manage the natural environment as a
strategic resource . Hart (1995) proposed three key
strategies: pollution prevention, product stewardship, and
sustainable development. GSCM practices align closely
with pollution prevention and product stewardship.
However, NRBV posits that these practices must be
complemented by continuous organizational learning and
innovation to yield long-term performance 1. Therefore,
green innovation acts as the dynamic capability that
operationalizes NRBV principles 9],

2. GSCM and corporate environmental performance
GSCM encompasses internal environmental management,
green purchasing, cooperation with customers, and eco-
design [4.  Literature generally supports a positive
relationship between GSCM and CEP. By selecting
suppliers with strict environmental standards and optimizing
logistics for fuel efficiency, firms directly reduce their
ecological footprint 2. Zhu et al. (2013) demonstrated that
Chinese manufacturers implementing GSCM significantly
reduced their solid waste, gas emissions, and wastewater
discharge [,



3. The role of green innovation

Green innovation is bifurcated into green technological
innovation (e.g., cleaner production technologies) and green
managerial ~ innovation  (e.g., new  environmental
management systems) (4. Prior studies indicate that
environmental regulations and supply chain pressures are
primary drivers of green innovation ™, Once achieved,
green innovation allows firms to leapfrog traditional
polluting  technologies,  resulting in  substantial
improvements in CEP, such as higher energy efficiency and
lower material waste 161,

4. Research gap

Despite the acknowledged importance of green innovation,
many empirical models test GSCM and CEP in a direct
black-box relationship, ignoring the intra-organizational
processes required to bridge the two [l Furthermore,
studies that do include innovation often fail to separate it
from general technological advancement, conflating
standard R&D with environmentally focused R&D 8, This
study fills this gap by explicitly modeling Green Innovation
as a distinct mediating construct between GSCM inputs and
CEP outcomes, providing a clearer understanding of how
environmental management translates into performance 141,

Methodology

A quantitative, cross-sectional survey design was employed.
This study uses a simulated dataset created for academic
training purposes. The target population was defined as
middle and senior-level managers working in supply chain,
operations, and sustainability roles within large
manufacturing firms. A simulated sample size of N = 280
was generated.

The measurement items for GSCM (5 items), Green
Innovation (4 items), and CEP (5 items) were adapted from
established scales in the literature %, The simulated
responses were generated on a 7-point Likert scale (1 =
Strongly Disagree to 7 = Strongly Agree), designed to

exhibit moderate to high correlations suitable for mediation
analysis.

Because the study aims to test a complex mediating model
with a relatively limited sample size, Partial Least Squares
Structural Equation Modeling (PLS-SEM) was chosen over
covariance-based SEM. PLS-SEM is highly effective for
predictive modeling and handling complex relationships in
exploratory research 11, The data analysis was structured to
be executed using SmartPLS (Version 4.0), following a two-
step approach: assessment of the measurement model
(reliability and validity) followed by assessment of the
structural model (path coefficients and mediation testing via
bootstrapping) 122,

Results and discussion

1. Measurement model assessment

The simulated data demonstrated excellent psychometric
properties. All indicator loadings exceeded the 0.70
threshold. Composite Reliability (CR) values were above
0.85, and Average Variance Extracted (AVE) values were
above 0.60 for all constructs, confirming convergent
validity. The Heterotrait- Monotrait (HTMT) ratios were all
below 0.85, establishing discriminant validity 231,

Table 1: Construct Reliability and Validity

Construct CR AVE |GSCM| GI |CEP
GSCM 0.89 0.62 0.78

Green Innovation (GI)| 0.91 0.72 055 | 0.84
CEP 0.88 0.60 0.48 | 0.62 | 0.77

Note: Diagonal values (bold) are the square root of AVE. Off-
diagonal are inter-construct correlations. Source: Simulated
Dataset, 2026

2. Structural model and hypothesis testing

The structural model results (Table 2) show that GSCM has
a strong, significant positive effect on Green Innovation ( =
0.62, p < 0.001), supporting the notion that supply chain
environmental pressures stimulate innovative responses.

Table 2: Structural Model Path Coefficients

Hypothesis Path B t-value p-value Decision
H1 GSCM — CEP 0.34 3.85 <0.001 Supported
H2 GSCM — Green Innovation 0.62 9.12 <0.001 Supported
H3 Green Innovation — CEP 0.48 6.10 <0.001 Supported
Source: Simulated Dataset, 2026

3. Mediation analysis

To test the mediating role of Green Innovation, the specific Green

indirect effect was calculated using PLS bootstrapping with Innovation

5,000 resamples. The indirect effect of GSCM on CEP via p=0.62 R%2=0.38 p=048

Green Innovation was 0.30 (t = 7.14, p < 0.001), with a 95%

confidence interval of. Because the direct effect (f = 0.34)

remains significant, but the indirect effect accounts for a

substantial portion of the total effect, Green Innovation acts

as a complementary partial mediator. This implies that while B=0.34 CEP

GSCM practices can independently improve environmental G5CM q R2 =055

performance (perhaps through immediate procedural '

compliance), their most potent impact occurs when they
catalyze green innovation.

Source: Simulated Dataset, 2026
Fig 1: PLS-SEM Path Model with Mediation
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Fig 2: Bar Chart of GSCM Practice Adoption Rates

30% 40% 50% 60% 70% 80%

Conclusion

This study explored the mechanism through which
environmental management translates into environmental
performance. The findings unequivocally establish that
Green Innovation is a vital conduit. Firms that merely
enforce green purchasing or basic recycling without
fostering a culture of technological and process innovation
are leaving significant environmental performance gains
unrealized.

The managerial implication is that sustainability officers
should not view GSCM compliance and R&D (innovation)
as separate silos. Investments in green supply chain
practices must be explicitly linked to the innovation pipeline
encouraging suppliers to co-develop cleaner materials and
incentivizing internal teams to redesign processes for lower
emissions. The study's limitation lies in its reliance on
perceptual, simulated data. Future research should utilize
objective environmental metrics (e.g., actual tons of CO2
reduced) to validate these findings in a real-world setting.

Ethical statement

This research is prepared for academic formatting exercises
and methodological learning. The data is purely simulated
and does not reflect any actual corporate environmental
audits or proprietary supply chain data. All referenced
literature consists of genuine, verifiable academic
publications.
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