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Abstract

The purpose of this study was to examine the influence of green supply chain management
on organizational sustainability, where technology innovation and environmental perfor-
mance are taken as mediating factors. The focus of this study was on the increasing need for
better protection of the environment and the increasing demands of the sustainable devel-
opment of industries, especially in developing countries, where there are limited empirical
data available on sustainability activities. The collected sample comprised 387 managers
and technologists from Libyan manufacturing companies using a survey instrument and a
stratified random sampling technique. Validity scales were used, and the measurements
were done using the five-point Likert scale. The data analysis involved the use of PLS-SEM,
where SmartPLS 4.0 was used. It entailed the analysis of the measurement model as well as
the structural model, with the bootstrapping being done for 5000 samples. The findings
show that GSCM significantly affects the OS. Specifically, it has a positive impact on envi-
ronmental performance (EP) and technological innovation (TI), which, in turn, enhance the
OS. Among the mediating factors, the EP was found to be the strongest predictor and me-
diator of the OS, followed by TI. The developed model proved to have a high explanatory
power, with a coefficient of determination (R?) of 0.660. Thus, the integration of GSCM
with innovation and environmental activities can lead to the successful achievement of
sustainability objectives among manufacturing enterprises. The study’s limitations are
associated with its cross-sectional design and its focus on managers. Future research could
employ longitudinal designs and examine other contexts, such as digital transformation,
the institutional environment, and the organizational culture.

Keywords: green supply chain management (GSCM); organizational sustainability;
technological innovation; environmental performance; manufacturing sector; organizational
sustainability performance; sustainable development; Libya

1. Introduction

Environmental degradation, global warming, resource shortages, energy deficits, and
increasing stakeholder demands have placed organizations, especially manufacturers, un-
der immense pressure to embrace sustainability in their business activities over the past
decade [1]. In the past, supply chain management (SCM) focused primarily on achieving
efficiencies and improving productivity without considering environmental consequences,
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leading to higher levels of pollution, resource depletion, waste production, and various
social issues [2]. This situation has prompted a shift in thinking about the supply chain man-
agement, resulting in the need to consider the entire supply chain and adopt sustainability
practices via green supply chain management (GSCM). Accordingly, GSCM can be defined
as the process by which organizations incorporate sustainability considerations into their
SCM processes, rather than focusing solely on organizational activities within the supply
chain, as in conventional SCM [3]. According to Wai-yawuththanapoom et al., the core
practices of GSCM, which include green procurement, green design, reverse logistics, and
green manufacturing, not only reduce negative environmental impacts, but also enhance
organizational innovation, operational efficiency, and stakeholder satisfaction [4].

However, empirical research increasingly demonstrates that GSCM has a significant
influence on organizational sustainability, particularly in terms of environmental, economic,
and social sustainability. For instance, Al Masri and Wimanda [5] reported that GSCM
has a significant influence on organizational sustainability (OS) through various GSCM
practices that enhance the environmental and economic sustainability of manufacturing
companies. Similarly, Ahmad et al. [6] found that green manufacturing, green design,
green purchasing, and green information technology have a significant influence on the
OS in different industries. However, evidence also suggests that the implementation
of GSCM remains inconsistent. For instance, cooperation with customers was found
to have an insignificant influence on OS. Therefore, despite the significant influence of
GSCM on O, its implementation varies across industries and companies. For instance,
according to Rahman et al. [7], environmental degradation, the inefficient use of energy,
and difficulties with regulation highlight the constraints inherent in conventional supply
chain structures, especially in developing nations where organizational support is relatively
low. Similarly, Sahoo and Vijayvargy [8] found that the awareness of engagement in
environmental sustainability practices among manufacturing firms remains low, despite
growing public concern for environmental sustainability. The gap between awareness and
the implementation of GSCM creates uncertainty regarding its effectiveness in improving
the organizational sustainability performance.

Organizational capabilities and operational limitations pose major challenges to the
implementation of GSCM. Gao et al. [9] identified several critical failure factors affecting
the implementation of GSCM, such as the lack of appropriate government guidance, man-
agerial commitment, and technical expertise, especially among small and medium-sized
enterprises. These limitations reduce supply chain coordination and limit the environmen-
tal and economic benefits derived from green supply chain initiatives. Singh et al. [10]
also suggested that operational limitations and the lack of integration of lean management
principles reduce the effectiveness of sustainability initiatives, possibly because of the
lack of coordinated strategies within organizations to achieve operational excellence and
environmental sustainability. Recently, the literature has suggested that organizational
sustainability is largely driven by innovation and collaborative mechanisms within the
supply chain. Mahar et al. [11] demonstrated that green technological and managerial
innovation within the supply chain strengthens the relationship between GSCM and the
sustainability performance, especially in the manufacturing industry. Similarly, Ahmadi-
Gh and Bello-Pintado [12] suggested that internal and external sustainability practices
enhance the organizational performance through innovation and cooperation within the
supply chain. Additionally, institutional pressure and supply chain cooperation have
been identified as important drivers of GSCM implementation, as the mimetic, normative,
and coercive pressures encourage organizations to adopt green supply chain initiatives to
achieve environmental and operational excellence [13].
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Operational excellence practices have likewise been found to play an important role
in enhancing the organizational sustainability performance through the integration of
GSCM. Jum’a et al. [14] found that innovation management and quality improvement
practices contribute to environmental and competitive performance through green supply
chains; however, misaligned government policies may create barriers to environmental
commitment. Similarly, Feng et al. [15] found that the integration of GSCM improves
the operational efficiency, employee satisfaction, and organizational performance through
stronger environmental commitment and internal process improvement. Nevertheless,
organizations continue to face additional sustainability risks that affect their performance
through poor working conditions, operational disruptions, and limited supply chain trans-
parency. Ngo et al. [16] found that supply chain risks associated with the sustainability
performance may have a detrimental effect on the organizational performance if adap-
tive management practices are not implemented. Furthermore, technological limitations
and data integration challenges remain significant barriers to the effective integration of
GSCM into organizational supply chains. Mageto [17] found that the lack of effective
environmental and social monitoring systems creates significant gaps in transparency
and accountability, which may hinder improvements in the sustainability performance
across supply chains. Although empirical studies have found that GSCM improves the
organizational performance and environmental outcomes [18,19], many organizations still
implement green initiatives in a fragmented and isolated manner rather than achieving the
full integration of sustainability practices into their supply chains. Studies such as that of
Anthuvan and Maheshwari [20] have shown the effectiveness of GSCM strategies, such
as sustainable procurement, renewable energy, and waste reduction in the protection of
the environment; the enhancement of employee well-being; and the promotion of local
community engagement. Nazeri et al. [21] also emphasized the effectiveness of GSCM
practices in enhancing organizational competitiveness and developing green products,
although certain organizational factors do not have a significant moderating effect on sus-
tainability outcomes. The literature has consistently highlighted the importance of GSCM
in enhancing organizational sustainability (OS), which is facilitated by environmental,
operational, innovative, and cooperative practices. Although several empirical studies
have examined the GSCM-OS relationship, industrial-specific empirical investigations
remain limited, especially in the context of developing countries facing environmental and
economic challenges. Therefore, this study aimed to examine the GSCM-OS relationship
in the Libyan manufacturing sector, with technological innovation and environmental
performance as mediating variables, thereby addressing the gap in the literature, especially
within developing countries facing environmental challenges.

2. Literature Review and Hypothesis Development
2.1. Green Supply Chain Management and Organizational Sustainability

Green supply chain management (GSCM) is one approach that has been developed in
order to promote organizational sustainability through the incorporation of environmental
factors within supply chains, involving green procurement, eco-design, green production,
reverse logistics, and environmentally oriented supplier relationship management [22,23].
Apart from its regulatory role, GSCM can help companies achieve high levels of resource
productivity, cut down on waste and pollution, improve stakeholder relations, and be-
come more competitive. Altogether, from what has been found in the existing literature,
GSCM helps organizations perform better environmentally, economically, and socially.
Consequently, GSCM is recognized as one of the key drivers of organizational sustainabil-
ity [24,25]. Furthermore, recent research indicates that the relationship between GSCM
and organizational sustainability is further strengthened by organizational capabilities,

https:/ /doi.org/10.3390/su18147447


https://doi.org/10.3390/su18147447

Sustainability 2026, 18, 7447

40f21

rather than by environmental practices alone. Specifically, green innovation, technological
capability, organizational cooperation, and internal environmental management have been
identified as critical mechanisms that enhance the sustainability outcomes generated by
GSCM [26-28]. Moreover, organizational pressures, continuous improvement practices,
government policy support, and supply chain collaboration have been shown to create a
favorable environment for GSCM implementation and improve the sustainability perfor-
mance [29,30]. Previous studies have also demonstrated that the integration of GSCM with
internal organizational resources, including green human resource management (green
HRM) and environmental management systems, enhances the sustainability outcomes
across different industries [31-35].

However, despite the increasing number of studies, several important research gaps
remain. The use of different measures of sustainability performance used in previous
research has led to inconsistent findings regarding the mechanisms through which GSCM
affects organizational sustainability [4]. In addition, most empirical studies have been
conducted in developed or rapidly growing economies, and empirical evidence from de-
veloping countries remains limited. More specifically, the mediating role of environmental
performance and technological innovation in the relationship between GSCM and organiza-
tional sustainability within the Libyan manufacturing industry remains underexplored due
to the sector’s unique contextual characteristics [6,11,13,14]. Therefore, this study examined
the direct effect of GSCM on organizational sustainability and the indirect effects of GSCM
through environmental performance and technological innovation.

H1. GSCM has a significant positive effect on OS.

2.2. Green Supply Chain Management and Technological Innovation

Recent evidence suggests that GSCM serves as an effective drive of technological
innovations. By adopting GSCM, companies become more inclined to adopt innovative
clean production technologies, digital supply chain solutions, green product design and
process innovations. In addition to being an environmentally oriented practice, GSCM
promotes innovation through supplier collaboration, green procurement, eco-design, re-
verse logistics, and advanced information technologies, thereby improving the operational
efficiency and supporting achievement sustainability goals [36-38]. Moreover, the existing
scientific literature suggests that digital transformation and the integration of supply chain
operations serve as indispensable tools for connecting GSCM and innovation. Firms uti-
lizing advanced digital technologies, information systems, and integrated supply chains
demonstrate an improved innovation capacity, allowing for the creation of innovations in
green technologies and production processes, thereby improving the environmental and
organizational performance [39,40]. In addition, many studies have shown that innovations
in green technologies and managerial practices are essential factors explaining the influence
of GSCM on sustainable performance and competitiveness [41-43]. Blockchain and other
emerging technologies are being viewed as key instruments for the implementation of
GSCM, providing opportunities for innovation and transparency in supply chains [44].
Even though the empirical evidence is compelling and proves the connection between
GSCM and innovations, most studies on this issue have been carried out in developed or
emerging economies. Research on developing countries and especially Libya’s manufactur-
ing industry is still scarce, despite its importance for achieving technological innovation and
sustainable development. In addition, little attention has been paid to technological inno-
vation as a mediating factor in GSCM-organizational sustainability linkages. Accordingly,
the following hypothesis is proposed:

H2. GSCM has a significant positive effect on TI.
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2.3. Green Supply Chain Management and Environmental Performance

It should be mentioned that green supply chain management (GSCM) is well known
as an effective strategy for achieving a better environmental performance by integrating
environmental aspects into supply chain management actions such as green procurement,
eco-design, green manufacturing, reverse logistics, environment-friendly logistics and
collaboration with suppliers [6,22]. It can be noted that the existing research clearly shows
that firms utilizing GSCM practices demonstrate a successful reduction in terms of waste
generation, greenhouse gas emissions, natural resource consumption, and environmental
pollution while simultaneously increasing efficiency and compliance [45-47]. Therefore,
GSCM contributes to environmental performance by means of internal process improve-
ment and external collaboration among the participants of the supply chain. The existing
literature also shows that the success of the implementation of GSCM practices is based
on complementary organizational and institutional capabilities. An environmental man-
agement system, top management support, supplier integration, customer collaboration
and institutional pressure increase the contribution of GSCM practices to the environmen-
tal performance, whereas circular economy practices and cross-functional environmental
collaboration enhance the environmental performance of the organization [29,48-53]. It
should be said that, despite existing empirical evidence, there are still some gaps in this
field. First of all, most studies have analyzed the relationship between GSCM and the envi-
ronmental performance in developed countries or developing, but rapidly industrializing,
ones. There are no data about the relationship between GSCM practices and the environ-
mental performance of organizations in developing countries such as Libya. Second, there
is insufficient research concerning the role of environmental performance as a mediator
between GSCM and organizational sustainability in the manufacturing industry. Thus, in
view of increasing environmental problems and the modernization of production processes
in the Libyan industry, it is important to study this problem. Accordingly, the following
hypothesis is proposed:

H3. GSCM has a significant positive effect on EP.

2.4. Technological Innovation and Organizational Sustainability

Technological innovation (TI) has been found to be a strategic capability that allows
organizations to achieve sustainability through efficiency improvement, resource efficiency,
environmental protection, and competitiveness [54,55]. It has been established in the ex-
isting literature that organizations adopting cleaner technologies, digitization, innovation
in processes and products, and sustainable product development are highly capable of
enhancing organizational sustainability [56,57]. Recent studies have further indicated
that the effect of TI on organizational sustainability is enhanced through the presence of
complementary organizational capabilities such as organizational innovation, digitization,
innovation-friendly culture, and green operations [58-60]. Likewise, the adoption of green
TI along with a circular economy, environmental governance, and sustainable operations
has been found to improve the economic, environmental, and social performance of or-
ganizations and, thus, enhance organizational sustainability [61-63]. All these pieces of
evidence reveal that TI serves as the main instrument for achieving organizational sus-
tainability through the implementation of sustainability programs. Despite the growing
amount of evidence, some knowledge gaps still exist. Firstly, most empirical studies have
focused on developed or rapidly industrialized economies, while relatively few studies
have examined developing countries, particularly the Libyan manufacturing industry. In
addition, few studies have comprehensively examined the role of technological innovation
in linking green supply chain management to organizational sustainability. Considering

https:/ /doi.org/10.3390/su18147447


https://doi.org/10.3390/su18147447

Sustainability 2026, 18, 7447

6of 21

the ongoing industrial transformation and increasing sustainability challenges in Libya,
further empirical investigation is needed to clarify the role of technological innovation in
promoting sustainable organizational development. Accordingly, the following hypothesis
is proposed:

H4. TI has a significant positive effect on OS.

2.5. Environmental Performance and Organizational Sustainability

Environmental performance (EP) is viewed as a critical factor in determining or-
ganizational sustainability (OS). It refers to the ability of an organization to reduce its
environmental impact and improve its operational efficiency [64,65]. Empirical evidence
shows that organizations with high levels of environmental performance benefit from im-
proved sustainability outcomes, including reduced emissions, efficient resource utilization,
waste minimization, energy conservation, and compliance with environmental regulations.
Thus, environmental performance has become an important organizational capability that
contributes to the environmental, economic, and social dimensions of sustainability [66,67].
The literature suggests that the influence of EP on organizational sustainability is further
strengthened when it is combined with complementary organizational capabilities such
as environmental management systems, organizational culture, technological capabilities,
quality management, and strategic environmental orientation [68-70]. When strategic
environmental goals are integrated into the organizational strategy and supported by green
organizational practices, organizations can achieve a superior operational performance
and long-term competitiveness. Furthermore, the recent literature indicates that organi-
zations that integrate a strong environmental performance into their sustainability and
ESG initiatives outperform companies with a weaker environmental management perfor-
mance [71-73], highlighting the critical role of EP in achieving organizational sustainability.
Although there is strong empirical evidence supporting the relationship between environ-
mental performance and organizational sustainability, most research in this area has been
conducted in developed or rapidly industrializing economies. Limited evidence exists
from developing countries, especially within the Libyan manufacturing industry. More-
over, few studies have examined environmental performance as a mediating mechanism
linking green supply chain management and organizational sustainability. Considering the
environmental and sustainability challenges faced by Libyan manufacturing companies,
further empirical research is warranted. Accordingly, the following hypothesis is proposed:

H5. EP has a significant positive effect on OS.

2.6. The Mediation Role of TI and EP in the GSCM-OS Relationship

Recent studies have found that the connection between GSCM and OS is not solely
direct, but is also influenced by mediating organizational capabilities, namely technological
innovation (TI) and environmental performance (EP). GSCM activities, including green
procurement, cleaner production, eco-design, reverse logistics, supplier collaboration, and
recycling, create opportunities for technological innovation and environmental improve-
ment, thereby enhancing organizational sustainability [74-77]. The literature indicates that
organizations achieve greater sustainability benefits when green supply chain activities are
implemented in combination with innovation and environmental management rather than
in isolation. Furthermore, technological innovation and environmental performance serve
as complementary mediating mechanisms within the GSCM-OS framework. Green tech-
nological innovation, green managerial innovation, environmental management systems,
and innovation-oriented organizational capabilities enhance the effect of GSCM by improv-
ing the operational efficiency, reducing negative environment impacts, and strengthening
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competitive advantages [78-80]. Furthermore, contextual factors such as digital transforma-
tion, the absorptive capacity, governmental support, and organizational learning reinforce
these mediating mechanisms, thereby enabling organizations to achieve a higher level of
organizational sustainability through the implementation of GSCM initiatives [74,80,81].
Although many previous studies have demonstrated the mediating role of TI and EP, most
empirical studies have been conducted in developed or rapidly industrialized economies.
Empirical evidence from developing countries, particularly the Libyan manufacturing
industry, remains limited, even though institutional conditions, technological capabilities,
and environment factors may influence the effectiveness of GSCM implementation. Further-
more, few studies have simultaneously examined the mediating role of TT and EP within a
single theoretical framework explaining how GSCM enhances organizational sustainability.
Therefore, this study examines the joint mediating effects of TI and EP on the relationship
between GSCM and organizational sustainability. Accordingly, the following hypotheses
are proposed:

Hé6. TI significantly mediates the relationship between GSCM and OS.
H7. EP significantly mediates the relationship between GSCM and OS.

3. Study Model

The proposed study model illustrates that GSCM directly enhances organizational
sustainability (OS), and indirectly influences it by increasing technological innovation (TI)
and environmental performance (EP), both of which positively contribute to organizational
sustainability outcomes (Figure 1).

Technological
Innovation

Organizational
Sustainability

Environmental
Performance

Figure 1. The conceptual framework.

4. Methods

This study adopted a quantitative research design to determine the impact of GSCM
on OS in Libyan manufacturing companies while considering the mediating effects of T1
and EP. To test the statistical significance of the proposed conceptual model and enable
the generalization of the findings to the target population, a cross-sectional survey was
conducted. The target population comprised managers, production supervisors, supply
chain managers, environmental and quality managers, engineers, and strategic planning
professionals working Libyan manufacturing companies. This is because of the fact that
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these people have an understanding of the operations related to supply chain management,
environment management, technology innovations, and sustainable practices, making them
suitable for the evaluation of the constructs in the study. It is estimated that there are about
400,000 to 575,000 employees working in the manufacturing industry in Libya, and the
sampling frame consisted of professionals in the managerial and technical categories among
these employees. The sampling frame comprised manufacturing firms that are registered
under the Ministry of Industry and Minerals and also under the Chambers of Commerce
of Libya. Manufacturing firms from the food and beverage, textile, electronics, chemical,
building material, and automobile manufacturing industries were used in order to provide
diversity in terms of the industrial sectors. A stratified random sampling technique was
used in order to ensure the heterogeneity of the industrial, organizational, and managerial
aspects in the sampling frame.

The required sample size was determined using the sample size determination table
provided by Krejcie and Morgan [82]. The data were collected through the use of structured
questionnaires that were sent out to the companies during April and May 2026, both
electronically and on paper. A total of 450 questionnaires were distributed to the companies
involved in the research, and 401 were returned. After data screening, 387 questionnaires
were included in the analysis. Thus, the response rate of the study was 86.0%. The research
followed all ethical standards of the research process. Before the data collection, the
participants were made aware of the objectives of the study and their rights, as well as
guarantees that all personal information would remain confidential.

There were five parts in the survey tool: (A) demographic data, (B) green supply chain
management (GSCM), (C) technological innovation (TI), (D) environmental performance
(EP), and (E) organizational sustainability (OS). The dependent variable in this research
was GSCM, which was measured by seven questions from Bag et al. [38]. TI was mea-
sured by three questions derived from Liu and Cui [83]. Seven questions adopted from
Haldorai et al. [84] and six questions adopted from Mollah et al. [85] were used to measure
EP and OS, respectively. All the questions in this study used a five-point Likert Scale
from 1 (strongly disagree) to 5 (strongly agree). Partial least-squares structural equation
modeling (PLS-SEM) was used in SmartPLS 4.0 for the data analysis. PLS-SEM was chosen
because of its compatibility with complex models having multiple mediating effects and
low demands on multivariate normality. The process of analysis was done in two steps.
First of all, the measurement model was analyzed for its reliability, convergent validity,
discriminant validity, and multicollinearity. After that, the structural model was checked
for its direct and indirect effects between different constructs. Bootstrapping was done by
taking 5000 resamples for the significance of the proposed paths. Descriptive statistics were
calculated to have the basic information about the respondents.

5. Results

The demographic characteristics of the 387 respondents from the Libyan manufac-
turing sector are presented in Table 1 below. It is evident that the sample population
was diversified and represented a representative distribution in relation to gender, age
group, educational qualification, managerial position, work experience, type of industry,
and organization size. The male respondents represented 59.9% of the total respondents,
whereas the female respondents represented 40.1%. This reflects the dominance of male
employees in the manufacturing sector, but at the same time, there is a significant presence
of females in professional and managerial levels. As far as the age is concerned, most of
the respondents were 30-39 years old (35.7%), followed by the age groups 4049 years
(26.4%) and 20-29 years (24.8%), and 13.2% of the respondents were above 50 years. This
reflects that the sample population consisted mainly of experienced and professionally
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active people who can be considered appropriate to study the issues related to supply
chain management, innovation, and sustainability. As far as educational qualifications are
concerned, the respondents were well-educated professionals. For instance, 48.6% of the
respondents had a bachelor’s degree, 25.3% had a master’s degree, 5.9% had a Ph.D. degree,
and 20.2% had a diploma or technical qualification. With regard to the work experience of
the respondents, the sample comprised professionals with considerable work experience,
as 31.5% had 5-10 years of experience whereas 25.3% had 11-15 years of experience. With
regard to the organizational tenure of the respondents, the sample comprised profession-
als with moderate organizational tenure, as 37.7% had worked in their organizations for
3-7 years. With regard to the industry types, the sample comprised professionals from
diverse industries, as the food and beverage industry accounted for 27.4% whereas the
textile industry accounted for 18.6%, the construction material industry accounted for 15%,
the electronics industry accounted for 14%, the chemical industry accounted for 12.7%, and
the automotive industry accounted for 12.4%. With regard to the organizational size, the
sample comprised professionals from organizations of varying sizes.

Table 1. Demographic profile of the respondents.

Variable Category Frequency (N)  Percentage (%)
1. Gender Male 232 59.9
Female 155 40.1
2. Age Group 20-29 years 96 24.8
30-39 years 138 35.7
4049 years 102 264
50 years and above 51 13.2
3. Educational Qualification Diploma/technical certification 78 20.2
Bachelor’s degree 188 48.6
Master’s degree 98 25.3
Doctorate (Ph.D.) 23 5.9
4. Position/Job Title Top management (CEO/director/GM) 42 10.9
(manager Supervison 156 03
Operational staff/specialist 189 48.8
5. Years of Work Experience Fewer than 5 years 84 21.7
5-10 years 122 31.5
11-15 years 98 25.3
More than 15 years 83 21.4
6. Ye(;rs Wi.th C'urrent Fewer than 3 years 112 289
rganization
3-7 years 146 37.7
8-12 years 78 20.2
More than 12 years 51 13.2
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Table 1. Cont.
Variable Category Frequency (N)  Percentage (%)
7. Type of Manufacturing Industry Automotive 48 12.4
Food and beverages 106 27.4
Textiles and apparel 72 18.6
Electronics/electrical 54 14.0
Chemicals/petrochemicals 49 12.7
Construction materials 58 15.0
8. Size of Organization Fewer than 50 (small) 64 16.5
(Employees)
50-249 (medium) 143 36.9
250-999 (large) 111 28.7
1000 and above (very large) 69 17.8

5.1. Descriptive Statistics

Descriptive statistics for the variables measuring green supply chain management
(GSCM), technological innovation (TI), environmental performance (EP), and organiza-
tional sustainability (OS) are provided in Table 2. Each of the constructs was measured
using a five-point Likert scale, where 1 represented “strongly disagree” and 5 represented
“strongly agree”. Mean values ranging between 2.842 and 3.171 indicated that the re-
spondents tended to agree with the survey items, suggesting that Libyan manufacturing
companies moderately implement green supply chain management and sustainability
practices. The minimum and maximum values ranged from 1.000 to 5.000, indicating full
utilization of the response scale and sufficient variability across all measurement items.
The standard deviations ranged from 1.141 to 1.291, indicating adequate dispersion in
the responses and significant variation in the respondents’ perceptions of GSCM, TI, EP,
and OS. Furthermore, the skewness values varied, ranging from —0.073 to 0.214, and the
kurtosis ranged from —1.096 to —0.722. All of them lie within the acceptable range of
£2.00 [86], meaning that there is no significant deviation from normality in the data. In
general, descriptive statistics demonstrated an adequate variability, well-balanced answers
and an adequate univariate normality, which makes it possible to conduct further analyses
using the method of PLS-SEM.

5.2. Reliability Analysis

The findings on the reliability and convergent validity of the research constructs based
on Cronbach’s alpha, the composite reliability (tho_A, rho_C) and the average variance
extracted (AVE) are presented in Table 3. It is clear from the results that all constructs in this
study met the measurement standards. Cronbach’s alpha values ranged from 0.779 to 0.910,
exceeding the recommended minimum value of 0.70 and indicating an adequate internal
consistency reliability. Likewise, the composite reliability values ranged from 0.872 to 0.929,
indicating a high construct reliability while remaining below the recommended upper limit
of 0.95, suggesting that the constructs are reliable without being redundant. Convergent
validity was also confirmed, since all the AVE values ranged from 0.608 to 0.694, exceeding
the recommended minimum threshold of 0.50. This indicates that each construct explains
more than 50% of the variance in its indicators. Among the constructs, green supply chain
management (GSCM) demonstrated the highest reliability, while technological innovation
(TT) exhibited the highest AVE value.
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Table 2. Descriptive statistics.
Mean Obse‘rved Observed Star.lda}rd Excess? Skewness
Min Max Deviation Kurtosis
EP_1 3.000 1.000 5.000 1.194 —0.939 —0.027
EP_2 2.984 1.000 5.000 1.218 —0.925 0.038
EP_3 3.034 1.000 5.000 1.162 —0.830 —0.006
EP 4 3.013 1.000 5.000 1.195 —0.856 0.057
EP_5 3.018 1.000 5.000 1.162 —0.795 0.004
EP_6 2.889 1.000 5.000 1.141 —0.726 0.135
EP_7 3.078 1.000 5.000 1.211 —0.851 0.000
GSCM_1 2915 1.000 5.000 1.175 —0.722 0.214
GSCM_2 2.930 1.000 5.000 1.255 —1.026 0.006
GSCM_3 2.842 1.000 5.000 1.170 —0.883 0.037
GSCM_4 3.106 1.000 5.000 1.162 —0.833 —0.009
GSCM_5 2.974 1.000 5.000 1.261 —1.008 0.041
GSCM_6 3.021 1.000 5.000 1.222 —0.978 —0.031
GSCM_7 3.031 1.000 5.000 1.207 —0.905 —0.042
0S_1 2.941 1.000 5.000 1.203 —0.931 0.115
0S_2 2974 1.000 5.000 1.163 —0.800 0.031
0S_3 3.171 1.000 5.000 1.160 —0.861 —0.027
0S_4 2.951 1.000 5.000 1.201 —0.878 0.104
0S_5 2.961 1.000 5.000 1.166 —0.841 0.134
0S_6 3.145 1.000 5.000 1.164 —0.826 —0.047
TI_1 2.964 1.000 5.000 1.222 —0.904 0.052
TI_2 3.078 1.000 5.000 1.228 —0.877 —0.073
TI_3 3.062 1.000 5.000 1.291 —1.096 —0.036
Table 3. Reliability.
Cronbach's AlPha g iabiil (ho ) Reliabilig (tho o Extracted (AVE)
EP_ 0.892 0.896 0.916 0.608
GSCM 0.910 0.913 0.929 0.651
oS 0.880 0.883 0.909 0.626
TI 0.779 0.780 0.872 0.694

5.3. Variance Inflation Factor

Table 4 presents the VIF values used to assess possible multicollinearity among the
measurement indicators before evaluating the structural model. The observed VIF values,
which ranged from 1.564 to 2.446, were well below the recommended maximum thresholds
of 3.30 [86] and 5.00 [87]. Specifically, the VIF values ranged from 1.618 to 2.298 for EP,
1.873 to 2.446 for GSCM, 1.675 to 2.138 for OS, and 1.564 to 1.684 for TIL. The highest VIF
value was observed for GSCM-3 (2.446), while the lowest was recorded for TI-3 (1.564).
Although some GSCM indicators exhibited relatively higher VIF values than others, all
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values remained well within the acceptable threshold, indicating moderate correlation
among the indicators without evidence of redundancy. Accordingly, the measurement
model satisfies the multicollinearity assumption required for a PLS-SEM analysis. There-
fore, these findings suggest that the measurement indicators are sufficiently independent
and do not exhibit multicollinearity. Accordingly, the measurement model satisfies the
multicollinearity assumption required for a PLS-SEM analysis.

Table 4. Variance inflation factor.

VIF
EP_1 2.298
EP_2 1.743
EP_3 1.618
EP_4 2.047
EP_5 2.015
EP_6 2.144
EP_7 1.890
GSCM_1 1.873
GSCM_2 2413
GSCM_3 2.446
GSCM_4 2.181
GSCM_5 2.305
GSCM_6 2.189
GSCM_7 1.929
0S_1 2.138
0S_2 1.956
0S_3 1.675
0S_4 1.937
0S_5 1.975
0S_6 1.921
TI_1 1.602
TI_2 1.684
TI_3 1.564

5.4. Correlation Matrix

Table 5 summarizes the Pearson correlation coefficients between GSCM, EP, TI, and OS.
According to the findings presented, all four constructs are positively correlated, providing
initial evidence that improvements in one construct are associated with improvements in the
other constructs. More specifically, GSCM exhibited moderate to high positive correlations
with EP (r = 0.620), TI (r = 0.679), and OS (r = 0.699), indicating that the implementation of
green supply chain management practices is strongly related to an improved environmental
performance, technological innovations, and organizational sustainability. In addition, EP
was positively correlated with OS (r = 0.725) and TI (r = 0.472), while TI was also positively
correlated with OS (r = 0.611). More importantly, none of the correlations exceeded the
threshold of 0.90, as recommended by Hair et al. [86], indicating that there was no issue of
multicollinearity among the variables at the construct level.
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Table 5. Correlation matrix.

EP_ GSCM (O] TI
EP_
GSCM 0.620
(O8] 0.725 0.699
TI 0.472 0.679 0.611

5.5. Variance Testing

Table 6 shows the coefficient of determination (R?) and the adjusted R? values of the
endogenous constructs. It is evident from the results that GSCM explained 31.7% of the
variance in EP (R? = 0.317) and 32.7% of the variance in TI (R? = 0.327), indicating an
adequate predictive power for both mediating constructs. Importantly, OS had an R? value
of 0.541, which means that 54.1% of its variance was jointly explained by GSCM, EP, and TL
This is consistent with the criteria established by Hair et al. [86] for moderate predictive
validity, thus supporting the model’s high explanatory capacity. The slight difference
between the R? and adjusted R? values indicates the stability of the model and the absence
of overfitting. Overall, these findings indicate that the proposed structural model has
sufficient predictive power to serve as a framework for testing the proposed hypotheses.

Table 6. R-square.

R-Square R-Square Adjusted
EP_ 0.317 0.315
oS 0.541 0.537
TI 0.327 0.325

5.6. Hypothesis Testing

The results from the structural model and hypotheses testing using the PLS-SEM
method with a bootstrapping procedure consisting of 5000 resamples are presented in
Table 7. These results provide strong empirical evidence to support all the hypotheses
proposed in the study, implying the presence of significant direct and indirect relationships
among GSCM, environmental performance (EP), technological innovation (TI), and organi-
zational sustainability (OS). Specifically, GSCM was found to be a significant contributor
to the improving environmental performance ( = 0.623, p < 0.001) and technological
innovation (3 = 0.678, p < 0.001), indicating that the implementation of green supply chain
management practices improves the environmental performance and fosters technological
innovation in Libyan manufacturing companies. In addition, both environmental perfor-
mance (3 = 0.454, p < 0.001) and technological innovation (3 = 0.207, p = 0.002) significantly
affected the organizational sustainability. The result further suggests that EP and TI are
critical variables in improving the organizational sustainability. GSCM was also found to
have a significant direct effect on OS ( = 0.279, p < 0.001), demonstrating the importance
of GSCM not only as a direct predictor, but also through its mediating mechanisms. The
mediation analysis revealed that both environmental performance (3 = 0.283, p < 0.001)
and technological innovation (3 = 0.141, p = 0.002) significantly mediate the relationship be-
tween GSCM and organizational sustainability, with environmental performance exhibiting
a stronger indirect effect on OS.
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Table 7. Hypothesis testing.

Original Sample = Sample Mean [S)::avri\;lte;f’crll T Statistics p Values
(0)] M) (STDEV) (IO/STDEV )

EP_->OS 0.454 0.456 0.050 9.120 0.000
GSCM -> EP_ 0.623 0.624 0.038 16.559 0.000
GSCM -> OS 0.279 0.279 0.075 3.705 0.000

GSCM ->T1 0.678 0.679 0.038 17.760 0.000
TI-> OS 0.207 0.207 0.066 3.134 0.002
GSCM -> EP_-> OS 0.283 0.284 0.036 7.864 0.000
GSCM ->TI-> OS 0.141 0.140 0.046 3.028 0.002

6. Structural Model

This structural model in Figure 2 clearly demonstrates that GSCM has a strong in-
fluence on TI and EP, which in turn have a positive influence on OS. The R? statistics
clearly show that the model has a substantial explanatory power, especially with respect to
organizational sustainability.

T1 T2 T3

0000 0000 0000

GSCM_1

0.000 0002 0s1
GSCM_2
0.000
0000 0,000 052
GSCM_3 .
) 0.000. 0000 0s3
’ 0000~
GSCM_4 «—0.000 . 0.000—p,
0.000 . 054
GSCM5S 0,000 0,000
= e GSCM os 0.000
0000 055

GSCM_6
0,000 0000 05.6

GSCM_7

0.388

EP
0.000 0000 000 ggp 0.000 0000 0.000

— /N N

EP_1 EP_2 EP3 EP 4 EP_S EP_6 EP_7

Figure 2. PLS-SEM study model.

7. Discussion

The impact of GSCM on OS among Libyan manufacturers was studied by considering
the mediating effects of environmental performance (EP) and technological innovation (TI).
The results from this study provide strong evidence to support the suggested theoretical
model, in which GSCM positively impacts OS in both direct and indirect ways. In this re-
gard, it is important to note that the structural model explains 54.1% of the variability in OS
(R% = 0.541). This means that GSCM, environmental performance (EP), and technological
innovation (TT) are key factors influencing the sustainability of the organizational perfor-
mance among manufacturing organizations in Libya. The research findings are consistent
with the NRVB theory, which suggests that innovation and environmental capability play
important roles as organizational resources that confer a sustainable competitive advantage
through the effective use of organizational resources. The results show that the GSCM
construct has a significantly strong positive direct influence on organizational sustainability
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(B =0.279, p < 0.001). The above result indicates that companies engaging in environmen-
tal responsibility practices within their supply chains are likely to achieve sustainability
performance across economic, environmental, and social dimensions. This implies that
activities such as green procurement, collaboration with suppliers, eco-production, waste
minimization, and resource-based logistics practices should be viewed as business capabili-
ties rather than merely environmental responsibility activities. The results are consistent
with recent research conducted by Al Masri and Wimanda [5], which established that the
full implementation of GSCM practices is associated with significant improvements in
the triple-bottom-line performance. Similarly, research by Waiyawuththanapoom et al. [4]
showed that the comprehensive integration of activities including green procurement, eco-
design, reverse logistics, and green manufacturing is associated with an increased efficiency,
innovation and competitiveness. One of the most important findings of the current study
is that green supply chain management (GSCM) has an extremely significant positive effect
on environmental performance (3 = 0.623, p < 0.001). This implies that companies engaging
in green supply chain activities are able to achieve substantial improvements in terms of
pollution prevention, waste management, energy efficiency, and compliance with relevant
regulations. The finding is supported by the results obtained by Ahmad et al. [6], who
found that green manufacturing, green procurement, eco-design, and green information
systems had a significant impact on environmental performance. Moreover, according to
Nazeri et al. [21], green activities performed internally are crucial for obtaining positive
environmental performance outcomes, and Waiyawuththanapoom et al. [4] concluded
that green supply chain activities lead to a reduction in the environmental impact and an
improvement in efficiency. In the case of Libya, it seems that environmental performance
improvements are the main result of green supply chains. Another significant conclusion
drawn from the findings is the powerful impact of GSCM on technological innovation
(B =0.678, p < 0.001), which is the most robust relationship among those revealed in the
conceptual model. It means that environment-related supply chain management stimulates
companies to use clean production technologies and innovative manufacturing methods
and tools. The findings correspond to the conclusions made by Mahar et al. [11] that
green technological and managerial innovations increase the positive effect of GSCM on
sustainable performance. Moreover, according to Bag et al. [38] and Liu and Cui [83], the
environmentally sound supply chain management practices contribute to the development
of innovative technologies that are efficient and environmentally friendly. It is especially
relevant for Libyan manufacturing companies that are at a stage of modernizing their old
production facilities. Therefore, GSCM becomes the catalyst of technological innovations
and enables the achievement of environmental and economic goals at once.
Environmental performance showed a strong influence on organizational sustainabil-
ity (B = 0.454, p < 0.001) and may be considered the major direct determinant of organi-
zational sustainability in the model under study. In other words, a better environmental
performance leads not only to organizational benefits, but also to some other advantages,
such as an improved efficiency, better resource management, increased stakeholder trust
and organizational legitimacy. It supports the conclusion reached by Nazeri et al. [21],
who found that improvements in environmental performance contribute to the sustainable
development of organizations. Al Masri and Wimanda [5] are of the same opinion and
argue that organizations with a better environmental performance have higher levels of
sustainable development in all three dimensions—economic, environmental and social.
Overall, these results are compatible with the assumptions of NRBV theory and show how
environmental capabilities can act as strategic resources providing a sustainable competitive
advantage. Despite its relatively weak impact on organizational sustainability (3 = 0.207,
p = 0.002), technological innovation still plays a statistically significant and meaningful role.
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Namely, the use of environmentally friendly technologies, the digitalization of production
processes and innovation make organizations sustainable through improved productivity
and flexibility. These conclusions are consistent with the findings of Mahar et al. [11], who
found that technological innovation contributes to the improvement of the sustainable
performance together with GSCM practices. Liu and Cui [83] added that technological
capability makes it possible for organizations to achieve a higher efficiency and respond to
changes in the environment. Thus, technological upgrades will play an increasingly impor-
tant role as one of the drivers of sustainable industrial development in Libya. The findings
of the mediation analysis shed more light on the mechanisms behind the influence of GSCM
on organizational sustainability. In particular, the environmental performance acts as a
mediator between GSCM and organizational sustainability ( = 0.283, p < 0.001), whereas
technological innovation is a mediator as well (3 = 0.141, p = 0.002). A better mediating
role of environmental performance means that the considerable part of sustainability gains
made by GSCM practices can be explained by an improved environmental performance.
These findings are in line with Mahar et al. [11]’s assertion that green innovation partly
mediates the relationship between GSCM and the sustainable performance and with Nazeri
et al. [21]’s findings showing that green management increases sustainability through the
environmental performance. Additionally, Waiyawuththanapoom et al. [4] found that
the highest sustainability gains are achieved through the combination of environmental
management and innovation capabilities in GSCM. The study adds to the growing body
of research on sustainable supply chain management by providing evidence from the
Libyan manufacturing industry, which has been largely unexplored to date. The study
findings indicate that the adoption of green supply chain management serves as a strategic
capability for organizations, positively influencing the organizational sustainability both
directly and indirectly through the environmental performance and technological inno-
vation. Therefore, manufacturing companies need to adopt green purchasing practices,
enhance their environmental performance through cleaner technologies, strengthen envi-
ronmental collaboration with suppliers, implement environmental management practices,
and promote technological innovation within their organizational strategies.

8. Theoretical and Practical Implications

These theoretical and empirical contributions made by this study to the body of knowl-
edge on green supply chain management (GSCM) and organizational sustainability are
relevant and significant, especially given their applicability in developing nations. First,
from a theoretical point of view, the research findings expand the scope of the Natural
Resource-Based View (NRBV) by confirming the direct and indirect relationships between
the environmental performance (EP) and technological innovation (TI) and organizational
sustainability. The results of this study demonstrate that organizations become sustainable
not only as a result of implementing green supply chain management, but also through
the development of additional organizational capabilities that positively affect their envi-
ronmental performance and promote innovation. Second, from an empirical perspective,
this research contributes to the literature on sustainability by providing evidence from
one of the developing economies, Libya, and offering empirical data on its manufacturing
industry, which remains largely underexplored in sustainability research.

In terms of practical implications, a number of recommendations can be made to
manufacturing organizations, policymakers, and industry stakeholders. Manufacturing
organizations are advised to adopt GSCM as a strategic approach, involving green pro-
curement, the selection of environment-friendly suppliers, eco-design, cleaner production,
waste reduction, reverse logistics and resource-efficient practices. Additionally, manufac-
turing organizations are encouraged to increase their investments in cleaner technologies,
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digital manufacturing, automation, and environmental monitoring systems. The green
competencies of employees need to be enhanced through training and capacity-building
programs. As the environmental performance proved to be the most important predictor
of organizational sustainability, organizations were also encouraged to introduce environ-
mental performance metrics, perform environmental audits, and adopt internationally
recognized environmental management systems such as ISO 14001 [88]. The government
of Libya should support GSCM implementation through the introduction of financial in-
centives and green investments initiatives, the establishment of favorable environmental
regulations, and the promotion of cooperation among industry, universities, and research
organizations. Industry associations are advised to share the information on the best
practices adopted by green manufacturing companies.

9. Conclusions and Future Research

In this research, the impact of GSCM on organizational sustainability (OS) in the
Libyan manufacturing industry was examined, with an emphasis on the mediating effects
of environmental performance (EP) and technological innovation (TI). Based on the data
gathered from 387 managers and engineers using partial least-squares structural equation
modeling (PLS-SEM), the empirical evidence shows strong support for the conceptual
model developed. It was found out that GSCM positively impacts organizational sus-
tainability, either directly or indirectly through an environmental performance (EP) and
technological innovation (TI). In terms of a mediating effect, EP had the strongest effect,
which means that a better EP is the dominant mediator in relation to GSCM and organiza-
tional sustainability. Overall, the structural model was able to explain up to 54.1% of the
organizational sustainability variance.

The results of the study can be linked to the theoretical concepts of NRBV framework,
since, according to it, green supply chain management (GSCM) practices, environmental
capabilities, and innovation serve as strategic resources that help firms maintain compet-
itiveness and sustainability. From an empirical standpoint, the study makes a valuable
contribution to the literature on sustainability because it provides fresh evidence based
on the manufacturing organizations of Libya that are still insufficiently explored in the
context of developing economies. In practical terms, the study shows that manufacturing
companies should incorporate GSCM into their strategic management processes through
such practices as green purchasing, green production, collaboration with suppliers, waste
minimization, environmental performance measurement, and investment in clean tech-
nologies. Having taken into account the contributions of the study, some limitations can
be outlined as directions for future research. Firstly, longitudinal research is necessary to
evaluate the sustainability performance of companies over time. Secondly, the inclusion of
more supply chain participants (such as suppliers and customers) as well as other medi-
ating or moderating variables (such as digitalization, organizational culture, institutional
pressures, circular economy, and environmental governance) would be useful. Thirdly,
comparative research conducted in different industries and developing countries would
provide additional information about how GSCM helped with the sustainable development
of the industry.
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