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Abstract

This research examines the impact of green logistics practices (GLPs) on the creation of organizational green legitimacy (OGL) and
whether Industry 5.0 and supply chain uncertainties moderate this relationship. Unlike earlier studies, this research takes an in-depth
look at GLPs as a second-order construct comprising six sub-dimensions, including green packaging, procurement, production, trans-
portation, warehousing, and reverse logistics, and their significant role in building organizational green legitimacy. Based on cross-
sectional data collected from 350 Chinese manufacturing companies in late 2024, this study uses partial least squares structural equation
modelling (PLS-SEM) to examine the proposed relationships. The results of PLS-SEM reveal that GLPs positively influence organi-
zational green legitimacy. Further results suggest that supply chain uncertainties, which is described as a second-order construct with
three sub-constructs encompassing demand turbulence, negatively moderates this relationship. Moreover, this study finds that Industry
5.0 strengthens the positive relationship between GLPs and OGL. This study provides significant practical and theoretical implications
for policymakers and extends the prevailing body of literature on organizational green legitimacy.
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1. Introduction Green logistics practices (GLPs) are a key component
of achieving green legitimacy by enhancing a company’s
reputation for responsible business practices. GLPs differ
from other environmental practices like traditional waste
minimization and use of renewable energy or sustainable
production through the focus on reducing resource con-
sumption and carbon intensity related to company’s oper-
ational processes (Maji et al., 2023). Recent studies have
shown GLPs impact green innovation, environmental sus-
tainability, and economic performance (Agyabeng-Mensah
and Tang, 2021; Maji et al., 2023). Since there has been
increased focus on GLPs, their impact on green legitimacy
has not yet been adequately analysed resulting in a need for
future research. This study seeks to fill this notable gap
by exploring how green logistics practices impact organi-
zational green legitimacy, especially in the context of Chi-
nese manufacturing companies. Based on legitimacy the-
ory, a corporation could obtain social legitimacy through
compliance with the contemporary environmental issues
that are fixed by regulatory agencies (Rudko et al., 2025).
Legitimacy theory, as a subset of institutional framework,
specifically emphasizes how firms secure social legitimacy
by signifying adherence to the prevailing environmental
standards and regulations. Through the implementation of

China’s growing industrialization and economic de-
velopment have positioned the country as a global manu-
facturing hub. Although the growth was tremendous, its
environmental cost has also been very high because China
is now one of the primary causes of the world’s carbon foot-
print and industrial pollution (Zhao et al., 2025). With in-
creasing global demands for greener business practices by
consumers, stakeholders, and governments putting pressure
on Chinese businesses to conform, Chinese enterprises are
increasingly being pushed towards acquiring organizational
green legitimacy (OGL). Green legitimacy becomes impor-
tant in China since companies below the threshold of envi-
ronmental regulation requirements may put themselves at
risk of reputation loss, disciplinary actions from regulating
agencies, as well as marketplace competitiveness. Further-
more, the Chinese government has also instigated stringent
environmental regulations, such as the “Dual Carbon” pol-
icy that aims for carbon peaking by 2030 and carbon neu-
trality by 2060 (Wei et al., 2022; Zhu et al., 2024). Green
legitimacy has an important role to play for companies com-
peting in an increasingly competitive marketplace due to
their impact on how the public perceives a company’s com-
mitment to the environment.
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GLPs into their day-to-day operations, firms signal envi-
ronmental accountability to regulators, investors, and cus-
tomers, thereby enhancing their organizational green legiti-
macy (OGL). In addition to an institutional framework, the
resource-based view (RBV) holds that a corporation’s abil-
ity to maintain legitimacy with the potential for dramatic
fluctuations in supply chain operations (due to uncertainty
or other factors) is dependent on the corporation’s internal
resources, specifically those of operational resilience, adap-
tive capacity, and technological agility (Barney, 1991). Un-
der high supply chain uncertainty, firms are less likely to
maintain the implementation of GLPs; hence, they are less
likely to establish the requisite link between implementing
GLPs and their perception of legitimacy.

However, due to the uncertainty of the environment,
many companies focus more on short-term costs than on
raising their legitimacy through GLPs (Gomez-Trujillo et
al., 2024). For example, uncertainties associated with the
availability of green raw materials, changes in technology,
and changing demand for green products all present signif-
icant challenges to applying green logistics. When effec-
tive risk management programs are in place, organizations
can maintain their commitment to green logistics even when
significant events or unrest occur, therefore highlighting
the need for research into how these uncertainties impact
GLPs—OGL relationship.

On the other side, Industry 5.0 holds the promise of
creating significant improvements in green legitimacy. The
focus of Industry 5.0 is on human-centric industrial pro-
cesses and the application of robust and sustainable indus-
trial processes. Advanced technologies such as artificial
intelligence (Al), blockchain and IoT (Internet of Things)
will allow organizations to automate their logistics process.
They will also facilitate optimal resource utilization and
deliver enhanced supply chain transparency. The applica-
tion of Industry 5.0 technologies by manufacturing organi-
zations in China will optimize the efficiency of the green
legitimacy processes to improve their green legitimacy and
address regulatory and stakeholder pressures.

To achieve these objectives, this study seeks to answer
the following primary research questions:

How does green logistics management practices affect
organizational green legitimacy?

How does supply chain uncertainties and Industry 5.0
moderate the relationship between GLPs and green legiti-
macy?

This research makes a substantial contribution to
knowledge in many ways. First, it advances theoretical
knowledge by combining legitimacy, institutional, and the
RBYV theories to provide explanations regarding the ways
that GLPs and when they translate to OGL. Legitimacy the-
ory explains the need for firms to implement GLPs in or-
der to meet social expectations placed on them; institutional
theory places this behaviour in the context of broader nor-
mative and regulatory pressure on firms; and finally, RBV

theory explains how a firm’s internal resource base deter-
mines the firm’s continued ability to maintain legitimacy
during periods of external disruption. This tri-theoretical
lens creates a deeper and richer way to explain green legit-
imacy than previous studies that only utilized one theory.
Second, the study provides new empirical research regard-
ing the effects of supply chain uncertainties and Industry
5.0 on GLPs as it relates to their effectiveness in enhancing
a firm’s legitimacy. Third, the study utilizes Second-Order
constructs to represent GLPs and supply chain uncertain-
ties, creating a more complete representation of their multi-
dimensional nature, thus allowing for a fuller understanding
of the impact these two constructs have on OGL. Finally,
The research is based in China and thus highlights the need
for discussion around the lack of research in this area, even
though, at the same time, China is one of the largest in-
dustrial nations in the world, and as such is at the forefront
of the dual carbon policy agenda, thus giving firm leaders,
policy makers and other stakeholders in these volatile envi-
ronments valuable insight on how to align their operational
sustainability goals with their strategic authority on legiti-
macy.

2. Theory and Hypotheses
2.1 Legitimacy Theory

The study is based on the theories of legitimacy and
how organizations seek to meet their stakeholders’ expec-
tations, values and norms. The legitimacy theory states
that companies must align their practices with those of the
wider society in order to gain stakeholder’s approval (Gul-
luscio, 2023; Suchman, 1995). Under the green legitimacy
dimension, firms feel under increasing pressure to demon-
strate good business practices (including environmentally
positive) as a means to achieve success. This legitimacy
relies on lawfulness and conformity with regulation and
congruence with broad stakeholder expectations, such as
consumers, regulators, and investors (Baah et al., 2021;
DiMaggio and Powell, 1983; Suchman, 1995). Securing
legitimacy compel firms to adopt practices that signal their
commitment to sustainability in a bid to balance risks of
reputation loss, regulatory sanctions, and competitive dis-
advantages. Within such an umbrella, green logistics activ-
ities are a strategic mechanism for constructing legitimacy
as they answer directly to the environmental concerns in-
volved with transportation, warehousing, and distribution.

From the legitimacy theory perspective, organizations
are able to attain legitimacy in three broad forms: prag-
matic, moral, and cognitive legitimacy. Pragmatic legiti-
macy is based on stakeholders’ self-interest, and therefore,
companies must convince stakeholders that the adoption
of GLPs is in the interest of economic as well as opera-
tional benefits, such as cost minimization and efficiency
improvements. Moral legitimacy, on the other hand, draws
from normative acceptance such that firms gain legitimacy
through engagement in environmentally sound and ethi-
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cal business practices, e.g., green production, green ware-
housing, and green transportation, firms endeavour to ap-
pear green due to legitimacy pressure within their business
(Jazairy and von Haartman, 2020). These practices, in turn,
are responsible for guaranteeing a good reputation, confor-
mity with evolving rules, and satisfaction of consumers and
investors who are more concerned with sustainability.

2.2 Institutional Theory

Legitimacy theory and institutional theory should be
combined with regard to how they help explain the influ-
ence of external forces (institutional) on the behaviours of
organizations (DiMaggio and Powell, 1983). In terms of
environmental sustainability, the institutional environment
has many pressures for environmental behavioural compli-
ance, especially in highly regulated portions of the global
economy such as the Chinese Manufacturing sector. The
institutional pressure to adhere to environmental standards,
through the adoption of certain practices like green logis-
tics, is not always based on achieving an efficiency gain,
but instead, to achieve social acceptance and avoid possible
sanctions. The institutional theory distinguishes between
three types of force that organizations experience when
adopting green logistics practices: coercive forces (Gov-
ernment Policy), normative forces (Industry Standards) and
mimetic forces. The institutional theory supports that an or-
ganization that demonstrates green legitimacy has achieved
a form of institutional conformity.

2.3 Resource-Based View (RBV)

The resource-based view claims that sustained com-
petitive advantage (and therefore, sustained legitimacy) is
a function of the internal bundle of resources owned by a
firm (Barney, 1991). In highly volatile external environ-
ments, a firm’s ability to adjust GLPs will differ within its
supply chain; this has important implications for how firms
will maintain green logistics practices (Juracek et al., 2025).
By virtue of their superior resources (e.g., digital infras-
tructures, managerial expertise, financial slack, and agile
supply chain capabilities), some firms are better equipped
to withstand supply chain disruptions; therefore, they are
more likely to have developed green logistics practices
(Vyas et al., 2024). In contrast, resource-constrained firms
may deprioritize sustainability, (Ooi and Memon, 2025) can
weaken the GLPs—OGL link. Thus, RBV provides the the-
oretical rationale for why supply chain uncertainties mod-
erates the relationship between GLPs and OGL.: it acts as
a “stress test” that reveals heterogeneity in firms’ resource-
based resilience. Additionally, this theory aligns with the
moderating role of Industry 5.0, as Al and IoT could be con-
sidered strategic resources (Waheed et al., 2022) that enable
a firm to generate GLPs into OGLs.
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2.4 Industry 5.0 vs. Industry 4.0 in Green Logistics

While Industry 4.0 has focused on automating, con-
necting, and improving the efficiency of logistics through
technology such as IoT and Al to improve speed, reduce
costs and increase accuracy (Zong and Guan, 2025), Indus-
try 5.0 represents a shift in the focus of logistics toward a
human-centric, resilient and sustainable perspective (Guo
et al., 2023; Maddikunta et al., 2022). The technologies
used in Industry 4.0 are primarily developed to make logis-
tics operations more efficient with technology enabling the
operation of smarter logistics solutions, whereas the tech-
nologies in Industry 5.0 have moved away from merely im-
proving the efficiency of operations to use these technolo-
gies for outcomes that are also of societal importance pe-
rusing (Jefroy et al., 2022). The distinction between these
two philosophies of Industry 4.0 as only a technical enabler
of sustainable logistics versus Industry 5.0 being a socio-
technical legitimisation of sustainable logistics is key, be-
cause Societal Industry 5.0 legitimises sustainability as part
of a larger commitment to preserving humanity and stake-
holders, and fostering ethical innovation. Therefore, while
Industry 4.0 is a technical enabler, Industry 5.0 serves as a
socio-technical legitimisation of developments in sustain-
able logistics and therefore represents the appropriate theo-
retical framework for this study.

2.5 Hypotheses Development

2.5.1 Green Logistics Practices (GLPs) and Green
Legitimacy

The rise of GLP has led to an increased focus on GLPs
throughout the supply chain because they can help to miti-
gate the negative impacts on the environment and create a
more sustainable system for manufacturers (Roy and Mo-
hanty, 2024). While these practices can help manufactur-
ing operations reduce their environmental impact, they also
help to build a positive image among multiple stakeholders
(customers, investors, regulatory agencies, etc.). Green le-
gitimacy is the perception of how committed a manufactur-
ing organization is to becoming sustainable. Companies are
increasingly focusing on building green legitimacy because
green legitimacy is a key contributor to achieving long-term
competitive advantage and sustained success (Truong and
Nagy, 2021). GLPs are a response to institutional pressures
that advocate for environmental compliance (Daddi et al.,
2020) specifically as related to the current tightening of sus-
tainability governance in China. GLPs also serve to provide
a company with tools for demonstrating its commitment to
being environmentally sustainable through various activi-
ties, including the reduction of waste, increased energy ef-
ficiency, and improved materials use. By adopting GLPs,
manufacturers can create operational efficiencies while si-
multaneously enhancing their market perception of legiti-
macy and responsibility.

In conclusion, adopting green practices provides orga-
nizations the opportunity to signal to their stakeholders that
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they are environmentally conscious and establish a positive
green image. These actions also affirm to stakeholders that
these organizations will continue to implement sustainable
business practices, without requiring tampering of their cur-
rent systems.

Based on this discussion, we propose the following
hypothesis:

H1: Green logistics practices positively influence firm
organizational green legitimacy.

2.5.2 Moderating Role of Supply Chain Uncertainties

supply chain uncertainties involves unpredictability
and variation in demand, supply, or technological innova-
tion within supply chain activities (Tao et al., 2025). Sup-
ply chain uncertainties can lead to poor operation flow, as
well as hinder strategic goals, such as sustainability and
green logistics. Green logistics practices are attempts to
reduce environmental impact and demonstrate an organiza-
tion’s commitment to sustainability. Green logistics prac-
tices include green manufacturing, green warehousing, and
green transportation (Vienazindiené et al., 2021). The level
of supply chain uncertainties will greatly affect how an or-
ganization adopts and implements green logistics practices.
Green logistics practice consistency is virtually impossible
for organizations to maintain, when raw material and com-
ponent availability change significantly within the supply
chain (Lisi et al., 2020). For example, if there are disrup-
tions in raw material supplies, it can be difficult for or-
ganizations to source green materials, and to use energy-
efficient transportation; and if there are changes in customer
demand, organizations may be unable to utilize routing op-
timization and reduce their inventory and waste over a long-
term plan for green logistics implementation (Tetteh et al.,
2024).

Technological turbulence refers to the rapid rate at
which technology is changing, which will also affect in-
dustrial firms’ ability to create and sustain green logistics
systems. Energy efficient means of transportation in ware-
houses and environmentally friendly means of packaging
that have been invented recently represent technological
breakthroughs that provide the opportunity for industrial
firms to improve their sustainability strategies (Perotti and
Colicchia, 2023). The fact that technologically driven ad-
vancements are changing very quickly also creates uncer-
tainty around future advances (Dang et al., 2025). Firms
experiencing a high level of technological turbulence may
struggle to keep abreast of sustainable technology, making
it difficult for them to maintain long-term commitment to
the implementation of green logistics (Amankwah-Amoah
and Syllias, 2020).

From a RBV perspective, the uncertainty inherent in
supply chains can serve as an unexpected external event
that creates heterogeneity in firms’ internal capabilities
(Nguyen et al., 2025). Firms that have limited financial
slack, a high degree of digital flexibility, or an adaptive

logistic infrastructure are typically unable to acquire the
strategic resources necessary to continue to pursue green lo-
gistics practices during periods of unstable operating condi-
tions (Vasiulis Ferreira Rodrigues et al., 2025). Therefore,
although firms may initially use GLPs as a market signal
to demonstrate their commitment to the environment, in-
consistent implementation of GLPs during periods of un-
certainty will likely lead to a loss of legitimacy (Balint et
al., 2025; Barney, 1991). In a nutshell, RBV provides an
understanding of why supply chain uncertainties act to neg-
atively moderate the relationship between GLPs and the
OGL of firms due to the way that it tests whether or not
a firm’s green efforts rest upon a resilient, resource-based
infrastructure or strictly upon compliance with regulations.

Thus, the hypothesis can be put as:

H2: Supply chain uncertainties negatively moderates
the relationship between green logistics practices and firm
green legitimacy.

2.5.3 Moderating Role of Industry 5.0

Industry 5.0 represents a new direction from the au-
tomation focus of Industry 4.0 and places equal value on
collaborating with humans, being sustainable and support-
ing society (Martini et al., 2024). With the integration of
Industry 5.0, businesses will use technology to enhance hu-
man capabilities, protect worker safety, and integrate so-
cial values into their product and logistics systems (Klin-
genberg et al., 2021; Nicoletti and Appolloni, 2024). The
goal of Industry 5.0 is to create systems that allow for hu-
man interaction and create more sustainable processes. It
is in line with global and Chinese trends to integrate sus-
tainability into many aspects of business. Under the frame-
work of Industry 5.0, GLPs are legitimized, since GLPs
may allow a firm to demonstrate its commitment to being
an environmentally responsible company as well as being
a morally and socially responsible organization. From a le-
gitimacy theory perspective (Suchman, 1995), GLPs imple-
mented under the framework of Industry 5.0 will likely be
perceived by stakeholders to not only decrease emissions,
but also serve as ethical and social responsiveness.

From an institutional theory perspective, employing
human-centric and eco-digital systems is an example of
creating products and services that comply with the in-
creasing trend toward responsible innovation and people-
centred development in China, which has been encouraged
as a policy priority. Companies that reflect these values
will likely receive wider stakeholder support, in addition
to aligning themselves with a global sustainability agenda
and the priorities of the Chinese government. The resource-
based view (RBV) is another reason why Industry 5.0 al-
lows for companies to leverage GLPs. In particular, in-
tegrating advanced technologies with human-centric orga-
nizational values results in obtaining unique, rare, and so-
cialised capabilities that are difficult to replicate (Shankar
and Gupta, 2024). Examples of such capabilities include
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Fig. 1. Conceptual framework.

transparent, ethical, and adaptive green logistics systems,
which allow an organization to move GLPs from the realm
of being merely symbolic to a real, verifiable act with le-
gitimate social importance. Many GLPs provide compa-
nies with clearer and more credible proof of adherence to
environmental and social principles than if they were only
reliant on one of these types of technologies (Malakar et
al., 2025). In addition, Industry 5.0’s driving concept of
building resilient and flexible companies based on human
and technology coexistence allows companies to adapt to
changing environmental regulations and stakeholder needs
while remaining committed to being ethical (Javaid et al.,
2022). So, Industry 5.0 allows companies to more con-
sistently and credibly apply sustainable practices to their
products and operations through the use of a blend of tech-
nically agile and human-judged responses (Jefroy et al.,
2022). Thus, the legitimacy-enhancing attributes of GLPs
are much stronger when placed within an Industry 5.0 en-
vironment due to the moral/social authenticity conveyed
through human-centric innovations, not merely due to tech-
nological efficiencies that lead us to the following hypoth-
esis.

H3: Industry 5.0 positively moderates the relationship
between green logistics practices and firm green legitimacy.

The study indicates the proposed relationships among
the constructs as illustrated in Fig. 1.

3. Method

The aim of this research is to quantitatively measure
how GLPs affect green legitimacy among manufacturing
firms in China. A survey was completed by many manu-
facturing firms located in mainland China but not; Hong
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Kong, Macao, and Taiwan. The main purpose and goals
for this research were communicated clearly to key stake-
holders, such as department managers/directors, operations
directors, production heads, technical Supervisors, etc. In-
vitation links to the survey were sent out through a secure
third-party platform to make it easy to execute the survey
and guarantee confidentiality of the data collected.

3.1 Data Collection

The data was collected using an online questionnaire
distributed to managers of Chinese manufacturing firms.
This method was chosen so that the results would accurately
reflect how these managers believe they use GLP (Green
Logistics Practice) and the effect that they think it has on
their firm’s ‘green legitimacy’ (regarding the environmen-
tal benefits of GLP). 700 invitations were sent via email,
as well as through professional networks and other means,
to managers of companies within multiple industries. The
questionnaire was made available for 45 days, allowing the
respondents ample opportunity to complete it when it was
convenient for them. To enhance data quality and authentic-
ity, several procedural safeguards were implemented. The
questionnaire is reported in Appendix Table 7.

An attention check item was built into the online sur-
vey. Responses with large numbers of missing responses,
repeated responses or a completion time of under 5 minutes
were eliminated during the data cleaning procedure. The in-
vitations were predominantly distributed using known pro-
fessional contacts and association rosters, thus increasing
the probability of having fewer non-eligible respondents
in the data set. Following this quality control procedure,
450 responses were left for analysis, resulting in an ex-
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cellent response rate (64.3%), which is usually considered
exceptional for web-based surveys of organizational work.
The sample was comprised of organizations engaged in a
wide variety of manufacturing sub-sectors in China, with
the majority of respondents coming from the electronics and
information technology manufacturing industries (31.1%)
and the machinery and equipment manufacturing industries
(21.1%) sectors, which are the most prominent sub-sectors
associated with the Chinese green manufacturing initiatives
(Daniel et al., 2024). G¥Power 3.1 (Heinrich Heine Univer-
sity Diisseldorf, Diisseldorf, Germany) analysis was em-
ployed to analyse whether the data collected was statisti-
cally sufficient to perform the model estimation and hypoth-
esis testing.

3.2 Measures

The survey tool had two parts: the first part collected
basic details about the respondents and their firms (type of
business, size of company, level of management and em-
ployment information) to provide an adequate description
of the sample and evaluate how representative it was. The
second part included measurement items for all core con-
structs (adopted from reliable scales in existing research as
a way to establish both reliability and construct validity)
with all items measured on a seven-point Likert scale (1 =
definitely disagree to 7 = definitely agree). This scale for-
mat has been strongly suggested by the literature for im-
proving variances in responses and the precision of mea-
surements (Podsakoff et al., 2003). Green logistics prac-
tices (GLPs) were examined using a multidimensional con-
struct that included six dimensions of GLPs: Green pro-
duction, green procurement, green packaging, reverse lo-
gistics, green transportation and green warehousing. Items
used to measure GLPs were adapted from established scales
in previous studies (Acquah et al., 2023; Afum et al., 2022;
Chan et al., 2018; Roy and Mohanty, 2024) demonstrating
a high level of reliability in their ability to measure observ-
able, action-based environmental practices. The dependent
variable in this study was organizational green legitimacy
(OGL), which provides a measure of the degree to which an
organization is perceived by its stakeholders to be in norma-
tive alignment with the social expectations placed on it con-
cerning its level of environmental responsibility (Suchman,
1995). To study this, we employed items from previous re-
search (Del-Castillo-Feito et al., 2021; Li et al., 2018) that
identify stakeholder perceptions regarding the credibility of
a company, compliance with regulations, and an organiza-
tion’s dedication to sustainability as three important compo-
nents for both pragmatic and moral legitimacy. We used a
second-order latent construct of supply chain uncertainties
represents three variables: supply turbulence, demand tur-
bulence and technological turbulence. The tripartite struc-
ture is well documented in supply chain literature (Zhang
et al., 2020; Zhou et al., 2019) since each type of supply
chain turbulence presents unique sources of environmen-

tal disruption from a supply chain perspective that create
challenges for consistent application of ‘green’ practices.
The second moderator, Industry 5.0, was assessed using an
adapted scale developed by previous studies (Benghouala
and Benamirouche, 2025; Wang et al., 2025). which fo-
cused on the incorporation of human-centric digital tech-
nologies into the supply chain. This scale was chosen be-
cause of its ability to showcase the human-machine synergy
and sustainability differentiation that separates Industry 5.0
from Industry 4.0.

3.3 Data Analysis

Evidence collected was examined using partial least
squares structural equation modelling (PLS-SEM) to de-
velop a better understanding of how the research variables
are related to one another. Following a two-stage process,
analyses of both the measurement model & structural mod-
els were done using SmartPLS 4.0 (SmartPLS GmbH, Bon-
ningstedt, Germany). The measurement model assessed the
internal consistency (reliability) of the factor(s) as well as
the validity of the factor(s) through convergent and discrim-
inant validity (Henseler et al., 2015). In the structural model
analysis, path coefficients, R?, effect sizes (f2) predictive
relevance (Q?), and bootstrapping were used to determine
the significance of the path coefficients. Multi-collinearity
was assessed by using variance inflation factor (VIF) val-
ues to show that there was no correlation among predictor
variables.

3.4 Descriptive Statistics

The descriptives are presented in Table 1. There were
450 professionals surveyed from 350 Chinese manufactur-
ing companies. In Table 1, there was a substantial num-
ber of males in the sample (77.8%) and about 22.2% fe-
males participating in the survey. The majority of re-
spondents worked at large organizations (60.0%), followed
by medium-sized companies (22.9%), while only 17.1%
worked in small businesses. The respondents differed in
their total work experience, since 30% had between 5-10
years. 20% of the respondents had less than 2 years’ expe-
rience; 16.7% had more than 10 years’ experience. Regard-
ing designation, 40.0% held managerial roles, 36.7% were
supervisors, and 23.3% were directors.

4. Results and Discussion
4.1 Data Screening

The data set was assessed for reliability, accuracy,
and readiness for the PLS-SEM analysis before starting the
analysis. Skewness and kurtosis were checked for normal-
ity of the distribution; the acceptable limits for normality
were determined to be +1.5. The small deviations were
acceptable since PLS-SEM does not require strict assump-
tions of normality. The presence of multicollinearity among
the independent variables was assessed by examining VIF;
in this case, all variables’ VIF values fell below the crit-
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Table 1. Demographics.

Demographic Categories Frequency Percentage
variable (%)
Male 350 77.8%
Gender
Female 100 22.2%
Small 60 17.1%
Company size Medium 80 22.9%
Large Scale 210 60.0%
1-2 yrs 90 20.0%
. 2-5yrs 150 33.3%
Experience
5-10 yrs 135 30.0%
More than 10 yrs 75 16.7%
Supervisors level 165 36.7%
Current
. . Managers level 180 40.0%
designation .
Directors level 105 23.3%
Electronics & IT 140 31.10%
Manufacturing
Machinery & 95 21.10%
Industry type .
Equipment
Chemicals & Plastics 75 16.70%
Textiles & Apparel 60 13.30%
Automotive & Parts 50 11.10%
Others 30 6.70%

Note: The study surveyed 450 respondents from 350 firms. Mul-
tiple respondents from the same firm were used to reduce single-
respondent bias.

ical cut-off of 5 suggested by Hair et al. (2019). Hence,
multicollinearity among independent variables was not a
significant issue. Harman’s single-factor test was used to
assess for Common Method Bias (CMB), while an unro-
tated exploratory factor analysis indicated that no factor ac-
counted for more than 50% of the variance, meaning that
CMB would not be a major concern (Podsakoff et al., 2003).
Additionally, the full collinearity approach was used by ex-
amining VIF values for all constructs. The VIF values for
all predictors were all below 3.3, confirming that method
bias was not present (Kock, 2015).

4.2 PLS Analysis

The repeated indicators and two-stage approaches are
two common ways researchers define and estimate higher-
order constructs (Ringle et al., 2012). Previous research
used simulations to compare the accuracy of the repeated
indicators and two-stage approaches for estimating the re-
lationships between first-order constructs and second-order
constructs of reflective-formative higher-order constructs
(Becker et al., 2012). This method was implemented by
categorizing the exogenous variable GLPs into six dimen-
sions including green production, green warehousing, green
procurement, green packaging, reverse logistics, and green
transportation. These dimensions have achieved high R?
values of 62%, 41.1%, 59.6%, 63.3%, 67.7%, and 40.6%
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respectively. Furthermore, a strong correlation was found
between GLPs and its sub-dimensions, with green produc-
tion at 0.787, green warehousing 0.641, green procurement
0.772, green packaging 0.795, reverse logistics 0.823, and
green transportation stood at 0.637 (Fig. 2). The extended
repeated indicators approach for the supply chain uncer-
tainties indicates three dimensions with a high R-squared
value of 63.8% in supply turbulence uncertainty, 81.7%, in
technological turbulence uncertainty and 93.9% in demand
turbulence uncertainty respectively. Second-order supply
chain uncertainties and its sub-dimensions were highly cor-
related: supply turbulence uncertainty stood at 0.799, tech-
nological turbulence uncertainty 0.904 and demand turbu-
lence uncertainty at 0.969 (Fig. 3). In the second-order
approach, two measurement models are assessed: the first
for the first-order constructs and the second for the higher-
order (second-order) construct (Sarstedt et al., 2019).

4.2.1 Measurement Model (First-Ordered Constructs)

Before testing the hypotheses, convergent and dis-
criminant validity must be guaranteed to establish the mea-
surement model accurately measures and discriminates the
constructs of interest (Hair and Alamer, 2022). Convergent
validity validates whether the operationalization of a con-
struct is comparable to other theoretically related measures.
In this study, it was investigated by examining to what de-
gree the variables GLPs, green legitimacy, supply chain un-
certainties and Industry 5.0 were in accordance with their
hypothetical relations. It was carried out by conducting
confirmatory factor analysis (CFA), factor loading test, av-
erage variance extracted (AVE), Cronbach's alpha (CA) and
composite reliability (CR). All indicators showed strong
factor loadings exceeding the 0.6 threshold (see Fig. 4),
CR and CA confirming a robust connection between ob-
served variables and their respective constructs (Hair and
Alamer, 2022). Additionally, AVE values for all constructs
surpassed the 0.5 benchmark, indicating that the measured
variables explained more than 50% of the variance in their
respective constructs (Hair and Alamer, 2022). As pre-
sented in Table 2, these findings confirm that the mea-
surement model demonstrates sufficient convergent valid-
ity, ensuring that the constructs effectively capture their in-
tended theoretical concepts and contribute to the study’s
overall validity.

Establishing discriminant validity is crucial in an at-
tempt to confirm whether the study’s constructs are em-
pirically distinct and not redundant definitions of the same
construct. Discriminant validity in this study was assessed
using the Fornell and Larcker (1981) criterion and the
Heterotrait-Monotrait (HTMT) ratio (Henseler et al., 2015).
The Fornell and Larcker criterion was developed by cross-
verifying the square root of the Average Variance Extracted
(AVE) of each construct with inter-construct correlations.
The results were in line with discriminant validity because
the square root of the AVE of each construct was higher
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lence uncertainty; DTU, demand turbulence uncertainty.

than its inter-construct correlations, which validated that
each construct was measuring distinct variance. In addition,
HTMT method provided a more stringent test, whereby
HTMT ratios for each construct pair were below the 0.90
threshold, except for GWHS, which was exactly at the cut-
off, further validating construct separation (Henseler et al.,
2015). These methods together provide great empirical sup-
port for discriminant validity in the measurement model as
evident from the findings presented in Table 3.

o]

4.2.2 Measurement Model (Second-Order Constructs)

GLPs and supply chain uncertainties were conceptu-
alized as second-order constructs in the study. GLPs com-
prise six dimensions: green procurement, green packag-
ing, green production, green transportation, green ware-
housing, and reverse logistics, whereas supply chain uncer-
tainties comprise three dimensions: demand turbulence un-
certainty, supply turbulence uncertainty, and technological
turbulence uncertainty, as shown in Table 4. For confirm-
ing the second order construct (SOC) validity outer weights,
outer loading and values of VIF are checked (Sarstedt et
al., 2019). The outer weights proved to be significant. All
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Fig. 4. Measurement Model first-ordered construct.
Table 2. Convergent validity.
Construct Cronbach’s CR CR AVE
alpha (tho_a) (rho_c)
Demand turbulence 0.868 0.872 0.910 0.717
uncertainty
Green legitimacy 0.886 0.887 0914  0.639
Green packaging 0.812 0.813 0.877  0.640
Green procurement 0.790 0.800 0.863  0.611
Green production 0.788 0.789 0.855 0.542
Green transportation 0.782 0.839 0.854  0.595
Green warehousing 0.701 0.710 0.806  0.511
Industry 5.0 0.930 0.956 0.947  0.783
Reverse logistics 0.742 0.759 0.885  0.793
Supply turbulence 0.733 0.980 0.871  0.773
uncertainty
Technological 0.867 0.867 0919  0.791

turbulence uncertainty

Note: CR, composite reliability; AVE, average variance extracted.

outer loadings exceeded the 0.50 threshold, except for STU,
which had a loading of 0.451. Last, VIF values proved less
than 5. As all criterion are fulfilled as shown in Fig. 5 and
Table 4, SOC validity was confirmed (Sarstedt et al., 2022).

4.3 Confirmatory Factor Analysis

The measurement model was evaluated using confir-
matory factor analysis (CFA) to assess overall model fit
prior to structural path estimation. As shown in Table 5
multiple goodness-of-fit indices were examined. The Com-
parative Fit Index (CFI) = 0.913 and Tucker-Lewis Index
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(TLI) = 0.919 exceed the recommended threshold of 0.90
for good fit (Hu and Bentler, 1998). Hu and Bentler (1998)
recommend a cut-off value of 0.08 for SRMR and 0.0 for
RMSEA however, the value RMSEA should not exceed
0.08. The Root Mean Square Error of Approximation (RM-
SEA) = 0.074 falls below the 0.08 cut-off, indicating close
fit. The */df ratio of 3.543 is well below the upper limit
of 5.0, further supporting model adequacy (Lomax, 2004).
Collectively, these fit indices indicate that the measurement
model fits the data well, supporting the validity of the latent
structure and justifying progression to structural model test-
ing.

4.4 Hypotheses

After verifying the measurement models, we tested the
structural model to check the hypothesized relationships in
the research model using bootstrap procedure of 5000 sub-
samples. The findings in Table 6 and Fig. 5 underscored
that GLPs positively effects green legitimacy (B = 0.343; p
< 0.01), the moderating effects of supply chain uncertain-
ties (fp =—0.667; p < 0.01) is negative and significant, but
the moderating effect of Industry 5.0 (= 0.558; p < 0.01)
is positively significant on the relationship between GLPs
and green legitimacy. Hence, H1, H2 and H3 are supported.
The R? value indicates the current study accounts for 55.4%
of the variance in green legitimacy. The Q? values for the
dependent construct green legitimacy is 0.488, illuminating
acceptable extrapolative significance and indicates satisfac-
tory predictive relevance of the model.
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Table 3. Discriminant validity.

Construct 1 2 3 4 5 6 7 8 9 10 11
1. DTU 0.847

2. OGL 0.354 0.799

3. GPKG 0.706 0.317 0.800

4. GPRC  0.735 0.293 0.602 0.782

5.GPRD 0.774 0.329 0.567 0.671 0.736

6. GTRNS 0.273 0.298 0.271 0.294 0.298 0.772

7. GWHS 0.294 0.244 0.315 0.238 0.291 0.652 0.715

8. Ind 5 0.178 0.530 0.215 0.182 0.225 0.638 0.607 0.885

9. RLGS  0.567 0.290 0.704 0.507 0.490 0.242 0.303 0.175 0.891

10. STU 0.036 0.301 0.078 0.020 0.022 0.360 0.451 0.708 0.091 0.879
1I. TTU  0.799 0321 0.656 0.671 0.716 0.250 0.246 0.184 0.522 0.029 0.889

HTMT

1. DTU

2. OGL 0.401

3. GPKG  0.830 0.372

4. GPRC  0.860 0.342 0.727

5.GPRD 0.823 0.384 0.701 0.839

6. GTRNS 0.322 0.334 0.335 0.365 0.368

7. GWHS 0.393 0.288 0.444 0.333 0.393 0.900

8. Ind 5 0.187 0.569 0.228 0.198 0.241 0.748 0.726

9. RLGS  0.707 0.355 0.862 0.653 0.647 0.323 0.445 0.199

10. STU  0.074 0.341 0.134 0.086 0.106 0.509 0.602 0.834 0.155
11. TTU  0.882 0.366 0.772 0.786 0.894 0.294 0.320 0.186 0.651 0.050

Note: DTU, Demand turbulence uncertainty; OGL, organizational green legitimacy; GPKG, green

packaging; GPRC, green procurement; GTRNS, green transportation; GWHS, green warehousing;
Ind 5, Industry 5.0; RLGS, reverse logistics; STU, supply turbulence uncertainty; TTU, technolog-
ical turbulence uncertainty.

Ind S 1.000 (NaN) IndS
GPKG
oGl
GPRC
B [ g o
0.772 (0.000)
0.780 (0.000)
—10.007 o3
0.612 (0.000)
;
0.000 0GL
0.614 (0.000) )
0.751 (0.000)
0.267 (0.000)
Uncertainty 3554 (0.000)
— = 0.451 (0.000)

Fig. 5. Structural model.

Fig. 6 describes the moderating role of supply chain lated to green legitimacy. However, as supply chain un-
uncertainties on the relationship between GLPs and green  certainties increases (see the green line), this relationship
legitimacy. As shown, when supply chain uncertainties is weakens and turns negative, indicating that uncertainty un-
low (see the red line), GLPs are strongly and positively re- dermines the legitimacy gains from GLPs.

10 @IMR Press


https://www.imrpress.com

Table 4. Second order constructs.

SOC LOC Outer T value P Outer VIF
weights value loadings
GPKG 0.246 10.674 0.000 0.807  2.458
GPRC 0.227 9.759 0.000 0.772  2.141
GPRD 0.255 9919 0.000 0.780  2.018
GLPs GTRNS  0.231 6.221  0.000  0.618 1.810
GWHS 0.189 5.018 0.000 0.614 1.838
RLGS 0.225 9.074  0.000  0.751 2.067
DTU 0.493 13.943 0.000 0.867 2.770
SCU STU 0.420 4.527  0.000  0.451 1.001
TTU 0.448 13.469 0.000 0.854  2.769

Note: SOC (Second-order construct): A higher-level construct
formed by multiple lower-order constructs. LOC (Lower-Order
Construct): A first-level construct that represents a specific dimen-
sion of a broader construct, and SCU indicates supply chain uncer-

tainties.

Table 5. Goodness-of-fit values.

Fit Indices Recommended Source Estimated
value model
Chi-square 892.633
p value In-significant (Hu and 0
y/df <5 Bentler, 3.543
RMSEA <0.06 1998), 0.074
GFI >0.90 (Lomax, 0917
SRMR <0.08 2004), 0.294
NFI >0.90 (Khan et 0.901
TLI >0.90 al., 2019) 0.919
CFI >0.90 0913

Uncertainty x GLPs

OGL

Fig. 6. Supply chain uncertainties moderation.

Fig. 7 describes the moderating role of Industry 5.0 on
the relationship between GLPs and green legitimacy. As
shown, when the concept and implementation of Industry
5.0 is low (see the red line), firms exhibit a low level of
green legitimacy. However, as the concept and implemen-
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tation of Industry 5.0 increases (see the green line), firms
show more green legitimacy.

Ind 5 x GLPs

11 1 09 08 07 06 05 04 03 02 01 0 01 02 03 04 05 06 07 08 09 1 11
GLPs

=Ind 5at-1SD =Ind 5atMean =Ind 5at +1SD

Fig. 7. Industry 5.0 moderation.

4.5 Discussion

This study introduces a novel theoretical framework
that explores how green logistics and green legitimacy in-
teract in an organization; additionally, it identifies how both
are influenced by the elements of Industry 5.0 and supply
chain uncertainties. The framework is unique because it
provides a detailed understanding of GLPs as a second-
order construct, which consists of six sub-levels (i.e., the
areas of green packaging, green procurement, green pro-
duction, green transportation, green warehousing, and re-
verse logistics), and how the combination of all these ele-
ments is essential for the development of an organization’s
green legitimacy. The framework’s robustness is evidenced
by its high level of explanatory power (R? = 55.4 percent),
as well as its ability to predict (i.e., Q> value = 0.488), and
therefore, its value as a tool for accurately portraying and
predicting the complexities associated with the interdepen-
dence of these constructs.

Our analysis shows that GLPs significantly and pos-
itively impact an organization’s green legitimacy in sup-
port of hypothesis 1 (H1). This reveals that GLPs are key
to enhancing the image and reputation of the organization
as a sustainable business. Companies that engage in sus-
tainable transportation, sustainable warehousing, sustain-
able procurement, sustainable manufacturing, sustainable
packaging, and sustainable reverse logistics will establish a
credible basis through their sustainability initiatives, which
will help build stakeholder trust in the organization and, ul-
timately, their green legitimacy. This finding supports prior
literature regarding the importance of integrating sustain-
ability into an organization’s core processes to achieve both
environmental and reputation benefits. From a legitimacy
theory perspective, this illustrates how organizations can
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Table 6. Hypotheses results.

Hypothesis Path B Tvalue pvalue f?

H1 GLPs - Green legitimacy 0.343 2.697 0.007 0.078

H2 GLPs*supply chain uncertainties — Green legitimacy —0.667  7.85 0.000 0.481

H3 GLPs*Industry 5.0 — Green legitimacy 0.558 6.744  0.000 0.324
Green legitimacy

R? 55.4%

Q? 48.8%

align their activities with those society expects concerning
environmental responsibility and their actions will therefore
be seen as legitimate and supported by their stakeholders.

Moreover, there are significant negative effects of sup-
ply chain uncertainties on the green legitimacy of organi-
zations supported by GLPs, supporting H2. This means
that the presence of uncertainties, particularly demand tur-
bulence, undermines the ability of GLPs to drive green le-
gitimacy. The rationale for this finding is predicated upon
the destabilizing effects that supply chain uncertainties have
on the provision of resources, the disruption of operations
and the reduction of credibility associated with green ini-
tiatives. This issue is particularly pronounced in the man-
ufacturing sector within China because the absence of both
political and supplier stability leads to organizations taking
a reactive rather than a strategic approach to sustainability
decisions.

The relationship between Industry 5.0 and green lo-
gistics practice (GLP) has a positive influence on organi-
zational green legitimacy, supporting hypothesis 3. The
relationship highlights that the Industry 5.0 approach en-
hances the efficiency of the GLPs through the application
of cutting-edge technologies, combined with the incorpora-
tion of human-centric methodologies. By doing so, organi-
zations can achieve the maximum efficiency, transparency
and scalability in their green logistics operations. This
combined approach increases the degree of fit between op-
erational performance and sustainability objectives, while
also enhancing the organization’s credibility as a leader in
sustainable innovation. The legitimacy theory describes
how the implementation of Industry 5.0 technologies al-
lows organizations to exceed society’s expectations regard-
ing environmental responsibility, thereby further enhancing
their legitimacy. In China’s government-guided innovation
ecosystem, by adopting Industry 5.0, organizations align
themselves with the national goal of “smart green manu-
facturing” and, therefore, improve political and institutional
legitimacy, as well as market-based credibility.

Taken together, our results conclude that green logis-
tics practices do lead to green legitimacy, their success is
very much influenced by the “stability” and “technological
maturity” of the supply chain environment in which they
exist. Such environmental characteristics are evident in the
competitive environment of manufacturers within China,
which are typically characterized by high levels of com-
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petitive pressure, a multiplicity of suppliers, and quickly
changing legislation related to the environment. Conse-
quently, it would appear that, for firms in China, the use
of symbolic/standalone green initiatives alone will not pro-
duce green legitimacy from their stakeholders (Li et al.,
2018). Therefore, in order for GLPs to build legitimacy,
they must be supported by resilient, low-uncertainty oper-
ations and augmented by Industry 5.0 capabilities that pro-
vide the capability for both consistent execution and the
ability to effectively communicate. Conversely, organiza-
tions that use digital tools (such as blockchain for trace-
ability, IoT for real-time tracking, etc.) to validate and
openly share sustainability-related performance with their
supply chain partners and government regulators will have
established a systemic commitment to sustainability, which
aligns with the policy focus of China’s “green supply chain
collaboration” (Ozuem et al., 2024). Thus, what our re-
search demonstrates is that organizational green legitimacy
in the context of China’s institutional framework is gener-
ated not by green action alone but through verifiable stable
accountable and networked green activity.

5. Implications of the Study
5.1 Theoretical Implications

This paper contributes to the advancement of different
theories concerning the interaction between modern green
logistics practices and their capacity to convey a company’s
environmentally ethical reputation during periods of dy-
namic change within the supply chain. First, legitimacy the-
ory is typically seen as the means to understand how firms
adopt GLPs because they wish to conform to societal expec-
tations of behaviour. However, this study builds upon and
expands that view of legitimacy, by exploring how legiti-
macy is not only fluid and contextual, but also contingent
on both external and internal factors. Thus, while the influ-
ence of GLPs on an organization’s OGL is primarily depen-
dent on both a firm’s internal resources available to sustain
such practice(s) and the environmental stability of an orga-
nization, it provides a bridge between the micro-strategic
actions of firms today and the macro-institutional pressures
faced by firms throughout time.

Second, from RBV perspective, we suggest that or-
ganizations will perceive supply chain uncertainties as a
‘stress test’ for their organizational resources. As a result,
organizations that do not possess the strategic resources
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necessary to respond to periods of heightened uncertainty
and turbulence will be less likely to invest in green logistics
practices, thus creating questions around their green com-
mitment from stakeholders in the future. We will extend the
definition of ‘legitimacy’ to include companies’ demonstra-
tion of resilience in difficult times as well as meeting reg-
ulatory requirements. Furthermore, we demonstrate how
through Industry 5.0 firms can communicate that sustain-
ability is part of their social value systems rather than sim-
ply an operational metric. Thus, Industry 5.0 represents
both a resource available to create competitive advantage
(RBYV) and an identifier of organizational conformance to
normative standards (Institutional Theory) forming two dif-
ferent channels for enhancing legitimacy.

5.2 Practical Implications

This study emphasizes the strategic significance for all
businesses to adopt green logistics practices into their daily
business strategies. Creating environmentally-friendly
practices throughout all areas of their supply chain will pro-
vide an organization with green legitimacy and build con-
fidence among their stakeholders and in turn give them a
competitive advantage in the marketplace. Organizations
must also recognize supply chain uncertainties that can hin-
der their sustainability initiatives, particularly demand fluc-
tuations, and put in place structure and procedures, such
as effective risk management systems, flexible supply net-
works, and effective contingency planning processes, to en-
sure continued operation of their sustainability initiatives.
Organizations should explore and utilize available Industry
5.0 technologies, such as artificial intelligence, block chain
technology, and smart automation, to help them to oper-
ate their GLPs more efficiently while also increasing op-
erational transparency and responsiveness and positioning
themselves as leaders in sustainable innovation.

This study also guides the policymakers to develop a
favourable environment for green logistics and establishing
business models based on advanced technologies, and pro-
viding solutions to the uncertainties related to the supply
chain as a result of demand fluctuations and material short-
ages. Governments need to create a framework of collab-
orative risk-sharing arrangements and provide institutions
that will support the development of supply chain resilience
through public-private partnerships. Policymakers can fur-
ther promote the values of Industry 5.0 by financially sup-
porting the retraining of workers, by subsidising the con-
struction of green digital infrastructure and by creating op-
portunities for equal access to innovative solutions neces-
sary for creating sustainable development.

Firms pursuing “green logistics” benefit both the en-
vironment and society. By holding businesses accountable
to their sustainable commitments, consumers, civil society,
and the media can support companies in their pursuit of en-
vironmentally responsible behaviour. With the growth of
awareness around the potential for Industry 5.0 to provide
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communities with the tools needed to use technology in a
way that maximizes ecological integrity while supporting
the well-being of human beings through worker-safe au-
tomation and ethically sourced materials, it is expected that
sustainability will continue to become a focus of businesses
globally, including in industrial areas of Germany, manu-
facturing hubs in India, and logistics in the United States.
Those organizations aligning themselves with these trends
will provide themselves with the social legitimacy to oper-
ate successfully in society.

6. Conclusion

This study, grounded by legitimacy theory, examined
how green logistics practices obviously have a major effect
on the legitimacy of companies’ environmentally friendly
operations, and that this impact is moderated by both In-
dustry 5.0 and uncertainty within the supply chain. In ad-
dition to surveying what previous studies had shown re-
garding green logistics and uncertainties within the supply
chain, this is the first study to take a systematic and thor-
ough look at how green logistics and uncertainty within the
supply chain are both second-order constructs and how they
affect organizational green legitimacy. The research was
conducted using data from a survey of 450 managers of
Chinese manufacturing companies. Hypotheses testing was
completed using the partial least squares structural equa-
tion modelling (PLS-SEM) method. Results suggest that
GLPs can help improve the credibility and image of com-
panies as sustainable businesses and that, in addition, this
relationship is negatively impacted by supply chain uncer-
tainties, which are also a second-order construct with three
sub-constructions. Finally, Industry 5.0 enhances the pos-
itive relationship between green logistics and Organiza-
tional Green Legitimacy (OGL). These findings highlight
the importance of recognizing how external uncertainties
and technological advancement shape the relationship be-
tween GLPs and OGL.

The study has a number of limitations. First, China’s
unique economic, regulatory and cultural characteristics
may represent an influencing factor on how green logistics
practices are implemented and how organizations perceive
their own green legitimacy. Thus, while the findings are
relevant to China, they may not be generalizable to orga-
nizations in other areas of the world with different insti-
tutional, market and social characteristics. Caution should
therefore be taken when extrapolating these results to other
cultures and geographic regions. The study employs cross-
sectional data, which identifies associations at one point in
time only. Despite the information being relevant, the strat-
egy does not allow us to establish the dynamic and ever-
evolving nature of GLPs, supply chain uncertainties, and
Industry 5.0 technologies over time. The application of a
longitudinal study would offer proof of what occurs in re-
lations and changes over different phases of organizational
sustainability programs. Additionally, the study relies ex-
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Table 7. Constructs questionnaire.

Construct Indicator Items
GPRD1 Our company prioritize renewable resources in our production processes.
GPRD2 Our company production processes are regularly audited for environmental compliance.
Green production GPRD3 Our company recycling activities carried out to ensure full usage of resources.
GPRD4 Our company employees are trained on eco-friendly production techniques.
GPRDS Our manufacturing processes are examine to reduce the amount of waste, energy consumption
and emissions.
(Digalwar et al., 2013; Roy and Mohanty, 2024)
GPRCl1 Our company obtain products or services that meet the green requirement or policy.
GPRC2 We ensure the safe, incoming movement of product to our facilities.
Green procurement . . . .
GPRC3 Our Company engage long term partnerships with green-certified suppliers.
GPRC4 Our company document and disclose procurement policies as it relates to sustainable
production practices.
(Chan et al., 2018; Roy and Mohanty, 2024)
GPKGl We continuously improve our packaging for environmental friendliness.
. GPKG2 We conduct periodic assessments of our packaging practices.
Green packaging . . .
GPKG3 We use recyclable or bio degradable packaging materials.
GPKG4 Customers are encouraged to return packaging for reuse.
(Acquah et al., 2023; Afum et al., 2022)
L RLGS1 We track and report the volume of returned materials.
Reverse logistics . . .
RLGS2 Environmental benefits are integral to our reverse logistics.
(Pushpamali et al., 2021)
GTRNSI1 Transportation routes are optimized to reduce emissions.
. GTRNS2 We use software to plan environmentally friendly routes.
Green transportation . . .
GTRNS3 Green vehicle maintenance practices are enforced.
GTRNS4 We actively measure and reduce transportation carbon footprint.
(Colicchia et al., 2013)
GWHSI1 Our warehousing adheres to green building standards.
. GWHS2 Environmental impact of warehousing is regularly assessed.
Green warehousing . . .
GWHS3 Automated systems improve warehousing energy efficiency.
GWHS4 Waste from warehousing operations is minimized.
(Wang, 2019)
Supply turbulence STUI Supply source of our main products frequently has considerable variation in volume.
uncertain STU2 In general, there is significant uncertainty in supply source for our main products.
(Sun et al., 2009)
DTU1 Demand fluctuations affect green logistics planning.
Demand turbulence DTU2 Logistics demand is unpredictable nationwide.
uncertain DTU3 The demands and preferences of customers in the principal industry are constantly changing.
DTU4 Demand uncertainties challenge green logistics efforts.
(Chu et al., 2018; Zhu and Sarkis, 2007)
TTU1 Technologies behind the major products in the industry upgrade rapidly.
Technology turbulence . . . L
uncertain TTU2 Innovation of new production processes in the principal industry occurs very fast.
TTU3 The technology in our industry is changing rapidly.
(Zhang et al., 2020; Zhou et al., 2019)
OGL1 Our Most consumers in the general public approve of our company’s sustainable
manufacturing practices.
Organizational green OGL2 We Promotes respect to international treaties and standards.
legitimacy OGL3 Our company is committed to meeting the industry standards in its sustainable production
practices.
OGL4 Our company responds in an ethical and committed manner to the local organizations’
demands.
OGLS Our company promotes respect to international treaties and standards.
OGL6 Our company follows government regulations for green operating procedures in the industry.
(Del-Castillo-Feito et al., 2021; Li et al., 2018)
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Table 7. Continued.

Construct Indicator Items
Indl1 Our firm uses collaborative robots (cobots) to assist workers in repetitive tasks.
Ind2 Human workers are involved in decision-making alongside Al systems.
Industry 5.0 Ind3 Technology is designed to enhance worker safety and well-being.
Ind4 Employees are trained to work effectively with intelligent machines.
Ind5 The firm prioritizes human creativity and critical thinking over full automation.

(Benghouala and Benamirouche, 2025; Wang et al., 2025)

clusively on self-reported data from a single source, man-
agers within each firm, which introduces the potential for
common method bias. Although we conducted Harman’s
single-factor test and variance inflation factor (VIF) anal-
yses, and found no evidence of severe bias, the possibil-
ity remains that shared method variance may have inflated
the observed relationships. Future research could mitigate
this concern by triangulating survey responses with objec-
tive measures (e.g., third-party ESG ratings, environmen-
tal audit reports, or digital trace data on logistics perfor-
mance) or by collecting data from multiple informants (e.g.,
procurement managers, sustainability officers, and external
stakeholders). Finally, given the exclusive reliance on sur-
vey data, future studies could strengthen validity through
methodological triangulation, such as combining manage-
rial surveys with semi-structured interviews, sustainability
disclosure reports, or third-party performance metrics.
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