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Abstract
The aim of the present article purposefully explores how industry 4.0 may alter conventional methods of administration by 
performance of supply chain. Nowadays, the business activities/processes have been raised and all are directly associated 
with industrial revolution. Industry 4.0 acts as a go-between for improved supply chain efficiency and more traditional forms 
of logistics management. Discovering the transformative effects of industry 4.0 on supply chain management by reading on, 
however, SCM practices, this study considers the questioner-based data from September 2021 to March 2022 for China econ-
omy. Interestingly, the findings of structural equation model (SEM) describe the supportive response of revolution (the fourth 
industrial revolution) to supply chain management in the previously described field. The consequences of this research argue 
that the supportive role of technological progress in industrial revolution brings efficient supply chain management. Moreo-
ver, the performance indicators under the supply chain work well due to significant progress in industry 4.0. In concluding 
remarks, such types of advanced technologies serve as an intermediate between the management and practices of supply chain. 
However, the results provide light on the basic principles behind the success. In addition, these technologies make it possible 
to significantly improve the performance by allowing process unification, mechanization, and automation and introducing 
innovative analytic capabilities and supply chain operations including procurement, production, and inventory management, 
and marketing may work together more efficiently. Some of these processes include marketing, inventory management, and 
procurement. These improvements are attainable through the implementation of innovative scientific capabilities.

Keywords Industry 4.0 · Supply chain management practices · Supply chain performance · Structural equation model 
(SEM)

Introduction

The present economic climate, the intensity of competi-
tion, the rapidity of technological development, and the 
operations and supply chain management (SCM) tasks 
at hand are all factors that companies cannot afford to 

disregard in the current global market (Chang et  al. 
2019). The phrase “supply chain management” (SCM) 
refers to the practices that companies use to coordinate 
the production, distribution, and consumption of prod-
ucts and related data among all parties involved in the 
supply chain. A wide variety of interested parties’ life 
can communicate and collaborate more easily thanks to 
SCM. Increased product quality, reduced uncertainty, 
increased brand value, and decreased expenses all con-
tribute to better administration of a supply chain (Jiang 
et al. 2021b). Controlling the flow of supplies and trans-
portation operations are successful when they effectively 
handle customer demand, product delivery, and infor-
mation flow across the supply chain (SC) network (Yan 
et al. 2023). By streamlining operations to better focus 
on customers, SCM tackles a wide range of strategies.  
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Supply chain management (SCM) is more all-encompass-
ing than coordination management because of the interde-
pendence of key business processes, as stated by Haldorai 
et al. (2022). The referenced study stressed the signifi-
cance of cooperation between companies as well as within 
companies (Jiang et al. 2021a). Organizational actions 
have a framework that includes the execution of basic 
tasks, value-added tasks, planning and control, and strate-
gic decision metrics. Organizational rivalry in the supply 
chain is of growing importance to companies, and a thor-
ough analysis of this factor can help lay the groundwork 
for successful strategic planning (Yi et al. 2023). Eve-
ryone involved in SC must do so with the purpose of 
contributing to an environment that is both dynamic and 
competitive and conducive to long-term company success 
(Wang et al. 2022).

Management of the demand, operations, procurement, 
and transportation processes are all part of what is known 
as supply chain management, an all-encompassing and com-
prehensive strategy (Kouhizadeh et al. 2021). This article 
postulates that in the present economic epoch, three dis-
tinct periods of supply chain management have emerged. 
The three phases are improved operations, increased supply 
chain coordination and collaboration, and the rise of online 
marketplaces (Li et al. 2020). Growth is essential for com-
panies at every stage of the production chain; the organiza-
tional, administrative, technological, and strategic compe-
tencies and capacities are necessary to meet the following 
four developing requirements: an emphasis on the consumer, 
the implementation of new technology, the management of 
existing relationships, and various styles of leadership (Wu 
et al. 2023). Keep in mind that supply chain management has 
three levels of coordination: between departments, within 
departments, and between organizations (Chang et al. 2019). 
It is recommended that supply chain management follows a 
sequential process consisting the four phases of supply chain 
development optimization, material movement planning, and 
supply chain deal closing.

In essence, industry 4.0 paves the way for the robotic, 
hand-free manufacturing, distribution, and supply chain 
management of goods and services. The term “industry 
4.0”  refers to the current trend towards greater automa-
tion in manufacturing, which includes technologies and 
processes like physical and cyber-physical systems (CPS), 
the industrial Internet of Things (IIoT), cloud-based cogni-
tive computing, and artificial intelligence (AI). Industrial 
facilities and transportation vehicles are only two exam-
ples of system components that make autonomous, well-
informed decisions with little oversight from higher-level 
supervision (Liu X et al. 2023). A digital manufacturing 
company is connected, but it also communicates, analyzes, 
and uses information to drive intelligent behaviors back 
into the actual world. However, research on the positive 

and negative impacts of industry 4.0 on SCM is lacking 
(Benzidia et al. 2021). We typically refer to SCM in the 
era of industry 4.0 as “SCM 4.0.” With SCM 4.0, digital 
and autonomous relationships between companies are prior-
itized above the enterprises themselves. Supply chain man-
agement (SCM) 4.0 refers to the incorporation and automa-
tion of digital technology into the coordination of physical 
goods, data, and money flows across corporate networks. 
The vast majority of previous studies on supply chain digi-
tization have zeroed in on one specific technology or appli-
cation, such as cloud computing or big data analytics (see 
also (Duong et al. 2022); (Huo et al. 2019); (Benzidia et al. 
2021); (Guo et al. 2023). Supply chain digitalization, or 
“the new connected business system that extends beyond 
isolated, local, and single-company application to supply 
chain wide comprehensive smart implementations,” is a 
topic of discussion (Khan et al. 2021b).

The value creation potential of digitalization is pre-
dicted to surpass 100 trillion USD by 2025 (Lau et al. 
2022), allowing for significant shifts in both internal and 
external business operations. Consequently, “industry 
4.0" has emerged, with many of the world’s most valuable 
corporations participating by adopting digital technology 
for use in their operations and supply networks. Several 
researchers have concluded the advantages of digital ser-
vitization, which they describe as the “industrial busi-
nesses’ and their partner ecosystems’ transformation in 
process, capability, and offering to progressively create, 
deliver, and capture increased service value arising from 
a broad range of enabling digital technologies” (Fülöp 
et al. 2022, p. 574). The external linkages and frictions 
between enterprises (Kovacova and Lăzăroiu 2021);(Han 
and Trimi 2022);(Guo et al. 2022) are the source of some 
of the most significant difficulties in digital servitiza-
tion. Businesses may overcome these obstacles with the 
use of industry 4.0 technology because they facilitate the 
implementation of inter-organizational logics, enhance 
the administration of supply chains, and reform inter-
organizational procedures. Therefore, it is crucial to 
examine how supply chains are impacted by industry 4.0 
technologies.

Potential effects of industry 4.0 indirectly influence the 
rate at which businesses in China region adopt supply chain 
management (GSM) and supply chain performance. To the 
authors’ knowledge, however, there is no such empirical 
investigation in the existing literature connecting the impact 
of SCM, industry 4.0, and supply chain performance. This 
study addresses the following research topic in order to fill 
the void in the literature: When it comes to SC manage-
ment and performance, how does industry technologies of 
version 4.0 come in? In this analysis, we use a hierarchical, 
multi-level framework built using structural equation model 
(SEM) to learn where supply chain management fit well with 
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industry 4.0 developments and performance. The suggested 
hypotheses were tested using survey answers from Chinese 
employees who filled out a questionnaire. The goal of this 
study is to give hard data that supports the developing con-
nection between the two influential paradigms of sustainabil-
ity in the supply chain and the fourth industrial revolution.

What follows is the outline for the remainder of the paper. 
In the “Literature reviews and hypothesis development” sec-
tion, we will examine the existing research papers on GSM, 
GS performance, and industry 4.0 measures in order to for-
mulate some hypotheses. In the “Methodology” section, we 
detail our study technique, which is grounded on a structural 
equation model (SEM) approach. The analysis and presen-
tation of data constitute the “Results and analysis” section. 
Important interpretations in the “Discussions and conclu-
sions” section provide a summary of the findings, and we 
present our suggestions for future studies and discuss how 
our findings contribute to the field.

Literature reviews and hypothesis 
development

An overview of industry 4.0 and supply chain 
management

In an effort to lessen the negative effects of business on 
the environment, sustainable supply chain management 
(SSCM) (X. Tang 2022) was developed during the last 
decade—“the management of material, information and 
capital flows as well as the cooperation among companies 
along the supply chain while taking goals from all three 
dimensions of sustainable development, i.e. economic, 
environmental and social, into account which are derived 
from customer and stakeholder requirements” (Guo et al. 
2017). As previously said, SSCM places a premium on 
striking a harmony between these three goals (Siyu et al. 
2023). The same vein gave rise to the circular economy 
model, a method to maintaining the closed-loop cycle 
of resources and energy. A circular economy is one that 
prioritizes economic growth and development above the 
short-term gain from resource extraction and disposal (Yu 
and Huo 2019). By fusing the concepts of SSCM with the 
circular economy, the concept of circular supply chain 
management (CSCM) was born. One of the first investiga-
tions into circular supply networks is by Schroeder et al. 
(2019), which focuses on product recovery management. 
They also developed a framework for reuse, repair, refur-
bishment, and recycling which are all possible steps in an 
integrated supply chain that accepts returns from clients. 
The literature on circular economy supply chains has con-
tinued to focus on closed-loop supply networks and reverse 
logistics, which explains the meaning of “circular supply 

chain management” (CSCM) in light of the foregoing as 
“the configuration and coordination of the organizational 
functions marketing, sales, R&D, production, logistics, IT, 
finance, and customer service within and across business 
units and organizations to close, slow, intensify, narrow, 
and dematerialize material and energy loops to minimize 
resource input into and waste and emission leakage out 
of the system, improve its operative effectiveness and 
efficiency and generate competitive advantages”. A wide 
range of supply chain participants (e.g., municipal gov-
ernments, businesses, construction firms, and banks) are 
urged to place a premium on circular economy principles 
in order to lessen their negative environmental impacts and 
make more responsible use of natural resources (Park et al. 
2020). Therefore, CSCM is associated with management 
practices in the sustainable supply chain work to prevent or 
at least delay negative impacts and environmental effects 
caused by the whole cradle-to-grave lifecycle of a prod-
uct (Sarfraz et al. 2022). This fresh approach to the life 
cycle reveals how garbage may be turned into a profitable 
resource that helps save the planet.

Many studies have shown that circular supply chain 
management may benefit from industry 4.0’s implemen-
tation. Advancements like internet of things and large 
amounts of data. Saving money and increasing produc-
tivity are two major drivers for the widespread use of 
CS (Meidute-Kavaliauskiene et al. 2021). One of the 
most important aspects of CSCM is information dissemi-
nation along the supply chain (Korhonen et al. 2018); 
(Yan et al 2021) and the use of accurate forecasting tech-
niques that also help to cut down on waste generation. 
Because to stakeholder pressures from regulatory agen-
cies, Non-Governmental Organizations (NGOs), supply 
chain partners, competition, low levels of f lexibility, 
and delayed market entrance, businesses must give equal 
weight to environmental, social, and economic concerns. 
(Belhadi et al. 2021). Uncertainty in supply chains is 
amplified by the interconnected and ever-changing 
nature of these components (Ercantan and Eyupoglu 
2022); (Tu et al. 2020). Industry 4.0 offers answers to 
these problems by reimagining the supply chain as a 
platform for digital networks (Yin et al. 2023); (Chen 
et  al. 2022) and stresses the significance of assess-
ing trust, cultures, and behaviors in supply chains and 
inter-sectoral networks using big data-driven analysis in 
order to boost sustainability. A smart collection applica-
tion for garbage management using IoT technology has 
been presented by academics in the field of municipal 
logistics. To optimize the transit of scrap metal con-
tainers and determine when they are full, the Internet 
of Things is used in industrial settings. The enhance-
ment was made to a smart waste management platform 
that, among other things, allows for the monitoring of 
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wastes’ distances and offers a suite of analytic services 
to improve resource allocation and planning in supply 
chains. Ercantan and Eyupoglu (2022) have looked at 
sustainability problems in industrial revolution view-
point on the shipbuilding supply chain. Through their 
efforts, a connection has been made between 12 key 
enabling technologies (including the Internet of Things, 
artificial intelligence, big data, autonomous robots, and 
cyber-security) and 4 supply chain strategies (including 
lean, agile, resilient, and green practices). The industrial 
uses of AI which is the top-ranked strategy for address-
ing SSCM difficulties include eco-design of goods and 
life cycle assessment, supply chain digitalization, and 
implementation of the 6 Rs (recycle, reuse, reduction, 
refusal, rethink, and repair), as evidenced by the appli-
cation of the automobile sector’s embrace of 4.0 and 
the circular economy. The food industry may become 
more environmentally friendly and reduce waste, costs, 
emissions, and negative social impacts with the use of 
Internet of Things (IoT) supply chain technologies. Choi 
et al. (2021) have proposed a web-based framework to 
track products and their suppliers from beginning to end. 
In the leather shoe industry, there research confirms that 
the system has the potential to increase environmental 
sustainability in the supply chain and is an efficient 
decision-making tool (Quan et al. 2021).

Recent studies have shown that by using industry 4.0 
technologies, businesses and their supply chains may 
increase their sustainability. They found that, thanks to 
preventative maintenance measures, scrap metal moni-
toring could be cut by 20% and scrap metal creation 
could be cut by 4%. For the practices to be effective, 
the imperative must first be included into the organiza-
tion’s overarching strategy. Adopting and implementing 
innovations, such as new technology, programmers, and 
activities, requires buy-in from upper management. Top-
level commitment is required for environmental excel-
lence (Di Vaio and Varriale 2020);(Khan et al. 2021b); 
(Khan et al. 2018). According to research (Rejeb et al. 
2020a), GSCM practices are more likely to be put into 
action when there is both organizational learning and 
managerial support. Initial product and process design 
are where environmental excellence begins, according 
to the following:

H1. Buying green products has immediate and benefi-
cial effects on industry 4.0.

H2. The recovery of investments has a direct and ben-
eficial effect on industry 4.0.

H3. Reverse logistic directly and positively impacts 
industry 4.0.

H4. Agile exercise has an immediate and beneficial 
effect on industry 4.0.

H5. Green exercise has an immediate and beneficial effect 
on industry 4.0.

H6. The supply chain is a direct target of and beneficiary 
of industry 4.0.

Supply chain performance and industry 4.0

The literature on supply chain management is rife with difficult 
topics, and supply chain performance is right up there with 
them (Rajesh 2020);(Yu and Huo 2019);(Khanfar et al. 2021a, 
2021b);(Lu et al. 2023). Performance in the supply chain may 
be evaluated by looking at how well it handles things like adapt-
ability, dependability, responsiveness, quality, and asset man-
agement. Similarly, Novak et al. (2021) think about metrics of 
performance including adaptability, efficiency, responsiveness, 
and quality. Alternatively, performance enhancements may be 
evaluated in terms of options, novelty, timeliness, affordability, 
and accessibility using a technique based on Hopkins (2021).

When it comes to managing connections and boost-
ing supply chain effectiveness, information exchange is 
often regarded as a crucial factor. In order to improve 
supply chain performance via more information sharing, 
businesses are investing in technology advances to create 
efficient communication channels and cooperation mecha-
nisms (Costa and Matias 2020). It is widely agreed that 
the success of a business is dependent on how well its 
operations are integrated. Therefore, a substantial amount 
of communication between the various supply chain part-
ners and activities is required to enhance supply chain 
performance. Supply chain integration is critical for the 
smooth operation of information flows and the growth of 
end-to-end business procedures. The cost, quality, diver-
sity, and service level may all benefit from a more inte-
grated system (Gupta et al. 2021). Improvements in supply 
chain performance may also be attributed to the increased 
adaptability made possible by integrated and collabora-
tive processes. As we have seen, integration may boost 
productivity in the workplace by making it easier to share 
and use data. As a result, operational performance in terms 
of adaptability and reactivity (Yadav et al. 2020) may be 
enhanced. Because they provide efficient supply chain risk 
management, agile and resilient supply chains can have a 
significant impact on supply chain efficiency. Furthermore, 
it is widely accepted that increased supply chain visibility 
and transparency greatly improve operational effective-
ness (Çalık 2021). Since supply chain practices cut across 
functional boundaries, it has been challenging to address 
the aforementioned challenges and improve supply chain 
performance. To address this issue, many companies have 
resorted to information technology (IT) and other forms 
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of technology. Technology may aid supply chain integra-
tion by acting as a connecting link between traditionally 
independent corporate processes, which in turn boosts 
efficiency (Nica and Stehel 2021); (Belhadi et al. 2022). 
E-Business solutions are only one way that many compa-
nies are using IT to better their operations, while others 
are seeking to creative and inventive IT to better their pro-
cess integration and analytical skills. The incorporation of 
industry 4.0 enabling-technologies into supply chain man-
agement is seen as a promising approach to the integration 
challenge because it is expected that these technologies 
will revolutionize supply chain management by bringing 
about high levels of connectivity and comprehensive inte-
gration (Belhadi et al. 2021) and thus lead to significant 
gains in supply chain performance (Hasni et al. 2022).

 Yin et al. (2023) is widely credited as the venue where 
the phrase “industry 4.0” was first used (Pavlínek 2015). 
Companies may gain from the implementation of industry 
4.0 form of linked, adaptable, and diverse production sys-
tems that ultimately yield individualized goods (Zhang and 
Wei 2015). Businesses now have the ability to more effi-
ciently distribute their resources in real time thanks to the 
tools made available by industry 4.0. The four foundations 
that support industry 4.0 are manufacturing in the cloud, 
IoT, additive manufacturing, and cyber-physical systems. 
The cyber-physical system is a network that combines the 
internet with physical systems, items, tools, and devices to 
acquire real-time data for use in making decisions about 
things like output order priorities, preventative repair sched-
ules, and process optimization (Yang et al. 2020). Data col-
lection and dissemination are simplified by the IoT between 
various gadgets and inanimate items (Khan et al. 2021c). 
Technologies like radio-frequency identification (RFID), 
bar codes, and mobile phones are essential to the function-
ing of the Internet of Things devices. Information about 
shared and available production assets is made available via 
“cloud manufacturing” (Çalık 2021). IoT allows businesses 
to efficiently gather and analyze massive amounts of data for 
use in making informed decisions. For instance, there are 
business apps that aim to lessen the amount of energy used 
in production and support industries like taxis (Yang et al. 
2020); (Huq et al. 2016). Among the many commercial uses 
of cloud computing are tracking the performance of traf-
fic management systems and determining carbon footprints 
(Fülöp et al. 2022). Energy management may benefit from 
AI (Xi et al. 2022); (Fülöp et al. 2022). Companies can save 
money on production conversion by using IT-enabled quality 
tools and continuously monitoring their processes (Kova-
cova and Lăzăroiu 2021);(Chen and Lin 2020). However, 
some of technology improvement studies with supply chain 
performance also provide interesting outcomes (Ahmed 
et al. 2023a, 2023b; Kazmi and Ahmed 2022; Ahmed et al. 
2020; Ahmed et al. 2023a, 2023b).

We argue that SCM has become a strategic need because 
shoppers want products made using processes designed and 
managed to minimize their impact on the natural world. It is 
recommended that a product’s environmental performance 
be measured using a matrix that takes into account the 
whole impact that the supply chain has on the environment. 
Better economic and environmental results were shown 
to be associated with the implementation of supply chain 
practices. A study explains the potential “green multiplier 
effect” that could arise when environmentally responsible 
purchasing practices are implemented at all levels of a com-
pany’s supply chain, not just the first. This effect is driven 
by the company’s ability to build strong partnerships and 
close cooperation with its suppliers. Some argue that more 
environmentally friendly purchasing and supply practices 
will improve overall efficiency (Khokhar et al. 2020). Manu-
facturing businesses’ environmental performance is prior-
itized when SCM practices are implemented. Improvements 
in environmental performance are the ultimate aim of eco-
friendly practices such as “green buying,” “green practices,” 
and “investment recovery.” After investigating a variety of 
variables influencing their adoption, researchers (X. Chen 
et al. 2022) found that green design improves supply network 
performance.

H7. The effectiveness of chain of production and the 
fourth industrial revolution is impacted both directly and 
indirectly by green purchasing decisions.

H8. Supply networks and manufacturing 4.0 may both 
benefit immediately from recovering wasted funds.

H9. Does  Green actions have immediate, beneficial 
effects.

H10. Effects of reverse logistics, both immediately and 
indirectly, are good. How The Impact of Industry 4.0 on 
Supply Chain Efficiency.

H11. Positive and direct effects of agile practices on 
logistics in the age of industry 4.0 efficiency.

Theoretical background

Supply chain management’s foundational assumptions and 
performance theories, however, need to be discussed to clear 
the theme to the reader. However, under the specified terms, 
there are five different forms of SCM. The major focus of 
RBV is on acquiring another firm’s core skills for the pur-
pose of gaining superiority over one’s rivals. The assets 
of a corporation are its resources and expertise, according 
to RBV. When it comes to SCM, or supply chain manage-
ment, RBV is a popular theory. In theory of stakeholders 
(ST), in addition to shareholders, stakeholders are a focus 
of stakeholder theory. Stakeholder value creation is the 
main emphasis. Several business choices, such as supplier 
strategy, outsourcing strategy, and make-or-buy decision, 
are informed by this notion. There is a direct connection 
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between SCM and ST in terms of decision-making. In 
theory of institutions (IT), formal structure of an organi-
zation may be heavily influenced by institutional pressure 
and legitimacy. Technical efficiency has withstood the test 
of time in a competitive market which may be guaranteed 
by a well-structured organization. The way we think about 
SCM and related topics may need to change in light of this 
notion. The purpose of transaction cost theory (TCT) is to 
shed light on why businesses of a certain kind are necessary. 
Specifically with the field of SCM (supply chain manage-
ment), TCT seeks to lessen the financial burden of making 
a make-or-buy decision. Three characteristics of a company 
affect whether consumers decide to make or purchase from 
it. Transaction frequency, asset specificity, and transaction 
uncertainty are the three main factors. To prevent supply 
chain enterprises from engaging in exploitative behavior 
during outsourcing, TCT advocates the use of a variety of 
control and governance methods. According to RDT, a com-
pany needs access to a wide variety of resources in order to 
function well. It is possible that a company does not have 
the resources to handle everything fairly. Because of this, it 
has the potential to form bonds with other beings. Accord-
ing to RDT, businesses need to build social exchanges to 
get access to complementary and diverse resources. While 
supply chain performance is crucial for every business, the 
growing digital age operation complexity has made it harder 
to achieve. “The efficient and effective execution of supply 
chain tasks” is what is meant by “supply chain performance” 
(He and Ortiz 2021). Business logistics and supply chain 
management reveal that a lot of effort has been made to bet-
ter understand supply chain performance behaviors (Yu and 
Huo 2019)(Lu et al. 2010)(Czernek 2013) and (Purwandari 
et al. 2022). Several researchers have observed the influence 
of correlations among supply chain efficiency and several 
other aspects. The boundary between service providers and 
customers is considered, as well as the relationship between 
logistics innovation and performance, and the connection 
between knowledge sharing and logistics innovation (Zacha-
riadis et al. 2019).

Methodology

Due to the inductive and exploratory nature of the study’s 
goals, a survey research strategy was used. To that end, 
a well-organized survey was created for this research. 
The first part of the questionnaire is dedicated to gather-
ing general information about the respondents and their 
organizations. The next tasks include data collection on 
the different notions required to establish causal links. 
The survey was created only in English and uses a five-
point Likert scale. The constructs were measured using 
tools borrowed from other research and modified to fit the 

present investigation. The variables used in this analysis 
include green purchasing (the practice of requiring suppli-
ers to meet specific environmental standards for the goods 
they provide), investment recovery, and reverse logistics, 
also known as reuse (Lv et al. 2020)(Khan et al. 2021c). 
As this field continues to develop, there is still significant 
uncertainty and gaps in the established scale on industry 
4.0 (Ghadimi et al. 2019). Tools for smart manufacturing 
are from Novak et al. (2021), Hopkins (2021), and Gupta 
et al. (2021). Participants were asked to rate the growth or 
decline of their organization’s supply chain performance 
over the last several years. To evaluate SC effectiveness, 
we used a scale derived from.

Data collection

Furthermore, to follow the case studies of Çalık (2021), this 
study has made an effort to clear all the ambiguity regarding 
the structural equation model. During the period of Septem-
ber 2021 to March 2022, the present study gathered obser-
vational data from a variety of manufacturing companies 
located throughout India. In the present investigation, a sur-
vey was conducted using a standard questionnaire that was 
primarily made up with no room for interpretation. Accord-
ing to a five-point Likert scale, ranging from “no” applica-
tion (1) to full execution (5), respondents ranked the topics 
(5). A preliminary exam will be administered to academics 
and professionals to ensure the findings are accurate and 
consistent. In order to keep the study at a high level of qual-
ity and strategy, some adjustments were made as a result of 
their recommendations. The complete collection of all seven 
structures is reflected across the final instrument’s 23 pieces, 
which together make up the finished instrument. There are 
four components to the construct of green purchasing. Just 
as there are three parts to investment recovery, there are four 
subparts that make up each of these: methods for manag-
ing the supply chain, supply chain management outcomes, 
reverse logistics, and industries entering the fourth indus-
trial revolution. After that, 700 employees in India’s indus-
trial sector were sent new questionnaires with cover sheets 
explaining the study’s goals, data security, and ethical con-
siderations. A question was posed to the interviewees, asking 
them to identify the degree to which their organizations have 
put these technologies into use. We obtained a total of 485 
respondents to the survey. However, after thorough examina-
tion, it was determined that sixty of the submissions were 
lacking important information. In the end, a total of 425 
responses that were considered legitimate were utilized for 
further research. The percentage of people who responded 
was approximately 52%. The demographic information 
for 425 manufacturing professionals from across India is 
presented in Table 1. In terms of the age distribution, the 
majority of respondents fall into the bracket of 31–40 years 



106135Environmental Science and Pollution Research (2023) 30:106129–106144 

1 3

old. In a similar manner, there are 322 male respondents 
while there are only 103 female respondents when looking 
at the gender distribution. Regarding their level of school-
ing, the vast majority of respondents hold bachelor’s degrees 
or higher. According to the categorization that is based on 
experience, the majority have between 5 and 10 years of 
experience. Table 1 should be consulted in order to obtain 
further information.

Structural equation model

However, the current study tries well to follow-up the recent 
studies that have employed very interesting methodology 
such as Ahmed et al. (2021) and Qazi et al. (2021). The 
“complex” associations between measured and unmeasured 
(latent) variables, as well as the relationships between two or 
more latent variables, may be tested by SEM. It incorporates 
both factor analysis and multiple regressions. SEM is an 
efficient strategy for taking into account the unreliability of 
survey answer, and it is also a helpful tool for dealing with 
multicollinearity. When one of your dependents has to be 
treated like an independent in your analysis, SEM may be a 
helpful method (Babajide et al. 2021). When analyzing the 
impact of SCM competitive advantage, for instance, factors 
such as advanced IT-based automated ordering to suppliers 
and cutting-edge IT throughout the supply chain are first 
seen as dependent variables.

Evaluation of the model

Four criteria, item reliability, internal consistency, a meas-
urement model’s convergent validity, and discriminate valid-
ity, were tested in this research.

Dependability of items

The reliability of survey questions was evaluated by looking 
at their item loadings on some underlying latent variable. All 
of the items’ standardized loadings must be more than 0.70 
(Chen and Yang 2021). Items with loadings greater than 0.7 
in Table 2 were considered acceptable.

Validity that converges

This criterion looks at how closely connected survey 
questions really were in the field. In order to establish 
convergent validity, we looked at the concepts’ internal 
consistency and the average variance (AVE) (Fornell & 
Larcker, 1981).

Composite reliability was used to determine whether or 
not a particular latent component was internally consistent. 
The overall trustworthiness of a model must be greater than 
0.70 for it to be considered internally consistent. That is 
according to a study (Nunnally, 1978).

AVE takes into consideration the effects of measurement 
error by contrasting the amount of variation that a latent 
construct obtains from its indicators with the amount of vari-
ation that may be attributed to measurement errors. If the 
adjusted variance equivalent (AVE) is at least 0.50, then it 
is possible to account for at least half of the variation in the 
indicators. The average variance estimates (AVEs) of the 
latent constructs in the research model are shown to be more 
than 0.5 in Table 3.

Validity for discrimination

Examining (a) whether the square root of the AVE, i.e., for 
each latent construct, exceeds its association coefficients with 

Table 1  Characteristics of sample (sample size = 425)

Gender 425 Age Educational level

Male 75.76% 20–30 30% Under graduate 54.5%

Female 24.24% 31–40 42.87% Post graduate 35.37%
Years of experience 41–50 12.83% PhD 10.13
0–5 19.48% 51–60 4%
5–10 32.29% 61–70 9.3%
10–15 25.87% Above 70 1%
15–20 22.36%

Table 2  Means, median, 
standard deviations, Cronbach’s 
alpha value, average variance 
extracted, and composite 
reliability

SCP supply chain management, I4.0 industry 4.0, GP green purchasing, IR investment recovery, RL reverse 
logistic, AP agile practices, GRP green practices

Variables Mean Median Std. dev. Cronbach’s alpha AVE CR

SCP 5.276 4.976 0.873 0.947 0.827 0.921
I4.0 1.471 1.387 1.094 0.873 0.729 0.956
GP 3.173 2.989 0.976 0.956 0.976 0.878
IR 9.537 9.438 1.563 0.832 0.742 0.812
RL 3.658 3.546 0.845 0.865 0.839 0.935
AP 0.325 0.216 0.765 0.921 0.759 0.841
GRP 1.153 0.965 0.945 0.865 0.943 0.906
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other latent constructs (Menkeh 2021) and (b) whether the 
survey items load a greater amount on the latent constructs 
than on other latent constructs (Gefen and Straub 2004) are 
common ways for researchers to evaluate the discriminant 
power of their research model (Centobelli et al. 2019).

Results and analysis

Summary statistics

In the present investigation, the reliability of the model, as 
well as its ability to discriminate between groups, is assessed 
using generally accepted normative criteria. Table 2 sum-
marizes these findings for your perusal. First, we carry out 
the reliability analysis in order to calculate the values of 
Cronbach’s alpha, which are then appraised for the struc-
tures. Cronbach’s alpha should have a number that is greater 
than 0.70 for the dependability to be considered exceptional 
(Li et al. 2021a, 2021b)(Chen et al. 2021). Table 2 presents 
the average variance recovered (Gunasekaran et al. 2004), 
as well as the mean, median, composite reliability, standard 
deviation, and Cronbach’s alpha (CR) of the final constructs. 
According to the findings of this research, the calculated 
reliability analysis varied from 0.832 to 0.956, “which is 
greater than 0.7,” the threshold as suggested by Khan et al. 
(2021a, 2021b, 2021c) and Li et al. (2021b).

Discriminant validity

The Fornell-Larcker criterion was applied to each and every 
construct in order to determine whether or not they met the 
requirements for discriminant validity. The concept is likely 
suboptimal if its overall variance is lower than the mean vari-
ance of all constructs. Discriminant validity results from the 
research are shown in Table 3. If the AVE’s square root is 
greater than the correlation values on all constructs, then the 
AVE has discriminant validity (Oliveira et al. 2017). The off-
diagonal values revealed the relationships between the different 
structures, whereas the diagonal ones reflected the square root 
of the AVE. Overall, the square component AVE values were 

higher than the correlation coefficients at the construct level, as 
seen in Table 3. This demonstrated the discriminating potential 
of the latent variables. It was shown through the research that 
the buildings are autonomous from one another. The findings 
and conclusions of the convergent and discriminant validity 
analyses are presented in Tables 2 and 3, respectively. The evi-
dence points to good convergent and discriminant validity on 
the whole. Since each of the seven constructs has been shown 
to be uni-dimensional, and since the activity of one construct 
is related to that of the others, we can be confident that the 
measures function as intended. As a consequence, we are able 
to conduct structural equation modeling in order to generate 
accurate findings. Table 3 shows the discriminant validity.

The heterotrait-monotrait (HTMT) ratio, which pro-
vides estimates of the true correlations across components, 
is another sign of discriminating validity (Haldorai et al. 
2022). Discriminant validity is present if the HTMT score 
is less than 0.90. Table 4 demonstrates that most estimates 
fell well short of the target of 0.90.

In the SEM fit, CMIN(X2)/df is one of the widely used 
estimates of the study model fit, as stated by Hair and col-
leagues. Model fits with CMIN(X2)/df numbers between 3 
and 1 are demonstrated to be satisfactory. When the CFI 
is close to 1, it indicates that the two models are a good fit 
(Khan et al. 2021a); (Ahmed and Omar 2019). Very excel-
lent model fit is indicated by normed fit index (NFI) values 
near 1, incremental fit index (IFI) values near 1, and Tucker-
Lewis index (TLI) values near 1. This model has a very 
good fit, with a root mean square error of approximation 
(RMSEA) of less than 0.08. Because of this, the model’s 
secret ingredients are now concurrently valid across different 
populations. The ideal and actual model fit values are shown 
in Table 4. However, the given Table 5 based on the one tail 
test and chi-square can be considered as evidence.

Path analysis of a hypothetical model

The results, including the computed route variables, are shown 
in Table 6 after we have analyzed the probabilities of each pos-
sible event. The SEM results show that hypotheses H2, H3, and 
H5 are supported at the p 0.05 level, whereas hypotheses H1, 

Table 3  Discriminant validity

*, ** and *** means 10%, 5% and 1 level of significance

Variables SCP I4.0 GP IR RL AP GRP

SCP 0.954
I4.0 0.176* 0.913
GP 0.472** 0.327* 0.854
IR 0.276* 0.248* 0.621* 0.945
RL 0.037** 0.538** 0.137** 0.643* 0.876
AP 0.547* 0.643** 0.057* 0.155** 0.076* 0.923
GRP 0.525* 0.417* 0.215** 0.629* 0.397** 0.096* 0.841
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H4, and H6 are supported at the p 0.001 level. According to 
the study’s findings, customers that place a high value on envi-
ronmental responsibility are more inclined to buy into industry 
4.0 solutions (= 0.215, p 0.000) (H1). There is a strong cor-
relation between use growth and ecologically responsible buy-
ing practices and a company’s chance of effectively adopting 
industry 4.0 technologies, with a rise of 0.215% in the former 
and 1% in the latter. Similarly, the outcomes demonstrate the 
limits of what is now possible with agile industry 4.0 technol-
ogy (= 0.387, p-value 0.000) (H3), investment recovery has a 
significant impact (= 0.128, p-value 0.034) (H2), and reverse 
logistics has a significant impact (= 0.273, p-value 0.015) 
(H2). In addition, increasing the prevalence of these practices 
by just one percent increases 0.128%, 0.273%, and 0.387% 
more likely that industry 4.0 technology will be effectively 
deployed. Based on the evidence presented, it was determined 
that hypothesis H5—that there are strong ties between GRP 
and industry 4.0 technologies—is false (= 0.178, p-value 
0.003). The findings show that with every 1% increase in GRP 
installations, increased likelihood of industry 4.0 technology 
being successfully adopted is 0.178%. It was hypothesized 
(H6) that there are significant positive connections between 

the impact of industry 4.0 on supply chain efficiency, which is 
quite similar to H5 (= 0.356, p = 0.000). It also demonstrates 
that for every 1% improvement in industry 4.0 technology, sup-
ply chain efficiency may be enhanced by 0.356%.

Mediation analysis

In this investigation, we utilized mediation analysis to 
explore how the spread of industry 4.0 technology modifies 
the relationship between SCM best practices and the idea of 
SCM KPIs. The study’s primary goal is to get a better under-
standing of how supply chain metrics in industry 4.0 com-
pare to more traditional methods. Table 7 shows the investi-
gation’s findings. According to the data in the RL-I4.0-SCP, 
interaction occurred. The other four instances, however, had 
no repercussions at all.

Discussions and conclusions

The other activities in the supply chain will continue to 
operate in the same manner, in spite of the fact that “indus-
try 4.0” technologies will have a significant effect on the 

Table 4  Heterotrait-monotrait 
(HTMT) ratio for discriminant 
validity

Variables SCP I4.0 GP IR RL AP GRP

SCP 0.623
I4.0 0.512 0.527
GP 0.556 0.429 0.567
IR 0.562 0.176 0.527 0.325
RL 0.428 0.472 0.436 0.261 0.337
AP 0.187 0.563 0.266 0.421 0.218 0.478
GRP 0.426 0.435 0.369 0.634 0.509 0.267 0.462

Table 5  Model fit suggested 
value and observed value

TLI Tucker-Lewis index, RMSEA mean square error of approximation, CFI comparative fit index, NFI nor-
med fit index, X2 chi-square

Fit indices CMIN(X2)/df CFI NFI IFI TLI RMSEA

Suggested values <3 ≥0.95 >0.9 >0.9 >0.9 ≤0.07
Actual values 2.873 0.934 0.976 0.952 0.993 0.059

Table 6  Hypothesis outcomes for the SEM

*, ** and *** means 10%, 5% and 1 level of significance

Hypothesis Coefficient Std. dev. T-statistics p-value

H1 GP→I4.0 0.215* 0.069 1.763 0.000
H2 IR→I4.0 0.128** 0.165 1.298 0.034
H3 RL→I4.0 0.273 0.128 2.139 0.115
H4 AP→I4.0 0.387 0.147 2.738 0.268
H5 GRP→I4.0 0.178* 0.421 1.865 0.003
H6 I4.0→SCP 0.356* 0.216 1.912 0.000

Table 7  The results of the mediation effect

*, ** and *** means 10%, 5% and 1 level of significance

Relationship Coefficient Std. dev. T-statistics p-values

GP→I4.0→SCP 0.556** 0.326 2.873 0.054
IR→I4.0→SCP 0.176** 1.065 3.326 0.023
GRP→I4.0→SCP 0.246* 0.715 2.767 0.005
RL→I4.0→SCP 0.386** 0.873 2.278 0.047
AP→I4.0→SCP 0.233** 0.369 5.287 0.017
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sales processes, specifically on interactions with consum-
ers. Because smart data tools and smartphone applications 
have the most significant influence on the logistics behind 
supply chain organization, we will be sure to include both 
of these in the documentation of our investigation. Intelli-
gent data tools necessitate a particular level of understanding 
on the part of the individuals working within an organiza-
tion. When it comes to recruiting new employees, leading 
businesses will shift their focus from understanding supply 
chains to requiring knowledge of subjects such as quantita-
tive and statistical analysis and the development of algo-
rithms (Zhao et al. 2023). This expertise will be required all 
along the supply chain in order to evaluate the vast amounts 
of data that are currently accessible and to put in place tools 
and analyses that make use of smart data. The distribution of 
a digital value proposition to the consumer is considered to 
be even more important (Li et al. 2020a, 2020b), despite the 
fact that tangible transportation operations are increasingly 
being digitized. By using applications for mobile phones, 
it may be possible to provide a rapid reaction with tailored 
advertising to environmental and societal patterns that are 
mentioned on social networks (Li et al. 2020a, 2020b). This 
presents a possibility for the creation of brand-new busi-
ness strategies as well as the acquisition of new consumers 
in a variety of marketplaces (Rejeb et al. 2020a, 2020b). 
This connection to social networks, which is made possible 
by the IoT, establishes an interaction with numerous other 
devices (such as computers, databases, notebooks, tablets, 
or mobile phones), and it raises consciousness regarding 
problems relating to information technology (Khanfar et al. 
2021a, 2021b). As a result, isolated systems that previously 
functioned on their own are now connected to a variety of 
other devices and networks (Yu et al. 2022). These make 
it possible to incorporate people into the manufacturing, 
transportation, and customer service operations (Rejeb et al. 
2020a, 2020b). It is possible to use applications on a mobile 
device to control not only individual pieces of machinery but 
also large portions of the production facilities themselves 
while the manufacturing process is in progress.

The following themes are used to describe the study’s 
findings: (i) six hypotheses labeled H1, H2, H3, H4, H5, 
and H6 summarize directly how industry 4.0 connects to 
the state of the art in supply chain management (SCM), with 
the undeniable connection between technology progress and 
supply chain efficiency brought on by the fourth industrial 
revolution (4.0). (ii) Industry 4.0 technologies’ middleman 
status is between established supply chain practices and sug-
gested efficiency indicators. The findings show that indus-
try 4.0 tools may be developed using SCP best practices. 
The link between green practices and supply chain KPIs 
only holds when using industry 4.0 technologies. To begin, 
this study bridges a gap in the existing literature by pro-
viding hard data to support the claim that certain supply 

chain management tactics are in fact linked to the use of 
industry 4.0 tools. Second, this study investigates potential 
connections between industry 4.0 tools and supply chain 
performance metrics. Similarly, technology has been shown 
to improve supply chain management’s adherence and key 
performance metrics in specified regions. This article begins 
with a brief introduction to the issue before delving further 
into the ways in which it builds upon, modifies, and other-
wise interacts with the aforementioned works. Both a posi-
tive (H3) and a negligible (H4) impact of agile practices on 
industry 4.0 are shown.

The implementation of “an environmentally conscious 
purchasing practice that reduces sources of waste and pro-
motes recycling and reclamation of purchased materials 
without adversely affecting the performance requirements 
of such materials” has been referred to as “green purchas-
ing management,” and it has been described as “an envi-
ronmentally conscious purchasing practice”. Increasingly 
stringent laws for environmentally responsible corporate 
practices have inspired a growing movement towards 
“green supply chain management,” and it is necessary 
to apply environmental standards in the selection and 
requirements of suppliers. It complies with certain mini-
mum requirements regarding its environmental manage-
ment and performance. GSCM stands for “green supply 
chain management.” In order to examine the connection 
between environmental spending management and firm 
performance, Gonzales-Benito et al. (2016) conduct an 
observational study on a representative sample of 100 
Portuguese businesses. This study focuses on a cross-
section of Portuguese businesses. The authors look at 
the ways in which strategic inclusion of the buying func-
tion and the development of long-term partnerships with 
suppliers might alleviate these problems. Green procure-
ment management has been shown to boost procurement 
efficiency, an impact that is amplified when businesses 
foster ongoing exchanges with their primary providers. It 
makes it easier to study how incorporating environmental 
responsibility affects businesses, as well as how to find 
sustainable suppliers. It shows that using these practices 
improves procurement departments’ operational perfor-
mance and that this improvement is amplified when busi-
nesses forge long-term ties with their suppliers. However, 
such interesting arguments are in coherence with the find-
ings of Raza and Khan (2022).

This aids businesses in greening the “process” by taking 
into account product life cycle features, surplus inventory or 
resources, and waste or faulty product recycling at the same 
time during the planning and design stage. Recycling also 
helps businesses learn more about the properties of materials 
and finished goods, which may inform future decisions about 
material selection and design. As a result, the growth of 
investment recovery will encourage green procurement and 
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ecological design in businesses. In conclusion, “green input” 
will make it easier to make “green products” via a “green 
process.” Companies, and even the whole supply chain as 
a whole, will benefit from the rising environmental con-
sciousness of the general public, which will boost product 
demand, market share, and profits. It follows that corporate 
green management has a beneficial effect on organizations’ 
financial performance, corroborating the results of prior 
research (Chen et al. 2022)(Nureen et al. 2022)(Ali et al. 
2020). Sustainable construction practices guarantee that pre-
sent resource demands are addressed in a way that will not 
deplete them in the future. Ethical and long-term success 
in business is guaranteed by preserving natural ecosystems 
and eliminating harmful waste via recycling and process-
ing. Management buy-in for adopting ethical business prac-
tices is crucial to the success of this plan, and supply chain 
integration improves communication about resource use 
and waste production at all levels (Kazancoglu et al. 2018). 
Cleaner manufacturing practices are critical to the long-term 
health of the environment and businesses, according to pre-
vious studies. When it comes to developing enterprises in an 
ethical and sustainable manner, industry 4.0 may be at the 
bottom of the list of researched practices, but that does not 
mean it is without worth.

In order to better understand the influence, this study 
presents the results of a literature review on the effects of 
industry 4.0 on SCM and published results. The purpose of 
this examination is to illuminate ongoing trends, new find-
ings, and unanswered issues out in the open. The results of 
this study’s analysis of relevant prior research indicate that 
the concept of “industry 4.0” is widely regarded as playing 
an essential role in the SC. If the concept was put into prac-
tice, there would be less need for human involvement, and 
businesses would experience higher levels of productivity. 
Researchers and managers alike will benefit from the book’s 
in-depth analysis of the current level of research on industry 
4.0 in the realm of supply chain management and the accom-
panying, developing trends in both academia and industry. 
The paper claims that logistics, production, and transporta-
tion would all be affected by the introduction of industry 4.0. 
Three new aspects have been introduced: (a) experimental vs 
(b) evidence, (c) qualitative versus (d) quantitative, and (e) 
management level versus (f) processor or technology level 
has given researchers access to a broader choice of issues 
to investigate. Researchers wishing to better their work in 
these areas and engineering administrators looking to begin 
implementing industry 4.0 may both benefit from grounding 
in these subjects. These are potentially significant areas for 
research in the future and call for additional investigation. 
However, there are not a lot of professionals out there who 
are knowledgeable about industry 4.0, which is one of the 
factors that impede progress in research and conversation 
regarding this topic.

This article set out to empirically examine how Chinese 
businesses might benefit from industry 4.0 by adopting 
GSC practices and how such practices can in turn improve 
their GSC performance. The study was inspired by the 
paucity of literature on how industry 4.0 and SCM over-
lap. The research found that the key objective, the adop-
tion of SCM practices in Chinese enterprises, will benefit 
from the deployment of industry 4.0 technology. Evidence 
that industry 4.0 technology will help businesses migrate 
to sustainable development may be found in the positive 
effects they will have on GSC performance metrics (Xie 
et al. 2023; Xu et al. 2023). The findings also show that the 
green performance of automotive supply chains will improve 
as a consequence of industry 4.0’s impact on GSC practices 
(Pakseresht et al. 2020).

Policy implications

From a management standpoint, the research shows that 
there are measurable advantages to applying SCM and 
industry 4.0 inside supply chains, even if the implementation 
varies by organization size and SC area of operation. The 
findings of this research highlight the need for the creation of 
empirically based, technology-centric models of industry 4.0 
maturity. If the link between GSC practices and industry 4.0 
technology can be shown experimentally, practitioners may 
feel more comfortable implementing these two together to 
boost firm performance. This study also provides a compre-
hensive analysis of the potential direct and indirect effects 
of industry 4.0 technologies on the operational effective-
ness of GSCs. These insights will assist early adopters in 
their understanding of the relationship between intelligent 
production systems (driven by integrated technologies that 
are part of industry 4.0) and the solutions that are used to 
address safety, control, and other operational challenges. 
Understanding the structural relationship between key 
industry 4.0 technologies and GSC practices will help sup-
ply chain managers choose which technologies/practices 
to implement first to boost supply chain performance. This 
study’s results will encourage corporate decision-makers to 
look at the impact of the fourth industrial revolution on sup-
ply chain sustainability.

Our findings will be useful for professionals driving pro-
jects related to digitization, supply networks, or industry 
4.0, such as chief technology officers, digital managers, and 
supply-chain managers. Get familiar with the technologies at 
the heart of industry 4.0, as well as the potential advantages, 
dangers, and success factors associated with adopting them. 
With these 11 foundational technologies at their disposal, 
business leaders can tailor their supply chains to match the 
specific needs of their operations. The above framework can 
be used by businesses as they race to build complex digital 



106140 Environmental Science and Pollution Research (2023) 30:106129–106144

1 3

supply networks to evaluate the relative merits of core com-
panies, coordinate their individual investment strategies, 
and outline the necessary steps at each stage of the process. 
Some examples include weighing the pros and cons of sev-
eral significant technologies in light of business demands 
and supply chain constraints.

Furthermore, managers may utilize the proposed frame-
work to examine the drawbacks of the enterprise’s cur-
rent legacy systems and the ways in which they might be 
improved by implementing technology relevant to indus-
try 4.0 (Li et al. 2023). Architectural models (Li Z et al. 
2021c),(Huang et al. 2021),(Cugno et al. 2022),(Tang et al. 
2022) for and reference to digital or smart supply networks 
can also be developed using such a structure. As a result, the 
suggested descriptive framework has the potential to serve as 
a directing instrument for managers in the process of select-
ing and integrating supply chain efficiency thanks to the aid 
of industry 4.0 tools. Considering the remote possibility 
that digitalization will ever go away and because the fourth 
industrial revolution is compelling an increasing number of 
companies in the digitalization of production and distribu-
tion networks, our study has the potential to potentially moti-
vate a great deal of more research on this pertinent subject. 
Finally, “supply chain 4.0,” also known as “industry 4.0,” 
has the potential to be part of, and significantly impact, many 
ongoing trends, including digital servitization, automation, 
robotics, and new business models like carpooling and ride-
sharing. Current trends in this approach include digital ser-
vitization, the sharing economy, the circular economy, and 
electricity. Our results can help researchers in these fields to 
conceptualize and plan for effective digital transformation 
of supplier networks.

At the moment, the majority of large corporations are 
recruiting engineering managers for a variety of different 
managerial positions. Managers in the field of engineer-
ing must oversee many projects at once, come up with 
all-encompassing plans for reaching goals, and take the 
helm when it comes to integrating technical processes. In 
addition to analyzing relevant technologies and determin-
ing whether or not projects are viable, engineering manag-
ers’ responsibilities include developing, testing, launch-
ing, maintaining, and repairing new and better building 
and equipment innovations. Other responsibilities of an 
engineering manager include evaluating the viability of 
projects. Because the gravity of the task in industry 4.0 
is being adopted at the same time, it will be an enormous 
commitment on their part. Therefore, it is crucial that they 
understand the idea so that they can perform their duties 
effectively. By studying the results of this survey, manag-
ers in the engineering field would do well to learn as much 
as they can about industry 4.0. As part of the industry 
4.0 learning process, they are exposed to various smart 
workplace networks. In the following article, the authors 

show how engineering managers can use the industry 4.0 
infrastructure to your advantage to increase the output, 
accountability, openness, and efficiency of production 
systems. In engineering management, these problems 
are known as “grand challenges.” Focusing more on the 
academic elements of industry 4.0, this overview aims to 
help engineering managers understand its strengths and 
weaknesses, as well as its current status in support efforts, 
which provides better parameters for decision-making as 
industry 4.0 and automation are implemented. They are 
likely to be well versed in the strategies companies use to 
adopt digital thinking and integrate “4.0” in the industrial 
sector. The number of businesses prepared to try out and 
implement industry 4.0 technologies is very low. Reasons 
for this include the large initial investment required and 
the time it takes to recoup the investment. For this reason, 
managers must have a solid understanding of technology 
in order to make informed decisions throughout the execu-
tion process.

We propose that manufacturing organizations must use 
SCM practices in conjunction with suppliers and custom-
ers to ensure environmental sustainability, and we give 
data to support this claim. Managers in the manufacturing 
sector need not only the standard managerial competencies 
but also those specific to SCM. Managers in the manufac-
turing industry can no longer discount the significance of 
the supply chain to the company as a whole. It cannot be 
overstated how important it is for companies to adopt SCM 
strategies and work towards improving the procedures 
that apply throughout the whole supply chain and provide 
superior service to supply chain end-users. However, in the 
real world, manufacturing managers are held accountable 
for their companies’ results. Management teams will shift 
their focus to the supply chain if they see that doing so 
improves organizational effectiveness. We set out to learn 
whether SCM practices stressing supplier and customer 
engagement increased environmental performance, which 
in turn boosted business results.

Green buying and investment recovery are often imple-
mented more effectively by manufacturers that are under 
more regulatory scrutiny. Manufacturers in China are 
improving their environmental performance via green 
procurement in response to existing regulatory require-
ments. Nonetheless, regulatory stress dampens economic 
performance and slows investment recovery. In light of 
our subsequent finding, regulatory policymakers should 
encourage environmentally responsible purchases while 
also assisting businesses in implementing investment 
recovery strategies including benchmarking, knowledge 
sharing, and system development. It is important to make 
production managers aware of the necessity to use SCM 
practices in instances when regulatory demand is high.



106141Environmental Science and Pollution Research (2023) 30:106129–106144 

1 3

Limitations and future research

We present and evaluate a whole performance model for 
SCM practices. We think the main value of this research 
is in the whole model itself, rather than in analyzing its 
constituent parts. However, this method pushes the limi-
tations of the sample size. Given the disparity between 
the number of constructs and the size of the sample, we 
opted to test the boundaries of structural equation mod-
eling to determine whether or not the complete model fit 
the data really well. Given the breadth of industry 4.0’s 
uses, further research in related fields (such aircraft and 
locomotive) may lend credence to the generalization of the 
established relationship mentioned in this work. It would 
be fascinating to see how factors like business in the con-
text of Industry 4.0, factors such as size, level of expertise, 
and other moderators SCM in future studies, since this 
might have a bearing on the linkages between the two par-
adigms. The following are some potential topics for further 
study: There is a need for further research on the effects of 
emerging ICT technologies on supply chains across sec-
tors. Applying joint research with businesses would help 
ease the implementation challenges of new supply chain 
technology. Second, a variety of new business models have 
emerged with the help of technological advancements. It is 
crucial for businesses to discover methods that can speed 
up the creation of innovative business models that take 
advantage of new technology and boost their efficiency. It 
is now essential to strengthen developing business models’ 
supply chain resilience, in particular in light of the post-
epidemic norm. Third, the development of new technolo-
gies and the discipline of smart supply chain engineering, 
which places an emphasis on the technical components 
and infrastructure of supply chains, both play crucial roles 
in the implementation of smart SC. It is also important 
to investigate how various national policies and research 
initiatives affect the diffusion of innovative technology 
through supply chains.
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