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ABSTRACT 

This research focuses on investigating the impact of industry 4.0 (I4.0) on green performance 
through manufacturing process factors under COVID-19 by drawing on resource dependency 
theory. The research uses a quantitative approach, and the data were collected from 614 
manufacturing companies in Egypt and were analysed using CB-SEM. The results indicated that 
there is a direct significant relationship between I4.0 and green performance. In addition, results 
revealed that manufacturing process factor pull system can significantly mediate the relationship 
between industry 4.0 and green performance. However, setup time reduction and continuous flow 
did not have a significant mediating role. Finally, COVID-19 contingency policies had a negative 
significant moderating role in the impact of industry 4.0 and pull system on green performance. 
The findings of this research will help in extending RDT through conceptualising it in different 
settings and using its abstract ideas to build a model that can support manufacturers in 
maintaining green practices through unitising lean manufacturing and I4.0, especially that 
focusing on green practices is challenging, and market disruptions, such as COVID-19, increase 
the difficulty of enhancing green performance. This will also fill the gap regarding the dynamic 
relationship between I4.0, lean manufacturing and green performance under COVID-19.  

Keywords: Manufacturing process factors, green performance, industry 4.0, manufacturing companies, 
structural equation modelling, COVID-19.  

INTRODUCTION 

Manufacturing process factors under lean manufacturing focus on an efficient manufacturing 
system through combining human factors and manufacturing equipment (Kamble et al., 2020). 
This enhances organisations’ performance, as it focuses on elimination of waste and increases 
manufacturing flexibility, which eventually leads to enhancing overall organisations’ supply 
chain performance (Amjad et al., 2021). However, global production process was disrupted 
because of contingency policies adapted to slow down the spread of COVID-19 (Meneses-Navarro 
et al., 2020). The outbreak of the virus affected the mobility of inventory as well as human 
resources (Wang et al., 2020); it also had a negative effect on the environmental side, such as 
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increasing waste (Rume & Islam, 2020). This has led to a lack of focus on environmental aspects 
(Sarkis, 2021), as COVID-19 magnified the cost challenges of implementing green practices 
(Jaeger & Upadhyay, 2020). Therefore, there is a need to invent new advanced technologies in 
order to find best solutions for market disruptions (Javaid et al., 2020). 

The digital technology ability to restructure the manufacturing process helps organisations 
achieve their goals (Arias-Pérez et al., 2021), which is particularly important under market 
disruptions, such as COVID-19, as it shocked the global supply chain (Khan et al. 2022). This 
stressed the importance of digitalisation through industry 4.0 (I4.0) (Liu et al. 2022). Technology 
of industry 4.0 (I4.0) focuses on digitisation and smartization, which enhance connectedness, 
speed of information sharing and production (Qu et al., 2019) through technologies, such as cloud 
computing, additive manufacturing, robotic systems and augmented reality (Kamble et al., 2018), 
and it can help organisations enhance all aspects of sustainability as it helps in the alignment of 
operation efforts and decreases overall cost, especially during market disruptions where 
organisations’ ability to focus on environmental friendly activities is low (Ghobakhloo & Fathi, 
2020). This little focus on environmental aspects leads to environmental damage and decreases 
social welfare (Herstatt & Tiwari, 2020). The importance of focusing on sustainability comes from 
the fact that manufacturing activities raise environmental issues (Zhang & Li, 2020). I4.0 also 
facilitates efficiency of operation and supply chain management through enhancing the flexibility 
and adaptability of how workers interact with the machinery (Jermsittiparsert et al., 2020). This 
eventually leads to better manufacturing plants’ efficiency (Powell et al., 2022). In return, this 
leads to a better use of available resources (Alpenberg et al., 2019), decreases waste and eventually 
enhances overall supply chain performance (Bag & Pretorius, 2020) through promoting value 
creation (Ivanov, 2017). Since manufacturing process factors focus on demand management 
(Sanders et al., 2016) and  decreasing waste and cost (Kamble et al., 2020), it can be argued that 
I4.0 can enhance these benefits as it augments the ability of the organisation to eliminate waste, 
decrease cost and eventually increase overall organisational capabilities (Gupta et al. 2020), which 
in return increases green performance (Kurniawan, Maiurova, et al., 2022). This research focuses 
on giving organisations a tool to enhance and maintain high levels of green practices through 
increasing the efficiency of lean manufacturing dimension: manufacturing process factors by 
using I4.0 technology during market disruptions. This will be achieved through developing a 
framework to test the dynamic relationship between I4.0 and green practices, while using 
manufacturing process factor as a mediator in the Egyptian market.  

The framework will be developed through using resource dependency theory (RDT) as it argues 
that organisations will not be able to generate all the resources required internally to survive 
(Katz & Kahn, 1978); therefore, companies depend on other partners to maintain and sustain their 
operations (Ketchen & Hult, 2007; Rossignoli & Lionzo, 2018). Testing the relationships in Egypt 
(a Middle Eastern country) during COVID-19 will help in filling the literature gap as the 
relationship between lean and digital technologies was mostly investigated in western counties 
(Fukuzawa et al., 2022). It will also fill the literature gap regarding empirically combining I4.0 
and lean manufacturing (through process factors as one of lean manufacturing dimensions), 
highlighted by Müller and Birkel (2020), Kamble et al. (2020), Buer et al. (2021) and Pereira and 
Sachidananda (2022) to achieve higher environmental sustainability, especially that the nature of 
the relationship between sustainability and industry 4.0 needs further investigation (Bag, 
Telukdarie, et al., 2021; Ghobakhloo, 2020). Additionally, the relationship between lean and green 
performance under I4.0 context needs further investigation (Raji et al., 2021), especially in 
emerging markets (Balakrishnan & Ramanathan, 2021). This is particularly important in the 
Egyptian market as illustrating the role of I4.0 in enhancing green practices falls in line with the 
digital transformation goal 2030 that the Egyptian government is adapting (Metawa et al., 2021). 
In addition, it will encourage organisations’ managers to use I4.0 and make the Egyptian market 
a fertile land for digital transformation (Khalifa et al., 2021), especially that digital technologies 
are not yet well developed (Metawa et al., 2021).  
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The basic goal of RDT is the idea that a company's need for resources pushes it to acquire 
resources from entities in the external environment (Mohammed et al., 2019). In other words, an 
organisation is treated as an alliance of individuals, whereby each related party seeks another 
party to satisfy its interests (Cyert & March, 1963) and environmental goals (Marwa & Zairi, 
2008). One of these goals is to enhance green performance through achieving zero emissions with 
the help of digital technologies (Yousefi et al., 2021). In this sense, this research proposes that 
I4.0 can be a tool that can help organisations acquire necessary resources and use them efficiently 
to maintain a normal level of green performance during market disruptions through process 
factors’ dimensions. The importance of empirically testing this relationship comes from the fact 
that there is a trade-off between going green through decreasing customer demand on energy 
and economic growth (Sree Kumar et al., 2020), in addition to the suspension of some laws and 
regulations regarding environmental issues to enhance economic growth and recover from the 
recession caused by COVID-19 (Sarkis, 2021). However, illustrating the role of I4.0 in 
combination with manufacturing process factors to enhance green performance can shift the focus 
back to environmental issues, especially that with the introduction of I4.0 organisations can 
reshape part of waste to be used as raw materials in the manufacturing process, which will 
enhance green performance as well as economic growth (Kurniawan, Maiurova, et al., 2022). This 
stresses the importance of using RDT principle that the resources needed to face uncertainty are 
not located within the organisations’ boundaries and that organisations need to enhance their 
collaboration among each other in order to get access to these resources (Fynes et al., 2004). 
Organisations' waste can be a resource for other organisations (Kurniawan, Maiurova, et al., 
2022), through collaboration (Ketchen & Hult, 2007) and the use of digital technologies 
(Kurniawan, Maiurova, et al., 2022), which in return will enhance green performance (Kurniawan, 
Dzarfan Othman, et al., 2022). This will help in extending RDT through conceptualising the 
abstract ideas in the theory by the research variables and empirically test it in different contexts 
(developing economy during COVID-19). 

The remainder of this paper is organised as follows: the literature review and hypotheses 
development are illustrated, followed by the research methodology, where research instruments, 
data collection and descriptive statistics are presented. Then, hypotheses testing is discussed, 
followed by the discussion of the research findings. Finally, implications, limitations and 
recommendations for future research are illustrated. 

CONCEPTUAL GROUNDING 

RDT focuses on aligning members towards a common goal and building long-term alliances and 
trust (Ketchen & Hult, 2007). This goal can be achieved through zero emissions with the help of 
digital technologies to enhance environmental sustainability (Yousefi et al., 2021). The 
environment surrounding the organisation is rapidly changing, which means that the acquired 
resources might be obsolete over time and might not be used efficiently in a dynamic environment 
(Teece, 2007). This stresses the idea that organisations need to be able to develop their resources 
in order to cope with the dynamic business environment (Helfat et al., 2007; Teece, 2007). This 
research posits that I4.0 can be a basis for developing organisational resources as it can reshape 
resources in the manufacturing process to make it more efficient and flexible (Kurniawan, 
Maiurova, et al., 2022). According to RDT, in order to face uncertainty, organisations need to 
acquire resources from the external environment, and these resources can only be acquired 
through forming networks (Fynes et al., 2004). In other words, dependency and trust (Crook & 
Combs, 2007) enhance organisations' ability to adapt to market disturbance (Campbell, 1998). 
However, organisations still need to be able to develop their resources to cope with changes in 
the market (Helfat et al., 2007; Teece, 2007). These ideas discussed in RDT are conceptualised in 
this research through the research constructs I4.0, lean manufacturing and green performance. 
I4.0 technologies facilitate communications and resources and information sharing among 
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departments of the same organisations and among supply chain members (Whysall et al., 2019). 
The level of digitisation and smartization, which enhance connectedness and speed of information 
sharing (Qu et al., 2019), helps organisations acquire resources needed to enhance their lean 
manufacturing (Kolberg et al., 2017) and eventually green performance (Fatorachian & Kazemi, 
2021). 

Since manufacturing process factors focus on enhancing quality of the products, through 
combining human factors, manufacturing equipment and effective control (Kamble et al., 2020), 
it can be argued that I4.0 contribution to organisations can eventually enhance manufacturing 
process factors, especially that manufacturing process focuses on three main factors: (1) Setup 
time reduction, which is organisations’ ability to adapt their manufacturing process through 
reduction setup time before starting actual production; (2) Pull system, which focuses on 
customers starting the production schedules rather  than the organisation itself; (3) Continuous 
flow, which focuses on carrying on the manufacturing and product handling process with no 
significant delays (Kamble et al., 2020). This makes manufacturing process factors  unique 
developing tools for waste reduction, enhanced productivity and strong level of integration 
(Thanki & Thakkar, 2014). These developing capabilities available through the three factors 
(Kamble et al., 2020) can be enhanced through digitisation and smartization facilitated by I4.0 
(Qu et al., 2019), as facilitation of quick coordination and communication helps in the efficient use 
of materials and products (Schaltegger & Wagner, 2011), which enhances manufacturing 
performance (Buer et al., 2021), especially that high levels of integrating manufacturing process 
(Kamble et al., 2018) enhance flexibility, customization, value creating (Stock & Seliger, 2016), 
cost control (Ramadan et al., 2017) and responsiveness (Ahuett-Garza & Kurfess, 2018). High 
responsiveness enhances organisational survivability during the pandemic (Liu et al. 2022), as 
policies, such as the lock down, social distancing and mandatory mask wearing (Min et al., 2020), 
have led to huge fluctuations in demand (Nchanji et al., 2021) and disruption in the supply chains 
(Meneses-Navarro et al., 2020). 

The facilitation of coordination among supply chain members also helps in efficient energy and 
water use (Carvalho et al., 2018) and enhancing environmentally friendly activities (Bocken et al., 
2014). This, in return, leads to a better sustainable performance (Khalifa et al., 2021), which 
pushes organisations towards creating environmentally friendly manufacturing system (Song & 
Choi, 2018). This is considered to be the main goal of enhancing green performance as it focuses 
on promoting organisations’ image and reputation and enhances customer satisfaction, which 
gives them a competitive edge (Ghosh, 2016) through preventing the negative impact caused by 

the manufacturing process on the environment (Stojanović et al., 2021). 

LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT 

Industry 4.0 and green practices 

Nowadays, supply chains have become too complicated (Dietrich et al, 2021) because of the 
challenges to make the product more sustainable, visible and transparent to the customer 
(Dietrich et al., 2021). As a result, I4.0 was introduced to mitigate the overall greenhouse gases’ 
emissions, reduce energy consumption (Esmaeilian et al., 2020) and lower cost (Pereira & 
Sachidananda, 2022). In addition, it increases product life and achieves sustainability goals 
(Kamble et al., 2020). Through creation of databases and instant share of information (Kurniawan, 
Maiurova, et al., 2022), in addition to automation of manufacturing activities such as collection 
and sorting of materials (Gubernatorov & Stepanova, 2021), the use of materials and resources 
becomes more efficient (Maiurova et al., 2022). This allows for a reintroduction of waste to the 
supply chain as I4.0 allows for the prediction of repair cost and failures and reusability in the 
manufacturing process (Kurniawan, Maiurova, et al., 2022). In return, this reduces waste and 
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CO2 emissions, saves water usage (Sharma et al., 2020) and eventually leads to enhancing green 
performance (Kurniawan, Dzarfan Othman, et al., 2022). 

I4.0 affects many areas in supply chain; Kamble et al. (2018) explained the role of I4.0 to achieve 
a high level of integration and improve the overall performance of the sustainability dimensions; 
they also proved that I4.0 enhances work environment and safe working conditions for workers, 
as I4.0 helps manufacturers assess their production process footprint (Bai et al., 2020) and achieve 
high sustainability levels through applying clean production and efficient use of energy in the 
production process (Bag, Pretorius, et al., 2021), since green practices’ adaptation requires real 
time, information (Chung & Lee, 2020) and knowledge acquisition (Stanovcic et al., 2015). Some 
researchers also indicated that I4.0 has a positive impact on sustainability performance (e.g. Bag 
et al., 2021, Gupta et al., 2021). It can be concluded that I4.0 technology can help in implementing 
green practices through its eased access of information and knowledge transfer (Chung & Lee, 
2020), in addition to enhancing manufacturing efficiency (Pereira & Sachidananda, 2022), which 
reduces waste (Sharma et al., 2020). This argument is supported by RDT as resources and 
information sharing through the collaborative efforts can help enhance environmental practices 
(Wright et al., 2008). Based on the above discussion, the first research hypothesis is as follows: 

H1: Industry 4.0 technologies have a positive impact on green performance. 

Mediating role of manufacturing Process factors 

The availability of information provided by I4.0 can eventually lead to a smoother production 
process (Javaid et al., 2022) and a higher product innovation performance (Chung & Lee, 2020), 
as it helps organisations conduct business activities, such as manufacturing and logistics more 
efficiently (Govindan et al. 2018), which reduces operational complexity and enhances lean 
manufacturing process (Javaid et al., 2022). In addition, it allows organisations to make more 
accurate forecasting on purchasing behaviour (Raut et al. 2021), which leads to more effective 
demand management (Govindan et al. 2018); in return, it creates value for the customer (Hoque 
et al., 2016). The manufacturing process factors goals are enhancing organisations’ ability to 
adapt their manufacturing process through reduction setup time before starting actual production 
(setup time reduction), pursue that the customer starts the production schedules (pull system) 
and decrease/eliminate delays in the manufacturing process or product handling (Kamble et al., 
2020). The goals of process factors under lean manufacturing and I4.0 are similar in that both 
aim to improve productivity and quality (Kamble et al., 2020; Tripathi et al., 2022) and focus on 
waste disposal and customer orientation (Aljawarneh & Al-Omari, 2018; Tripathi et al., 2022). 
Manufacturing process factors under lean practices focus on efficient sharing of information 
among supply chain members, in addition to lowering overall supply chain cost through 
decreasing transportation and lead time (Alqudah et al. 2020). However, today’s dynamic business 
environment floods organisations and their supply chains with information, which forces 
organisations to use digital technologies (I4.0) in order to be able to analyse data quickly and 
efficiently (Elgendy and Elragal 2014). 

The need for more environmentally friendly processes often prevails over lean technologies 
(Saetta & Caldarelli, 2020). Green practices were initially developed to reduce waste (Verrier et 
al., 2016) in production processes and to improve the product quality (Verrier et al., 2016). In 
addition, it decreases the negative environmental impact caused by the production process 
(Karagülle, 2012). Manufacturing process factors under lean practices can enhance product value 
(Nath and Agrawal 2020), through eliminating wastes, eliminating non-value-added operations, 
enhancing value-added activities (Dora et al. 2014) and adapting zero inventory strategy (Lyu et 
al. 2020). Introducing I4.0 can enhance manufacturing process factors application (Amjad et al., 
2021) as it promotes efficient productivity (Pereira & Sachidananda, 2022). It facilitates the 
process of raw materials transformation into finished goods more smooth, especially that 
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innovation enhances value creation (Leitner et al., 2020). The notion of achieving 
environmentally friendly activities is discussed in RDT (Wright et al., 2008), as it argues that 
through collaboration, organisations can share resources, which enhances their capabilities to 
enhance environmental performance (Mohammed et al., 2019). Process factors focus on a smooth 
production process (Kamble et al., 2020), decreasing waste to a minimum (Aljawarneh & Al-
Omari, 2018) and increasing value added to the customer in order to maintain an acceptable level 
of profitability (Nath & Agrawal, 2020); it can be argued that I4.0 can positively impact green 
performance (Chung & Lee, 2020) through enhancing process factors of lean manufacturing (pull 
system, continuous flow and setup reduction time) (Bag & Pretorius, 2020; Kamble et al., 2020). 
Based on the above discussion, the second research hypothesis is formulated as follows: 

H2.1: Continuous flow mediates the relationship between Industry 4.0 technologies and green performance. 
H2.2: Pull system mediates the relationship between Industry 4.0 technologies and green performance. 
H2.3: Setup time reduction mediates the relationship between Industry 4.0 technologies and green 
performance. 

Moderating role of COVID-19 policies 

COVID-19 policies refer to the procedures that the governments took as a precaution to prevent 
the spread to the virus such as the lock down, social distancing and mandatory mask wearing 
(Min et al., 2020), in addition to the use of sanitizer and temperature checks (Khan et al., 2021). 
These procedures and the restrictions of transfer of goods have led to disruption in the supply 
chains (Meneses-Navarro et al., 2020) and huge fluctuations in demand (Nchanji et al., 2021), 
which caused a decline in supply chains performance (Min et al., 2020). This forced some firms to 
shut down (Khan et al., 2021) and led to huge economic losses (Nchanji et al., 2021), because of 

disruptions in the production processes (Koren & Pető, 2020). Since market disruptions force 
organisations to focus on survival and not on environmentally-friendly activities, green practices 
have declined significantly (Herstatt & Tiwari, 2020). Drawing on the underlying logic of RDT, 
where uncertain events cause disruptions in the supply chain and the production process 
(Rossignoli & Lionzo, 2018) and eventually lead to a decline in environmental performance 
(Sarkis, 2021), it can be argued that COVID-19 policies, such as lockdown and mask wearing 
(Khan et al., 2021), can disrupt the impact of I4.0 (Chung & Lee, 2020) and smooth flow of 

manufacturing process (Koren & Pető, 2020) towards green practices (Kamble et al., 2020), 
especially that the global focus is now more oriented towards reviving economic growth on the 
expense of environmental issues (Sarkis, 2021). Based on the above discussion, the third research 
hypothesis is as follows: 

H3.1: COVID-19 policies moderate the relationship between industry 4.0 and green performance. 
H3.2: COVID-19 policies moderate the indirect relationship between industry 4.0 and green performance 
through continuous flow. 
H3.3: COVID-19 policies moderate the indirect relationship between industry 4.0 and green performance 
through pull system. 
H3.4: COVID-19 policies moderate the indirect relationship between industry 4.0 and green performance 
through setup time reduction and green performance. 
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Figure 1: Conceptual Framework 

The above figure proposes that I4.0 technologies can be used as pillars to facilitate dependency 
and sharing of resources among organisations in order to acquire necessary resources to enhance 
green practices through manufacturing process factors. RDT is concerned with how 
organisations can depend on each other and form relationships (Ketchen & Hult, 2007). This 
theory is strongly related to supply chain management as organisations tend to join a supply 
chain in order to gain some security and enhance their ability to withstand disturbance in the 
market (Campbell, 1998), which - according to the RDT - is considered to be an important goal  
as aligning of members towards a common goal builds long-term alliances and enhances trust 
(Ketchen & Hult, 2007). Since green practices’ implementation requires collaborations among 
supply chain members (Yu et al., 2014), and I4.0 facilitates communications, data analysis and 
networking (Takhar & Liyanage, 2020), as well as resources and information sharing among 
departments of the same organisation and among supply chain members (Bag & Pretorius, 2020) 
through digitisation (Korpela et al., 2013), it can be argued that I4.0 can be used to help in the 
facilitation of quick coordination and communication (Hofmann & Rüsch, 2017), in addition to 
promoting efficient energy and water use and enhancing environmentally friendly activities 
(Hong & Gasparatos, 2020). 

METHODS 

Study context  

Data were collected from manufacturers operating in the Egyptian market, more specifically 
Cairo, Giza and Alexandria as major industrial zones are mainly located around these cities 
(FADCOC, 2020). The snowball technique was used to select manufacturers that use I4.0 
techniques in order to make sure that the managers selected will be able to answer the 
questionnaire efficiently (more details are provided in the next section). The focus on a developing 
market, such as the Egyptian market, can provide broader generalisability (Lis & Rozkwitalska, 
2020). In addition, since the country’s political and economic instability in 2011, organisations in 
Egypt continue to face challenges (Abdelbary, 2018) in maintaining an acceptable level of 
environmental sustainability (Elbarky & Elzarka, 2015). Furthermore, failure to enforce relevant 
laws and regulations (Faragallah, 2016), unavailability of funds and lack of awareness and 
education are barriers to implementing sustainability in the Egyptian environment (Elbarky & 
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Elzarka, 2015). Because of the lack of awareness and support in the education system towards 
environmental issues  (Elbarky & Elzarka, 2015; Faragallah, 2016), this study is opt to pre-test 
and pilot the data collection instrument in Egypt before the main study. 

Sample and procedures  

Non-probability sampling techniques (snowball sampling) will be adopted as there is no database 
for manufacturing operating in Egypt. Even though these techniques were criticised as being 
biased and subjective, they were used in this research as there is no sampling frame available (no 
availability of manufacturing organisations databases operating in Egypt) (Saunders et al., 2016). 
Data were collected from manufacturing companies in Egypt; participants were individuals in 
senior management positions with more than 10 years of experience. The selection of senior 
management positions, such as vice presidents, directors and general managers (Bag, 2019; 
Maryam & Soroosh, 2018) is based on the knowledge they have for the whole organisation (Bag, 
2019; Liu et al., 2018), in addition to their ability to provide reliable information (Maryam & 
Soroosh, 2018). Senior managers are responsible for achieving the organisations’ goals and 
ensuring the efficient use of resources (financial, non-financial and human resources) (Liu et al., 
2018). In addition, they are responsible for evaluating subordinates and the overall organisational 
performance (Liu et al., 2018).  

Regarding the sample size, it is recommended for SEM a sample size of 5 or 10 observations per 
measurement (Nicolaou & Masoner, 2013). However, 10 observations per measurement increase 
the accuracy of the results (Kline, 2011). Applying the rule of 10, the sample size targeted for the 
pilot and the main study in this research will exceed 250. In order to achieve this goal, the self-
administered questionnaire was distributed via email to 320 participants for the pilot study. 
Separate 690 questionnaires were distributed for the main study. A total of 263 and 614 valid 
questionnaires were collected for the pilot and main study, respectively. This means that the 
response rate is 82% for the pilot and 88% for the main study. Table I shows sample 
characteristics. 

Table 1: Sample characteristics 

  Frequency Percent 

Years of experience 
From 10 years to 20 years 292 47.6 
More than 20 years 322 52.4 

Firm size 
More than 250 316 48.5 
51-250 123 23.3 
10-50 175 17.3 

City 

Cairo 175 28.5 
Alexandria 206 33.6 
Giza 198 32.2 
Other 35 5.70 

Research variables 

Industry 4.0: I4.0 technologies help in facilitating accessibility of information, production 
flexibility and accuracy (Kamble et al., 2018). I4.0 focuses on digitisation and smartization, which 
enhance connectedness, speed of information sharing and production (Qu et al., 2019). It involves 
high levels of integrating manufacturing process (Kamble et al., 2018), which enhances flexibility, 
customisation, value creating (Stock & Seliger, 2016), cost control (Ramadan et al., 2017) and 
responsiveness (Ahuett-Garza & Kurfess, 2018). This can help organisations move towards 
sustainable development (Kamble et al., 2018). 
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Manufacturing process factors: it focuses on achieving efficient lean manufacturing system in 
order to achieve high quality products, through combining human factors, manufacturing 
equipment and effective control  (Kamble et al., 2020); moreover, this term that has been widely 
used in different industries and sectors is considered a unique tool for decreasing waste, 
increasing the productivity and achieving improvement and integration at each level in supply 
chain (Thanki & Thakkar, 2014). In addition, this integration allows for a smooth flow of 
inventory throughout the supply chain, reducing set up time, adapting quickly to different inputs 
and finally planning production on actual demand and not forecasting (Sanders et al., 2016).  

Green performance: green performance in general focuses on creating an environmentally 
friendly manufacturing system (Song & Choi, 2018). An environmentally responsible 
manufacturer should prevent the negative impact caused by the manufacturing process on the 
environment, in addition to reacting quickly to reduce any activities that harm the natural 

environment (Stojanović et al., 2021). Organisations that enhance their green activities can use 
them to enhance sales and performance (Song & Choi, 2018), as environmentally responsible 
behaviour promotes organisations’ image and reputation and enhances customer satisfaction, 
which gives them a competitive edge (Ghosh, 2016). 

COVOD-19 contingency policies: Policies, such as the lock down, social distancing and 
mandatory mask wearing (Min et al., 2020), in addition to the use of sanitizer and temperature 
checks (Khan et al., 2021), have led to disruption in the supply chains (Meneses-Navarro et al., 
2020) and huge fluctuations in demand (Nchanji et al., 2021). 

Control variable: firm size was used as a control variable (using number of employees (Lobo et 
al., 2020)). Firm size affects performance since larger companies generally own more resources, 
which eventually leads to a higher sustainability levels (Mousavi et al., 2018). In addition, size 
affects the organisation’s ability to process information and cope with a dynamic business 
environment (Liu et al., 2018). This control variable is not the scope of the study; however, since 
it may influence the results, it is included (Liu et al., 2018; Mousavi et al., 2018). 

Research instrument 

All measurement scales were adapted from previous studies (Huo et al., 2019). I4.0 and pull 
system, continuous flow and setup time reduction items were adapted from Kamble et al. (2020), 
COVID-19 contingency policies items were adapted from (Khan et al., 2021) and finally, green 
performance items were adapted from (Clemens, 2006). A back translation approach was carried 
out to ensure that there are no semantic differences between the English and Arabic versions and 
ensure the quality of the measuring instrument (Huo et al., 2019). This translation process will 
be done by the help of academics with knowledge of both languages.   

The questionnaire contain three main sections. The first one will focus on general information 
regarding the position of the participant in his or her organisation, size of the organisation and 
location. The second will focus on I4.0 and process factors. The third will focus on green 
performance and COVID-19 contingency policies. Appendix A1 illustrates the items of the 
research variables used in the questionnaire. 

The second and the third parts will be a 7-point Likert scale (1 strongly agree and 7 strongly 
disagree). A 7-point Likert scale allows to explore the relationship among variables using 
regression and structural equation models (Weijters et al., 2010); in addition, it helps participants 
to give sufficient answers with ease and within a short time (Chyung et al., 2017). Furthermore, 
precision (Hair, 2015) and reliability (Cicchetti et al., 1985) increase as the number of scale 
increases (Cicchetti et al., 1985; Hair, 2015); however, there were no significant changes in 
reliability beyond 7-point Likert scale (Cicchetti et al., 1985). 
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RESULTS 

Pre-test and pilot study 

The questionnaire was presented to eight experts (four academics and four practitioners) to 
ensure clarity, complexity, readability and quality of translation to ensure content and face 
validity. The pre-test was followed by a pilot, which was conducted on 267 practitioners holding 
senior positions in supply chains and production departments (Kamble et al., 2020). Factor 
loadings, composite reliability and average variance extracted (AVE) were calculated through 
confirmatory factor analysis (CFA), using AMOS to ensure reliability and validity of the 
questionnaire. Results of the CFA illustrated in Table II show that factor loading, composite 
reliability and AVE are above the recommended threshold of 0.5 (Han & Huo, 2020), 0.7 and 0.5, 
respectively (Li et al., 2021). Model fit indices used are Chi-square = 398.5, degrees of freedom 

(df) = 258, χ2/df = 1.5, GFI = 0.98, AGFI = 86, IFI = 0.96, TLI = 0.95, CFI = 0.96, SRMR = 
0.043 and RMSEA = 0.046. The value of the model fit indices confirms the overall fit of the model 
(Riikkinen et al., 2017). It is important to mention that item number I406 under I4.0 variable had 
a factor loading less than 0.5, which justifies their elimination (Hair et al., 2014b). However,  
before elimination, the panel of experts in the pre-test were consulted and agreed on removing 
the item (Izogo, 2016). 

Table 2: Pilot study reliability and validity 

Construct Items Factor loadings 
Composite 
reliability  

AVE 

 I401 0.804 

0.860 0.555 
 I402 0.756 
Industry 4.0 I403 0.629 
 I404 0.853 
 I405 0.660 

Setup time 
reduction 

STR01 0.864 
0.776 0.726 STR02 0.835 

STR03 0.857 

Pull systems 

PS01 0.717 

0.868 0.624 
PS02 0.753 
PS03 0.838 
PS04 0.846 

Continuous flow  

CF01 0.846 

0.893 0.678 
CF02 0.841 
CF03 0.785 
CF04 0.821 

Green 
performance 

GP01 0.790 

0.867 0.569 
GP02 0.668 
GP03 0.719 
GP04 0.745 

 GP05 0.839 

COVID-19 
contingency 
policies 

PO01 0.673 

0.807 0.512 
PO02 0.740 
PO03 0.780 
PO04 0.664 
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Reliability and validity 

Before illustrating the results of the CB-SEM, it is important to assess reliability and validity 
using factor loadings, composite reliability, AVE, in addition to the comparison of square roots 
of AVE to the correlations between constructs. It can be observed from Table III that Cronbach’s 
alpha, composite reliability, AVE, factor loadings exceed 0.7, 0.7, 0.5 and 0.4, respectively (Hair 
et al., 2014a). Regarding the square root of AVE, it can be concluded from Table IV that it is 
greater than the correlations between the research constructs (Suryanto & Mukhsin, 2020). 

Model fit indices used are Chi-square = 887.9, degrees of freedom (df) = 355, χ2/df = 2.5, GFI = 
0.91, AGFI = 88, IFI = 0.96, TLI = 0.95, CFI = 0.93, SRMR = 0.036 and RMSEA = 0.046. The 
value of the model fit indices confirms the overall fit of the model (Riikkinen et al., 2017). 

Table 3: Main study reliability and validity 

Construct Items Factor loadings 
Composite 
reliability  

AVE 

 I401 0.779 

0.898 0.640 
 I402 0.819 
Industry 4.0 (I4) I403 0.764 
 I404 0.828 
 I405 0.809 

Setup time 
reduction (STR) 

STR01 0.863 
0.791 0.740 STR02 0.858 

STR03 0.860 

Pull systems (PS) 

PS01 0.797 

0.879 0.645 
PS02 0.829 
PS03 0.802 
PS04 0.785 

Continuous flow 
(CF) 

CF01 0.841 

0.892 0.674 
CF02 0.807 
CF03 0.829 
CF04 0.821 

Green 
performance (GP) 

GP01 0.837 

0.878 0.593 
GP02 0.648 
GP03 0.758 
GP04 0.825 

 GP05 0.770 

COVID-19 
contingency 
policies (PO) 

PO01 0.850 

0.899 0.691 
PO02 0.852 
PO03 0.855 
PO04 0.766 

Table 4: Square root of AVE and correlations between constructs 

  I4 STR PS CF GP PO 

I4 (0.770) 
     

STR 0.201 (0.860) 
    

PS 0.543 0.303 (0.803) 
   

CF 0.155 0.569 0.252 (0.770) 
  

GP 0.527 0.225 0.535 0.219 (0.819) 
 

PO -0.238 -0.111 -0.243 -0.067 -0.275 (0.832) 

Note: Diagonally numbers between brackets represents square root of AVE 
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Non-response bias and common method bias 

Non-response bias is focusing on ensuring that there is no significant difference between early 
and late responses (Ali et al., 2019). As for common method bias, it focuses on the error in variance 
that can be caused through using similar methods (Kerse, 2019). In order to test for common 
method bias, all items in the questionnaire were loaded under a single factor to ensure that there 
is no one factor that can explain 50% or more of the total variance (Jnaneswar & Ranjit, 2020).  
Results of Levene’s revealed that the test indicated a non-significant P-value, which means there 
is no significant difference between the variance of early and late response (Han & Huo, 2020). 
Regarding common method bias test, Harmon’s one factor test indicated that there was no single 
factor that explained the majority of the variance (Zhang & Merchant, 2020).  

Hypothesis testing 

Figure 2 illustrates the results of CB-SEM. It is important to mention that the mediating role 
was calculated through using the same method used by (e.g. Arain et al. 2018) by multiplying the 
path from the dependent variable to the mediator and the path from the mediator to the dependent 
variable. In addition, the moderation between I4.0 and green performance was conducted through 
creating an interaction term following (e.g.  Baranchenko et al. 2019). Finally, the moderating 
impact on the indirect relationship between I4.0 and green performance was examined through 
the three manufacturing process factors by adapting the procedures used by (Arain et al., 2018). 
All tests were carried out using AMOS; however, the moderated mediation was also tested using 
macro process model 15 as a robust check, and the output had similar results. 

 

 

 

Figure 2. SEM results 

The results in the above figure show the direct effect of I4.0 on green performance and the indirect 
impact of I4.0 on green performance through process factors (continuous flow, pull system and 
setup time reduction). In addition, they show the moderating role of COVID-19 policies on the 
direct relationship between I4.0 and green performance. Finally, it illustrates the impact of 
COVID-19 policies on the indirect relationship between I4.0 and green performance through 
process factors. It can be concluded that there is a significant direct relationship between I4.0 and 
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green performance (β = 1.501, (lower boundary (LB) = 0.350, upper boundary (UB) = 7.776 and 
P value = 0.017), which means that H1 is accepted. The results also revealed that H2.1 and H2.3 

that focus on the mediating role of continuous flow (β = -0.005, LB = -0.328, UB = 0.065 and P 

value = 0.104) and setup time reduction (β = -0.559, LB = -0.1311, UB = 1.049 and P value = 
0.327) is rejected. However, H2.3 is accepted, which means that the pull system can successfully 

mediate the relationship between I4.0 and green performance with β = -0.564, LB = 0.026, UB = 
1.164 and P value = 0.041. 

Regarding the moderating role of COVID-19 policies, results illustrated that it can significantly 
moderate the indirect relationship between I4.0 and green performance through pull system, with 

β = -0.376, LB = -1.66, UB = -0.003 and P value = 0.038. Regarding the moderating role of 
COVID-19 on the indirect relationship between I4.0 and green performance through setup time 

reduction and continuous flow had (β = -0.50, LB = -30.05, UB = -0.003 and P value = 0.104) 

and (β = -0.91, LB = -94.4, UB = -0.034 and P value = 0.124), respectively. While the moderating 

role of COVID-19 on the direct relationship between I4.0 and green performance had a (β = -
2.41, P value = 0.54). This means that H3.1, H3.2 and H3.4 are rejected; however, H3.3 is 
accepted. Finally, the output reported a 63.2% coefficient of determination R2 for green 
performance, which means that the model accounts for 63.2% of the variance in green 
performance (Baranchenko et al., 2019). 

DISCUSSION 

The direct relationship between I4.0 and green performance follows findings of previous research 
(e.g. Nantee and Sureeyatanapas, 2021 ;  Kamble et al., 2020; Kamble et al. 2018) as their findings 
concluded a significant impact from I4.0 on sustainability aspects. The significant impact, even 
during COVID-19 which had a dramatic impact on supply and demand because of contingency 
policies and lock down (Pal & Altay, 2022), might be because of promotion and reliability of 
organisation on I4.0 during COVID-19 (Bakalis et al., 2020), as it promotes efficient remote 
operations and innovation (Metawa et al., 2021). In addition, I4.0 provides organisations with a 
tool to replace shortage of labor and mobility restrictions (Christiaensen et al., 2021) caused by 
COVID-19 contingency policies (Varshney et al., 2020). Furthermore, I4.0 allows organisations 
to enhance their diversity during market disruptions (Bakalis et al., 2020), which develop their 
dynamic capabilities (Amjad et al., 2021) and support their survivability during the pandemic (Liu 
et al. 2022). This, in return, leads to a better sustainable performance (Khalifa et al., 2021). 

Even though the total indirect effect is significant, only one process factor dimension is 
significantly mediating the relationship between I4.0 and green performance, namely pull system. 
The lack of significant mediating role of setup time reduction and continuous flow can be due to 
the fact that some governments adapted expansionary economic growth policies and suspension 
of some environmental regulations to speed the economic recovery process (Sarkis, 2021). Results 
also illustrate the importance of I4.0 in achieving high green performance during market 
disruptions, as I4.0 can still enhance green performance under COVID-19, despite the negative 
impact of its contingency policies. The findings of this research answer the call of Müller and 
Birkel (2020). Kamble et al. (2020), Buer et al. (2021) and Pereira and Sachidananda (2022)  to 
focus on the combination of industry 4.0 and lean manufacturing dimensions to enhance 
environmental sustainability in different settings to enhance understanding and generalisability, 
in addition to the call of Ghobakhloo (2020) regarding the need for further investigation on how 
I4.0 affect sustainability. The results of this research prove that sharing resources and 
information can help organisations enhance their green practices and process factors as one of 
lean manufacturing dimensions during market disruption. These results are supported by RDT 
as it argues that in order to face uncertainty, organisations need to acquire resources from the 
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external environment and build dependency and trust in order to enhance their ability to adapt 
to market disturbance (Campbell, 1998). The conceptual framework developed extends the 
concept of green lean manufacturing, which is an integration between environmental practices 
and lean manufacturing (Oliveira et al., 2018), through helping organisations maintain 
sustainable manufacturing through utilising I4.0 in a dynamic business environment. 

CONCLUSION 

The main aim of this study is to test the impact of I4.0 on green performance under COVID-19 
conditions. In addition, it stresses the importance of using technologies under I4.0 to enhance 
lean manufacturing dimension (manufacturing process factors) and eventually maintain an 
acceptable level of environmentally friendly activities under market disruptions, such as COVID-
19. The results show that the direct effect of I4.0 on green performance was significant. In 
addition, the indirect impact of I4.0 on green performance was only significant through process 
factor (pull system). Furthermore, it was indicated by the results that the impact of I4.0 on green 
performance through pull system is moderated by COVID-19. 

Theoretical contribution 

This research illustrated the importance of efficient sharing of knowledge and resources (an idea 
discussed in RDT) through I4.0 to face uncertainty (distributions such as COVID-19) to enhance 
green performance. Since RDT focuses on acquiring resources (Fynes et al., 2004) and the 
acquired resources might be obsolete over time because of the dynamic business environment 
(Teece, 2007), it can be argued that introducing I4.0 to RDT will help in extending RDT as the 
significant impact of I4.0 on manufacturing process factors and green performance confirm the 
ability of I4.0 to develop organisational resources and cope with disruptions (COVID-19). In 
addition, the results will not only extend RDT, but it will also fill the literature gap as the 
combination of manufacturing process factors continuous flow, pull system, setup time reduction), 
I4.0 and green performance was not covered. In addition, this combination was not explored in 
developing markets where digital business initiatives are not fully supported (Metawa et al. 2021). 
Furthermore, previous research (e.g. Kamble et al., 2020) focused on the relationship between 
I4.0 and sustainability; however, the lean manufacturing dimensions were not illustrated; in 
addition, the impact of COVID-19 was not tested. Other research studies focused on lean 
manufacturing and sustainability (e.g. So and Sun, 2015); however, I4.0 and COVID-19 impact 
was not included in the model; in addition, the impact of lean manufacturing dimensions was not 
included. Finally, this research fills the literature gap regarding the relationship between lean 
and digital technologies (Fukuzawa et al., 2022; Kamble et al., 2020; Müller & Birkel, 2020), 
especially that there is a need for empirical papers testing the relationship between Lean and I4.0 
(Buer et al., 2021; Pereira & Sachidananda, 2022). In addition, this research fills the literature gap 
regarding the relationship between sustainability and industry 4.0 (Bag, Telukdarie, et al., 2021; 
Ghobakhloo, 2020), especially in emerging markets (Balakrishnan & Ramanathan, 2021).  

Practical contribution 

The findings of this research will practically help in enhancing organisational environmental 
sustainability, as green practices focusing on activities, such as the use of recyclable components 
and materials, improve green emission footprint and promote intra-organisational environment 
management. It will also encourage managers to manage the entire supply chain with an 
environmentally friendly approach. Furthermore, the use of digital technologies such as I4.0 
helps in more efficient waste management (i.e. reintroduction of waste to the supply chain), which 
means it promotes emission reduction and energy saving. In return, the high levels of green 
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performance will allow organisations to use it as a marketing tool to enhance customer as well as 
employees’ satisfaction. This will eventually lead to an enhancement of quality levels and financial 
performance, especially that customers who focus on environmental issues are willing to pay more 
(Jiang et al., 2021). The results will also give managers a tool to enhance green performance 
through I4.0 and manufacturing process factors as efficient and effective implementations of 
green practices must start with organisations along with environmental laws and regulations. 
This is particularly important in Egypt as environmental practices’ implementations in Egypt 
face some challenges, such as poor implementation of laws and regulations and the lack awareness 
and education (Faragallah, 2016). In addition, illustrating the importance of I4.0 in enhancing 
green practices, which in return enhances organisational competitive advantage, will help the 
Egyptian government achieve its digital transformation goal 2030, as it promotes better 
organisational image and efficient use of resources. This will encourage organisations’ managers 
to use I4.0 and develop digital technologies in the Egyptian market. 

Limitations and recommendations for future research 

This study collected data at one point of time during COVID-19, so a longitudinal study is needed 
to test the challenges that organisations face in the post COVID-19 era. This research used large 
scale survey and added firm size as a control variable, which helps in generalising the results to 
similar economies, such as Tunisia. However, generalisability can still be an issue, where future 
research must take into consideration cultural, economic and political issues. Future research also 
needs to focus on how different industry characteristics and locations inside or outside an 
industrial cluster can change the nature of the relationships among the research variables. In 
addition, research should investigate government technology standards, supervision and 
independent audit firms to illustrate their impact on green practices’ implementations, especially 
in developing countries, as awareness and attitude towards environmental issues are different in 
developed countries (Eid et al., 2022).  
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APPENDIX 

Table 5: Questionnaire items 

Construct Items Source Definition 

Industry 4.0 

I401 Cloud computing 

Kamble et 
al. (2020) 

I4.0 technologies, such as cloud 
computing, big data analytics, 
internet of things, additive 
manufacturing, robotic systems 
and augmented reality, help in 
facilitating accessibility of 
information, production 
flexibility and accuracy (Kamble 
et al., 2018). I4.0 focuses on 
digitization and smartization, 
which enhance connectedness, 
speed of information sharing and 
production (Qu et al., 2019). 

I402 Big data analytics 
I403 Internet of Things 

I404 
Additive 
manufacturing 

I405 Robotic systems 

I406 Augmented reality 

Setup time 
reduction 

STR01 
Employees adopt 
various setup time 

Kamble et 
al. (2020) 

Organisations adapts their 
manufacturing process through 
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reduction 
techniques 

reduction setup time before 
starting actual production 
(Kamble et al., 2020). 

STR02 
Continuously work 
towards reducing 
the setup time 

STR03 
Has low set up 
times of equipment 

Pull systems 

PS01 

Production is 
pulled by the 
shipment of 
finished goods 

Kamble et 
al. (2020) 

It means that the customer starts 
the production schedules rather 
than the organisation itself 
(Kamble et al., 2020). 

PS02 

Production at 
workstations is 
pulled by the 
current demand of 
the next 
workstation 

PS03 
Adopted a pull 
production system 

PS04 

Use kanban, 
squares, or 
containers of 
signals for 
production control 

Continuous 
flow  

CF01 

Groups products 
requiring similar 
processing steps 
into related. 
categories 

Kamble et 
al. (2020) 

Carrying on the manufacturing 
and product handling process 
with no significant delays 
(Kamble et al., 2020). 

CF02 

Groups products 
requiring similar 
routing steps into 
related categories 

CF03 

Groups equipment 
with an objective 
to have a 
continuous flow of 
families of products 

CF04 
Designed factory 
layout based on the 
families of products 

Green 
performance 

GP01 

Environmental 
policy is much 
more effective than 
your competitors’ 

Clemens 
(2006) 

Green performance in general 
focuses on creating an 
environmentally friendly 
manufacturing system (Song & 
Choi, 2018). An environmentally 
responsible manufacturer should 
prevent the negative impact 
caused by the manufacturing 
process on the environment, in 

GP02 

Invests much more 
in environmental 
responsiveness 
than your 
Competitors 
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GP03 
Places a high value 
on environmental 
consciousness. 

addition to reacting quickly to 
reduce any activities that harm 
the natural environment 

(Stojanović et al., 2021). 

GP04 

Is more 
environmentally 
conscious than 
your competitors. 

GP05 

Invests more than 
your competitors 
in environmental 
responsiveness. 

COVID-19 
contingency 
policies  

PO01 

Wearing a mask 
makes him 
uncomfortable in 
the workplace. 

Khan et al. 
(2021) 

Policies, such as the lock down, 
social distancing, and mandatory 
mask wearing (Min et al., 2020), 
in addition to the use of sanitizer 
and temperature checks (Khan et 
al., 2021), 

PO02 

Body temperature 
checks at the 
workplace increase 
his stress level. 

PO03 
Lockdown’s 
policies put his life 
in great difficulty. 

PO04 

Frequent use of 
sanitizer increases 
anxiety at the 
workplace. 

 


