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Abstract: In the current competitive scenario, SMEs need to adopt advanced technology in order to
comprehend the dynamics of Industry 4.0 and the sustainable operations for operational excellence.
The present study discusses the relationship between Industry 4.0 with sustainable operations and
operational excellence. A research model is proposed and assessed through structural equation
modelling (SEM). The current research shows that if SMEs adopt Industry 4.0 practices and the use
of advanced robotics in order to minimize human intervention, as well as smart logistics that react
to changes in production capacity, virtual reality and dynamic simulation techniques, then SMEs
can significantly achieve sustainability in manufacturing operations. Furthermore, this study will
help companies to attain an operational excellence with greater efficiency and productivity. There-
fore, SMEs need to focus on sustainable manufacturing practices.

Keywords: Industry 4.0; sustainable operations; operational excellence; small and medium
enterprises (SMEs); digitalization

1. Introduction

Small and medium enterprises (SMEs) are the backbone of the majority of the world’s
industrial economy. The small and medium enterprise sector contributes towards Indus-
try 4.0. It has a potential to reduce the amount of uncertainty associated with the innova-
tion process. The small and medium enterprise (SME) sector boosts the gross domestic
product (GDP) in developing nations [1]. Indian SMEs contribute to the Indian GDP and
help to generate about 24% of the employment in the country [2]. Furthermore, the SME
sector helps to contribute to the development of the global economy and helps to create
employment for a wider range of age groups in different industry sectors, i.e., automobile,
pharmaceutical and construction [3].

Industries are going through a disruption in the manufacturing and supply chain
due to the lack of supplies of raw materials, manufacturing resources and the unavaila-
bility of labor because of COVID-19 [4-6]. In order to sustain business practices during
such types of situations, industries need to revisit and restructure their supply chain prac-
tices through the implementation of smart and sustainable manufacturing systems [7].
The SME sector now has to compete with global industries by adopting new emerging
Industry 4.0 technologies and maintain sustainability in business practices [8,9]. Further-
more, Industry 4.0 provides a safer and healthier working environment for workers
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compared with traditional manufacturing systems. The cyber physical systems in Indus-
try 4.0 help to complete the customer demands within a minimum amount of time [10]. In
India, SMEs have very limited technological innovations and a lack of skilled labor, which
may be a hinderance to the implementation of Industry 4.0 [11,12].

Indian SMEs are also facing sustainability issues in their business practices and are
under pressure because of volatile customer demands and the necessity to meet their de-
mands within a shorter timeframe. The customers focus more on customized and greener
products that produce less carbon emissions throughout the product’s life cycle [13]. In
order to compete with global industries, Indian industries must also upgrade their man-
ufacturing systems using Industry 4.0 and sustainable operations [14]. The main reason
behind the limited adoption level of these practices is the higher investment costs for In-
dustry 4.0 and sustainable operations [3]. Furthermore, the incomplete implementation of
these practices results in market losses and a lack of resources. Indian SMEs are struggling
to adopt advanced manufacturing systems and require more attention in the current dig-
ital era. This study focuses on adopting Industry 4.0 practices in order for Indian SMEs to
achieve operational excellence and sustainable operations. This study intends not to gen-
eralize the outcomes but to emphasize the adoption of Industry 4.0 practices for opera-
tional excellence.

The structure of this paper is as follows; Section 2 represents a review of the literature.
Section 3 describes the development of research hypotheses. Section 4 discusses the re-
search methodology. Section 5 focuses on the data analysis and interpretation. Section 6
presents the results and discussion. Section 7 provides the managerial implications and
Section 8 presents the conclusion.

2. Literature Review

In the last few years, policymakers, academics and industry professionals have
shown a growing interest in Industry 4.0 and in sustainable operation methods. Research
that has been published lately in this field demonstrates a similar level of interest for these
methods among practitioners in developing countries. To the contrary, there is less infor-
mation accessible on sustainable operations and Industry 4.0 tools, techniques and meth-
ods in developing nations. A limited number of articles is available in the various data-
bases, that are not fully accessible to the policymakers and to industries. Therefore, it is
essential to find the relevant literature to review for this study. In order to do this, we have
used the following search terms for our literature article collection: “sustainable manufac-
turing” AND “Industry 4.0” OR “cyber-physical systems” OR “circular economy” OR
“digital twin” OR “4th industrial revolution” OR “14.0” The above-discussed search terms
are used for the article collection. The literature suggested that in the competitive global
market, many industries move away from the concept of a linear economy, towards a
more circular economy, which helps to enhance their organizational performance [15].
However, some industries adopt lean and green practices using Industry 4.0 for sustain-
ability [16].

Organizations can adopt the circular economy in Industry 4.0 in order to achieve sus-
tainability with new emerging technologies [1]. However, the adoption level of these tech-
nologies is limited with regards to sustainability within the developing economies, due to
a weak infrastructure and lack of skilled labor [17]. Nevertheless in past studies, it has
been found that sustainable operations and Industry 4.0 can contribute to operational ex-
cellence [18].

2.1. Industry 4.0

The way companies approach production, enhancement and distribution are all un-
dergoing profound changes as a result of Industry 4.0. Cyber physical systems, digital
twins and additive and cloud manufacturing are just a few of the new technologies that
manufacturers are adopting and implementing in their plants and other areas of business.
Information analysis and real-time systems, which keep tabs on the manufacturing
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process and are adjusted as needed, are crucial to the success of Industry 4.0. By using
IoT, industries can share their information between the different points, which helps to
maintain transparency within the organization [19]. The role of 3D printing is significant
in Industry 4.0 as it helps to support sustainability by generating less scrap and carbon
emissions during the production phase [20]. Using big data, helpful information from
large datasets can be extracted and used for intelligent decision-making [21,22]. Studies
have provided a roadmap for the implementation of Industry 4.0 in the last few years, but
these studies are very generalized [23].

2.2. Sustainable Operations

At present, in order to maintain sustainable manufacturing practices, product man-
ufacturing in an industry should be eco-friendly and more socially viable [24]. Manufac-
turing plans and systems based on configurable sustainable manufacturing are more effi-
cient in energy savings and generate less carbon emissions [25]. Furthermore, the digital-
ization process helps to keep track in real-time of supplies within the organization, result-
ing in the transparency of the supply chain [15]. In the last few years, few authors have
reported on the framework development for Industry 4.0, and some of them highlighted
the green and sustainability aspect of Industry 4.0 [26-28]. However, due to different ge-
ographical regions and industry sectors, these frameworks cannot be generalized.

2.3. Operational Excellence

Wahab et al. [29] suggested that operational excellence does things better, faster and
more efficiently. Operational excellence has a much wider meaning and it is a key lever
for improving profitability and competitive advantages. Operational excellence is likely
to be improved over the course of the fourth industrial revolution [30]. However, as per
the literature review, it was found that no study has investigated the operational excel-
lence through the adoption of Industry 4.0 and sustainable operation practices in Indian
SMEs.

Indian SMEs, in order to achieve operational excellence, must recognize the signifi-
cance of both Industry 4.0 and sustainable operations. Sustainable operations and Indus-
try 4.0 may provide even better outcomes. A variety of Industry 4.0 and sustainable oper-
ations are discussed in this study. There is little literature on the topic of Industry 4.0 and
sustainable operations in the Indian context. This study aims to address this gap and the
following research questions are proposed:

RQ1: What is the role of Industry 4.0 in sustainable operations?

RQ2: How can operational excellence be achieved with Industry 4.0 and sustainable
operations?

This study analyses the connection between Industry 4.0 techniques and sustainable
operations in order to attain operational excellence in SMEs in India, based on research
gaps in the literature and the research questions formulated. Figure 1 depicts the theoret-
ical framework of this investigation.

H1

Figure 1. Proposed theoretical model and hypotheses.
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3. Development of Hypotheses

On the basis of the literature review, some existing evidence and research questions
RQ1, RQ2 and RQ3, the hypotheses have been established.
RQ1: What is the role of Industry 4.0 for sustainable operations?

3.1. Industry 4.0 and Sustainable Operations

Currently, industries are adopting circular economy practices instead of linear prac-
tices [31]. However, industries should have an economic perspective and be able to bal-
ance environmental and social perspectives in order to achieve sustainability [32]. Indus-
try 4.0 practices and sustainable manufacturing practices depend on the industrial sectors
and geographical regions. So, we have carried out this study on the Indian industries.

H1. There is a positive impact of Industry 4.0 on sustainable operations.

RQ2: How can operational excellence be achieved with Industry 4.0 and sustainable
operations?

3.2. Industry 4.0, Sustainable Operations and Operational Excellence

In order to achieve global competitiveness in the era of Industry 4.0 manufacturing,
organizations need to include all of their employees into their practices and create a new
roadmap for new operational pathways. In these industries, the aspects of human re-
source that are aligned with optimization can be matured with other similar approaches.
Industry 4.0 technologies help to maintain sustainability for operational excellence [33].

H2. There is a positive impact of Industry 4.0 on operational excellence.
H3. There is a positive impact of sustainable operations on operational excellence.

Hypothesis H1 connects Industry 4.0 with sustainable operations, while H2 connects
Industry 4.0 with operational excellence. Hypothesis H3 connects sustainable operations
with operational excellence. The structural model is used in order to validate the hypoth-
esis and to learn whether it is supported or not. The same is used in order to develop
conclusions, which are then backed up by referencing to the existing state of the manufac-
turing sector.

4. Research Methodology

The present study emphasizes the adoption of practices related to Industry 4.0, as
well as to sustainable operations in order to achieve operational excellence. It is cross-
sectional and the data is collected through a survey. In the initial phase, a number of In-
dian SMEs were selected for the collection of data. Once the surveys were returned, the
responses were collected and analyzed.

4.1. Construction of Questionnaire

The survey (Supplementary Materials) was distributed to 850 SMEs in the National
Capital Region (NCR) of Delhi. These included the manufacturers of metal, automotive
components, electronic and electrical parts and the makers of industrial equipment. The sur-
vey was created using a 5-point Likert scale. The survey was divided into two sections. Section
A consisted of general information including the company name, type of company, work ex-
perience, number of employees and sales. Section B included the information about the re-
search constructs and their items regarding Industry 4.0 practices, their sustainable operations
and operational excellence. The details of the research constructs and items are given in
Table 1.
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Table 1. Research constructs and items.

SNo. Construct Items Code Item Name Literature
Source
IN1 Installation of cyber devices to machine/physical components
IN2 Use of advanced robotics in order to minimize human intervention
IN3 Smart logistics that react to changes in production capacity and
demands
Industry 4.0 IN4 Data collection from machines using big data and cloud computing
. o . [26,27,34]
Practices (IN) IN5 Real-time simulation of collected data
ING Training of workforce using virtual reality and dynamic
simulation techniques
IN7 Integration of assets located at individual plants
IN8 Adoption of flexible and reconfigurable manufacturing systems
SO1  Use of renewable materials in product design and manufacturing
SO2 Modification of production processes in order to reduce the use of
energy and water
SO3  Enhancement of product life through design changes
Sustainable SO4  Measurement of the carbon footprint of the company (24,25 35]
Operations (SO) SO5  Use of optimal and efficient logistics transportation "
SO6  Minimization of waste production across the supply chain
SO7  Remanufacturing and recycling of returned products/goods
508 Reduction in the emission of solid, liquid and vapour
byproducts/wastes
OE1  Improved process management
Operational OE2 IrTcrease in.the flexibility of operations .
Excellence (OF) OE3  Timely delivery of customer goods and services [36-38]

OE4  Increase in proficiency and company profits
OE5  Better performance management

4.2. Data Collection and Analysis

A database of 850 SMEs of the NCR of Delhi was created. The database includes the
various sectors of SMEs, namely the manufacturers of metal, automotive components,
electronic and electrical parts and the makers of industrial equipment. The data was col-
lected using an online survey format. Out of 850 sampled SMEs, 145 usable responses with
a response rate of 17.05% were received. According to Aggarwal et al. [39], this response
rate is satisfactory.

The statistics of the respondent companies were analyzed using descriptive statistics
and it was found that out of 145 usable responses, a maximum of 46 (31.7%) responses
were received from automotive component manufacturers. Similarly, 38 (26.2%) re-
sponses came from electronic parts manufacturers, 25 (17.2%) responses came from elec-
trical parts manufacturers, 21 (14.4%) responses came from makers of industrial equip-
ment and 15 (10.3%) responses came from manufacturers of metal components. A maxi-
mum of 56 (38.6%) respondent companies reported to have between 101 and 200 employ-
ees. Of the highest responses, 77 (53.1%), were received from local SMEs. A maximum of
49 (33.7%) respondent SMEs have an annual turnover in the range of INR 51 to 100 million.

5. Data Analysis and Interpretation

In order to analyze the collected data, IBM SPSS 22.0 and IBM SPSS AMOS 22.0 were
used. The objective was to identify and validate the theoretical model of Industry 4.0 and
sustainable operations for operational excellence. Furthermore, the causal relationship
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between Industry 4.0 and sustainable operations for operational excellence were investi-
gated with the SEM.

5.1. Assessment of Measurement Model

IBM SPSS 22.0 was used for the confirmatory factor analysis (CFA) in order to assess
a measurement model for Industry 4.0 and sustainable operations for operational excel-
lence, as shown in Table 2. In addition, various tests were conducted in order to check the
validity and reliability.

Table 2. Results of Convergent Validity.

Construct in Model AVE CR Cronbach’s Alpha
IN 0.501 0.836 0.828
SO 0.512 0.766 0.739
OE 0.643 0.736 0.737

The composite reliability (CR) was evaluated with the internal reliability (IR). In the
present study, the value of the CR is greater than 0.7 and the value of the IR using
Cronbach’s alpha is greater than 0.7 for all constructs, which is within the acceptable limits
[40,41].

The convergent validity (CV) was evaluated using the average variance explained
(AVE). According to Fornell and Larcker [42], the value of AVEs should be greater than
0.5. In this study, the value of the AVE for Industry 4.0 practices, sustainable operations
and operational excellence is greater than 0.5, as shown in Table 2. This means that the CV
is confirmed.

The discriminant validity (DV) was evaluated by comparing Cronbach’s alpha to its
mean correlations for each construct [43]. Table 3 represents the mean correlations of In-
dustry 4.0 practices, sustainable operations and operational excellence on the diagonals.
In this study, the value of Cronbach’s alpha is greater than the mean correlation as shown
in Table 3. Thus, the discriminate validity was verified.

Table 3. Results of Discriminant Validity.

Constructs Mean Std. Deviation Cronbach’s Alpha IN SO OE
IN 3.924 0.657 0.828 0.817
SO 3.497 0.591 0.739 0.330*  0.619
OE 4.179 0.573 0.737 0.497 ** 0.289 **  0.723

** Correlation is significant at the 0.01 level (2-tailed).

5.2. Assessment of Structural Model

To test hypotheses H1, H2 and H3, a structural model was developed using a con-
firmatory factor analysis (CFA) as shown in Figure 2. The structural model was analyzed
through the Goodness of Fit Indices (GFI). The value of the GFI = 0.805 was computed.
According to Ory and Mokhtarian [43], the model fit indices suggest a significant model
fit for Industry 4.0 (IN), sustainable operations (5O) and operational Excellence (OE) are
depicted in Figure 2.
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Figure 2. Structural Model for the research constructs IN, SO and OE.

6. Results and Discussion

This section represents the examination of the theoretical model developed based on
the gaps identified in the literature. In addition, the connection between the adoption of
Industry 4.0 practices (IN), sustainable operations (5O) and operational excellence (OE) in
the context of Indian SMEs has been investigated. According to the findings, there is a
significant relationship between the theoretical model and the empirical model estab-
lished. Table 4 shows the results of the hypotheses.

Table 4. Result of the structural model.

Estimates
) . Standard Critical Ratio
Hypothesis (Stand(aﬁl;dlzed) Error (S.E.) (CR) P Results
H1: IN-SO 0.24 0.11 2.19 o significant
H2: IN-OE 0.51 0.12 4.43 wE significant
H3: SO-OE 0.50 0.27 1.82 ** significant

*** p <0.001; ** p <0.05.

6.1. Industry 4.0 and Sustainable Operations

The results of the structural equation modelling, as shown in Table 4, show the sig-
nificant impact of Industry 4.0 (IN) on sustainable operations (SO) and confirmed H1 ({3 =
0.24; p < 0.05). According to the data analysis, SMEs have a better chance of achieving
long-term success in the manufacturing sector if they adopt Industry 4.0 practices, such
as the linking of cyber devices to machine/physical components, the deployment of highly
sophisticated robots in order to reduce the need for human intervention, the use of smart
logistics in order to accommodate fluctuations in the output, the application of virtual
reality and dynamic simulation methods, etc. [8]. Furthermore, the findings show the
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feasibility of achieving sustainability following the realization of a return on investment.
So, the government of India is making an effort to help SMEs implement smart and sus-
tainable manufacturing systems [44].

6.2. Industry 4.0 and Operational Excellence

The statistical results concerned with H2 (3 =0.51; p <0.001) focus on the relationship
between Industry 4.0 practices (IN) and sustainable operations (SO). Hypothesis H2 is
positively significant. This suggests that the adoption of techniques associated with In-
dustry 4.0 has a major influence on operational excellence. The use of principles from In-
dustry 4.0 in SMEs would make it easier to achieve operational excellence in the organi-
zations while also increasing efficiency and productivity. Telukdarie et al. [45] suggested
that operational excellence can be achieved by implementing Industry 4.0. The research
findings support the relationship between significant Industry 4.0 practices and opera-
tional excellence (OE).

6.3. Sustainable Operations and Operational Excellence

The statistical result confirmed a positive and significant impact between sustainable
operations (SO) and operational excellence (OE), which support H3 (3 = 0.50; p < 0.05). It
indicates that operational excellence can be achieved through sustainable operations.
SMEs need to focus on sustainable manufacturing practices, namely the use of optimal
and efficient logistics transportation, minimization of waste production across the supply
chain, remanufacturing and recycling of returned products/goods and reduction in the
emission of solid, liquid and vapor by-products/wastes throughout the manufacturing
process. Tornjanski et al. [46] developed a framework for operational excellence through
sustainability. The research findings support the relationship between sustainable opera-
tions (SO) and operational excellence (OE).

In order to investigate the significant relationship between Industry 4.0 practices
(IN), sustainable operations (50) and operational excellence, a structural model was con-
structed. According to the findings of the statistical analysis, implementing Industry 4.0
methods and sustainable operations might make it easier to achieve operational excel-
lence.

7. Managerial Implications

The findings reported in this study may be useful to managers and policymakers.
Profit margins may be improved by using numerous Industry 4.0 and sustainable opera-
tion tools and techniques at the industrial level. In order to further investigate the links
between Industry 4.0 and sustainable operations, the presented research and survey
might be employed. The research may be used to create a model for implementing Indus-
try 4.0 and sustainable operations that is both comprehensive and informative for indus-
try management.

8. Conclusions

As discussed in this study, the various emerging Industry 4.0 practices (IN), sustain-
able operations (50) and operational excellence (OE) have been evaluated in the context
of Indian SMEs. It was found that the various emerging technologies of Industry 4.0 have
many business opportunities in the Indian SME sector. The statistical results show that if
the SMEs adopt Industry 4.0 practices, namely the installation of cyber devices to ma-
chine/physical components, the use of advanced robotics in order to minimize human in-
tervention, smart logistics that react to changes in the production capacity and virtual re-
ality and dynamic simulation techniques etc., then SMEs can significantly achieve sustain-
ability in manufacturing operations. An environmental and social sustainability can be
achieved, but economic sustainability will be achieved following a return on investment.
The Indian Government is trying to provide every possible financial support for the
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advancement of Indian SMEs. By adopting Industry 4.0 in SMEs, this will help to achieve
operational excellence within the company with greater efficiency and productivity. Fur-
thermore, SMEs need to focus on sustainable manufacturing practices by using optimal
and efficient logistics transportation, minimizing waste production across the supply
chain and on remanufacturing.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/su141711103/s1.
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