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1. Introduction
1.1 Industry 4.0

Industry 4.0 refers to the part of key enabling technologies which includes cyber-physical systems, the internet of things,
artificial intelligence big data analytics, and digital twins. Major driving forces behind automated and digital manufacturing
settings include these technologies(Castelo-Branco, 2019). Emphasizing sustainability as the cornerstone of business strategy
and calling for smart manufacturing, energy-efficient construction, and low-impact industrialization led to the foundation of
the United Nations (UN) Sustainability 2030 agenda. Industry 4.0 technology aids in making company processes more
sustainable. Few research fields have reported on this technology as it is aimed at improving business sustainability through
the innovation of manufacturing processes in different industries (Bag, 2018). These applications are used in a variety of
cutting-edge technology to modernize assembly lines. The Internet of Things helps machines to create, process, and transmit
data in real-time to both people and other machines, robots can operate independently or in conjunction with humans,
manipulate task like grabbing and spinning through its programming and design. On one hand big data and analytics deals
with enormous and unstructured data using business intelligence, machine learning and analytics software using cloud
computing techniques. Material can be added to solid blocks rather than mechanically removed to create high quality physical
items through additive manufacturing (Godina,2020). These technologies are utilized in Industry 4.0 to create cyber physical
system that are applied on the production line (Bai, 2020). It supports several sustainability related subfields; advanced
manufacturing solutions may be built around the networked systems. It reduces the time to market, improves manufacturing
flexibility and make better use of resources (Beier, 2020).

1.2 Sustainability

The three fundamental component of sustainable manufacturing includes process, products and systems that support industry
growth and sustainable value creation. These components contribute positively to society, economy and environment in order
to ensure manufacturing is sustainable. Sustainable manufacturing is characterized by integration of systems and processes to
manufacture high quality goods with minimal resource use, sustainable resources and safety for consumers, employees and
communities (Birkel,2019). Sustainable Development goals 2030 of United Nations visualized the technical advancement as
the driven force to solve the problem of shifting to intelligent machine. These technologies are used in supply chain,
distribution channels, manufacturing have significant impact on environment, reducing greenhouse gas emissions, reducing
energy use and increasing profits (Brozzi, 2019). The growth of Industry 4.0 creates the possibility of connecting technology
with resources and talents as sustainable advantage. Its lower environmental impact of product, process and service, in
addition to this, it aids in leveraging increased function efficiency. The development of smart technologies will affect
sustainability that enables us to achieve the sustainability development goals (Ejsmont, 2020)

1.3 Industry 4.0 and Sustainable Manufacturing

The primary method in field of Industry 4.0 and sustainability are sustainable design, management life cycle, green and lean
management and environmental management. The macro and micro perspective of sustainable production was framework
and talked about long term advantage of Industry 4.0 technology. Industry 4.0 and sustainable manufacturing methods
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highlighted the approaches to reduce waste, increase resource efficiency and reduce energy use (Bag et al.'s., 2018). Industry
4.0 and sustainability have been linked in recent studies in certain research areas of supply chain and human machine
interaction (Jayakrishna, 2019). It can promote process optimization and environmental sustainability performance. Secondly,
it may cause a rise in the generation of waste such as electronic wise and increase the need for energy resources (Ford and
Despeisse, 2016). Social sustainability performance and Industry 4.0 leads to strength and shortcomings link (Stock et al.,
2018; Bremer, 2015; Isaias et al., 2015; Beier et al., 2017). Sustainability measures, energy inspection, green cloud
computing was gained from Industry 4.0 and similar technologies (Bressanelli et al. (2018) and Rong et al. (2016). Previous
literature focused on the connection between sustainability and Industry 4.0. For instance, integration of Internet of things
into sustainable supply chain (Manavalan, 2019), green cloud computing (Radu, 2017), humanitarian health crisis for
artificial intelligence (Fernandez- Luque and Imran, 2018), 4.0 maintenance, sustainable energy development optimization ,
energy efficiency in cloud software (Procaccianti et al., 2015).

1.4 Barriers faced in adopting sustainability

With a high prominence score that denotes a stronger association with other obstacles, prominent barriers are sometimes
referred to as causative barriers. Because these obstacles have a big influence on other obstacles, managers must recognize
them and devise a plan to get rid of them so that Industry 4.0 may be implemented smoothly in their companies (Bai and
Sarkis, 2013). The main obstacle to the effective implementation of Industry 4.0 in both nations is "lack of a digital strategy
alongside resource scarcity. Liao et al. (2018) also opine that a limited number of nations has enough understanding and
discernment regarding digital technology. a mere 10-20% of Indian organizations has a well-defined plan for implementing
digitalization. "Lack of a digital strategy alongside resource scarcity" is the primary reason of impediments to implementing
Industry 4.0 technology, regardless of the nation under analysis. Managers should thus make strategic plans to direct business
operations and provide funds to support Industry 4.0 implementation. By addressing the underlying causes of Industry 4.0's
obstacles, businesses may prosper in the digital age. Based on the greatest net effect or value, the five most important
influencing elements that will have a significant impact on Industry 4.0 deployment are determined. The most significant
influencing factor is "lack of standards, regulations, and forms of certification , which is followed by "lack of internal digital
training, " "lack of infrastructure ," "lack of clarity regarding the economic benefit ," and "lack of a digital strategy alongside
resource scarcity” Since standards, laws, and forms of certification are the most significant obstacle identified in this study,
they might provide a special difficulty for developing nations like India as they embark on their digital transformation path.

2. Review of Literature

The overview comprehension of Industry 4.0 support shop floor and human- machine integration process , resulting in
automation and process safety as well as economic and environmental sustainability Kamble et al. (2018). The effect of
Industry 4.0 on the planning and sourcing , logistics and intralogistics and recycling logistics Birkel and Miiller (2020) not in
all cases , direct relationship between technology and sustainability, which facilities visual design and simulation, support
product and production design along the supply chain and helps in reducing quality and resource consumptions. Internet of
things which help coordinate logistics operations to customer demands, making the entire process more flexible, virtual and
augmented reality, as well as other assistance system, which support workers and reduces repetitive. This comprehensive
assessment of the connection between Industry 4.0 and sustainability lays the groundwork for future research direction
(Zheng, 2020). This study evaluates the benefits and drawbacks of Industry 4.0 and explores whether it has favorable or
unfavorable impact on manufacturer’s (Miiller et al., 2018). On the one hand, it limits waste and streamline logistics, but on
the other, the production process itself uses more energy as compared to traditional techniques. Machado et al (2020) like the
other two assessments, Industry 4.0 as a whole and do not concentrate on any particular technologies. They discuss
connection to some sustainable practices, big data and additive manufacturing for the circular economy (Ethirajan,2019). It
identifies a number of clusters where Industry 4.0 and sustainability are related. Industry 4.0 can significantly improve
economic and environmental performance. For instance, it can boost energy efficiency or renewable energy sources and
guarantee food industry quality, in addition, these clusters suggest Industry 4.0 assist with sustainable practices including
recycling Furstenau et al (2020). The author occasionally links innovative (additive manufacturing) to methods (recycling)
that can lessen negative effect on the economy and the environment Ghobakhloo (2018). IoT embedded in sustainable supply
chains (Manavalan and Jayakrishna, 2019), green cloud computing (Radu, 2017), artificial intelligence (AI) for humanitarian
health crises (Fernandez-Luque and Imran, 2018), maintenance 4.0, energy efficiency in cloud software (Procaccianti et al.,
2015), and Industry 4.0 in the pharmaceutical sector (Ding, 2018) are some examples. There is a need for thorough
assessment and thematic analysis of the connection between Industry 4.0 and sustainability Existing literature evaluations
only touch on a few areas of Industry 4.0 and sustainability and do not assess these topics holistically to comprehend how
they interact. Additionally, they do not attempt to explore the theoretical advantages and disadvantages associated with them,
nor do they thematically study the connection between certain technologies and sustainability. industry 4.0 in the
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pharmaceutical industry (Ding, 2018), energy efficiency in cloud software (Procaccianti et al., 2015), maintenance 4.0
(Franciosi et al., 2018), or take sustainability into account among the numerous elements of industry 4.0 (Kamble et al.,
2018).

3. Methodology

The Purpose of this study piece is to examine how long Industry 4.0 enabling technologies would be used in Indian
manufacturing sectors. Big, medium and small sized Indian manufacturing Industries are investigated in order to gather data
using questionnaire and expert interviews. After conducting literature review and the use case analysis, twenty-four highly
relevant technologies for manufacturing companies could be identified. Last, the list of preselected technologies was
validated and, if required, expanded by experts from industry and science. Therefore, a link to the online questionnaire was
sent to respondents representing 50 companies drawn from the Centre for monitoring Indian economy database. The
manufacturing companies were randomly selected from four manufacturing cities in order to obtain a representative sample
of the population. Participation in the survey will be kept voluntary, with follow up message send at regular intervals. A cover
letter accompanied the email, requesting that the respondents fill their responses only if they were aware of Industry 4.0 and
had minimum work experience of one year in manufacturing organizations. The recipients of the online questionnaire were
requested to submit their responses within a time frame of four weeks. All statistical analysis was performed on the collected
survey.

Table 1
Barriers/constructs AVE Composite Reliability Cronbachs Alpha
Influencing Barriers 0.5181 0.7600 0.7286
Prominent barriers 0.6458 0.8447 0.7332
Table 3
Discriminant validity of constructs

Organizational Barriers Personal barriers
Influencing Barriers 0.72
Prominent barriers -0.342 0.804

Table 4

Summary of measurements of barriers

Factor loadings of measurement model of barriers

Barrier Original Statements Removed Retained statements
Influencing Barriers 4 1 3
Prominent barriers 5 2 3

Table 5

Influencing Barriers

Prominent barriers

Influencing_barrier11 0.7854 -0.248
Influencing _barrier12 0.7784 -0.2841
Influencing _barrier9 0.5758 -0.197
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P_barrier2 -0.3538 0.8823

P_barrier3 -0.228 0.7858

P_barrierd -0.2075 0.7358

Table 6

Descriptive statistics of barriers
Barrier/Construct N Minimum Maximum Mean Std. Dev. Skewness Kurtosis
Influencing Barriers 350 1.00 5.00 3.448 0.921 -0.453 -0.278
Prominent Barriers 350 1.00 5.00 3.250 1.134 -0.293 -1.052
4, Data Analysis and Discussion

The most popular measure of reliability of construct are Construct Reliability (also known as composite reliability CR) and
Cronbach’s alpha. The desired level of Construct Reliability (CR) and Cronbach alpha is minimum of 0.7. Confirmatory
factor analysis was used to establish the one-dimensionality of the measurements. Also, confirmatory factor analysis
technique is used to establish the reliability and validity of the constructs. Partial least square (PLS) technique was used for
confirmatory factor analysis. The desired level of Construct Reliability (CR) and Cronbach alpha is minimum of 0.7. As it
can be seen from the table5 that the composite reliability of both constructs is above 0.7 supporting construct reliability (Hair.
Jr, Black, Babin, & Anderson, 2010). Also, the cronbach’s alpha is above .70 suggesting acceptable level of internal
consistency (Meyers, Gamst, & Guarino, 2013). The AVE of a constructs should be above 0.5 suggesting that at least 50% of
the variance in the measurement or indicator variables has been explained by the construct. As it can be seen from table5 that
the AVE of both the constructs is more than 0.5 supporting the convergent validity of the constructs. The bivariate correlation
between influencing and the prominent barrier is -0.342 which is lower that the square root of AVEs of both constructs. As it
can be seen that on diagonal elements are greater than bivariate correlation between two barriers, suggesting that the unique
variance is more that the shared variance. It may be interpreted as the discriminant validity of the construct is highly
supported. Both organizational and personal barriers in IT sector are not very strong as the mean scores are just average and
does not suggest any prominent problem. But the relative strength of influencing barriers was higher as compared to
prominent barriers.

5. Conclusion

Among the industrial industries, the adoption of Industry 4.0 is the top priority for both established and emerging nations.
Based on a thorough analysis of the literature and consultation with specialists in both established and emerging countries, 15
obstacles were determined to lower the installation failure risk. The most significant obstacle in both developed and
developing nations was found to be "lack of a digital strategy alongside resource scarcity “It follows that in order to direct
activities and resource investments and ease the shift to Industry 4.0, managers should develop roadmaps and make strategic
plans. One potential strategy for prospering in the digital revolution is to address the underlying reasons of the obstacles to
Industry 4.0 adoption. "Lack of standards, regulations, and forms of certification (IR6)" was the most significant influencing
factor found in the setting of emerging economies, whereas "low maturity level of the desired technology (IR3)" was the most
significant influencing element in the developed economy. Thus, in the instance of the Indian company, Industry 4.0 adoption
may be facilitated by changes in government regulations and standards.

6. Implications

The study's findings, which cover all potential obstacles to Industry 4.0 implementation, might potentially act as a manual for
managers. To attain a better level of implementation success, businesses should develop suitable strategies. Taking into
account the inherent capacities of their companies, managers may overcome the obstacles associated with Industry 4.0
implementation, according to our findings. Whether a company operates in an established or developing economy, internal
competency remains a crucial concern. Building roadmaps and strategically planning investments are two areas where senior
management should concentrate in order to increase internal capabilities. To assist businesses in overcoming obstacles like
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"lack of standards and government regulation," developing nations should keep developing initiatives to support the shift to
Industry 4.0 technology.

7. Limitation and Further Studies

Further research opportunities are presented by several study limits and issues. For instance, just a small number of experts
were used in our analysis. More replies from other businesses might be gathered and examined in order to provide a more
comprehensive analysis of the research findings.. In this study , we looked at implementation difficulties for Industry 4.0.
Future studies might examine various supportive elements for Industry 4.0 adoption in order to assist in overcoming these
obstacles.
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