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focus on the impact of Industry 4.0 on India's micro, small, and 
medium-sized businesses. The sustainability challenges we face 
today are formidable, despite the fact that businesses have 
studied and implemented lean and green manufacturing for the 
past 25-30 years. There is a growing urgency to achieve the Triple 
Bottom Line (TBL) objective as a result of the opportunities and 
challenges brought about by the current level of industrialization, 
such as ecological hazards and the overuse of non-renewable 
natural resources. The implementation of Industry 4.0 in 
production has the potential to significantly advance sustainable 
development. In this context, it's crucial to single out issues and 
propose workable solutions. Sustainable production is a reaction 
to the problems of resource depletion and conventional 
production's negative effects on the environment and society. 
Because of the interconnected nature of the impacts on 
sustainability, sustainable manufacturing necessitates the 
integration of products, processes, and systems. Industry 4.0's 
technologies have the potential to greatly improve 

1  INTRODUCTION

Even after two or three decades of "lean" and "green" production, 
there are still problems with long-term sustainability. Sustainable 
development may be promoted by Industry 4.0. Find the flaws 
and address them. TBL discusses the responsible utilization of 
finite resources. Constrained resources and the environmental 
and social costs of conventional production methods. 
Sustainable manufacturing requires the integration of 
commodit ies ,  processes ,  and systems due to  their 
interdependencies. Every single small and medium-sized 
enterprise (SME) tried to contain the epidemic. Businesses can't 
succeed without adopting cutting-edge technologies and green 
methods. The proposed study looks at the sustainability of Indian 
MSMEs. Through bibliometric and content analysis (SM), the 
conceptual framework of sustainable manufacturing literature 
will be uncovered. This initiative focuses on sustainable 
production, which will employ Industry 4.0. This essay will 
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The current status of the recent developments among India's MSMEs point to the fact that these establishments are more technologically 
savvy than their smaller competitors. It's understandable that SMEs would rather take it slow when it comes to investing in such 
technologies. Experts are paying more attention to how Industry 4.0 innovations will affect sustainability in terms of economic, 
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manufacturing's competitiveness. 

During the course of the epidemic, every SME encountered a 
number of challenges that made survival a constant struggle. All 
companies, if they are to survive, will need to implement 
innovative practises and environmentally friendly policies.

Given the above, the proposed work investigates and evaluates 
the factors that sustain India's MSMEs. Bibliometric and content 
analyses will be used to improve the theoretical foundation of the 
SM literature. This study aims to develop a strategy for greener 
production using Industry 4.0 technologies. Business 
sustainability issues arise when strategic planning ignores 
environmental, social, and financial factors[1]. If financial, 
social, and environmental benefits are unequal, businesses will 
not adopt a sustainable strategy. Consumer awareness of the 
social and environmental costs of operating industrial facilities is 
forcing manufacturers to change their industrial expansion 
model. A poorly executed SM strategy won't inspire businesses 
to implement sustainable projects.

1.1  Industry 4.0 and Sustainability

Information technology and automation reshape industries. 
Societies are affected by population growth, resource depletion, 
land scarcity, pollution, food consumption, and waste 
management. New systems are required for manufacturing and 
consumption to be sustainable. Due to obstacles, research must 
be conducted on sustainable practises, standards, assessment 
methods, and new technologies. Industry 4.0 is enabled by 
technology.  Assess first  the social  performance of 
organisations.[2]. Industry 4.0 promotes the longevity of 
businesses. A forward-thinking, multifaceted procedur will 
always increase sustainabil i ty.  Using cutt ing-edge 
manufacturing procedures and technology to transform, record, 
distribute, and analyse data from production equipment and 
autonomous systems. Companies gain a competitive advantage 
by producing low-cost, high-quality goods with nonrenewable 
resources. Modern industrial technology can interact and adapt 
in real time, allowing businesses to create intelligent products 
and services .

It is possible to increase ROI by 15-20% by using BDA 
technologies. In order to increase customer loyalty, most 
businesses believe that combining CRM data with analytics is a 
good strategy (Rao, 2013). To better serve customers, one 
company used data mining to create a "face-lift automobile" 
(Chen et  al . ,  2019).  In addit ion,  productivity and 
competitiveness can be increased by analysing data from all of a 
company's equipment and processes (Neri et al., 2018). To 
ensure accuracy, quality, and output in the biopharmaceutical 
production chain, for example, hundreds of variables must be 
monitored in real time. In order to make better products, 
manufacturers often analyse massive amounts of data in order to 
pinpoint crucial parameters.

The Internet of Things (IoT) is a network in which physical 
objects are equipped with sensors, actuators, and digital devices 
for data collection and exchange (Zhao et al., 2019). IoT allows 
devices, networks, and services to communicate and share data. 
The IoT can automate lighting, heating, machining, robotic 
vacuums, and remote monitoring. In the Internet of Things (IoT), 
auto-ID technology can create "smart objects." Internet and IoT 
data availability and accessibility have led to big data (Weking et 
al., 2020). Sensors, devices, video/audio, networks, log files, 
transactional apps, the web, and social media feeds generate big 

Industry 4.0 is an industry transformation that integrates 
information technologies and automation to improve 
performance. Financial and social performance are examined. 
Industry 4.0 helps businesses achieve sustainability. [13]. [15] 
The author researched a number of different facets of 
sustainability and dove deeper into the environmental issues 
related to manufacturing to better understand the SM domain. 
[16], [17] Due to the digital revolution, businesses can now 
increase their productivity by implementing cutting-edge 
technology in their production processes. 

1.2  Performance measurement

[18] lists over 40 sustainability indices and rating systems. Even 
though sustainability and Industry 4.0 are increasingly important 
in scientific discourse, [19] used several metrics to evaluate 
sustainable manufacturing to better understand the process's 
stages and features. Waste reduction, flow enhancement, pull-
driven systems, multifunctional teams, and information systems 
organised the 21 performance metrics. Because automated 
production systems are expensive, many companies use the OEE 
as a success metric [20]. Condition-based and reliability 
centered maintenance helped organisations. [21] After 
classifying 73 indicators into twelve performance domains, the 
authors found that manufacturing firms prefer financial over 
non-financial metrics.

Table 1. Industry 4.0 Tools and the respective support 
from the literature survey

Table 2. Industry 4.0 Tools and the respective ranks

data. A "big data environment" has developed in manufacturing. 
The Internet of Things (e.g., smart sensors) has accelerated data 
collection, but it is unclear if this data can be correctly processed 
to provide the right information at the right time (Waibel, 
Oosthuizen, and Du Toit 2018). Big data may challenge 
traditional data analytics (Tuptuk & Hailes, 2018).Tables 1 and 2 
list, analyse, and rank Industry 4.0 tools by industry usage 
frequency.
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Table 3. Manufacturing indicators and the respective support 
from the literature survey in the context of sustainability

Table 4. Ranking of Manufacturing indicators

1.3  Industry 4.0, TBL sustainability

Companies should embrace Industry 4.0 to maximize their 
resources for sustainable manufacturing. Successful 
sustainability adaption in Indian MSME,s would boost nation-
building[33]. Sustainability and Industry 4.0 are important 
organizational elements for sustainable production[34]. Industry 
4.0 technologies help overcome competition, changes, 
unpredictable market demands, and short product life cycles. 
They contribute to long-term growth. Several academic studies 
and concepts define sustainable manufacturing (SM). "It's the 
process of making manufactured things in a way that reduces 
environmental impacts and conserves energy and natural 
resources," says one definition. Productivity gains benefit 
labour, the environment, and the consumer. Globally, 
environmental management is more important. Many industrial 
enterprises lost money because they misunderstood 
sustainability. Industrialized nations' manufacturing industries 
are eco-friendly. India has a lower sustainability adoption rate 
than the U.S. The latest business technology includes Big Data 
Analytics, Blockchain, and Machine Learning. If used in 
manufacturing, these technologies belong to Industry 4.0. This 
requires examining how to embrace sustainability. This study is 
focused on use of  Industry 4.0 to help MSMEs in 
underdeveloped nations to adopt sustainable practices.

The present status of MSMEs in India reveals that medium-
sector enterprises have more matured technology than micro and 
small-scale enterprises. Understandably, the MSMEs prefer to 

invest in such systems using a step-by-step approach. Therefore, 
these MSMEs are constrained with the budget and would see the 
benefits from the investments before allowing their 
management, customers, and employees to adopt the 
technology. 
 
Moreover, many studies used literature reviews or case study 
approaches and lacked empirical validity for the measures. Thus, 
a significant knowledge gap is evident in developing a holistic 
performance measurement system for SM within the context of 
Industry 4.0. There is a need to conduct empirical studies seeking 
practitioner's views on the adequacy and applicability of 
performance dimensions in the Industry 4.0 context. 

The following questions are the Research questions, which will 
be answered through this study. 
1. To study and explore the Critical success factors (CSFs)
 influencing effective implementation of industry 4.0.

2. To study the effective implementation of CSFs which will
 affect/contribute to achieve TBL sustainability

3. Developing a well defined road map to analyze the critical
 success factors affecting  implementation of Industry 4.0
 tools in Indian MSMEs

Top managers organize business activities and develop 
sustainable business models, policies, and strategies. The 
accomplishment of any strategic changes of a firm requires 
enthusiastic supports from the top management (Sony, Naik, & 
Therisa, 2019). Accordingly, Industry 4.0 requires involvement 
and support from top management (Sony, 2018). In the Industry 
4.0 context, the top management influences the firm's financial 
and strategic guidance [35]. In fulfilling the specific expectation, 
the top management needs to have a practical understanding of 
the fundamentals of Industry 4.0 in order to redesign the 
managerial function to combine the vertical, horizontal, and end-
to-end integration [36]. [37] found that top managers who are 
attentive and perceptive are more likely to recognize the 
emerging transformative changes. [38] revealed that top 
management could help firms become familiar, acknowledge 
any change, and systematically integrate all of the information. 
Top management needs to be very responsive to understand the 
firm's goals and objectives for incorporating Industry 4.0 
technologies and sustainable industrial methods into the current 
product ion system, contr ibut ing to  manufactur ing 
transformation. Hence the following hypotheses can be 
formulated.

2.   RESEARCH METHODOLOGY AND STUDY HYPOTHESES
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H1: The CSF's have a significant direct and positive influence on 
the implementation of Industry 4.0 Tools in Indian MSMEs.

H2a:  implementation of Industry 4.0 Tools in Indian MSMEs 
will help achieving Social Sustainability.

H3a: Social Sustainability of the enterprise will have a 
significant direct and positive influence on performance of the 
enterprise

The smart technologies of Industry 4.0, such as IoT, cloud 
computing, and big data enable organizations'data sharing, 
improved collaboration, and interoperability, resulting in 
advanced supply chain integration and logistics management 
[39].These technologies offer organizations effective supply 
chain collaboration among partners, including transport 
providers, suppliers, and customers, providing higher efficiency, 
liquidity, and flexibility with lower costs[40] .Employment of 
smart technologies in the supply chain delivers warehousing 
amenities, joint warehousing, logistic, and inventory 
management on a real-time basis allowing organizations to deal 
with real- time paradigms [11]. Furthermore, smart technologies 
streamline an organization's  efficient ordering and 
transportation, providing competitive supply chain integration. 
IoT promotes transparency and improves supply chain 
integration, including planning, packaging, and order picking 
[41]. Hence the following hypotheses can be formulated.

H2b:  implementation of Industry 4.0 Toolsin Indian MSMEs 
will help achieving Economic Sustainability.

H3b: Economic Sustainability of the enterprise will have a 
significant direct and positive influence on performance of the 
enterprise

H2c:  implementation of Industry 4.0 Toolsin Indian MSMEs 
will help achieving Environmental Sustainability.

H3c: Environmental  Sustainability of the enterprise will have a 
significant direct and positive influence on performance of the 
enterprise

H1a:  implementation of Industry 4.0 Tools in Indian MSMEs 
mediates relation between the CSF's and TBL Sustainability

3.  RESULTS AND DISCUSSIONS

The paper uses references from 46 articles found in Scopus, Web 
of Science, and Google Scholar to demonstrate the key Industry 
4.0 technologies influencing long-term adoption and 
performance measurement. In this survey, we used the frequency 
with which respondents wrote to rank industry 4.0 technologies. 
This research investigates the factors affecting Indian MSMEs' 
adoption of Industry 4.0 technology for the sake of societal and 
economic goals. By analysing and forecasting production 
performance in their deployed industries, IoT, sensor, and CPS 
technologies have a positive impact on economic and social 
pillars.The research confirmed that geographic factors do 
influence implementation. There is a complete absence of 
evidence. Taking a multidisciplinary approach to analysis may 
be useful in the age of Industry 4.0. There is a dearth of grounded, 
in-depth case studies and analyses of how these innovations have 
affected workers' lives in the existing literature. The impact of 
4.0 on industrial production has been disruptive. Sustainable 
technologies, the report finds, actively promote recycling. 
Digital and intelligent technologies aid in social sustainability by 
reducing the number of people required to complete monotonous 

tasks and increasing employee morale and job satisfaction. 
According to studies, Industry 4.0 practises continuity with the 
past. The research concluded that industry 4.0 gives less priority 
to promoting sustainable growth than it does to maintaining 
reliance on "conventional" routes. Attempts to encourage 
sustainable growth run counter to this.

4. CONCLUSION

This study demonstrates how bringing Industry 4.0 to India's 
SMEs could aid in the economic growth of the country. A 
research agenda and a projection of future growth were both 
derived from this survey of the existing literature. This study 
investigates how Indian SMEs are adapting to the opportunities 
presented by Industry 4.0. The findings of this research laid the 
groundwork for more normative studies of Industry 4.0's 
implementation in the future. There is no danger to TBL's 
survival from any of the primary growth generators powering the 
introduction of I4.0. There will be significant changes to your 
setup times, labour costs, lead times, and bottom line as a result 
of implementing I4.0. This research shows that companies can 
accomplish all of In-dustry 4.0's aims by making use of the 
aforementioned best practises and existing technologies. The 
sustainability crisis needs to be brought to the forefront of the 
minds of people from all walks of life. Everyone, regardless of 
where they live, what they've been taught, or what culture they 
come from, needs to be exposed to and familiar with these ideas. 
Recent studies have shown that researchers are not doing enough 
work to accurately quantify or rigorously analyse the social and 
economic implications of Industry 4.0 and its potential 
contribution to sustainable development. More research is 
needed to fill this information gap. The research process revealed 
that the sentence's actual execution is affected by geographical 
factors. This theory is supported by all available evidence. More 
in-depth studies in Industry 4.0 might benefit from 
interdisciplinary research. There is a shortage of nuanced 
scenario-playing and in-depth evaluations of these innovations' 
effects on workers or employers in the existing literature. The 
advent of Industry 4.0 has ushered in a period of profound 
change throughout the manufacturing sector.

The research found that recycling rates increased when more 
people used environmentally friendly technology. Digital and 
intelligent technologies protect workers by reducing the number 
of potentially dangerous and repetitive tasks they must complete, 
while also boosting morale and improving job satisfaction. This 
undermines efforts to foster sustainable development, so more 
study in this area is warranted.
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