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Abstract: 

Industry 4.0 increases operational efficiency, information transparency and decentralized decisions. This 

research paper is trying to discuss the challenges faced by India in the adoption of Industry 4.0. It further studied 

adoption and status of Industry 4.0 technologies in India. The aspects of environmental sustainability in the 

context of Industry 4.0 are also studied. 
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Introduction: 

Since the 1800s, we have experienced three industrial revolutions. Each was powered by a disruptive new 

technology: the mechanics of the steam engine, the innovation of the assembly line, and the speed of the 

computer. The reason they were called industrial “revolutions” was because the innovation that drove them didn’t 

just improve productivity and efficiency a little bit – it completely revolutionised how goods were produced and 

how work was done. The word ‘Industry 4.0’ was first used in Germany in 2011 for the digital transformation in 

manufacturing industry. Now Industry 4.0 has become the buzzword around the world. There is a drastic change 

in the manufacturing landscape based on individualised production, integration of the supply chain and horizontal 

integration in collaborative networks. We are now in the Fourth Industrial Revolution i.e. Industry 4.0, which 

revolutionises the automation, monitoring, and analysis of supply chains through smart technology.1 

What is Industry 4.0?: 

Industry 4.0 is an industrial model which is known for its high technological, virtual and digital 

positioning. Industry 4.0 technologies allowing the industry to behave dynamically and quickly respond to 

internal and external needs. In the context of production, these technologies enable production processes to be 

more efficient, lean and faster.2 

Objectives of the Study: 

Following are the objectives of this research paper: 

1) To discuss the challenges faced by Indian industries in the adoption of Industry 4.0. 

2) To study adoption and status of Industry 4.0 technologies in India. 

3) To study the aspects of environmental sustainability in the context of Industry 4.0. 
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Materials and Methods: 

To study the adoption, status and environmental sustainability of Industry 4.0 in India researcher studied 

and analysed theoretical and literature reviews. This study is based on secondary data and trying to add to the 

existing literature on Industry 4.0. 

Technologies Leading to Industry 4.0: 

The technologies that lead industrial transformation 4.0 are as follows: 3 

1) Internet of Things (IoT): IoT is a key component of smart factories. Machines on the factory floor are 

equipped with sensors and IP address that allows the machines to connect with other web-enabled devices. 

2) Cloud Computing: Cloud computing is a cornerstone of any Industry 4.0 strategy. The large amount of data 

can be processed more efficiently and cost-effectively with cloud. 

3) AI and Machine Learning: AI and machine learning can create insights providing visibility, predictability 

and automation of operations and business processes. 

4) Edge Computing: Using edge computing means that data stays near its source, reducing security risks. 

5) Cyber Security: When undergoing a digital transformation to Industry 4.0, it is essential to consider a cyber-

security approach that encompasses IT and OT equipment. 

6) Digital Twin: Manufacturers can use digital twins to help increase productivity, improve workflows and 

design new products.  

7) Augmented Reality (AR):  With an AR system, employees use smart glasses or mobile devices to visualise 

real-time IoT data, repair or assembly instructions and training content. 

Industry 4.0 and Manufacturing Sector: 

Industry 4.0 has revolutionized the process of manufacturing and distribution of products. New 

technologies like cloud computing, Internet of Things, AI and machine learning are integrated into the 

manufacturing process. Factories are smart factories now, which are equipped with advanced sensors, embedded 

software and robotics. These digital technologies lead to increased automation, self-optimization of process 

improvements and above all, a new level of efficiencies and responsiveness to customers not previously possible. 

Developing smart factories provides an incredible opportunity for the manufacturing industry to enter the fourth 

industrial revolution, which leads to higher productivity and improved quality.  

Challenges in India’s Adoption of Industry 4.0: 

The 2021 Networked Readiness Index (NRI) Global Ranking indicates that Netherland stands on first 

position followed by Sweden and Denmark. India stands at 67st position which was earlier at 91th position in 

2016. This shows the reason behind why is India so behind in Industry 4.0 implementation. The time has come to 

think about this failure. According to Asim Sinha, following are some key challenges Indian Industries may face 

while adopting Industry 4.0: 

1) High cost of scaling. 

2) Lack of resources to scale. 

3) Lack of data analytics skills. 

4) Lack of trust and a fear of failure. 

5) Lack of interest in innovation. 
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6) Risks to data security.  

7) Too many stakeholders.  

8) India’s political situation and policies. 

Industry 4.0 Adoption in Indian Sectors: 

The Indian industrial sector has begun to pivot to digitalization, thanks to increased investment in 

fundamental techs such as the cloud and IoT. Despite the fact that certain steps have already been taken, there is 

still a lot of work to be done. Some of the cases of Industry 4.0 Adoption in Indian Sectors are:4 

1) FMCG with Cobot: A cobot is a robot that allows for safe human-robot interaction while remaining close to 

workers. In India, the FMCG industries with limited infrastructure and human resources use cobots to reduce 

execution time while maximizing energy efficiency. 

2) Telecommunications Industries: For example, Vodafone Business Services offers innovative IoTs 

communications solutions for various industries, including vehicles, smart cities, health care, and more. 

3) Healthcare Sector: Smart Glucometers are the best illustration of how patients may use the IoT to monitor 

blood sugar, blood pressure, and other factors to manage their health.  

4) Automobile Industries: The Indian automotive industry has taken some steps towards Industry 4.0. For 

example, Bajaj Auto taken steps to initiate automation in 2010. Today, it uses 100-120 cobots in its 

production processes. Maruti Suzuki manages 7 process shops and 5 assembly lines through nearly 1700 

robots. Ford manages to operate the assembly 16 lines and body shop at its Sanand plant with the help of 437 

robots. Hyundai has taken steps to minimise its labour cost by using 400 robots. The production lines of Tata 

Nano consist over 100 robots at Tata Motors. Renault is working in the field of automation to prevent 

accidents.5  

5) Textiles and Packaging Sectors: A Bengaluru-based packaging company has connected machines through a 

network that provides a monthly dashboard about machine conditions. 

Status of Industry 4.0 Technologies in India: 

At the global level, the Industry 4.0 market is expected to be $214 billion by 2023. Countries such as the 

US, China, Japan, UK and many EU have adopted Industry 4.0. India is the sixth largest manufacturing country, 

given its strong focus on Industry 4.0 through the “Make in India” plan for future development. The government 

has undertaken many policy reforms such as implementation of GST and liberalizing FDI policy. At present, 

India lags behind its global peers in terms of the adopting Industry 4.0. More importantly, the micro, small and 

medium enterprises (MSME) segment has very little access to modern technology due to its high cost. India is 

witnessing the progress in two critical enabling Industry 4.0 technologies, i.e. IoT and Big Data. India is expected 

to command 20 per cent of the global IoT market, which is estimated to reach $3 billion by 2022. The big data 

analytic market in India is expected to grow at a CAGR 26 percent.6 Figure 1 shows the robot density in the 

manufacturing industry in 2020, in which Republic of Korea having 932 robots installed per 10000 employees, 

whereas Czech Republic is having 162 robots installed per 10000 employees. 
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Figure 1: Robot Density in the Manufacturing Industry 2020 

 
Source: World Robotics Report 2021 Retrieved from https://ifr.org/ 

The Indian automotive industry is at the forefront of adoption of key elements of Industry 4.0 particularly 

robotics. According to the World Robot Report 2021, use of industrial robots in factories around the world is 

accelerating at a high rate: 126 robots per 10,000 employees is the new average of global robot density in the 

manufacturing industries – nearly double the number five years ago (2015:66 units). According to Roehricth, K., 

the robot density of Indian automotive industry is 58 robots per 10,000 employees, which is much higher than the 

average Indian manufacturing sector which is 3 robots per 10,000 employees. The data from IFR (2021) states 

that the number of robot installations in India grew at a CAGR of 20% between 2013-2018. 

Industry 4.0 and Environmental Sustainability: 

For technological progress countries have to pay cost in the form of its impact on the environment and 

society. The Environmental Management of traditional industries was very effective in its guidelines, 

supervisions and actions. However, traditional industry models did not allow complete and satisfactory 

environmentally sound and sustainable industry performance. In Industry 3.0 there were the issues of over-

harvesting of natural resources and the reuse of production resources did not occur effectively. There should be 

the proper annual sustainability report mechanism in Industry 4.0.7 Table 1 presents the aspects of environmental 

performance in the sustainability indicator. 

 Table No. 1: Aspects of Environmental Performance in the Sustainability  

Aspects of environmental performance 

Water utilization 
Decrease in total water consumption 

Increase in percentage of recycled water utilization 

Material utilization 
Decrease in raw material utilization percentage 

Increased use of recycled/remanufactured/reused material 

Energy utilization 
Decrease in total energy consumption 

Increase in percentage of renewable energy utilization 

Waste 
Decrease in total waste generated 

Decrease in hazardous material waste percentage 

Emission 
CO2 emission reduction 

Decrease in greenhouse gas emissions 

Source: https://www.intechopen.com/chapters/70130 
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There is an expectation of improvement in the environmental sustainability due to the application of 

Industry 4.0 technologies, but facts show that improvements in energy consumption and resource efficiency are 

not as expected. Prior literatures suggested the high hopes for positive impacts on resource efficiency and energy 

consumption. This shows that Industry 4.0 will not automatically lead to environmental improvements instead 

this transformation towards a more sustainable economy needs to be accompanied by supporting measures. 

Companies on the higher level can efficiently use future renewable energy systems. The implementation of the 

Industry 4.0 concept should always be critically evaluated against the background of the SDGs and must be 

supplemented by a combination of regulation and incentives through governing bodies, which includes setting 

binding targets for saving energy and material and reducing non-recyclable waste.8 

Conclusion: 

 Adoption of Industry 4.0 technologies has now become a prerequisite to survive in this competitive world. 

India is having technological challenges in the adoption of Industry 4.0. India is also needed to improve its NRI 

position at the global level. At present, India lags behind its global peers in terms of the adopting Industry 4.0. 

More importantly, the micro, small and medium enterprises (MSME) segment has very little access to modern 

technology due to its high cost. 
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