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Abstract 
 

The fourth industrial revolution introduced a set of developments that changed the ways humans 
live and companies function. Manufacturing changed drastically, focusing on improving its 
productivity and efficiency. Sustainability is one of the agendas of Industry 4.0. The stances 
regarding the impact of the fourth industrial revolution on environmental sustainability differ, 
making it important to focus on the negative effects of the recent development of Industry 4.0, to 
respect the main principle of sustainability, which is using current resources while thinking of both 
present and future generations. The purpose of the paper is to detail the influence of industry 4.0 on 
environmental sustainability while taking into consideration the different positions. 
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INTRODUCTION 

 

The fourth industrial revolution, or Industry 4.0 

altered the way individuals live, and how 

corporations’ function. Due to the developments, it 

introduced, humans are connected through mobile 

devices and have access to an unlimited amount of 

information due to big data, 3D printing, artificial 

intelligence, the Internet of Things, biotechnology, 

quantum computing, and robotics (Harikanna, 

Vinodh, & Gurumurthy, 2021). The new 

technologies introduced by the fourth industrial 

revolution enable access to more advanced 

manufacturing that relies on increasing the 

productivity and efficiency in the different levels of 

production, not to forget encouraging safety when 

it comes to dangerous processes and tracking 

products throughout their life-cycle. Industry 4.0 

improved productivity and efficiency, yet 

sustainability is still an important element that 

needs to be considered. The main objective of 

sustainability is to meet the resource needs of 

future and current generations without 

inconveniencing the environment, and it has three 

main dimensions: environmental, social, and 

economic (Park, Wan, & Kwang, 2019). The paper 

will focus on the environmental aspect of 

sustainability.   

Therefore, the question this paper will answer is the 

following: What impact does Industry 4.0 have on 

environmental sustainability?  

To answer this question, the paper will be tailored 

in the following way: In the first place, a definition 

for the fourth industrial revolution will be given. 

The second part will consider a brief history of 

Industry 4.0 and its main technologies. The third 

part of the paper will tailor the impacts of the 

fourth industrial revolution, and both points of view 

will be considered: positive and negative impact. 

The paper will finish with a conclusion that 

summarizes the content of the paper, in addition to 

the observations made.  

 

 

DISCUSSION 

 

Industry 4.0, the fourth industrial revolution, smart 

manufacturing, digital transformation, all of these 

terms refer to the invention of industry 4.0, 

presented at the Hanover Fair by a working group 

on a mandate from the Research Union Economy-

Science of the German Ministry of Education and 

Research. According to them, the term “Industry 

4.0” is destined to have two meanings: it is a 

synonym for “the fourth industrial revolution”, and 

it represents a label for Germany’s strategic plan 

intended to strengthen its international competitive 

position in manufacturing (Culot et al., 2020). 

Industry 4.0 envisages the organization of business 

processes of global production networks by the 

means of new information and communication 

technologies, in addition to internet technologies, 

that will enable the connection of the various 

production objects.  Industry 4.0 carries out the 

following characteristics: the transition from 

manual labor to robots, which will make production 

processes automatized, the distribution of 

unmanned vehicles will lead to the modernization 

of transport and logistical systems,  the 

improvement of production technology will lead to 

the manufacturing of new construction materials in 

addition to the increase of precision of 

manufactured technical products, the “Internet of 

things” will assist in the advance of the 

communication between machines and self-

management of systems (Loshkareva, Lushka, 

Ninenko, & Sudakov, n.d).  

The term “revolution” signifies a radical and abrupt 

change. Revolution occurs when new ways of 

understanding the world, in addition to new 

technologies encourage deep changes in the 

economic systems and social structures. The first 

form of revolution humanity knew was the agrarian 

revolution, which ensured the transition from 

foraging to farming, with the combination of 

humans’ and animals’ efforts to produce, transport, 

and communicate. The first industrial revolution 

occurred from 1760 to 1840. The construction of 

railroads and the invention of the steam engine 

were the main triggers of this revolution. The 

second industrial revolution which started in the 

late 19th century until the early 20th century 

ensured mass production, which was encouraged 

by the arrival of electricity and the assembly line. 

The third industrial revolution began in the 1960s, 

and it is also known as the computer or digital 

revolution since it was encouraged by the 

development of semiconductors, mainframe 

computing (1960s), personal computing (1970s and 

1980s), in addition to the internet (1990s). The 

fourth industrial revolution builds on the digital 

revolution, and it is characterized by universal and 

mobile internet, cheaper, smaller, and more 

powerful sensors, in addition to artificial 

intelligence and machine learning (Bartodziej, 

2017). The center feature of Industry 4.0 is the 

concept of a smart factory. The smart factory has a 

set of new features that enable companies to 

produce more efficiently. Humans, machines, and 

resources communicate with each other in the 

framework of a social network (Bai, Dallasega, 

Orzes, & Sarkis, 2020).  

The fourth industrial revolution has nine main 

pillars: firstly, big data, and analytics. Big data is 

composed of four dimensions: volume of data, 

variety of data, the velocity of the generation of 

new data, and analysis, in addition to the value of 

data. Analyzing previously recorded data enables 

the discovery of threats that occurred in different 
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production processes in the industry and helps in 

forecasting new issues occurring and the solutions 

to stop the threats from occurring in the future. 

Autonomous robots are considered as the second 

pillar of Industry 4.0, and they are used to conduct 

autonomous production methods more precisely, 

and they can work in places where human workers 

are not allowed to work, also, they conduct given 

tasks precisely, intelligently, within the given time, 

they are flexible, versatile, and collaborative. 

Simulation is the third pillar of Industry 4.0, and it 

is used to mirror the real world in a virtual model. 

Furthermore, system integration is used in 

industrial organizations. System integration 

includes three main elements: horizontal 

integration across the entire value creation network, 

vertical integration, and networked manufacturing 

systems, and end-to-end integration across the 

product life cycle. The fifth pillar is the industrial 

internet of things, which refers to the 

interconnection of objects making them able to 

communicate with each other via standard 

protocols. The sixth pillar of Industry 4.0 is 

cybersecurity and cyber-physical system, which 

emphasize the protection of industrial systems from 

cybersecurity threats. Cyber-physical systems are 

defined as the integration of systems made of 

natural and human-made systems with 

computation, communication, and control systems. 

The seventh pillar is the cloud, which serves as the 

backbone for the connection and communication of 

the multiple elements of Industry 4.0. Additive 

manufacturing is the eighth pillar of Industry 4.0 

and is used to produce small sets of tailored 

products offering a set of construction advantages, 

such as complex, lightweight designs. The last 

pillar of Industry 4.0 is augmented reality, which is 

used to supplement workers with real-time 

information to improve decision-making and work 

procedures (Vaidya, Ambad & Bhosle, 2018). 

The environmental effects of Information and 

Communication Technologies can be categorized 

into two types: direct and indirect effects. The 

direct effects include the impacts of the production, 

use, and disposal of ICTs. German Resource 

Energy predicts that the demand for critical 

materials needed in the production of ICTs will 

exceed two times the production of these materials 

by 2035. When it comes to energy consumption, 

digitalized industries require an increasing number 

of electronic components. Furthermore, the basic 

infrastructure will need an increasing amount of 

electricity. In the worst-case scenario, ICTs will be 

responsible for consuming up to 51% of global 

electricity and emitting 23% of greenhouse gas. 

Regarding their disposal, ICTs generate disposal 

whose size is smaller, which makes them hard to 

recycle. In 2016, 80% of waste was not recycled, 

4% were disposed of as residual waste and 76% is 

untracked. The untracked waste is exported to low- 

and middle-income countries and disposed of in 

landfills, burned, or dissolved in acid. When it 

comes to the indirect effects of ICTs, they helped in 

decreasing the use of resources in manufacturing, 

for instance. Nevertheless, the risk of increased 

waste production is still present. Data collected 

throughout the lifecycle of products can help in 

enhancing sustainability management. The 

integration of renewable energy into industrial 

production will also enable the sustainability of 

energy (Kunkel & Matthess, 2020).  Industry 4.0 

has an aim to achieve a higher level of operational 

efficiency and productivity, in addition to a higher 

level of automation (Ghobakhloo, 2020). 

Therefore, Industry 4.0 is composed of three 

stages: digitization, automation, and integration. 

The impact of Industry 4.0 on the environment 

during the three stages is judged to be negative. 

During the three stages, more materials are needed, 

in addition to issues regarding disposal and 

recycling, not to forget the energy needed for each 

stage to be finalized. During the automation stage, 

new equipment will be needed, and the 

organization needs to dispose of obsolete 

equipment. Getting new equipment and disposing 

of unused equipment are present in the digitization 

and integration stages (Oláh et al., 2020). 

On the other hand, experts believe that the advent 

of Industry 4.0 will help in decreasing carbon 

emissions. Furthermore, the digital transformation 

introduced by the fourth industrial revolution 

endorses environmental sustainability through 

energy sustainability and resource transformation. 

In addition to that, Industry 4.0 enhances the 

development of environment-friendly practices, 

such as the development of environment-friendly 

products, in addition to reducing waste, and 

increasing the efficiency of materials (Ghobakhloo, 

2020). 

The technologies of Industry 4.0 enable the 

reduction of energy and resource consumption, and 

this can be ensured through the detection and data 

analysis across the production and supply chain 

processes. Furthermore, these technologies lead to 

the reduction of CO2 emissions in addition to waste 

reduction, through traceable carbon footprint 

analyses. Also, in the era of Industry 4.0, products 

can be reused, recycled, or remanufactured. In fact, 

among the industry 4.0 technology, sensors, 

actuators, artificial intelligence, big data, and 

analytics, the cloud is believed to be the most 

environmentally sustainable (Bai et al., 2020). 

When taken into consideration, sustainable 

development goals include several objectives that 

have a relationship with environmental protection 

and are directly touched by the technologies of 

Industry 4.0. When it comes to SDG7 “affordable 

and clean energy” the Internet of Things (IoT) and 

Cyber-Physical Systems (CPS) enable energy-

saving opportunities that can be achieved through 
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the substitution of technologies in addition to the 

application of the software that increases the 

optimization of energy. Regarding SDG12 

“responsible consumption and production” the 

technology o industry 4.0 allows the storage of 

information which makes the development process 

of products from design to disposal achievable.  

The data collected will enable the promotion of 

sustainable consumption habits. When it comes to 

SDG 13 “climate actions”, blockchain technology 

has a great impact on environmental sustainability 

and has as a long-term objective the reduction of 

effects of climate change (Bonilla, Silva, Da Silva, 

Gonçalves, & Sacomano, 2018). 

Industry 4.0 is integrated into various 

manufacturing corporations to develop eco-friendly 

products and processes.  It is predicted that 

Industry 4.0 has a positive impact on environmental 

sustainability due to its technology that decreases 

excess production, material movement, and 

consumption of energy. Industry 4.0 technology 

includes the Internet of Things, cyber-physical 

systems, cloud manufacturing, augmented reality, 

and additive manufacturing. IoT enables the 

identification and elimination of pollution sources. 

The usage of cloud computing and Big Data 

analytics facilitates the collection of real-time data, 

its analyses, and the control of environmental 

factors that affect production (Harikanna et al., 

2021) 

 

 

CONCLUSIONS 

 

To arrive at the stage of the fourth industrial 

revolution, going through the past three revolutions 

was crucial, and it is a proof that humanity is 

knowing constant developments. Nevertheless, the 

concept of sustainability, and to be more precise, 

environmental sustainability is taking a growing 

place in Industry 4.0, making it a developing 

solution for the various environmental issues that 

the world is facing. Industry 4.0 brought valuable 

improvements for the manufacturing processes that 

allowed further developments of various industries, 

not to forget the possibility to collect a valuable 

amount of information that can serve in developing 

current products, and avoiding the mistakes made 

in their manufacturing while processing future 

ones.  When it comes to its impact on the 

environment, stances regarding the impact of the 

fourth industrial revolution on the sustainability of 

the environment differ. Some experts believe that 

this development, with all its positive effects on the 

industrial production process, yields several cons 

that will burden the environment, such as the 

difficulty of recycling the waste generated, in 

addition to the waste being disposed of in middle- 

and low-income countries, while others believe that 

industry 4.0 led to generating new sources of 

renewable energy, in addition to encouraging 

transparency by collecting data throughout the life 

cycle of products, from their production to their 

disposal, which will help in encompassing an idea 

on the waste generated, where and how it was 

disposed. Marrying both positions will lead to 

thinking that it is important to consider the negative 

impacts while analyzing the effects of the fourth 

industrial revolution, to develop processes capable 

of achieving the main aim of sustainability: using 

the current resources while thinking of both present 

and future generations. 
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