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In the manufacturing sector that constantly is evolving and more and more needs
emerge, in combination with the constant technology upgrade, firms try to find
solutions to be more sustainable. In the search of company sustainability,the
opportunity of interaction with different business models has been analyzed and
showed promising results. A business model that has been applied with success in the
implementation of new technologies, is the Circular Economy model.Circular
Economy and firm sustainability are two important factors, that will influence a lot
the business competitiveness in the future. The methods of the implementation of
sustainability into industrial procedures, include the redesign of production processes
with the purpose to reduce the environmental impact, by creating eco-friendly
products and reconfiguring their business models. These manufacturing adjustments
require the commitment and participation of various stakeholder groups and the
industries can fully remodel the supply chains, targeting at circularity and efficiency
of resources. Evolution in technologies as the Internet of Things(IoT) and smart
industries help a lot this transition in the processes. In this dissertation we will explore
the relationship between the Industry 4.0 and circular economy models by analyzing
the drivers,enablers and barriers of these procedures.The transition from a linear
economy to a circular one, indicates how the principles like reusing, recycling and
reducing can influence the sustainability of businesses in the economic,
environmental and social sectors.
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1. Introduction
Circular Economy refers to models of economy, in which opportunities for businesses
appear by applying cyclical processes. Its aim is to keep materials and products at
their highest value and utility with the use of regenerative and restorative design.
Furthermore Industry 4.0, we call the fourth revolution that has happened in the
manufacturing sector. It refers to the evolution of the third industrial revolution, that
is based in computers and automation and will be enhanced with the use of smart
systems,autonomy and machine learning. The main purpose is that a smart factory
will be created, where the machines communicate with a common network to
automate and speed up the procedures. These sustainable solutions were possible and
will be done with the use of the technological achievements of Industry 4.0, in which
the combination of automation procedures, like the Internet of things helped firms to
5

reduce emission and the use of resources in their industrial processes. These crossindustry networks that are included in multiple supply chains, use approaches like
urban and industrial symbiosis, that have been evolved inside models of circular
economy. Nevertheless, this structure is not yet fully implemented with these
strategies and networks. Enterprises understand that economic, environmental and
social perspectives are highly valued in these network, despite the clear advantages of
big data-driven industrial procedures. Furthermore, operational data and recycling ,
together with reusing optimization solutions, have to be reevaluated

and this

evolution might prove the key, to industrial symbiosis practices. In this dissertation
we will analyze the possible relationship between circular economy and the industry
4.0 in this sector. Nowadays enterprises are concerned about their sustainability and
they are looking for solutions, that will help them reduce their wastes and as a result ,
their costs.
1.2 Aims and Objectives
In this paper, the implementation of new technologies in combination with specific
business models will be analyzed. As a result, also enablers, drivers and barriers of
these models will be researched , to understand the opportunities that will emerge and
the setbacks that might occur , with ways to overcome them. After the statement of
definitions of circular economy and Industry 4.0, the relationship between them will
also be examined, by separating the fundamentals and principles of each sector.In
conclusion, this paper will research this connection by collecting data from surveys in
people of the manufacturing sector with experience in circular economy and the
advanced technologies of Industry 4.0.
1.3 Structure of Dissertation
This paper includes 7 chapters according to the table of contents (Figure1) by
providing information and survey results in the circular economy models , with
definitions and analysis of the sectors that are referring to these models.Furthermore
,it will be examined also the Industry 4.0 with its advanced technologies and
applications in manufacturing industries. In this chapter the concepts of this method
will be stated and their use will be mentioned thoroughly.Moreover in Chapter 3 the
interaction between Circular Economy and Industry 4.0 will be analyzed and
opportunities and problems in this relationship will be examined .This interaction is
6

also the main subject of this research in an attempt to explore the potential prospects
of these methods, in the manufacturing sector.Chapter 4 will be referred to the
structure of this research, while in chapter 5 the data that will be collected from the
research and questionnaires will be analyzed providing results.
Chapter 1 : Introduction
Chapter 2 : Literature Review
Circular Economy
Industry 4.0
Relationship between Circular Economy and Industry 4.0
Chapter 3 :Methodology of Research
Chapter 4 :Data Analysis
Chapter : Conclusion
Figure 1: Objectives of the Research

2. Literature Review
2.1 Introduction
The Circular Economy (CE) is nowadays a favoured concept within the business
policies and procedures. More and more, the research in this field is expanding
providing helpful information for the firms, to extend their procedures and enhance
their sustainability .Companies invest in embracing a circular economy business
model, due to the benefits it might provide like saving a significant amount of time,
money and raw materials and there are possibilities for innovation ,diversification and
revenue streams development . In this chapter, the drivers, enablers and barriers of
Circular Economy in manufacturing will be analyzed and the different definitions of
this model will be stated according to the literature and previous researches upon this
matter. In order to find the relative literature, Google scholar search was used by
utilizing key words such as: Circular Economy, Sustainability, supply chain,
competitiveness, business procedures and performance. After the statement of
definitions of Circular Economy, the drivers and the practices that are integrating in
the procedures will be examined. In addition, the enablers which influence the
7

manufacturing sector will be discussed and following this discussion, the barriers of
CE that emerge will be identified as well. Finally, this paper will summarize all the
pre-stated concepts to assist in corresponding research in the future.
2.2 Definition of Circular Economy
The main aim of the circular economy is considered to be environmental quality,
followed by economic prosperity; its impact on social equity and future generations
.As is stated in the literature of (Deesomsak2014), a lot of definitions have been
provided by different researchers , with the most popular one to be by the Ellen
MacArthurFoundation, defining Circular Economy that is an industrial economy
which is restorative or regenerative by intention and design .Additionally, focus is
given in the integration of the concept , with the Chinese point of view ,in which ,
Circular Economy is defined as the realization of a closed loop material flow in the
whole economic system. Circular economy is mentioned to be restorative by design,
by aiming to maintain materials,products and components at their highest value and
utility, at all times. According to (Korhonen2018) CE is an economy created by
systems of society that refer to consumption, maximizing the production of the linear
procedures in energy and materials flow. This can be accomplished with renewable
sources of energy and circular flows of materials. For Circular Economy models to be
successful, sustainability procedures have to be developed . In this sector , waste of
resources is limited and uses economic cycles , which take into account the
environmental impact and consequences . Furthermore, in the paper of
(Deesomsak2014 ),it is mentioned that Circular Economy’s core is the use of energy
and raw materials ,in a circular flow through multiple phases of the process . The
characteristics of the Circular Economy are sorted with the business and design model
tactics which reduce and close the resource loops.Finally, one more definition ,
according to (Pescetto2014) is that Circular Economy is a system of regeneration , in
which waste of resources , missions and energy are reduced by limiting energy and
material wastes . This can achieved through thorough planning, reuse, recycling and
maintenance of materials and production lines. In our research we will follow the
definition of (Deesomsak2014), as we believe that is the most compact and detailed
one.
2.3 Drivers of Circular Economy
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Circular Economy is a major factor in the growth of economy and it is important to
understand and explore the drivers of Circular Economy (Govindan2018) .
Stakeholders choose to implement the principles of Circular Economy for many
reasons as reducing the environmental impact, providing influence at consumers ,
improving company performance ,

limiting resources , opportunities for firms ,

(Geng2008) . The drivers that influence the Circular Economy practices can be
separated in two categories, the external and internal one (Govindan2018). (below
Figure)
According to various studies that examine the drivers in many categories like
construction, manufacturing and services , separate the Circular Economy drivers to
four most important sectors , which are public health ,economic-financial capacity ,
resource management and basic drivers as way to compare different application of
this model . (Agyemang2019). In the same paper is provided a set of 6 drivers of
Circular Economy for management of waste, such as the resource value of waste,
public health, climate change, environmental protection,public awareness

and “

responsibility and institutional issues(Agyemang2019). (Govindan2018) separate the
drivers of Circular Economy in five different parts that include economy and policy
(Ilic2016) and mention drivers such as laws for products, health issues such as
animals and public health, economy growth and environmental protection.
(Ilić2016).Protection of renewable resources, climate change , and agriculture quality,
together with society, which includes urbanization and population growth, consumer
awareness, potential job opportunities and product development are stated as drivers
according to (Yuan,2006;Ilic2016). Product development is very important for
updating the material efficiency and the use of energy increasing the value of
products.Firms are driven towards the opportunities of Circular Economy to increase
their profits by identifying internal drivers such as the enhancement of customer
relationships, environmental benefits, economic benefits, values of firms combined
with strategies and better security of supplies (Agyemang2019). Furthermore, many
researchers pointed out various drivers like the tailor made offering in customers, the
profit increase from reducing the wastes , cost reduction in manufacturing and
extended protection of brands and loyalty (Kirchherr2017).Finally, it is also stated
that as external drivers can be the pressure in the market and in the energy, which are
important to explore the advantages of Circular Economy (Agyemang2019).In this
9

research the analysis of the drivers according to(Govindan2018) perspective will be
followed, as this paper covers a lot of sectors and provides a more complete view in
the drivers of CE.

10
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Figure: External and Internal Drivers
2.4 Principles of Circular Economy

Circular Economy provides the opportunity to countries to develop using its
principles, helping them to manage better the wastes with the use of different
materials contained in them. Helps also to insert these materials back into the
production line in the manufacturing sector, which is very important for more
efficient resources for both energy and materials prospects. However it is significant
to mention that a lot of steps have to be implemented, in order to perform a functional
circular economy with the potential to manage in the optimum way the wastes,
protecting also the environment.
(Ilic2016)The circular economy principles are mainly 3 and are called the 3R
principles referring to materials and energy. Reduce, recycle and reuse are the three
major methods in circular economy practices.(Cezarino2019) However in the recent
years, as the research for sustainability is increased and firms are leaning to more
innovative solutions,a lot of researchers mention the 6R principles of circular
12

economy practices. The additional 3 principles to the recycling, reusing and reducing
methods, are recover, redesign as well as remanufacturing.
(Govindan2018)It is also stated that 6R methods have provided better results
throughout the world, by mentioning examples which show that the cost of lifecycle
and energy that is required for reuse is much lower than recycling (Govindan2018 ).
Furthermore, as it is mentioned, reports find that reusing reduces the costs in a higher
level than recycling , but recycling provides higher value pricewise, reducing also the
risk in scarcity of resources, environmental impact and demand of energy.
(Gerner2005). In the core principles can be found two different types. The ones that
relate to the R practices and principles that refer to the system perspective. With the
3R framework as main practice of the circular economy model there are other
governments and unions like the European Union which introduce the 4R framework
including the recovering principle as the fourth R. There are researchers who
proposed R frameworks with more than 4R variables, like the 6R principles and the
9R principles.
(Kirchherr2017)It is important to explain the 3Rs and refer to the 6Rs definition to
understand better how they are applied in circular economy model. In the first R of
reusing the products can be reused after they have served their initial purpose, but
their original function is still valid. In the recycling procedure the materials are
elaborated so they can obtain lower or higher value in terms of quality or produce raw
materials that will be used to provide new products. In the R that refers to reducing, it
aims to increase the efficiency of the product by using less natural resources and the
energy that it is required in the optimum way. Furthermore, in the additional 3Rs , in
the remanufacturing sector can be mentioned two updates in the product. Some firms
use the parts of products that have been discarded in a new product which has the
same function, while other companies create anew the products with functionality
improvements. Moreover, as recovering is included in the 6R framework it is
mentioned in the elaboration through techniques that use energy at their core like
incineration of materials or remoulding the product anew. Finally in the redesign
sector, it is aimed to remodel and make adjustments to a product, in order to have
different functionality.
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(Kirchherr2017) To finalize, the term principles are used to describe the operational
and theoretical strategies, which explain how Circular Economy works. They are
connected to how strategies are practically implemented and help to achieve the goals
of Circular Economy with the integration of the below enablers also.
Reduce

Resources more efficiently

(Ilic2016),(Cezarino2019)
,(Govindan2018),(

Useage

of

recyclable, Gerner2005),(Kirchherr

renewable resources

2017)

Reuse,Recovering , Re- Reused after they have
manufacturing, Redesign

served their initial purpose
,but their original function
is still valid
Recovering includes
elaboration

the

through

techniques that use energy
at

their

core

like

incineration of materials or
remoulding

the

product

anew
Remanufacture

a

new

product which has the
same function

Remodel

and

make

adjustments to a product,
in order to have different
functionality
Recycle

materials are elaborated so
they can obtain lower or
higher value in terms of
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quality

Produce raw materials that
will be used to provide
new products
Table 1. 6Rs of Circular Economy

2.5 Enablers of Circular Economy
This chapter aims to increase the understanding and knowledge about the enablers
experienced by firms when circular business models are implemented. Various
enabling factors that are used by firms to integrate with practices of circular economy
are identified.According to (Rizos2016) the commitment of the staff along, with the
mindset of the employees, create a company culture, which helps firms to update from
linear economy to a circular one. As it is stated, it is easier for newly found companies
to proceed with circular economy principles and practices, than existing companies,
which have to re-establish their procedures.
Additionally, the networking is also included at the enablers of firms, in which
companies interact together, in order to succeed more sustainable ways and methods
of production. Furthermore, depending on the feedback from the clients, companies
adopt circular economy models, by implementing environmental friendly methods,
which are also enable them to these procedures. There are many cases of companies,
which are influenced by the financial advantages these models offer, like adopting
green technology practices. In these cases, most of the time there are special funds for
businesses for circular solutions.(Rizos2016) Additional enabler, can be mentioned,
the recognition aspect of these procedures, in which firms are awarded for their
methods and efforts, by external stakeholders. As an enabler can also be included, the
personal knowledge, meaning that the individuals have to be informed accordingly for
these models. Government support it is mentioned also as an enabler for firms,
especially small ones, which need motives and support to adopt these procedures and
update as business units.
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As a major enabler can also be mentioned the digitalisation (Antikainen2018) which
can help the transit of firms to more sustainable business environment. For example,
one of its important features is that closes the loops in materials , by giving
information on the location , availability and condition of products, more accurately.
The company procedures are functioning more efficiently, waste and transportation
cost are minimized and longer product life is promoted. As a result, digitalisation
helps the businesses to lower their risks, especially in their materials and resources in
general , increasing their efficiency. It is true, that there are still many challenges for
the desired results to be achieved, by the use of circular business models, which
integrate this type of technology processes.
In terms of sustainability and the enablers that influence it,(Hussain2020) emphasizes
that the sustainable supply chain management has to be integrated with
environmentally friendly practices. Green product design, green sourcing, green
logistics and green manufacturing enable firms to be more efficient in resources by
adopting processes with positive environmental impact. Finally, it is also mentioned
that efficiency in resources of the supply chains, aims to reduce the loop of resources
usage of the materials and production processes. However, companies in order to
adopt theses business models and upgrade their procedures have to overcome some
barrier which will be analyzed below.
2.6 Barriers of Circular Economy
The barriers of Circular Economy were discussed by many researchers and authors,
trying to analyze their implementation in this business model. As it is mentioned by
(Govindan2018), barriers can be separated in two categories, internal and external,
according to the environment they are placed and by their relationship with the
stakeholders. In the category of stakeholders, suppliers, consumers, society,
government and organisations are included.
According to (Govindan2018), 39 barriers have been detected, with 29 of them
relating to the internal environment,while 10 relating to the external environment. The
majority of the barriers is influenced by the interaction of the suppliers with the
organization, 10 are related to the government stakeholders, 5 to the consumers and 3
barriers are connected with society. In a more thorough classification, the above
barriers could be separated in the following way. In terms of economic issues, it is
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included the economic and financial barriers, which could exist in the integration of
the circular economy in a supply chain. As governmental points, barriers could be
created from the lack of specified systems for recycling policies and performance
assessment, that could not be efficient in obtaining high quality. There are laws which
do not support CE and there also laws which are inadequate to coordinate these
procedures.Regarding knowledge and skill matters, it is important to mention the lack
of reliability in information, the lack of skilled personnel,the lack of public awareness
and also the lack of consumer awareness , to the products that

have been

remanufactured . According to management, it is stated that there is lack of support
from the executives of organizations, due to the fact that is given priority to different
things. Referring to technology,there are barriers and limitations , which manages the
quality of the products and its lifecycle and also design issues in terms of maintenance
and durability .

Many times the circular economy framework itself provides

limitations in firms and their procedures, leading them to implement other solutions.
In terms of social and cultural aspects, sometimes it is proven more challenging for
companies to pass the thrill of purchasing a reused product in a new form , probably
with different use, to the customers by enabling circular economy processes . Finally,
in the market , in which CE is based, some barriers are shown in the use of
remanufactured products in terms of industrial standards and ownership.
(Govindan2018).
The barriers that are mentioned by (Kirchher2018) separating in market,
technological, regulatory and cultural. In regulatory barriers, the issue is the lack of
policies that will help the firms to transit to Circular Economy,such as specific
insufficient laws and regulations, limited circular accession. In terms of technological
barriers, very important is the lack of technologies for CE implementation, which
could deliver high quality refurbished products and more designs of CE models , with
relative information of the procedures. Additionally, in the market there is lack in
economic viability in the circular business models, with high investment costs, limited
funding and low prices in specific materials. Furthermore, according to each culture
there are limitations, like the lack of awareness to integrate with CE as hesitant firms
do. Consumers also are not interested and there is not willingness from companies to
proceed in a linear system.
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In the research of (Geng2008), it is discussed how industrialization influences great
economies like China. However there are some barriers which need to overcome, to
avoid negative impacts in the country. It is important for countries to solve the issues
that occur from policies and laws that refer to promote circular economy. In addition,
technology barriers influence significantly and are key components of this business
model, together with the participation of the public which plays also major role in the
implementation Circular Economy.

2.7 Conclusion
To summarize, in this chapter it is analyzed the Circular Economy implementation in
the manufacturing sector by researchers and scholars. The practices and principles of
CE are also mentioned, with these methods to be detected in primary industrial
processes. These practices are influenced positively, by some enablers which help the
CE business model, to integrate in the procedures of firms. However there are some
barriers, which companies have to overcome to adopt this business model and are also
analyzed above.We would propose that firms have to analyze very thoroughly their
processes and the procedures they want to alter, before updating to a Circular
Economy business model.

Industry 4.0
2.8 Introduction
Nowadays industries demand digitalization of the manufacturing process. As the
industries are changing to customized production instead of mass production, the need
for rapid advancements in the manufacturing process, emerges. That was the reason
the term Industry 4.0 was found and refers to fourth industrial revolution.Industry 4.0
includes various technological applications such as the Internet of things , cloud
computing , big data and cyber-physical systems . Its main purpose is to successfully
achieve a high degree of automatization with accuracy and precision, as much as
possible. In this chapter, the definition of industry 4.0 will be stated, as well as the
drivers and applications, that enable its implementation in the manufacturing sector.
2.9 Definition of Industry 4.0
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In the effort to define as accurately as possible, the term Industry 4.0 the research of
(Vaidya2018) will be mentioned. The Federal Government of Germany defines
Industry 4.0, as a structure, in which logistics and manufacturing systems, use the
global information and network of communications intensively, to automatically
exchange information, for the purpose business and production process to match.
Industry’s 4.0 main purpose is to fulfill customer needs, which influence production,
recycling of products, development and research and order management. Industry 4.0
promotes the interaction of Internet, with physical items like devices and sensors and
also among each other. According to (Zhong2017) Industry 4.0 is a strategic initiative
that aims to create intelligent factories, in which manufacturing technologies are
transformed and upgraded by cyber-physical systems. Internet of things and cloud
computing, provide the opportunity to manufacturing systems to monitor their
physical processes and select in real time the way, which will operate in collaboration
with humans and machines. In Industry 4.0, the systems of manufacturing are
upgraded to a level of intelligence which takes advantage of information and
technologies, to achieve smart processes for competitive markets. Furthermore, based
on (Stock2016) Industry 4.0 is defined by three variables, which are, end to end
engineering through the product life cycle, horizontal integration through the value
creation network and vertical integration and manufacturing systems based on
networks .End to end engineering throughout the life cycle of a product helps to
understand the digitalization and linking across all stages of product life cycle ( raw
material to end product). In the horizontal integration throughout the value creation
network it is described how firms internally and externally, connect their value
modules across value chain of a product and among value chains of various product
life cycles. Finally, in vertical integration manufacturing systems based on networks,
the digitalization in different levels of value creation is described . In our analysis of
Industry 4.0 dimensions we will follow,(Vaidya2018) research as we believe that is
the most complete in terms of definitions.

2.10

Drivers of Industry 4.0
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The fourth Industrial revolution or more commonly Industry 4.0 has been analyzed by
a lot of scholars and practitioners, with common goal to identify the drivers that
influence these innovative technological advancements(Vaidya2018) mentions that
among others, four are the main drivers of Industry 4.0, which are Internet of Things
Cloud based manufacturing , Industrial Internet of Things and smart manufacturing.
In a more analytic way, 9 variables are detected which transform regular production to
a digitalized and intelligent procedure. These variables are Big data and Analysis, in
which the collection and evaluation of information provides support to real – time
decisions and to avoid threats that have happened in early stages. Furthermore, there
is the simulation sector, in which virtual models are used to help operations like
product life cycles, energy consumption etc.In addition ,the system integration is
important factor of the Industry 4.0, with automation of the processes to update
communication and integration of the manufacturing procedures. The industrial
Internet of things is referred to a global network, based on interaction among
machines and humans and machines, in order to be aligned and updated for any
changes, targeting the immediate optimum result. In the category of Cyber Security
and Cyber Physical Systems, it is crucial for protocols to be secured and protected, as
individual manufacturing systems and processes are important to stay safe and keep
operating according to desired operations. Additive manufacturing is one of the most
promising methods that will be used from Industry 4.0. High performance and
customized products provide the advantage in firms which adopt Industry 4.0
technologies, to be up-to-date, fast and cheaper. A very important variable is also the
Cloud, in which platforms connect the data sharing of companies and organizations,
in order information to be shared in real time.According to (Stentoft2019), the drives
which influence Industry 4.0 in a great scale are as follows. In terms of strategy, cost
reduction and customer requirements are the main drivers, while in legislation terms,
the legal requirements that are necessary for companies to proceed are stated. Public
adviser system is referring to the feedback provided from the public advisor system
and the work done according to this input.Finally, as a driver is mentioned also the
workforce, in which the lack of qualified personnel can create delays, risks and
problems in the procedure.

2.11

Different technological applications of industry 4.0
20

Industry 4.0 is evolving constantly day by day, as technology also proceeds in a more
digitalized in all dimensions. In their effort to be aligned and up-to-date, firms, adopt
the Industry 4.0 aspects by implementing its technologies in their everyday procedures
.This push of technology (Lasi2014) in industrial practices, has influenced firms to
use innovative technologies in their routine activities. For exampe, more increased
automation, in the work process can be used supporting the physical made procedures.
In terms of networking and digitalization, manufacturing tools are upgraded to
connect throughout production processes and functions. Additionally, a trend is the
miniaturization of machines, in which computers are smaller, but equally, or even
more powerful than in the past, supporting their application in logistics and production
.Furthermore, another application of Industry 4.0 is the cyber-physical system .Cyberphysical systems, are the systems in which digital and physical levels are combined to
connect the manufacturing processes. In a similar approach,( Zhong2017), mentions
different examples about Industry 4.0 concepts and their applications. The Internet of
things is enabled in manufacturing processes, with RFID-based resources in the
management system and also in the production cycle. Cloud Manufacturing is
implemented by data visualization, integration with Internet of Things and also web
based framework. Furthermore, intelligent manufacturing concept is enabled in the
product’s life cycle with processing of the Big Data, advanced robotics and lastgeneration sensors which plan and coordinate procedures . In the research of
(Lu2017) , Industry 4.0 applications , are mainly the terms called Smart product ,
Smart city , Smart Factory and Manufacturing . Smart factory and manufacturing is
targeting to make companies more flexible and intelligent, by equipping them with the
latest technology in order to coordinate and connect processes, in the optimum
possible way. The products become smart in Industry 4.0, with their integration in
manufacturing processes , through the implementation of technologies like Internet of
Things . Finally by the term Smart City, is mentioned the six factors who are part of a
city’s advancement policy. These are, smart mobility, smart people, smart living,
smart economy and smart governance. In collaboration with advanced technologies
like wireless networks, internet and sensors a city’s economy will evolve into a
dynamic one.
In the paper of (Petrasch2016) the following technological concepts are mentioned.
Cyber Physical Systems or Embedded Systems, which are network-based devices
21

interacting with their environment, such as robots with sensors that utilize physical
input to produce physical output. An example of embedded technology is the ATM.
Service Oriented Architecture–Cloud Computing are based in cloud technologies and
applications and can offer many advantages like reliability, scalability and
performance. Finally, Internet of Things can assist physical objects to connect to a
network and a cloud application which will integrate the digital and physical world.
2.12

Sustainability Performance

Firms are trying to achieve the benefits of sustainability activities in the long term as a
corporate strategy (Cruz2006). It is very important for companies to include in their
strategies sustainability performance in order to be more competitive. Recent years
researchers were attracted by this increasing need of assessment of the corporate
sustainability performance. Business sustainability performance is mainly focused on
social, environmental and economic factors of the sustainable development. As
sustainable development, it is stated the development that fulfills the needs of the
present, without provoking future generations of meeting their own needs
(WCED1987). Thus, this means that future and current generations can use
sustainability for their needs. Firm sustainability is mentioned that it adopts activities
and strategies of businesses, which fulfil the needs of the company and its
stakeholders in the present, while in the same time, enhancing, sustaining and
protecting the resources that will be needed in the future. Finally according to
(Goyal2013) it is very important, a balance to be achieved, between the three factors,
social , environmental and economical, so sustainability in firms can be achieved.

2.13

Conclusion

To summarize, in this chapter the concept of Industry 4.0 or fourth industrial
revolution, was analyzed by focusing on the drivers, which enable firms to adopt
these advance technologies. After the statement of similar definitions according to
various scholars, the main applications of Industry 4.0 in the manufacturing process of
firms, were mentioned thoroughly also. Smart and faster machines will help firms to
be aligned in all of their procedures in real time coordinating production and avoiding
risks and difficulties the soonest possible.However, as all new trends, Industry 4.0
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applications provide challenges, which companies have to overcome, in order to
achieve a high end result in their structure and processes.

3

Circular Economy and Industry 4.0

3.1 Introduction
For many years, Circular Economy and Industry 4.0 are important topics, often
discussed the last decades. Some have stated that there are two independent research
fields, but there are many examples, which present their integration and connection
between these two in the industries. The potential innovative framework that shows
the link between these sectors, provides ground for further research. It is also possible
that a traditional economy based on the linear system of take-make- use-dispose, can
be upgraded to circular economy with sustainability in its supply chain , by using
Industry 4.0 technologies. A combination of Circular Economy and Industry 4.0 can
create a supply chain that would be more sustainable, flexible secured and embedded
with communication and information technology. In this paper, it will be examined
the integration of these technologies, inside an industrial environment that can
develop a plethora of improvements in competitiveness.

3.2 Relationship between Industry 4.0 ,Circular Economy and Sustainability
Performance
According to (Nascimento2019) circular economy practices can be integrated with
emerging technologies of Industry 4.0 to create a model that recycles an reuses wasted
materials. It has been applied qualitative research method, in which concepts that are
related to circular economy and sustainable supply chain management are deployed .
In a framework that integrates with these concepts there are also proposed models that
were collecting data based in interviews in researchers,professors and managers of
operations to gather relating information that will help to improve these techniques. It
is also mentioned that the result of this research is proposal of a mode of circular
economy to reuse waste with reverse supply chain logistics and additive
manufacturing to support these methods. These results show that there is a positive
influence that improves the sustainability of business by reusing waste to manufacture
new products providing an optimum result in their performance. The effect of
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recycling and reusing scrap materials to create new products helps to lower negative
impacts in the environment and resource consumption. Additionally it prevents that
dangerous materials and substances end up in the oceans or in the earth, harming the
environment. As reuse of wasted materials is at hand, it can provide opportunities for
local businesses to generate jobs and enhance local economy. The circular model
helps the businesses to inherit a culture in which recycling and reusing of materials
motivate the processing of wastes with industry 4.0 methods, such as 3D printing.
Stakeholders are focused in recycling techniques and dedicate to innovation,
development, research because most of the processes will be automated. In the social
sector, economic,environmental factors can be influenced a lot by the integration of
circular economy with Industry 4.0 methods. By these aspects the circular methods
are directly influenced with the creation of reusing and recycling models for urban
wastes and the use of Industry 4.0 concepts in automated manufacturing procedures.
The research of (Dev2020) refers to the combined operations of Industry 4.0
principles and the implementation of these principles in the circular economy model
with the use of sustainable supply chain methods. Circular Economy and Industry 4.0
are connected with each case’s specific models that affect the environmental and
economic performances that are influenced by two important factor.Firstly, the
spreading of green products in the market and secondly the information that is shared,
with the reverse supply chain system in real time. In the environment of Industry 4.0,
it is evaluated how effective the virtual world simulation is exploited for reverse
logistics model,including operations like production planning and inventory policy.
Additional operations are additive manufacturing or 3D printing and rules for
remanufacturing. This model of remanufacturing refers to the interaction between the
availability of green transportation and set up delays. The trade-off between economic
and environmental performances is analyzed and suggests possible combinations of
family based rules of dispatching and sharing of information.Furthermore, the results
of the survey show that circular economy capabilities and Industry 4.0, is appropriate
to focus on the cost of the operations that are socially influenced and also involve
factors, like size of the end user-market and collection investment. Finally the
connection between Circular Economy and Industry 4.0 shows a decision model in
real time for the sustainable reverse supply chain system.
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Circular Economy and Industry 4.0 is necessary to integrate, so a sustainable supply
chain can be implemented. Common approaches of smart technologies and circular
economy methods have to be made, so innovative solutions for firms can be found.
Finally it is strongly believed that circular economy cannot exist without Industry 4.0
and vice versa according to (Vrancken)and their integration leads to better
sustainability performance.
The research of (Lopesde ,Sousa ,Jabbour 2018) aims to show the integration of the
emerging topics of circular economy and Industry 4.0 and proposes pioneer methods
,to enhance the principles of Circular Economy in Industry 4.0 deployed organizations
.It is unveiling how circular strategies can be highly influenced with Industry 4.0
technologies and how sustainable operations management decisions can be also
affected. The results of this work are referring to an analysis of the mutual
relationship between industry 4.0 and the Circular Economy and the potential
contributions of these technologies to CE business models.
In the (Werthmann2017) it is stated that as human population is constantly increasing,
it is causing growth in GDP levels and more demanding lifestyles. This situation
creates the need for people to consume more and more which causes a demand for
renewable resources and also resources that are not renewable. Thus, the need for
correct resource usage is emerging,due to the fact that

resources are not

infinite.(Werthmann2017) supports that circular economy model can be created with
the Industry 4.0 applications for sustainable manufacturing. Economy is still driven
towards linear production and consumption, but resource scarcity, tighter
environmental standards and changing consumer demands will guide firms to find
alternatives. For this to happen new technologies can be applied to track products
during their life cycle and tracking of materials through the supply chain can be done.
This development will help the transition to a circular economy model.Nowadays,
smart industry technologies allow companies to optimize, improve and monitor their
processes of production. Additionally the Internet of Things method and devices,
provide the information and data for products and management of wastes. Taking
advantage of these procedures, firms can be more competitive, increase their profits
and have also a positive impact in the environment. For example firms are beginning
to rearrange service, business models and production to increase their sustainability.
Finally, there is high potential that Industry 4.0 will help to create a circular economy
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method or a sustainable manufacturing way, which are the aims of the firms that use
these technologies. Industry 4.0 and these smart products could benefit a lot sectors
like the environment, the economy and have also social impact.
As (Tseng2018) analyzes, big data methods are applied in the interaction between
Circular Economy and Industry 4.0. Industrialization has risen the standards of living
but has resulted also in environmental impacts from production patterns and
unsustainable consumption. The research that has been led by this trend is to examine
the impact of cross industry networks that use supply chains in the highly complex
industrial systems that there are today. Many efforts have been done for industrial
sustainability enhancement, that focus on strategies in production systems in which
supply chains involve also corporate decisions in vertically integrated systems. On the
other hand networks of cross industry with many supply chains have also been found
in Circular Economy models, with the approach to interact together urban and
industrial concepts. Nevertheless, these structures are not directly implemented with
sustainable networks and their target is to close that gap, by making decisions
involving enterprises throughout different industries that create this multiple network
of supply chains. In order resources to be used efficiently with the strategies of
recycling, reusing and reducing, the firms have to evaluate again the decision making
technics in cross industry and sustainable supply chains.
One of the researchers that has investigated the relationship between the Circular
Economy and Industry 4.0 concepts and how it influences the management decisions
in countries that are emerging is (Cezarino2019). With the analysis of scientific
production trends he tries to identify and understand the limitations for Circular
Economy and Industry 4.0 implementation and present additionally, strategic
pathways and a framework for overcoming limitations for advancing countries.There
are limitations in the skilled workforce and the relative education and these limitations
have to be included in the circular economy model analysis of these countries. Due to
low communication level between private organizations and public ones there are also
digitization limitation, which have to be overcome .
According to (Garcia2019), as the competition between companies is getting bigger
and bigger, firms have to find innovative solutions to influence the environmental
impact positively and not just minimize their costs. Customers require a product with
quality and design which inherits the principles of sustainability. Firms have to adopt
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these principles, by using technologies of Industry 4.0 like the IoT to manufacture
sustainable products, which is the first step towards circular economy.Eco design
refers to the effect a product will have in the environment from production until the
time of disposal.Thus it is important to use, technologies that will help this sustainable
solutions to be activated, such as the Industry 4.0 applications.
To finalize, in the analysis of (Rajput2019) the understanding of the connection
between Industry 4.0 and Circular Economy is explained, by showing how supply
chain is applied in both of them. This interaction happens with the influence of two
different factors, which are the enablers and the barriers. Artificial Intelligence, Policy
and Service Framework are important enabler factors that connect Circular Economy
with Industry 4.0. In the meanwhile, Automated models and Designing of Interface
are linking Industry 4.0 and CE in a sustainable supply chain. Artificial intelligence is
one of the Industry 4.0 techniques, which reinforce circular economy strategies like
recycling and remanufacturing, extending the value and life cycle of the products and
improves their maintainability. Industry 4.0 implementation with Circular Economy
could assist to the best flexibility and agility,according to networked components of
highest technology . As it is stated in the following conceptual framework, analysis of
the sectors that apart and influence Circular Economy has been made. The same
analysis has been made also for Industry 4.0 and finally the Connection between these
2 factors it is shown together with the interaction with Sustainability performance of
businesses.
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Figure 2 : Conceptual Framework
3.3 Conclusion
To summarize, circular economy practices are influenced by Industry 4.0 technologies
.As the target of circular business model is to reduce resource consumption, recycle
waste and optimize natural resources, the integration of reverse logistics and web
technologies can be used to support this business model. The stakeholders who are
involved in these processes can be dedicated to the research and innovation of
procedures that could be automated. Furthermore, customers are leaning to more
sustainable products, driving also companies to adapt to these technologies. Finally, it
is important to mention that Industry 4.0 performs maintenance, recovery service and
monitoring of performance. In the meanwhile the circular economy model in a
sustainable supply chain is adapting to these technologies and that is the reason the
supply chain sustainability is leaning towards the implementation of the connection
between Industry 4.0 and Circular Economy.

4. Methodology of Research
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4.1 Introduction
In this chapter the methodology which was used for this research, will be stated
.Below will be analyzed the research methods that is adopted by this paper to collect
relative data.
In this research it is aimed to concentrate the drivers, principles, enablers and barriers
of Circular Economy supply chains, together with the Industry 4.0 drivers and
applications . Furthermore, the integration between these two terms is analyzed and
how it influences the sustainability performance of firms is stated. The questionnaire
that was used to collect the data, was focused on gathering qualitative information and
the analysis of these information is discussed also.
4.2 Methodology
In this section, the design of the research method will be analyzed to help the
researcher find the most suitable questions to cover a lot of researching fields. As a
research strategy, a survey using a questionnaire will be used to collect data by people
relative to the researching field, either by working on it or by studying its principles in
academic institutes. Surveys offer the advantage of collecting a lot of data in a fast
and economical way. However, the survey research has a setback in which, only
specific questions can be answered without further explanation.
This paper, will focus on the data collection method, by discovering the answers of
stakeholders relative to the fields which are analyzed above. The questionnaire will
help to collect information according to the aim of the research and the answers will
be analyzed accordingly. As quantitative data, will be collected, the answers will be
based on the amount of answers referring to each sector.
With the quantitative data analysis, in which there are frequencies, means of variables
and the relationships of variable will be analysed with the help of SPSS. The output
will be in the forms of tables, graphs, and statistics, which are depending on the aim
of the research.
The process of quantitative data analysis is as follows:
1.

Data Collection: preparation of data, input of data into SPSS
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2.

Data Selection: selecting and organizing the date in a meaningful way. By
using the most appropriate statistics to analyse the data and their relationships
.

3.

Data Display: selecting the findings and data and their links, then using the
appropriate table/charts to show data according to aim of the research.

The sampling process includes target groups which are relative with the
manufacturing sector in a practical and academical way. With the method of the
convenience sampling, in which the collection of data from an available range of
respondents. It is the most commonly used technique as it’s uncomplicated, prompt
and economical. In most cases, members are approachable to be a part of the research
sample. The questionnaire has been distributed by email in employees of businesses
or academic consultants of businesses.
The questionnaire was designed to cover questions referring to drivers, enablers,
principles, barriers of circular economy and also Industry 4.0 drivers and applications
. These two terms are interacting and help firms to be more sustainable, which is
another aim of the questionnaire to gather relative information.
The link for the questionnaire is as follows:
https://docs.google.com/forms/d/e/1FAIpQLSeHNRq38qewMQF8USQCn0St3kAM
By2orN_KFSJ4hKJMu3_3kA/viewform
4.3 Data Analysis Methods
The analysis of the quantitative data, will be stated with the help of graphs and charts
which will represent the context and show the relationship among categories and
questions, with the use of the SPPS program, in order to show the correlation between
the research variables. Firstly, the input of the data in terms of graphs will be made.
Furthermore, the information will be shown in a simple way to be easier to understand
and show the relationship of the data. Finally, the results will be shown in relative
diagrams to show the information according to the aim of the research.
4.4 Research Ethics
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In this sector it is important to consider that researchers have to avoid negative
influence to participants of the research. The study has to be modified accordingly so
the impact of the results and the data is not harmful to anyone involved. First of all,
privacy and confidentiality have to be protected and also the limits of privacy and
anonymity to be stated beforehand.
4.5 Conclusion
In this chapter a framework of the research methodology was stated and helps the
readers understand the procedure of the data gathering to the final results, ensuring
confidentiality and privacy of the participants.
5.Data Analysis
5.1 Introduction
In this chapter, the data analysis and the process of the questionnaire replies
gathering, will be analyzed. Firstly, it is stated the research subject which will be
questioned to the participants and following, relevant questions for each sector of the
research will be provided. Furthermore, the connection of the results will be defined
and comparison between the participant status will be made. Finally, it will be stated
if the results were sufficient for the research.
5.2 Sample Characteristics
This chapter will refer to the statistical results of the main samples and will describe
how they are implementing the researched subjects in the organizations they work.
The categories that refer in the research are aiming in organizational and individual
level. In the individual sector, demographics like the years a respondent works to a
firm, are asked, while in the organizational level, the company sector and the adoption
level of Circular Economy is questioned.
In this sector, the business area of companies is questioned and the 90 participants
were given 8 options. The data is analyzed with IBM SPSS Statistics. The
respondents were spread to different sectors with first option to be the Services with
31,1%, second the Manufacturing with 16,7%, while the third and fourth proportion
had the Mining and Others sector with each one to have 11,1%. Furthermore, Food
Production with 8,9 % and Construction with 8,9%, were following in the list. Finally,
Retailing has received a percentage of 6,7%, while Trading had 5,6%.
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Figure 3.1: Frequency company type
Additionally, the years the company is active is also a subject of this research.
According to the below figure,most of the companies are working for more than 10
years. Secondly, the next proportion of 23.3% refers to companies that are active form
5 to 10 years. Furthermore, companies that are active between 1 and 5 years are
referring to 7,8%, while in the last place are new companies with less than a year for a
3,3% proportion.

Figure3.2: Companies according to active years

List of Abbreviations
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RD

Reduce

RS

Reuse

RR

Recycle

IN4

Industry 4.0

EC

Economic Performance

EN

Environmental Performance

SC

Social Performance
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Figure3.3: Abbrevations

In this sector, the correlation between the variables will be
examined.Firstly, the correlation between Industry 4.0and circular economy
reduce principle will be shown. Secondly, the correlation between industry
4.0 and circular economy reuse principle.Furthermore, correlation between
industry 4.0 and circular economy recycle principle will be examined.
Correlation between industry 4.0and sustainability performance will be also
shown. Finally, the correlation between circular economyand sustainability
performance will be analyzed according to the last table.
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Figure3.4: Correlations between IN4 and RD1,RD2,RD3
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In Figure 3.4 above , it is shown that according to the double asterisk comment the
correlation between the RD1 ,RD2 and RD3 are significantly important .However it is
shown that the correlation with Industry 4.0 is negative and because of the fact that
the Sig2 tailed ismore than ,05 it is shown that there is no statistically significant
correlation between IN4 and the other 3 variables..

Correlations
IN4
IN4

PearsonCorrelation

RS1
1

,045

-,007

,672

,945

90

90

90

PearsonCorrelation

,045

1

,577**

Sig. (2-tailed)

,672

Sig. (2-tailed)
N
RS1

N
RS2

RS2

PearsonCorrelation
Sig. (2-tailed)
N

,000

90

90

90

-,007

,577**

1

,945

,000

90

90

90

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

Figure3.5: Correlations between IN4 and RS1,RS2
In Figure 3.5 the correlation table shows that the variables of
RS1 and RS2 are highly significant as the have positive
correlations .On the other hand the IN4 correlation with the RS1
and RS2 is not statistically significant as the Sig 2tailed is more
than ,05. Thus, IN4 is not necessarily influenced by the other 2
variables.
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Figure3.6: Correlations between IN4 and RR1,RR2
In Figure 3.6 the correlation table shows that the variables of RR1 and RR2 are highly
significant as the have positive correlations between them.On the other hand the IN4
correlation with the RR1 and RR2 is not statistically significant as the Sig 2tailed is more than
,05. Thus, IN4 is not necessarily influenced by the other 2 variables.
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Figure3.7:

Correlations

between

IN4

and

EC1,EC2,EC3,EC4,EC5,EC6,SC1,SC2,SC3,SC4,EN1,EN2,EN3
In Figure 3.7 the correlation table shows that the variables of

EC1,EC2,EC3,EC4,EC5,EC6,SC1,SC2,SC3,SC4,EN1,EN2,EN3are significant as the
results of their correlations shows that they are influenced through their interaction, either on
a higher level with or in a medium level. However, according to the table the IN4 correlation
with the rest variablesare not statistically significant as the Sig 2tailed is more than ,05. Thus,
IN4 is not necessarily influenced by the other variables according to the correlation results.
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Figure3.8:

Correlations

between

RD1,RD2,RD3,RR1,RR2

and

EC1,EC2,EC3,EC4,EC5,EC6,SC1,SC2,SC3,SC4,EN1,EN2,EN3
In Figure 3.8 the correlation between a lot of variables is analyzed with the help of
SPSS.Firsty, it is shown,that all variables influence each other a lot throughout their
interactions, according to the table except the RD3,RR1 and RR2 variables which
show the less connections with the other variables.As correlation with double
asterisks is of high significance it is shown that most of the variables are influenced
by the others. In the correlation results with one asterisk it is mentioned that the
influence is not as much significant.
Summated scale analysis is made in order to measure the variables to which
respondents show their degree of disagreement or agreement.The response values
may be summed to gather an average or total score that shows a person’s general
opinion toward the construct of interest.
According to the below results of summated scales it is shown that the majority of the
respondents ,have selected an average response that indicates a neutral-agree status
with the questions regarding the variables of EN,EC,SC,RR and RD.As the following

43

figures show, the average results are between 3 to 4 showing the influence of these
variables in each respondents business environment.

6. Conclusion, Limitation and Further Research

6.1 Introduction
In this sector, the significance of the research findings regarding theresearch
objectives of this dissertation will be interpreted.As it was mainly focused in the
manufacturing sector ,it would be appropriate further research to be done in other
sectors as well.The sample range could also be bigger in order for the results to show
more appropriate and relative findings.
6.2 Limitations and Further Research
The author of this dissertation admits that, there are few limitations of this research,
since there was limited amount of data , which collected were collected from wide
range of companies.In terms of the way the survey was conducted, the questionnaire
is one way to gather results, but more general. So the proposed actions could be to
focus in a specific manufacturing or regional sector with more focus and thorough
research, by conducting interviews and experiments.
6.3 Research Questions and Research Summary
In this paper, the implementation of new technologies in combination with specific
business models was analyzed. As a result, also enablers, drivers and barriers of these
models were researched,the opportunities that emerge and the setbacks that occur,
were shown. After the statement of definitions of circular economy and Industry 4.0,
the relationship between them was examined, by separating the fundamentals and
principles of each sector.
The aim of this section is to interpret the results that the researcher has found. The 3R
principles are embedded into material flows according to their, which will help to
reduce the waste by creating a closed material flow through both external and internal
supply chain procedures. Thus, the concept of CE is closely related to the terms
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business performance, competitive advantage and sustainability (Tolio, 2017), which
complies with the results of the research.
Drivers of CE are indicated through the questionnaire, as industrial pressure that
forces the implementation of environmental impact（EM Foundation2014),achieving
long term sustainability,improving brand reputation (Govindan2018),improvement of
business competitiveness. Thus, the result of this research is supported by the current
literature that shows that the main drivers of the CE are influenced by environmental
aspects.
For the CE barriers the research complies with the literature ,according to
(Govindan2018) as is the lack of government support to firms. This survey , showed
that the business sustainability has significant positive effect to CE practices
.Therefore, this research adds to current literature about the positive relationship
between practices of CE and business sustainability by saying that if there is
improvement business sustainability, there will be improvement in relation to the
practices of CE. (Cezarino2019), which agrees to the results of the research.
According to (Vaidya2018) the main drivers of Industry 4.0,are Internet of Things
Cloud based manufacturing , Industrial Internet of Things and smart manufacturing,
which also complies with the results of the research shown by results of the
questionnaire.
According to the research results it is also indicated that business sustainability
performance is mainly focused on social, environmental and economic factors of the
sustainable development as is also mentioned at (WCED1987). The survey also shows
it is very important, a balance to be achieved, between the three factors, social ,
environmental and economical, so sustainability in firms can be achieved, which
agrees to (Goyal2013) review.
Finally, this thesis indicates that CE is influenced and also influences Industry4.0
applications and sustainability performance in order for the best possible result for
companies to be achieved. Thus, the future researchers are encouraged to identify the
context of Circular Economy and its interaction with the new technological
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applications that constantly are discovered to increase productivity and sustainability
of firms and organizations .
6.4 Conclusion
In conclusion, this research examines the principles,drivers, enablers and barriers of
CE.Furthermore it shows the applications and characteristics of Industry 4.0
technologies.In addition, this research identifies the relationships between CE
characteristics,Industry 4.0 applications and sustainability and business performance.
Also, the questionnaire and correlation results indicated that the business
sustainability is influenced by Circular Economy practices and their significant
positive relationship it is also shown .
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