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Preface

With the rapid development of the economy, human civilization has experienced
fishing and hunting civilization, as well as agricultural civilization to the present
green civilization. The relationship between the economy and environment has also
changed from pursuing economic growth at the expense of the environment to the
harmonious development of the economy and environment. Cleaner production
and a circular economy have become the general trend of global development.

How to adjust the relationship between resources, ecological environment, and
economic development and protect the environment in promoting economic
growth has become a major goal pursued by producers. The purpose of this book is
to provide a comprehensive overview for reading, deepen everyone’s understanding
of a circular economy, change the original way of thinking and lifestyle, and
promote the development of society towards a virtuous circle.

Tao Zhang
China Agricultural University,
Beijing, China
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Chapter1

Circular Economy as a New Stage
of Economic Development

Rossitsa Chobanova

Abstract

The chapter is devoted to understanding circular economy as a new stage of
economic development, which is aimed to respect limited quantity of water, soil,
clean air and ecosystem services, strongly connected to the new global social
tensions, and how to achieve this stage. The literature survey has shown the cur-
rent concepts for circular economy discuss new usage of resources, but not who
and how will provide such changes. That is why it is suggested application of the
Hegelian doctrine for economic development which is answering similar (we mean
social) to the above questions — how to get freedom and society consolidation in
market economy, suggesting state regulation of market economy. Consequently
such regulation is needed to overcome the social tensions strongly connected to
limited quantity of resources, vital for the future of society. Taking this doctrine as
a theoretical background, it is assumed each new stage of economic development
is characterised by different content of goals, subject and means for achieving the
goals. The applicability of the notion circular economy is a new stage of economic
development is tested and approved by demonstrated contemporary changes
in policies for economic development, taking place in the European union, by
recently changed and achieved goals of its development.

Keywords: circular economy, economic development, Hegel, theory, measure

1. Introduction

The recent tensions in the globalised world are strongly connected to resources
in limited quantities. In this regard, the importance of producing more value using
less material and diversifying consumption has been become a driver for developing

variety of concepts of circular economy. The chapter is aimed at:

* summarising the recent achievements in understanding economic develop-
ment and circularity of resources presented in these concepts;

* identifying understandings how and who will transform linear free market
economy into a circular one;

* defining a theoretical background to solve the above problems;

* approbating its applicability into the practice.

3 IntechOpen
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2. Understanding the economic development and circularity

Economic development is a term in which different content is invested.
Based on etymology, it means a constant process of transition of the state of the
economy from one stage to another more advanced one. In the scientific litera-
ture many different classifications of the stages of economic development and
respected criteria for their identification take place. Practically none of them
discusses circularity as a criterion for belonging to a specific stage. For this study
we accept the main characteristic of the recent stage of economy development is
that it is a free market one, and that the main challenges before is digitalization
and circularity implementation. The latter is the focus of the further analyses.

2.1 Circular economy concepts

The basic concept of a circular economy depicts a production and consump-
tion system that relies on the recycling, re-use, repair, remanufacturing, sharing
of products, changing the consumption patterns and new business models and
systems. Defining circular economy concepts and their problems could be find in
academic literature, including contemporary academic reviews, official documents
of the European Commission [1], OECD, G-8, etc., and from charities and NGOs,
most prominently, the Ellen McArthur Foundation [2].

Contemporary academic rethinking of the progress within the limits of the
planet has contributed to development of different theoretical and methodological
dimensions of a concept for circular economy and for a transition from linear to a
circular economy [3, 4]. They have concerned also measurement of the change like
to redefine growth, focusing on society — wide benefits. The concept of circular-
ity transforms all the elements of the take-make-waste system how to manage
resources, how to make and use products, and what is done with the materials after-
wards in the process of transforming linear to circular economy. (See: Figure 1).

Another dimension of concepts on the circular economy identified is focussed
on how materials enter, flow within and (eventually) leave the economy. A visual
overview is provided by a material flows diagram (See Figure 2'). It shows all raw
materials — aggregated as well as grouped by categories of materials — throughout
the economy, from their extraction until they become waste.

More concretely, the input-side on the left shows that only 0.6 billion of 8 bil-
lion tonnes of materials are processed into energy or products annually in the EU
originate from recycling. On the output-side, out of the 2.2 billion tonnes of waste
that are generated only 0.6 billion tonnes re-enter the system as recycled materials.
It means that the rest of the materials, equivalent to 1.5 billion tonnes, is waste. This
concept for circular economy points to a significant potential for improvement in
particular by increasing the share of materials recycled as secondary raw materials
and decreasing the production of waste.

It could be assumed the above two dimensions of concepts for circular economy
discuss how resources are used, or have to be used. But they do not characterise
who and how will transform the linear free market economy to a circular one. Such
answer could be found applying the Hegelian doctrine for economic development.

2.2 Hegelian economic development doctrine
The most of the recent conflicts are originating from the limited quantities of

resources such as water, soil, clean air and ecosystem services which are vital to
health and quality of life, but also to the human society as such.

! Energetic use covers raw materials used for combustion or production of food and feed.
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From a linear to a circular economy

Linear economy Circular economy

Natural resources Natural resources

Non-renewable

Use resources

Landfill Landfill
and incinerate and incinerate

Transition towards a circular economy
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Remanu- : ; 2
Recover Recycle  Repurpose icture: Refurbish Repair Re-use Reduce Rethink Refuse
Figure 1.

From linear to circular economy. Source: [5].

In all of this Hegel appears to be providing a philosophical account of modern
economic developments”. He argues the economy, especially through the division of
labor, produces fragmentation and diminishment of human life and the state must
not only address social problems but also provide the means for the people’s political
participation to further the development of social self-consciousness. Regarding
to it the state must not only address this phenomenon but also provide the means
for the people’s political participation to further the development of social self-
consciousness. Such participation could be understood as defining and introducing
the objectives and means for economic development. Hegel repeats the need for
strong state regulation of the economy, which if left to its own workings is blind to
the needs of the social community.

Since start of Industrial revolution, the Hegelian doctrine for economic devel-
opment has become more attractive in the frame of the concept for forth industrial
revolution. It is because the notion the free market economy without a state does
not contribute to meeting challenges such as diminishing freedom and fragmenta-
tion of social community is still correct now-a-days. Today the Hegelian doctrine is
attractive also for understanding and approaching the challenges before health and
life of human beings, which affect freedom and social community fragmentation
also. This doctrine suggests an answer to the question how to avoid the negative
effects of traditional linear economy, where raw materials are used to make a
product, and after its use any waste (e.g. packaging) is thrown away. Here we are
not discussing the level of which a state is able to meet such expectations.

% The core of Hegel’s social and political thought are the concepts of freedom, reason, self-consciousness,
and recognition. Regarding economic development, although Hegel provides a defence of modern
market societies, he calls into question their corrosive effects on society as a whole. The thoughts for
economic development could be find in the manuscripts entitled Realphilosophie, based on lectures Hegel
delivered at Jena University in 1803-04 (Realphilosophie I) and 1805-06 (Realphilosophie IT), and were
originally published by Johannes Hoffmeister in 1932.
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Figure 2.
Material flows in the economy (EU-28, 2014). Source: [6].

It could be assumed in regard to economic development the Hegel’s theory [7]
respects criteria for identification of different stages of this development - the
object (goal), the subject (state) and the means for achieving the goals (free market
vs., or with state regulation). If this assumption is correct we could conclude
the circular economy is a stage of economic development, where circularity of
resources is important integral part of the goal of the economic development. The
achievement the goal of circularity, understood as minimising the usage of natural
resources, minimised or 0 waste needs strong state monitoring and regulation in
the frame of a free market economy.

3. Monitoring circular economic development

Monitoring circular economy is of vital importance for the society. It will be
analysed on the case of European union. The monitoring there is based on identifi-
cation of main areas of appearance of circularity and defining the available indica-
tors to measure them. This approach has allowed monitoring assessment, strategy
development and policy making and implementation. As such areas of circularity
appearance identified are:

* Sustainable resource management;
¢ Societal behaviour;
* Business operations.

The content of indicators and interpretation of their contribution to under-
standing of circular economy is grouped according to the areas of circularity
appearance as follow [8]:

SUSTAINABLE RESOURCE MANAGEMENT - indicators examining the perfor-
mance of the EU Member States in transforming their economies toward circularity
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by lowering resource demands, thereby increasing resource security and lowering
pressures on the environment domestically and abroad.

SOCIETAL BEHAVIOUR - indicators, reflecting citizen awareness, engage-
ment and participation in the circular economy. Citizen engagement, behaviour
change and social norms are integral to the success of a circular economy transi-
tion. This means that people participate in new forms of consumption (e.g.
sharing, product-service systems, willingness to pay more for durability), re-use
(requiring changed mindsets regarding repair and refurbishment), and disposal
(separating waste streams and bringing “waste” to remanufacturing/ recycling/
sorting sites).

BUSINESS OPERATIONS - indicators, which depict eco-innovation activities
toward changing and adapting business models according to the principles of
a circular economy. Business activities and their digitalization are the engine
behind the circular economy transition. They foster circularity across the
life-cycle of material use, beginning with how and what materials are sourced
(quality, environmental and health standards). The design stage of business
operations is particularly crucial to enabling re-use /re-manufacturing / recy-
cling and raising the durability of goods for keeping within the economy longer.
Remanufacturing and recycling are key business operations critical to scaling up
the circular economy.

The monitoring and assessment of circularity have become a fundament for
developing vast majority of economic development policy measures.

4. Circular economy development policy measures in Europe

The transition to a more circular economy in Europe is accompanied by imple-
mentation of several specific policy measures.

In 2015 the EC adopted an action plan to accelerate Europe’s transition to a
circular economy. It was aimed at strengthen global competitiveness, promote
sustainable economic growth and create new jobs. This action plan contains 54
measures to “close the loop” of the life cycle of products - from production and
consumption to waste management and the market for secondary raw materials.
Five priority sectors to accelerate the transition along the value chain are identi-
fied: plastics, food waste, critical raw materials, construction and demolition,
biomass and bio-based materials.

The strategic documents of today EU institutions include:

* A clear resource efficiency agenda;

* Roadmap to a resource efficient Europe;

* The Circular Economy package;

* Amendments to renewable energy policy that seek to address resource issues.

The transition to a circular economy is in the agenda of world fora as well. It was
in the focus of discussions during the 2019 Annual Meeting in Davos. The four key
priorities emerging for the year ahead identified are as follow:

a.Leadership is critical;

b.Leverage the potential of the Fourth Industrial Revolution;
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c. Circular material value chains;
d.Collaboration is key.

Implementation of the developed visions, strategies and respective policy
measures has required developing respective instruments. On the first place they
concern defining appropriate indicators.

5. Circularity: indicators for assessing economic development policy
implementation

The literature suggests different methodologies to be applied for collecting
and interpreting data for monitoring and assessing policy measures for circular
economy. There are a variety of indicators applied now, although most have limita-
tions. There are two most used indicators, predominantly applied by the OECD and
G-8, more concretely those:

* for resource productivity and

* for resource efficiency.

The first indicator is measuring circularity as a ratio between GDP and
domestic material consumption, in other words, it is focusing circularity on the
resource use.

The second one means using the Earth’s limited resources in a sustainable manner
while minimising impacts on the environment. It allows interpreting the level of
creating more with less and to deliver greater value with less input. Such indicator is
also measured through EU resource efficiency scoreboard [9], as EU eco-innovation
index recycling rates [10, 11], through the amount of municipal waste per capita, or
amount of waste per GDP output.

The monitoring framework on the circular economy as set up by the European
Commission consists of ten indicators, some of which are broken down in sub-
indicators, selected in order to capture the main elements of a circular economy.
These ten indicators are divided into four thematic areas [8]:

Production and consumption. This area comprises four indicators:

* Self-sufficiency of raw materials for production in the EU;
* Green public procurement (as an indicator for financing aspects);
» Waste generation (as an indicator for consumption aspects);

e Food waste.
Waste management. This area comprises two indicators:
* Recycling rates (the share of waste which is recycled);

* Specific waste streams (packaging waste, bio-waste, e-waste, etc.).
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Secondary raw materials. This area comprises two indicators:
* Contribution of recycled materials to raw materials demand;

* Trade of recyclable raw materials between the EU Member States and with the
rest of the world.

Competitiveness and innovation. This area comprises two indicators:
* Private investments, jobs and gross value added;

* Patents related to recycling and secondary raw materials as a proxy for
innovation.

This European monitoring framework aims at measuring progress toward a
circular economy in a way that encompasses its various dimensions at all stages
of the lifecycle of resources, products and services. In this regard the monitoring
framework has a set of the ten indicators (see Table 1), grouped into four stages
and aspects of the circular economy: (1) production and consumption, (2) waste
management, (3) secondary raw materials and (4) competitiveness and innovation.
The logic and structure of this monitoring framework broadly follows the logic and
structure of the European circular economy action plan.

Production and consumption

1 EU self- The circular economy Raw Materials Initiative;
sufficiency for should help to address Resource Efficiency
raw materials the supply risks for raw Roadmap

materials, in particular
critical raw materials.

2 Green public Public procurement Public Procurement
procurement' accounts for a large share Strategy; EU support

of consumption and schemes and voluntary
can drive the circular criteria for green public
economy. procurement

3a-c Waste generation In a circular economy Waste Framework

waste generation is Directive; directives on
minimised. specific waste streams;
Strategy for Plastics
4 Food waste Discarding food has General Food Law

negative environmental,
climate and economic
impacts.

Regulation; Waste
Framework Directive;
various initiatives (e.g.
Platform on Food Losses
and Food Waste)

Waste management

5a-b

Overall recycling
rates

Increasing recycling is
part of the transition to a
circular economy.

Waste Framework
Directive

6a-f

Recycling rates
for specific waste
streams

This reflects the progress
in recycling key waste
streams.

Waste Framework
Directive; Landfill
Directive; directives on
specific waste streams
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Secondary raw materials

7a-b Contribution of
recycled materials
to raw materials
demand

In a circular economy,
secondary raw materials
are commonly used to
make new products.

Waste Framework
Directive; Eco-design
Directive; EU Ecolabel;
REACH; initiative on

the interface between
chemicals, products and
waste policies; Strategy for
Plastics; quality standards
for secondary raw materials

8 Trade in
recyclable raw
materials

Trade in recyclables
reflects the importance of
the internal market and
global participation in the
circular economy.

Internal Market policy;
Waste Shipment
Regulation; Trade policy

Competitiveness and innovation

9a-c Private
investments, jobs
and gross value

added

This reflects the
contribution of the
circular economy to
the creation of jobs and
growth.

Investment Plan for
Europe; Structural and
Investment Funds;
InnovFin; Circular
Economy Finance Support
Platform; Sustainable
Finance Strategy; Green
Employment Initiative;
New Skills Agenda for
Europe; Internal Market

policy

10 Patents

Innovative technologies
related to the circular

economy boost the EU’s
global competitiveness.

Horizon 2020

*Indicators under development.
Source: [8].

Table 1.

Indicators on the civcular economy included in the monitoring framework.

6. Assessment of circularity of European economic development: first

findings

The analyses of data for the ten indicators of the monitoring framework provide
a broad picture of increase the circularity of the EU’s economy [8]. The areas of
the European economic development where circularity is of importance could be

characterised as follow:

Production and consumption: progress can be observed toward more circular trends

in production and consumption e.g. in terms of waste generation; considerable room
for narrowing the gap in performance between Member States and across materials.
The EU is largely self-sufficient for most non-metallic minerals such as construction
materials and industrial minerals; for the EU’s critical raw materials [12] the EU is
relying on imports to a large extent, which highlights the need for secure access and
diversification of supply’. EU municipal waste* generation per capita has dropped
by 8% between 2006 and 2016 to an average of 480 kg per capita per year; large

3 E.g. cobalt for batteries used in electric cars, silicon for solar panels.
* Waste from households and in public spaces and similar waste from other sources.
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Figure 3.
Municipal waste treatment, EU (kg per capita). Source: Eurostat.

variations among Member States are observed (between 250 and 750 kg per capita
per year)’, and municipal waste generation is still growing in several Member States.

It is positive that the data on total waste generation (including industrial and
commercial waste but excluding major mineral waste) per unit of GDP shows a
decrease of 11% since 2006. According to Eurostat’s preliminary estimates, EU food
waste decreased from 81 to 76 million tonnes (i.e. by around 7%) between 2012 and
2014, equivalent to a drop from 161 to 149 kg per capita.

Waste management: between 2008 and 2016, EU recycling rates for municipal
waste increased from 37-46% (See: Figure 3.). Five Member States recycle more
than half of their municipal waste, while some countries are approaching the 2030
recycling target of 65% proposed by the Commission, however, five Member States
are still below 25%.°

Between 2008 and 2015, the recycling rates for packaging waste also increased in
the EU, from 62-66%; it increased in almost all Member States, and in 2015 almost
all Member States had met the 2008 target of 55% (the Commission has proposed
a target of 65% by 2025 and 75% by 2030 [12]). For plastic packaging, the average
recycling rate in the EU is significantly lower, at 40%, even though there have been
improvements in recent years. The recycling of municipal bio-waste in the EU was
79 kg per capita in 2016, an increase of 23% compared to 2007.

6.1 Secondary raw materials

In the EU, the level of demand for raw materials exceeds what could be supplied
even if all waste were turned into secondary raw materials. Therefore, the supply of
primary raw materials will remain necessary. On average, recycled materials only
satisfy around 10% of the EU demand for materials, in spite of a steady improve-
ment since 2004. For a number of bulk materials, secondary raw materials satisfy
over 30% of total demand for materials (e.g. copper and nickel). The EU is a net
exporter of several major recyclable waste streams such as plastics, paper and
cardboard, iron and steel, copper, aluminium and nickel. Trade within the EU of
plastics, paper and cardboard, copper, aluminium, nickel and precious metals waste

> Differences in the way Member States measure waste generation can explain some of the differences.
® Member States are using different methods to calculate recycling rates, which can explain part of the

differences. The Commission has proposed a common method in its legislative proposal on waste.
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increased considerably between 2004 and 2016, allowing economic operators to
reap the benefits of the EU internal market for secondary raw materials [13].

6.2 Competitiveness and innovation

The transition to a circular economy is accompanied by an increase of invest-
ments, value added and jobs, and stimulates innovation. In 2014, private invest-
ments in economic sectors relevant to the circular economy’ are estimated to have
been 0.1% of the GDP. There were more than 3.9 million jobs in these sectors,
having an increase of 2.3% compared to 2012. The circular economy sectors created
value added in 2014 an increase of 6.1% compared to 2012. Significant role for
these achievements play EU funding programmes, available to support the transi-
tion to a circular economy, such as the European Fund for Strategic Investments,
the European Structural and Investment Funds, Horizon 2020 and the LIFE
programme. In in January 2017 a Circular Economy Finance Support Platform was
launched.

For patents on recycling and secondary raw materials, the data show an increase
of 35% between 2000 and 2013. EU patents for glass recycling represent 44% of
the world total for such patents, while the EU’s share is 18% for plastics and 23%
for paper.

Concluding the analysis of the above figures we could assume the transition to a
circular economy is taking place in the European Union. For the period 2012-2014
the circular economy sectors created 3.9 mln. Jobs, contributed to the increase of
6.1% value added in 2014 (Euro 141 billion), compared to 2012, attracting private
investment of Euro 15 bln. Circular economy is realised as a vital necessity and has
become an important part of the strategy and of policy making of the society. Thus
it has become an integral part of the goals of economic development.

7. Conclusions

The chapter provides some arguments for understanding circular economy as
a new stage of economic development, where the goal is to meet the challenges of
tensions in globalised world, which are strongly connected to resources in limited
quantities. The content of the goal is transforming, addressing not only resource
productivity and efficiency, but also waste minimization, and many other areas
of circularity. The analyses have shown market forces are limited and not strong
enough to achieve the new goal of economic development, reflecting the needs
of society, vital for its future. It was shown the Hegelian doctrine for economic
development provides instruments for understanding and solving new challenges.
The new instruments include state regulation and respective monitoring, analysing
and drawing conclusions and recommendation, using new indicators, developed for
monitoring economic processes and for new economic policies concerning achieve-
ment of the new goals of society.

The above notion is argumented on the case of Europe: A new policy for a
new stage of economic development focused on circularity on European level has
taken place, first achievements are registered. This new policy, in Hegelian tradi-
tion, includes A state regulation, aimed at SUSTAYNING economy IN ORDER TO

7 Le. reuse and recycling activities. Renting and leasing activities can also contribute to circular
economy, but are for now not included because current statistics may not distinguish with sufficient
granularity those activities that clearly contribute to circular economy from those that do not. For
further details, see the Staff Working Document.
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CONTRIBUTE TO ACHIEVING SOCIAL GOALS - preservation of the world’s
resources, create local jobs and in this way to generate competitive advantages in

globalised economy IN ABILITY TO COOPERATE FOR ACHIEVEMENT BETTER
COMMON FUTURE.
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Sustainability Route for Industry
4.0: The Future of Global Circular
Economic Transition

Smitha Chandran Sreedevi
and Razim Mohammed Salahudeen

Abstract

The traditional linear models have proved to be ineffective in perspective of the
limited resources of the earth and there is an intensifying stress on the resource side
due to the ever-rising global population. Moreover, this results in the unsustainable
and inefficient consumption of natural resources, increasing costs of commodities
and volatility in the markets, which are unaffordable for the manufacturing base of
our economy. The current business models based on the traditional economic poli-
cies are not only blindly followed globally but they also neglect the organizational
specifics. The circular economy or closed-loop economy is an approach in which the
waste or residuals from an industry can be used as raw material for another industry
there by reducing the demand on earth’s natural resources. The expected ultimate
goal of this circular system is the reduction of gap between the organizational char-
acteristics like profitability, organizational structure and decision making policies,
market position and the adoption of circular economic practices.

Keywords: sustainability, Environment Management Systems, industry 4.0,
economic development, circular economy, carrying capacity

1. Introduction

The idea is to dream about an economic model where the products that we use
today are tomorrow’s resources which results in creation of a cycle that encourages
development in this world running by a limited amount of resources. Therefore,
it is equally important to address some of the numerous challenges in the present
scenario. Traditional linear paradigm (take-make-dispose) has proved to be inef-
ficient in perspective of the finite resources of the earth and there is a mounting
stress on the resource side due to the ever-rising global population. In addition,
this results in the unsustainable and inefficient consumption of natural resources,
increasing costs of commodities and volatility in the markets, which are unafford-
able for the manufacturing base of our economy. As an imminent response to these
upcoming challenges, we should adopt a circular economic model thereby shifting
the current economic model of ‘take-make-dispose’ to designing products capable
of regeneration which should also be accompanied by secondary benefits such
as innovations and growth in employability of the economy. The time has come
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to provide the deserving importance to the circular economy, which is the only
plausible and deep-rooted solution to our present challenges and future endeavors.
As we all know, the future is Industry 4.0 which is considered globally as the
fourth industrial revolution. The world as we know it is going through its imminent
transformation from traditional business models to a digitalized era and it is impera-
tive to us to discuss the impacts and outcomes of this transition towards the ecologi-
cal and economical sustainability of the world as well as how the circular economic
model will be adapting to this massive transformation. Industry 4.0 and the related
digitalization of industries are undergoing an exponential progress. While an indi-
vidual’ life is reshaped by the tremendous advancement of industrial digitalization,
the world is optimistically looking forward to its impact on Sustainability. According
to the MICMAC analysis conducted by reveals that production efficiency and
business model innovation which are the economic sustainability functions are the
one to be impacted as an immediate outcome of Industry 4.0, which in turn leads its
way to the advancement of socio-ecological sustainability functions of Industry 4.0
which are social welfare improvement, reduction of harmful emissions and energy
sustainability [1]. This chapter provides a deeper understanding of what the digital
industrialization can offer for sustainability and also measures to make sure that 14.0
delivers the expected sustainability functions globally effectively, equally and fairly.

2. Current Economic Paradigm: Linear Economy

Even though the current economic paradigm followed in a global scale underwent
radical evolution and development over the years, the economy still sticks to the fun-
damental characteristic, which came to action during the initial stages of industrial-
ization. The linear economic model which follows the cycle of ‘take-make-dispose’
has proved to be inefficient and not resource friendly in the long run. Industries
source materials, implement labor force to manufacture the desired product and is
sold to a customer- ‘which in turn he discards after use’ does not fulfill the purpose of
sustainable development which is really hot topic required at a global scale. However,
large-scale improvements are undertaken in the current model, any code, which does
not concentrate on economic and restorative consumption of finite resources, will
lead to imminent losses throughout the value string [2-5].

In the recent past, many companies started to surface the disadvantages and risks
related with the linear economic model. The most notable risks is the surge of resource
prices which tangles the businesses between the unchangeable demand expressed by
consumer markets on one side and the mercurial and precarious market prices of raw
materials on the other. The inconsistent prices are likely to remain on the higher note as
the populations rise and urbanize, resource sourcing reaches unreachable destinations
and the associated risks to the environment increases. To counter-act this backdrop,
anew industrial model was necessary which would answer the questions of efficient
utilization of resources and which aligns with sustainable ecological development [6, 7].
The term ‘Circular economy’ symbolizes a restorative design. It encompasses a cycle of
using and reusing of natural sources with maximum possible efficiency throughout the
life cycle of finished products and the basic principle behind being:

* Balancing the consumption of finite renewable resources and controlling and
preserving finite stocks

* Circulation of the products and its basic materials in value at the best level
achievable thereby leading to the optimization of resources.

* Elimination negative externalizations by implementation of effective methods.
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With this expected transition, the central role of economic process will be taken
over by unlimited resources like labor and the limited natural resources will play
a supporting role. Numerous industries were successful in counter-action of the
imbalance between supply and demand for natural resources.

3. Limitations of Linear Economy

The present scenario, which is ‘take-make-dispose’ model, leads to the significant
wastage of finite natural resources. Even though throughout our past, the decrease
of cost of resources have paved way for economic growth, this low costs of resources
related to labor cost has led to the present economic model we follow which encom-
pass wastage of resources on a significant scale. While considering the ease of getting
our hands on new raw materials and the cheap cost related to the disposal of the
residual, the re-usage of materials has never been our chief economic priority. Various
factors affect the capability of self-correction of the system. The present rules, both
accounting and managerial has let on for a wide array of secondary costs to be not put
into accounts and are considered as externalities. In addition to this, certain products
such as pharmaceuticals and fertilizers are to be faced with long approval periods,
which is also a drawback to the change [8, 9]. The resulting model known as the linear
model works in a non-complex way. Companies’ source raw materials manufacture
the products and sell them to their respective customers which are then discarded
when the products reach their end-of-life. The resource wastes involved in this model
are briefed below:

i.Misuse of raw materials during production process: Significant amount of
materials are usually lost during the manufacturing processes of products
mainly in the sequence amid the initial and final process. For example, SERI
(Sustainable Europe Research Institute) came into conclusion that in OECD
countries during their manufacturing processes expend about 21 billion
tons of materials, which has no direct involvement in products themselves
like elements, which has no role in economic system - like segregation of
materials from mining, wood and agricultural losses, also materials from
construction activities. Wastage of substances takes place in different steps
during production. Field damages due to attack of pests and pathogens,
production related losses due to lack of efficiency, losses happen because of
inappropriate storage condition of goods and products wasted use to inef-
ficient usage by the consumers. The global wastage contributed by the food
supply chain adds up to roughly one-third of produced food per year for
human consumption.

—-

ii. Wastage by end of life: For majority of the goods, elementary manufacturing
rates are greater when compared to traditional restoration rates of goods
after the end of their useful life cycle. Based on quality, the global economic
system saw a rise of approximately sixty-five million tons of raw materials
in 2010 which is expected to rise up to eighty-two billion in 2020. In Europe,
approximately only 40% of the total waste materials were recycled of the
total 2.7 billion tons of waste. While the sole waste streams are taken into
consideration, the present recycling rates cover only a few waste types. The
latest UNEP report states approximate losses are calculated only for specific
industries of certain level. Rubble created as a result of construction and
demolition of buildings contributes to twenty-six percentage of the entire
non-industrial solid waste produced by the United States, which consists of
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ii

—-

countless recyclable materials from wood to steel and concrete. The complete
re-usage happens only for 20-30% of all the construction and demolition
wastes and this is usually because all structures are built up making them
unfriendly to smashing down into recyclable or reusable components, which
will ultimately lead to wastage of materials beneficial for the organization.

. Utilization of energy: In a linear system, whenever a material is disposed in

ajunkyard, it indicates the disappearance of all its residual energy. Re-usage
saves more energy when compared to the merge share of energy redeemed
by recycling disposed products. One of the most intense parts of the supply
chain system is the usage of power resources in a linear production model.
For instance, the procedures involved in extorting materials from the earth
and its transformation to a commercial form favorable to access. During
aluminum products manufacturing, the procedures involved in partially
finished aluminum explains eighty percentage of energy absorbed. This is
because of a system, which depends upon upstream production that leads

to energy conservation. Upstream production means no new materials are
used every time a product is manufactured and the industry along with its
customers are relentless in ensuing immense recycle rates (In Ref. to the stats
of UNEP, the ‘end of life’ rates of recycling of aluminum is between 43-70%
and is higher compared to other non-ferrous metals, for example, copper
(43-53%), zinc (19-52%), magnesium (39%)). While energy consumption
by biological inputs is evenly extended throughout the value chain, the
circular mode, which encompasses a reduced energy magnitude, leads to a
decrease in the threshold energy demand and helps in the transition towards
renewable energy thereby creating a virtuous cycle.

iv. Erosion of ecosystem services: Even though it’s as significant as climatic

change but given minor s concentration compared as the deterioration of
‘ecosystem services’ The benefits provided by the ecosystem that bolsters
and boost up human well-being, for instance, forests which being a funda-
mental equivalent of atmospheric, soil and hydrological systems, take in
atmospheric CO2 and releases O2, contributes to the carbon content in the
soil and also regulates underwater tables --along with further other benefits,
are subjected to human mismanagement. The investigation undertaken by
the Millennium Ecosystem Assessment on 24 environmental services rang-
ing from immediate services like food arrangement to much more ambitious
benefits like pest control and regulation of related diseases found out that
15 out of the twenty-four benefits are corrupted. We are currently consum-
ing beyond the capacity that can be met by the earth’s ecosystem, thereby
depleting the earth’s natural assets. If should be backed up by an example,
according to The Economics and Ecosystem and Biodiversity, China lost
around 12 billion US dollars in the period between 1950 and 1998 due to
deforestation. The economic growth is weighed down due the imbalances of
the current economic model:

The troubles present in the current economic system followed which ignores
the complete utilization of the potential of natural resources have surfaced as the
increase in the commodity prices are becoming evident and also their volatility.
From 2002, we have observed a continuous hike in the costs of natural resources.
While referring the McKinsey’s Commodity Price Index (2011), the mathematical
average of the commodity sub-indices mainly metals, energy, food and other non-
agricultural products, have reached a higher level when compared to past century
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values. The most attention worthy commodity price hike was that of West Texas
crude 0il—147USD per barrel price, which was record breaking in 2008 and in
addition, 107% increase in price of food grains from June 2010 to January 2011. The
already weakened global economy was further subjected to blow by the sustained
higher cost of resources [10-12]. Over the past years, the commodity price volatility
was affected by numerous factors. Firstly, the metal prices reached a higher level,
much more that their respective cost curves, due to a spike in demands—where it
was forced to face the relatively high costs to produce an additional unit. This lead
to a condition where a minor change in the demand can result to disproportionately
large swings of resource costs. In addition, at the same time, the technological
requisites for extracting numerous commodities increased due to the excessive
pressure on the easy to access reserves, making malfunctions more common in

area of resource accessibility, thereby causing disruptions in the supply chain. The
supply dynamics has also been made vulnerable by the weather patterns and abrupt
political changes. Finally, the new investors of the financial market was given access
to the commodity price tags due to development and innovations in the financial
market which in turn paved way to the worsening of price swings. All these factors
all-together hindered the global business growth and thus the economic growth.
The recent problem faced by the company Tata Steel was that the price of raw
materials for the steel manufacturing faced a hike but the steel market did not rise
enough to cancel off the higher material cost leading to a loss. The way the compa-
nies found out to limit their exposure to this constantly fluctuating cost swings is
by hedging contracts at a cost [12-15]. The cost of hedging depends upon the credit
rating of a company and the predicted changes in the market. However, in the cur-
rent economic scenario, the company, which does not possess a grade credit history,
will be most likely to spend more than 10% of hedged amount to financial services.

4. Circular Economy

The term Circular Economy has gained popularity in the recent times. The
concept puts forth a characteristic and more defined propaganda which is restor-
ative and regenerative by nature while maintaining its primary objective of keeping
utilities, products and materials at the highest utility and values at all times. The cir-
cular economic model overlooks the presently followed take-make-waste industrial
model and strives to redefine social-economical-ecological growth concentrating
on positive society-wide benefits. The model progressively decouples the economic
activity from over utilizing the finite natural resources and tries to eradicate waste
production out of the system [16]. The circular model builds economic, natural and
social capital by promoting a transition towards renewable energy resources and CE
is based on three basic principles:

* Preservation of natural capital via balanced renewable resource flows and
controlled finite stocks: This is carried out by dematerialization of utilities or
virtual deliver of utilities. Whenever there is a need for resources, the circular
system makes an educational choosing of technologies and processes which
uses renewable and better performing resources wherever possible. These
approaches enhance natural capital and devise conditions for regeneration.

* Circulating materials and products in the usage cycle while maintaining its
highest utility: The proposed circulation is executed by designing products
feasible for recycling, refurbishing and remanufacturing thereby providing
towards the economy. Tighter inner loops are employed by the circulating
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system whenever possible which basically means maintenance instead of
recycling. This helps in preserving the embedded energy and also maximiza-
tion of the consecutive cycle counts and time utilized in individual cycles by
increasing product lifespan and optimization of reuse. Circular systems also
boost the re-entry of bio-nutrients into the atmosphere safely for decomposi-
tion which will turn into precious raw materials for a new cycle. In case of
the biological cycle, the intention behind product design is to make them
consumable or metabolized by the economy and to be regenerated as a new
resource value.

* Designing out negative externalities: In CE, waste does not exist as it is
designed out purposely. Biological products are returned to the soil by
employing biodegradable procedures as they are non-toxic. For technical
materials- they are made to be recovered and upgraded there by reducing the
inflow of energy and increasing the preserving value of products.

Further, CE believes that diversity important for building strength and it is
considered as a major player for adaptability and flexibility. For instance, in living
systems, biodiversity is very much needed for surviving environmental changes.
Same as that, economies require a balance of businesses to survive and flourish in
the long term. While smaller enterprises bring alternate models during crises, larger
enterprises put forth volume and efficiency.

5. Value Creation for Circular Economy

* Value of a product is most preserved when it is repaired and maintained to
its complete utilization. When it comes to an extend where maintenance is
not recommended, then the constituents are reused or remanufactured. The
practice preserves greater value against recycling the materials.

* Maximization of the count of successive cycles and/or time utilized in indi-
vidual cycle for products which means number of times a product is reused
or extension of a products life. The prolonged cycles of an individual product
saves material, energy and labor needed to create a new one.

* Diversification of reuse practices throughout the value chain. For instance,
cotton clothing can be reused and then can be crossed to the furniture industry
as a fill-in for upholstery, and further the fiber can be reused in stone wool
insulation for construction. This will avoid the input of unused materials into
the economy, which in this case before the cotton fibers are safely returned to
the biosphere.

6. Economic Impacts

* Economic growth: Economic growth can be achieved by an increase in
revenues from upcoming circular practices combined with the reduc-
tion in production costs by improved efficient utilization of inputs. These
purposed changes in input and output of economic production habits will
have an impact on economy-wide supply, demand and prices, etc. through
all economic sectors, both direct and indirect, which will add to the overall
economic growth.
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* Job creation: The effect on employability depends mainly on the increase in
expenditure power supplemented by the reduction in prices, which is expected
across sectors and also to the intensity of human labor required in high qual-
ity recycling practices and high skilled jobs in remanufacturing. Having said
that the employment opportunities is not limited to the remanufacturing and
growth within large corporations but is rich and diverse. There is an expected
creation of jobs across industrial sectors, in small and medium enterprises, by a
boost in innovation and entrepreneurship, by local reverse logistics and finally
a new service-based economy.

* Innovation: The driving force of innovation is fueled by the dream to replace
one-way products with products designed to align with the circular system
and which will help in the creation of reverse logistics networks. The benefits
attained from a much more innovative economy are energy and labor effi-
ciency, quality improved materials, improved technological developments and
increased opportunities to profit for companies.

7. Benefits of Circular Systems on Enterprises

* Increased security and decreased fluctuation of supply: The transition towards
a circular system based economy basically means the utilization of less virgin
material, usage of more recycled materials encompassing a higher share of
labor expenses, decreasing company dealings with fluctuating raw material
prices and also increased resilience. CE also decreases the threat posed by
natural calamities/political issues on supply chain networks as there is an
access for alternate materials provided by decentralized operators.

e Demand creation for business services: More demand for service businesses are
created by the implementation of circular economies.

1. Products at the end of their life are reintroduced into the system by collection
and reverse logistics companies

2.The utilization of a product to its maximum capacity or longer life cycles are
made possible by product remarketers and sales platforms

3.Information and input on components remanufacturing and product refur-
bishment is offered by the respective specialized service businesses.

The need for specialized skills in order to collect products, disassemble, refurbish,
integrate into remanufacturing and finally delivering products to customers, is
imperative and this is where specialized service businesses comes to play. The current
enterprises doing these processes are mostly subsidiaries of existing manufacturers,
and hence there are new opportunities for new business models. Such responsible
business models will help companies to attain a unique insight on product usage
patterns which will further aid in the development of improved products, advanced
services and also improved customer satisfaction [17-23].

8. What is Industry 4.0?

We are in the midst of a powerful transformation in terms of the way we develop
products, thanks to the digitalization of the manufacturing sector. This transition

23



Circular Economy - Recent Advances, New Perspectives and Applications

is significant in a way that it is termed as ‘Industry 4.0’ which defines the fourth
industrial revolution ever occurred in the area of manufacturing. From the very
first industrial revolution which depicted the mechanization of steam power and
water, through the introduction of assembly lines and mass production using
electricity in the second, the fourth industrial revolution is the continuation of

the third revolution of computers and automation with a further enhancement by
autonomous systems fueled by machine learning and data analytics. The definition
of term ‘Industry 4.0’ can vary considerably depending on the point of view, but

it can be easily referred as the intelligent and permanent linking and networking
of machines and machine operated processes. Serious shifts are undergoing in

the manufacturing sector which inevitably dismiss the claims that Industry 4.0 is
merely a marketing buzzword. The introduction of computers was considered as a
disruptive move during Industry 3.0 as it was an entirely new technology then but
presently while Industry 4.0 unfolds, computers are interconnected and they can
communicate with each other, ultimately capacitating them to make and implement
decisions without the need for any human intervention. This revolution is made
possible by the combination of technologies like cyber-physical systems; Internet
of Things, the Internet of Systems; which will in-turn make smart factory a real-
ity. These supporting machineries will get smarter as they gain access to more and
more data, our factories will be more efficient, productive and at the same time,
Sustainable. Ultimately, the true power of Industry 4.0 lies in the possibility to
gather and analyze information across machines which enables quicker, more flex-
ible and more efficient mechanism to manufacture high quality goods at reduced
costs while the expected results being increased productivity, a shift in economics,
industrial growth and a modification in the workforce profiles. With the emergence
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Figure 1.
Components of Industry 4.0.
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of new technologies, it is indeed an exciting time for the manufacturing industry as
there will be a wave of new opportunities that will help a company towards achiev-
ing improved flexibility, sustainability and productivity. The Industry 4.0 will

lead this generation towards an ecosystem where humans and machines can work
together, empowering businesses to achieve greater insights, reducing risks of error
and to make better decisions [24-28].

Industry 4.0 incorporates three technological trends leading the transition which
are connectivity, intelligence and flexible automation. 4.0 merges Operational
Technology (OT) and Information Technology (IT) for creating a cyber-physical
environment (Figure 1). This is made feasible due to the development of digital
solutions and the advancement in associated technologies which include:

Once dissimilar systems and processes are now integrated across the value and
supply chain by interconnected computer systems thus aiding the digital trans-
formation. Embracing this digital transformation with the interdependence that
comes along will lead to a multitude of advantages for the company encompassing
improved agility, flexibility and operational performance. Even though numerous
organizations are operating in denial about the implications of Industry 4.0 on
their business or are striving hard to find talent or knowledge to implement the
framework, several others are actively preparing towards a future of digitalization
accepting that smart machines can improve their business.

9. How to promote Circular systems?

Design and production aligning to CE terms: Primarily, circular economy
must be regenerative and restorative by design. Importance must be provided
towards the recovery of materials and products at the design level, contrary to the
practice of waiting until the end of product life cycle. Design processes should be
planned and organized in a manner that will facilitate product reuse, recycle and
cross industrial transfer. This intricate CE product design is to be carried out with
advanced skills, insights and working plans which are not very popular in the cur-
rent situation. Material selection is expected to play a critical part in designing resil-
ient products and the manufacturers are expected to detail the purpose of the end
products over the specification of materials to be used. Standardized components,
design which facilitates ease end of life sorting as well as taking into consideration
the usage of by-products and wastes into something useful is also preferred [29-34].

New Business models: New business models should prioritize access over
ownership in order to gain more attractive value propositions as this model will
transform consumers into users. Companies that can leverage their market share
and capabilities in the value chain can drive circularity in the mainstream business.
Profitable businesses will inspire other businesses and there is a significant potential
to be expanded globally.

Reverse Cycle: For companies to attain value from products at the end of their
life cycle, used products must be collected and brought back. Such value preserva-
tion will bolster the transition towards a circular economy. This is made possible
by reverse logistics and treatment methods which will help those materials to get
back on the market. This will be an intricate process which includes delivery chain
logistics, sorting, risk management, warehousing, power generation and may even
employ molecular biology and polymer chemistry. Reverse logistics network which
cascade materials to be used for other purposes is to be optimized totally and must
be brought under the terms of circularity. User friendly collection schematics,
accessible locations for customers and specialists as well as capability to maintain
the quality throughout the diverse applications of the collected products are to be
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provided significant importance. Efficient reverse cycle will be cost effective, will
have a better quality collection and also will employ efficient and effective segmen-
tation of utilized products thereby resulting in the decrement of loss of materials
outside the system in turn aiding circular design.

9.1 Advantages of Circular Economy

The world population is growing at alarming rate, so is the usage of natural
resources. We will reach to a point where the nature will be depleted of the
resources and will not have any to offer the human race. This is when circular
economy benefits on a global scale. In addition to using up the resources, the
development these days has an adverse effect on the environment. Moving towards
a circular economy could offer reduced pressure on the environment. The wastes
those are otherwise discarded to the environment are instead recycled and made to
use up to its maximum potential. This could improve the security and availability
of the natural resources, which are the raw materials for the production processes.
This will increase competitiveness among the companies and bring about more
innovation, which in turn will boost the economic growth. The economic growth is
marked with creating more jobs and other opportunities. Circular economy can also
help companies provide more durable and innovative goods with increased quality
of life, which help consumers save money in the end [35-37]. According to waste
management priority order, the first and foremost priority is to reduce the amount
of wastes generated. It is followed by reuse, recycle and other recovery procedures.
Disposal of waste to environment is the least desirable waste management proce-
dure. This exactly aligns with the characteristics of a circular economy.

9.2 Circular Economy and Sustainability

It combines the scientific disciplines of management, economy, technology,
engineering, environment and society. As circular economy is essential today to
promote the goals of sustainable development and all these scientific areas are
not independent, their connections and synergies exist and should be further
developed. Multidisciplinary approaches and numerous connections between these
scientific areas are mandatory to reach the sustainability goals and to solve environ-
mental problems, expand technological limits and overcome potential economic
disturbances. This approach is expressed with new policies (market-based instru-
ments, command and control, and circular public procurement), technological sug-
gestions (e.g. technical cycle solutions), environmental engineering technologies
(e.g., waste management, 3R strategies, water recycle, wastewater treatment and
reuse, renewable energy), circular business models, circular innovations, circular
management solutions, consumers’ behaviour in circular economy, new circular
economy products labels and social acceptance in circular economy.

Journal information.

Nowadays, in the recognized economic systems, goods and services are used,
created, and rejected, there is a well-defined pattern in linear economy, where the
flow has a clear start and end. The circular economy works relatively differently,
the services and products in a circular economy are intended to reused or recycled
both in technical or biological cycles. All the products are synthesized in such a
way that they can be easily take to bits and the materials used will either be broken
down by natural process or returned to fabrication of any other product. The main
advantage is that it will reduce the demand on earth’s finite resources, also the waste
or unwanted residues from industry can be used as resources for another industry. It
also provides a well-defined framework that put together approaches and methods
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from diverse foundations like biomimicry, cradle-to-cradle, ecosystem services,
industrial symbiosis, and collective consumption. The circular economy is evidently
a diverse way to do business, obliging the establishments to rethink everything
starting from resource procurement, design and final manufacture of the products
or services. Advocates of the circular economy propose a sustainable world, in
which there will not be any depreciation in the standard of life the consumers and
can be easily attained without any economic loss of revenue or additional costs for
manufacturers and also the quality of the product or services.

Following are the principles that define how the circular economy should work
in the present scenario:

1. Any waste is a resource: All the biodegradable and non-biodegradable
materials are use again.

2.Second hand use: The product can be reintroduced in the economic circuit
after the use by the initial consumers

3.Reuse: Some products or certain parts of those products that still work can be
reused to elaborate new artifacts.

4.Repare: the damage products can be repaired and can be used.

5.Recycle: Making value added products from waste materials discarded in
waste with or without minor addition or deletion.

6. Valorization: hitch energy from waste that cannot be recycled further.

7.Functionality economy: it establishes a system of rental property. After the
use of the particular product, it is returned to the producer, it is dismantled
and the effective parts can be reused.

8.Relying on energy from renewable sources: rejection of demand on the finite
fossil fuels resources for the manufacture of the product, recycle and reuse.

9.Eco-design: This reflects and incorporates in its beginning, the environmental
impacts throughout the life cycle of a product i.e. from cradle to grave.

10. Territorial Industrial and ecology: instituting of an industrial organiza-
tional method in an area/territory branded by an augmented management of
resources, flows of resources, stocks, services and wastes.

10. Industry 4.0 as Facilitator for Sustainable Development

The increasing needs and multiplying wants of human beings resulted in the
overexploitation of the natural resources. From the primitive cave man to the
present computer oriented man, both the volume and methods of natural resources
exploitation have undergone tremendous changes. But modern research in science
and technology has resulted either in the improved versions of already existing
ones or in the inventions of the new ones at the cost of limited natural resources.

As aresult, the luxuries are becoming comforts and comforts are becoming neces-
sities. Resources are limited, but people’s wants are unlimited. Therefore, limited
resources need to be used carefully through efficient allocation among the various
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alternative uses. The rising socio-economic inequality, growing environmental
degradation, climate change, urban sprawl and ever increasing cyber-dependency
can be underlined as the global tendencies and this may result in social instability,
natural catastrophes, water crises, pollution, heavy resource depletion, unemploy-
ment and migration throughout the globe [38-43].

After the UN General Assembly in 2015, implemented the Agenda 2030- which
amounts seventeen inseparable and self-sustaining goals called Millennium
Sustainable Development Goals are envisioned to function as a foundation stone
for the renovation of the global economies towards sustainable development. This
alteration procedure must result in economic development in agreement with equal
opportunity, social uniqueness within the so-called ecological margins. As indis-
pensable investors’ for sustainable development, industrial establishments have to
move towards an innovative archetype which places much prominence on sustain-
able value creation. The industrial value creation has undergone thorough changes
starting from the age of discovery of fire to the industrial revolution throughout
the years. Industry 4.0 (The fourth industrial revolution) which was initiated in
2010s, the ultramodern concept of technology and research for Industry 4.0 and
sustainability are highlighted. In response to the Agenda —2030, the European
Union released an outline for action, which collectively tells about the planet,
people, peace and prosperity [17]. As indispensible stakeholders for sustainable
development, all the industrial organizations have to move towards an innovative
manufacturing pattern which puts importance on both sustainable development
goals together with value creation.The sustainable value creation has three dimen-
sions, such as economic, social and environmental.

The major objectives of industry 4.0 include, linking services, resources and
humans in real-time during the making on the basis of CPS (Cyber Physical
Systems) and the Internet of Things (IoT). The major physical systems consist of
several actuators, sensors, embedded data handling soft wares which enables fast
processing and communication of data to different interfaces. There is complete
automation in all the systems, process, manufacturing, packing, error maintenance,
which helps in easy maintenance and control of the complete system.The value
making elements in Industry 4.0 are, Business Models, Value Creation Network and
Product Life Cycle, Product, Process, Organization and Equipment.

11. Importance of Sustainable Manufacture in Industry 4.0

The World Commission on Environment and Development (WCED) was
appointed in 1983 by the UN to study the relationship between environment and
development and it submitted the report in 1987-Our Common Future’ After the
publication of ‘Our common Future’ in 1987, the concept of sustainable develop-
ment came in to being and is defined as the development which meets the needs of
the present generation without compromising the ability of future generations to
meet their needs [20]. Sustainable development provides a healthy model for the
progress of the world. Sustainable development involves the eco-economic manage-
ment of resources to reach an optimum level of use and satisfaction, instead of
maximum level. It also involves the restoration of degraded resources, maintenance
of production and the elaboration of resource base by the wise use of the renewable
resources.

As development involves a progressive transformation of the society in all
aspects, sustainable development indicates the uninterrupted continuity of the
improvement of social, economic. Ethical, scientific, technological, educational
and spiritual condition. Thus it is an all-round human development of an integrated
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or holistic nature. Sustainable development necessitates the rate of depletion of
non-renewable resource to be reduced to make future options possible. The national
strategies suggested by the WCED for attaining the concept of sustainable devel-
opment are revitalizing growth, meeting crucial needs for jobs, water, sanitation
and energy, guaranteeing sustainable level of population, reorienting technology,
conserving and enhancing the resource bases and handling risks and integration of
environment and economics in the final decision making [21-24].

Interaction between economic growth and development fully depends on the
natural resources and human resources. The attitude of human beings determines
both the content of growth in material and energy terms and its impact in terms of
equity. Now both developing and developed countries are in the process of evolving
sound methodologies to estimate the real stock and the value of national disasters,
providing larger and better opportunities for education and health, assessing social
and ecological costs of development projects and taking decisions less vulnerabil-
ity to economic crisis and these resources that are not exploited in enterprises or
national accounts. Only if the quantity of decrease in the deterioration of the natu-
ral resources and the conditions along with human resources are calculated we will
be able to estimate whether growth is quantitatively acceptable or not. Equitable
distribution of income, less vulnerability to economic crisis and national disasters,
providing larger and better opportunities for education and health, assessing the
social and ecological costs of development projects and taking decisions based on
it etc. are the different aspects of improving the quality of growth in order to attain
sustainable development. Thus sustainable development can accelerate and assure
social welfare by taking steps to improve both natural and human resources.

The approach of sustainability comprises of three pillars which include, the
economic, environmental and social dimensions as ultimate and integrative arenas of
action. Environmental sustainability designates the conservation and existences
of the whole ecological complexes, which is both, a source as well as a sink of natural
resources and anthropogenic activities. Social sustainability comprises of the equita-
ble sharing of human resources, taking into consideration about the age groups, social
classes, gender, and regional distinctiveness together with social justice and solidarity.
Economic sustainability needs the keeping of modest benefits and efficient market
orientation together with targeting at the conservation of the available resources and
thereby increasing the standard of life. Sustainable development involves the eco-eco-
nomic managing of resources to reach an optimal level of use and satisfaction, instead
of maximum level. It also involves the restoration of degraded resources, maintenance
of production resources and the enlargement of resource base by the judicious use of
the renewable resources.

12. Decision Making with Environmental and Economic Considerations

Economic decisions of the past were taken mainly on the basis of the market
value generated as a consequence of implementing the decisions. But quite often
markets do not represent the real costs and benefits involved in a particular produc-
tion process. Therefore reflecting the hidden costs and benefits mainly environ-
mental became a major concern of modern policy makers and planners who aim at
sustainable development. Integrating economic and environmental concern proper
changes in attitudes and institutional arrangements have become the hall mark of
most modern developmental models. Ecological and economic interactions and
interdependence and testified through trade, finance, investment and travel. Hence
sustainable development requires the association of ecology and economics in order
to promote development and safeguard environment.
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In the final phase of suggesting essential requirements for attaining sustainable
development, the World Commission puts forward the presence of the following
systems.

* A political system that fortifies effective citizen’s participation in the final
decision making.

* An economic system which is able to create technical knowledge on a self-
contained and sustainable basis.

* A social system that offers solutions to the pressures arising from discordant
development.

* A production system which compliments the responsibility of the presence of
the ecological basis for the development.

* A technological system that can explore unremittingly for new clarifications

* Aninternational system that nurtures sustainability patterns of trade and
business.

* An administrative system that is very flexible and has the capability of
self-correction.

These necessities actually depict the different dimensions of sustainable devel-
opment. Unless sincere, omniscient, integrated and harmonious changes in attitude
take place from the bottom of human hearts, sustainable development will remain a
distant dream.

13. Carrying Capacity based Resource Consumption

Carrying capacity is the number of human beings, which can be sustained in
a specified area together with the natural resource limits without degrading the
social, economic natural and cultural environment for the present and coming
generations. The carrying capacity of every system is the maximum amount of
resources it can provide and maximum amount of residuals or wastes it can assimi-
late. Man as an organism has a carrying capacity to use the resources and dump the
waste/byproducts back to the environment like any other organism in the universe.
If the population of a specific organism is well below the carrying capacity of
the environment, it will support positively for natural increase in the number of
organisms of the particular species. Several reports are there regarding the car-
rying capacity of the earth for humans’ shows that it has been exceeded far above
the normal rate the biosphere can sustain. If carrying capacity of the biosphere is
exceeded, living organisms must acclimatize to the new levels of consumption or
find alternative resources for meeting their needs. As there is rapid rise in popula-
tion, the demand for natural resources is increasing in an alarming rate also the
pollution load and environmental degradation results. However, through effective
management systems and development of new resource saving technologies, we can
sustain with limited resources available.

The world Summit, 2002 identified key objectives of sustainable develop-
ment: protecting natural resources, eradicating poverty and changing unsustain-
able consumption and production patterns. A multidisciplinary team including
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technologists, ecologists, economists and policy analysts has to ascertain the con-
sumption pattern globally and determine the human carrying capacity and come

up with sustainable solutions in which we are considering both environment and
economic development equally. The carrying capacity can be changed by improving
the technological advancements. As the system exceeds its natural carrying capac-
ity, leaving the environment no longer able to support even the original number of
people inhabiting in the area on a sustainable basis [41-46].

14. Conclusion

For development, we need resources, due to rapid increase in population,
urbanization, industrialization the resource depletion is increasing in an alarming
rate. We cannot avoid development; we are not able to change to the bullock cart
age, so we have to find alternatives for the sustainable use of available resources. We
will reach to a point where the nature will be depleted of the resources and will not
have any to offer the human race. This is when circular economy benefits on a global
scale. In addition to using up the resources, the development these days has an
adverse effect on the environment. Moving towards a circular economy could offer
reduced pressure on the environment. The wastes those are otherwise discarded to
the environment are instead recycled and made to use up to its maximum potential.
This could improve the security and availability of the natural resources, which are
the raw materials for the production processes. This will increase competitiveness
among the companies and bring about more innovation, which in turn will boost
the economic growth. The economic growth is marked with creating more jobs
and other opportunities. Circular economy can also help companies provide more
durable and innovative goods with increased quality of life, which help consumers
save money in the end. According to waste management priority order, the first
and foremost priority is to reduce the amount of wastes generated. We can follow
the reuse, recycle and other recovery procedures. Disposal of waste to environment
is the least desirable waste management procedure. This exactly aligns with the
characteristics of a circular economy, finally can attain in sustainable future also.

The present work evaluated the prospective of industrial value creation in
Industry 4.0 in terms of their involvement to sustainable development. The impor-
tance of the study was to put together the social, economic and environmental
dimensions of sustainability. The fundamentals concepts of Industry 4.0 and its
basic technologies for value development in the context of Industry 4.0, as well
as of sustainable value creation were delineated. This work also aims to propose a
novel sustainability approach in industrial environment, especially in environment
management systems in industries in order to achieve better performance in terms
of both economic and environmental perspectives. The work also supports the engi-
neering systems to be sustainable and feasible industrial systems that can support a
transition to the circular economy by change in their process, product and approach
finally help them to act in fruitful congruence with the recuperative mechanisms
of the Mother Nature. Also results in less demand on the earth’s natural resources
and less impact on environment. The challenge involves complex array of issues and
problems that require more sustainable solutions than that are usually done as the
end-of pipe-remedies. Hence there is urgent need for environment management
together with the incorporation of principles of sustainable development.

Nowadays growing attention has been modeled to enhance the sustainability
component in the manufacturing process by decreasing the consumption of
natural resources and its key materials, the energy consumption and the ecologi-
cal footprint which also increases the company’s acceptability and competiveness
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in global markets. The rebuilding comprises of a set of processes or systems, tools
and knowledge based approaches to reuse and recover functions and valuable
materials from industrial waste products and postconsumer products under a
circular economy perspective. Globally the industries are facing several challenges
to attain the reasonable and sustainable health by upholding peaceful and good
relationship between the societies and the biosphere. To overcome these challenges
the components of industry 4.0 is set to achieve sustainable development in three
dimensions- economic, ecological and social. The new evolution of the production
and industrial process called Industry 4.0, and its related technologies such as the
cyber—physical systems, big data analytics and Internet of Things, still have an
unidentified potential influence on the environment. Though, the existing eco-
nomic strategies and the resultant business models are more or less universal, they
largely neglect the organizational essentials. The closed-loop economy or circular
economy present modewort on debate on sustainable development as it an approach
in which the waste or residuals from an industry can be used as raw material for
another industry there by reducing the demand on earth’s natural resources. The
vital aim of the work is to bond the gap between organizational characteristics, such
as profitability, market position, structure, decision-making style and the adoption
of circular economy practices.
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Meso Trajectories in the National
Innovation System and Their
Regulation
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Abstract

The mesotrajectory is presented as a three-phase process of the development of
mesopopulations: emergence (origination), diffusion (acceptance, assimilation and
adaptation) and retention of a new rule (innovation). The central category of the
NIS, i.e. knowledge, is considered from two positions: as a set of specific rules and
as the most critical innovation resource. The proposed methodology also describes
the three phases of mesostructure dividing each of them into two series—parallel
sub-phases and incorporating them in the design of niches, technological and mar-
ket ones. The methodology allows specifying the effect of the evolutionary selection
and intermittent development of meso-units in the first two phases, as well as the
mechanisms of changing the socio-technological regime in the third phase. The
study set and analyse policy for creating motivation for innovative behaviour at dif-
ferent phases of the mesotrajectory. The actors’ mesopopulation are represented as
carriers of the properties of knowledge-rules-resources. The knowledge of the actor
is taking into account not only as a rule but a factor breaking the mesotrajectory.
Among other characteristics of mesotrajectory discontinuity, intermittent equilib-
rium is taken into consideration in the study. The problem of regulating trajectory
continuity is analysed in the framework of public policy.

Keywords: knowledge-rules, trajectory, mesopopulation, factoring populations,
incentives and disincentives, technological niche, selection (market) niche, public

policy

1. Introduction

The possibilities for applying traditional approaches (including neoclassical
theory and theory of growth) and their tools to the analysis of innovation systems
are mostly limited [1, 2]. Frequently, the main conceptual statements of these
approaches contradict the fundamental properties of the National innovation
system (NIS) and its actors’ characteristics. For example, it is not always possible
to attribute NIS actors to the economic agents, especially in cases when gaining
economic benefits is not their objective. Actors are not often represented as agents
in the economic mainstream and not always benefit-oriented in short-term and
sometimes medium-term perspectives. The actor of the NIS is often considered as
decision-making under bounded rationality.
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At present, the concept of a national innovation system covers all the major
components of the innovation process, including organisational, social, political,
and economic factors. Researchers and decision-makers widely use this concept at
the regional, national and international levels [3]. At the same time, many authors
indicated as one of the main disadvantages of the NIS approach that it lacks bridges
between the macro and micro that are inherent in mainstream economic research.
According to Edquist [3], when moving to a macro level, the innovation system is
regarded as a single entity without breaking out into subprocesses and their actors
[3, p. 186]. Here it may just be noted that in the current practice of NIS research,
this approach often looks relatively static. Miettinen says that the NIS approach is
poorly connected to ... a dynamic way of thinking [4], p. 35.

The neo-evolutionary theory (NET), which has arisen relatively recently [5], is
free from these shortcomings). Therefore, to eliminate the shortages and achieve
a new quality analysis of innovation development, it seems reasonable to integrate
the achievements of this theory and the NIS approach. The following facts indicate
that these approaches are compatible.

Like the NIS approach [6-9], knowledge is the central category of the NET.
According to [10], the bit of knowledge serves as the nuclear element of evolu-
tionary economics. This bit is considered as a particular rule in the NET [11, 12].

In neo-evolutionary economics as well as in the national innovation system, the
emphasis is on the consideration of new knowledge (rules). The NET and NIS
actors are knowledge holders; their activity is associated with the generation and
use of creative knowledge.

In the NET, the carriers of the same (rather complex) knowledge-rule are
combined into a population. It is called a mesopopulation. Therefore, the couple of
rule and mesopopulation is taken as a single object called the meso-unit in the NET.
The dynamic process of the development of meso-units determines a mesotrajec-
tory [11] or market trajectory [13]. As a result of passing through the trajectory,
mesopopulation grows from one holder (entrepreneur or technology supplier) of a
new technological knowledge/rule to a population. The mesotrajectory consists of
the subsequent phases of the development of a complex rule. They are emergence
(origination), diffusion (adaptation and assimilation) and retention of the rule.

It is worth noting that the introduction of the concept of mesotrajectory
was an essential step in the development of evolutionary theory. However, neo-
evolutionists consider the technological changes that have relatively smooth
dynamics. According to the authors, the technological shifts are the result of
gradual changes in technologies and socio-technological regimes. Therefore, leap
jumping changes in technologies (their mutation) are left out of the consideration
of mesotrajectories. At the same time, there are some authors of the so-called quasi-
evolutionary point of view [14-17], who insist that radical technological changes are
often the result of drastic technological changes that break the previous trajectory
of technological development.

These trajectory gaps often result in the discovery of new markets and new
industries. The authors mentioned above are also convinced that the emerging tech-
nological and market niches, either inside or outside socio-technological regimes,
are the drivers of technological changes. The processes of origin and selection of
variations in technological changes that can meet the requirements of a changing
selection environment take place just there. In the NET, the concept of niches is not
actively used and therefore, it is not related to the implementation of mesotrajecto-
ries. However, it would be logical to do so. Below we will try to present the process
of functioning of niches as a necessary part of the phases of trajectories. To this
purpose, we will expand the typology and definition of niches below.

40



Meso Trajectories in the National Innovation System and Their Regulation
DOI: http://dx.doi.org/10.5772/intechopen.94945

Furthermore, it makes sense to combine the NET and NIS approaches into one
concept. The use of mesotrajectory notion in the NIS would make it possible to
introduce the dynamics into the analysis of the system and determine the transi-
tions from micro to macro through meso-level. At the same time. The application
of the NIS toolkit in the field of public policy in the NET would allow linking the
public actions with the need for rule carriers passing the mesophases of trajectories.
The embedding NIS in NET allows speaking of knowledge not only as a rule but also
as a specific innovative resource. And finally, as the rule-carries’ motivation, the
analysis of internal and external factors affecting leads to the consideration of new
aspects of mesotrajectories usually not taken into account in the NET.

2. External and internal factors hindering the implementation of
mesotrajectories and their regulation

Certain factors influence the development of the phases of the mesotrajectories.
They can be combined into two groups. The first of them are the factors that are
shaped outside of the mesopopulations at the corresponding trajectory phase. The
second is formed inside of the mesopopulations of the evolutionary trajectory.

In the first, we include two following categories of risks and uncertainties:

1) inherent in innovation; 2) associated with threats of adverse externalities of
technological spillover. They stem from an external environment and determine
anti-stimuli for the actors’ activities in mesopopulations.

The second group comprises the factors whose elements are formed by some
actors of mesopopulations. The actors that fall into a factor forming population are
holders of the attributes of a distinguishing factor. Actions of these populations
may promote or inhibit the phases of mesotrajectories.

In light of the previous, one of the tasks of public policy is to mitigate the risks
and uncertainties. In this study, we do not take into account such external factors
of innovation activities as components of framework conditions. The regulation of
influence of the factor-forming populations on the trajectory is the second prob-
lem of the NIS. The present study attempts to crystallise the mentioned groups of
factors and some measures of public policy to regulate their actions. It means that
actors cluster the group (populations) of factor characteristic carriers according to
the factors.

In this context, it is worthwhile to note that public policy on the evolutionary
trajectory differs significantly from the traditional economic, particularly, indus-
trial policy in its goals and role-playing behaviour of the government. Under the
general economic (industrial) policy, government actions usually aim at a struc-
tural transformation of the economy as a whole [18], economic development and
growth of manufacturing and other types of production. Below, the term public
or government policy is referred to government regulatory action to facilitate
the drivers of a country’s development and eliminate barriers [19] or performing
core functions of NIS. Moreover, in contrast to the traditional theory, the govern-
ment has bounded rationality and is only one of the possible participants in the
processes of destroying trends of the trajectory and searching and implementing
new ones.

And finally, one must take into account that these government’s efforts cannot
be expected to succeed without solving the problem of encouraging actors to
perform NIS functions as well as regulating the activities of factor-forming popula-
tions at different NIS levels. This section is devoted to the consideration of these
problems.
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2.1 External factors for mesotrajectories: risks and uncertainty emerging in the
environment

For actors, the activity on the phases of the mesotrajectory has two sides. The
first is positive, and it is related to the possible economic benefits of innovation.
These benefits generate incentives for the activity of NIS actors. The second is nega-
tive, and it is determined by the presence of strong disincentives to perform core
NIS function to get these benefits. The high risk and uncertainty of actors’ activity
lay the groundwork of the disincentives. Consequently, the stimulus must outweigh
the anti-stimulus in order this activity takes place.

The disincentives are unevenly distributed along the mesotrajectory. If the
proposed innovation is radically new, then the most significant uncertainty of posi-
tive results in the innovation activity occurs in the Meso 1 phase. However, if the
successful development of the innovation processes provides the transition of the
mesotrajectory to the Meso 2, then calibrated risks of getting innovative results will
replace the uncertainty.

Risks and uncertainties in the NIS on the trajectory can be conditionally clus-
tered into two groups [20]. The first group includes uncertainties and risks that are
natural, i.e. intrinsic and inherent, in actors’ activity. Their presence, especially
on the early stages of technology creation, does not make firms eager to invest in
innovation and support them.

Government, as a partner of an entrepreneur, tries to diminish the natural
risks and uncertainties at initial phases of the trajectory. On the other hand, the
government’s steps may induce NIS actors to act as free riders and encourage them
to receive rental income from the corresponding financial help of the government.
The government to avoid this phenomenon should strive for such conditions that
make actors accept a significant part of the innovative risks and uncertainties. In
other words, dualism has to be inherent in government policy.

The dualism means that the domains of public policy will not only compensate
for the system of anti-stimulus but also force the participants of the NIS to take on
significant shares of uncertainties and risks. One of the methods of actors’ compul-
sion to this sharing is an international competition [21].

The existence of the second group of risks and uncertainties can be associated
with threats of adverse externalities or spillover [22] on the mesotrajectory. For
example, if an actor was successful at Mesol, he succeeded in such a NIS function
of an economic application of new knowledge. Nevertheless, the actor would not
receive the full benefit from his innovations without sharing it with competitors, if
the spread of innovations, i.e. fulfilment of such a core function as diffusion, took
place due to the effect of technological spillover (the unauthorised use of these
innovations).

This effect often does not arouse the actors’ desire for creating innovations.

An actor-innovator to avoid this effect could use substantial isolationist barriers
protecting his new innovative knowledge [23, 24]. The durable protection of intel-
lectual property supported by the government can act as such a barrier. However, it
must be borne in mind that powerful isolationist barriers may hinder the diffusion
of innovations (see Section 3 below). Then such an essential function of the NIS

as the dissemination of new technological knowledge can be disrupted. The phe-
nomenon may also sometimes impede the development of the new rules laid down
in radical innovations as well as introducing innovative changes in related fields of
activity.

In summary, the public policy, the purpose of which is to shape the actors’
inducement, should include the following objectives:
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1.holding dual policy measures of policy measures, on the one hand, to compen-
sate uncertainties (on Meso 1) and risks (on Meso 2 and Meso 3) and, on the
other hand, to force NIS actors to deal with these uncertainties and risks taking
on with them through the trajectory;

2. maintaining a balance of performing various NIS functions at different phases
of the mesotrajectory.

2.2 Internal factors for mesotrajectories: populations as holders of factor
attributes

In addition to the mentioned above factors, uncertainties and risks, the factors
formed among the mesopopulations play a significant role in the evolutionary
trajectory. They are constructed by some members of the populations in the course
of their activities along the mesotrajectory.

Such factors can include:

* Resource capability of NIS actors, i.e. their provision of primary resources
(in particular, their shortage or redundancy).

* Firm forms of ownership.

* The technological complexity of innovative products.

* Spatial distribution of innovation processes and actors.
¢ Technological paradigms in the economy.

* Absorption capacity and its distribution among actors.

As an example, consider a factor such as resource availability or resource provi-
sion of enterprises. Let us assume that this level can be low, medium and high.
According to these gradations, the set of industrial enterprises is broken down into
factor-forming populations of small-, medium- and large-sized enterprises. For
instance, these populations can include the following groups:

¢ Small enterprises up to 299 employees.
* Enterprises with the number of employees from 300 to 499.

* Large enterprises with employees between 500 and 9999, and above 10,000
personals.

The ranges of employees that are available for these enterprises are attributes
of such the factor. It worth noting that enterprises within these specified factor-
forming populations are not distinguishable; that is, at this level of consideration,
the group of enterprises can be considered as homogeneous unless otherwise speci-
fied. In this context, for given attributes or gradations of the factor, the analysis
deals with homogeneous populations (groups of enterprises).

Now;, let us look at another example of factor-forming populations along the
evolutionary trajectory. They are related to such a factor as forms of ownership
of NIS actors. The sample of actors (e.g. innovative industrial enterprises) can be
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subdivided into factor-forming populations according to the gradations of owner-
ship the actors are belonging. The structure of gradations can obey a hierarchy. In
the case of Russia, it can be presented as follows. At the macro level of the hierarchy,
ownership has two attributes, such as Russian and non-Russian property.

Further, Russian property should be split into public and non-public ones. The
former has two gradations: federal property and ownership of Russian Federation
subjects. The following features can classify the latter as follows: municipal prop-
erty, the private one, the property of consumer cooperatives, ownership of public
and religious organisations, mixed (private and state-owned) property. Finally, last
but not the least, the non-Russian property includes foreign and joint possession.
The private (52-53% of enterprises) and mixed (14-16% of enterprises) ownership
concentrate the main resources (human and material) of innovation. The federal
and joint property (19-23% of enterprises and resources) are next in importance.

This just mentioned set of features can be regarded as finite; that is, it is not sub-
ject to further division. It means that organisations grouped by the listed attributes
are taken as homogeneous regarding the corresponding form of ownership. In this
context, it is worthwhile to point out that in other cases, for instance, considering
the technological complexity of innovative products, the hierarchy of attributes of
the factor must be deeper and homogeneous factor-forming populations of higher
hierarchy level have to be split into subpopulations on the next lower level.

Now let us turn our attention to the analysis of dynamics of populations form-
ing attributes such as the resource capacities and forms of ownership in Russia
(see also [25]).

2.2.1 The resource capacity

The characteristics of evolutionary trajectory depend substantially on the level
of common resources available for enterprises, i.e. sizes of enterprises.

In particular, for innovation-active enterprises of Russia, representatives of
populations of small dimension, that is, small and medium-sized enterprises have
a significant share of innovative products in their sales. It is worth pointing out that
although in 2010-2012 some populations of large enterprises showed growth of this
indicator at times, many of them were apparent outsiders (hereinafter, Rosstat data
are used). They had had shares of innovative products in sales well below the those
of three out of four populations of small and medium-sized businesses. Only the
population of enterprises with employment between 1000 and 4999 people man-
aged to exceed the level for small and medium-sized businesses populations.

In 2012-2015, the situation repeated: three out of four resource-rich populations
had the lower meaning of the indicator compared to three resource-poor popula-
tions. (see Figures 1 and 2). However, the shares of innovative products in sales
for the enterprises of 500-9999 and 50 to 99 employed became close (16.1% versus
16.2%). It turned out to be significantly below for the class of small businesses
employed up to 50 people and the class of medium-sized enterprises with employ-
ment in the range of 100-199 people. The values of the indicator for the classes were
17.1% and 18.4%, respectively.

By contrast, it is worth noting that, despite the steady outsider’s positions of the
large enterprises’ populations, they managed to reduce the gap with the leadership
positions of small and medium-sized enterprises on Meso 2.

Here, not the last role could be played by the circumstance that the state-owned
enterprises belonging to the populations of large enterprises were forced to accept
the special innovation development programs (IDP) in which the government
drafted the share of innovative products in sales. According to the plans, the
enterprises must be answerable to the government for achieving the target value of
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Figure 1.
Average share of innovation production in the sales of innovation-active enterprises by size classes in
2004-2007 (% ).
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Figure 2.
Average share of innovation production in the sales of innovation-active enterprises by size classes in
2013-2015 (% ).

this indicator. This responsibility, posing significant risks of over-statement and
falsification of this indicator value for large state-owned enterprises, may trigger
the sharp increase of its meaning in these years.

It is worthwhile to point out that in the country the level and dynamics of
indicators of the innovation activity scale and economic efficiency along the meso-
trajectories continue to be almost wholly established by the populations of large
enterprises due to their dominance in the economy. However, as just mentioned, the
indicators of large enterprises often point to a lack of their activity along evolution
trajectories.

It is essential to overcome the innovative passivity of large enterprises and
increase the groups of small and medium innovative business to find a way out of
the situation. Furthermore, policy measures are needed to constitute a framework
of conditions in the field of entrepreneurship. It concerns, in the first place, reduc-
ing regulatory and administrative barriers and developing and providing competi-
tive environments in markets.

The populations of small and medium enterprises had primary positive, inno-
vative attributes. The populations need increasing and supporting by the state.
The critical task of public innovation policy is to establish conditions for the rapid
growth and prosperity of new firms based on one technology on the mesotrajecto-
ries. The urgency of the issue is determined by the fast development of outsourcing
processes on the final stages of R&D as well as the traditional disability of large
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firms to implement quickly new methods of doing business and introducing quite
drastic changes in production and delivery methods.

2.2.2 Forms of ownership

The form of property has a substantial impact on the behaviour of the firm and
its development and affect the choice of organisational model, management and
innovation activity of the firm. The enterprises of private and mixed ownership
demonstrate the most significant influence on the overall situation in innovation.
In 2015, the number of privately-owned enterprises was 47% (versus 52% in 2006)
among innovation active industrial enterprises on Meso 2, along with that the
mixed-owned ones consisted 11% (versus 17% in 2006). Consequently, both popu-
lations concentrate about 65-70% of the general (human and material) resources
of innovation. The next in importance to the influence were the populations of the
federal property (15-17% in the number of enterprises and quantities of resources)
and joint ownership (7-10%).

For many years, private ownership has not been a leader in entrepreneurial
activity in innovation. In particular, the organisations of this form of property has
been significantly behind those of federal property. It concerns a share of innova-
tive products in sales (see Figure 3). Moreover, according to this indicator, the gap
between these forms of ownership has increased dramatically in recent years (see
Figure 4). Two circumstances can explain that increase. First, as mentioned above,
federally owned enterprises had adopted innovative development plans with a
commitment to enhancing innovative products in sales dramatically. Secondly, the
government had undertaken intensive financial interventions to support state-
owned enterprises.

According to the Center for Strategic Research, within the framework of the
IDP, there was a significant increase in funding for the state-owned corporations
and companies with state participation leading in high-tech industries in 2011-2016.
In 2016, the gross expenditures of the state budget on R&D in these companies
reached 1.7% of GDP [26]. As a result, the spending on technological innovations of
these companies increased more than 20 times (from 2.15 billion rubles in 2010 to
56 billion rubles in 2015). It would seem that this surge in subsidies should drasti-
cally enlarge the scale of innovation activity and its effectiveness of these compa-
nies. However, that did not happen. The increasing share of innovative products
compared with it in the mid-00s was not proportional to the subsidies surge.

P T | |

Proparty of AF Sulje s

Flunicipal Fraparty e % ..
P o Py 2;"-
Tl ke avel Feesiam Proparty e il
Foeai a3
eaign Property — =
i Proparty (Russian =

Foreign.) I + :

Russz asa whala AL |
I

Figure 3.
Average share of costs for technological innovations in the sales of innovation-active enterprises by ownership
classes in 2004—2007 (% ).
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Figure 4.
Average share of costs for technological innovations in the sales of innovation-active enterprises by ownership
classes in 2012—2015 (% ).

What made the situation even more difficult was the level of innovation effi-
ciency of these state-owned enterprises. It is worth noting that the supremacy
of Federal ownership over private property had always been “broken” when one
tried measuring the innovation efficiency on Meso 2 calculated as the value of the
innovative product per employee. However, this “defect” turned out to be very
significant in 2013-2014. If the meaning of this indicator for federal ownership
enterprises had been 60-70% of the national average in 2004-2005, it dropped to
12-15% of the average in 2013-2014.

As it follows from the above, the policy measures should be aimed at the
following components.

* Forcing the enterprises of private and mixed ownership to innovate, for
example, by developing competitive processes in relevant markets.

* Reforming the management of state-owned enterprises.

* Increasing the share of enterprises of foreign and joint ownership in the
manufacturing industry, for instance, by creating a favourable investment and
business climate.

3. Knowledge as a rule or a resource generating gaps of mesotrajectories

The NIS is often presented as storage of innovative resources and processes
that transform these resources [27]. At the same time, the major category of the
resources is knowledge, more precisely, innovative rules in the terminology of NET.
They play a leading role in providing the functioning of the system.

According to the economic tradition, primary resources or factors of the pro-
duction process are understood as labour, business, capital, and natural resources.
For creating long-term advantages, unique resources stand out among the firm’s
resources [28]. The resources have a value, and they are rare and poorly replaceable.
They have limited mobility, and it is difficult to imitate them [28]. The property of
uniqueness of the resources, as it is easy to see, is primarily associated with their
scarcity in the economic system. Their supply shortage can be both external and
internal. It can occur for ether some entrepreneur population as a whole or for
internal subdivisions of a particular focal firm. In respect to a traditional (rivalrous)
resource, the internal deficit does not allow the firm to expand outcome and turn
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into a marginal producer or monopolist displacing less efficient competitors from
the market. If the internal deficiency is stable, it leaves no chance for the focal firm
to get monopoly rent. Then, the only recourse it has is to receive Riccardo’s rent (see
also [23, 28]).

However, the situation looks somewhat different when it comes to such an
unconventional (non-rival) production resource as the knowledge that provides
the birth of a firm’s innovation, in particular, a new technological rule. In conjunc-
tion with other resources, knowledge has a significant impact on reducing the
cost of a product and increasing consumer benefits. The lack of such knowledge
among competitors gives the focal firm a competitive advantage in generating and
appropriating economic rent. The firm can lose the rent appropriated if particular
barriers do not protect the resource from imitation by its rivals. In other words, the
firm requires isolationist barriers [22, 29, 30].

It brings up to the question of whether the firm protecting and apply its specific
innovative knowledge is always limited to Ricardo’s rent. More likely, no than yes. If
a firm’s specific knowledge is explicit and codified one, such as results of research
and development, then there are hardly any natural barriers to its dissemination
within the firm. The absence of barriers and internal scarcity suggests that Peteraf’s
assumption about the dominance of Riccardo’s rent does not work in the case. At the
same time, it is profitable for the firm to obtain monopoly rent in the market. It has
the opportunity if there is an ability to create or use the existing isolationist barriers
(in particular, the protection of intellectual property) to safeguard the innovation
rule. The barriers make it difficult for competitors to imitating the innovation rule.
Consequently, they support the external deficit of the specific knowledge in the
external environment of the firm.

From what has just been said, it follows that the use of monopoly rents by NIS
actors protected by isolationist barriers results in gaps in a mesotrajectory. The orig-
inators of neo-evolutionary theory usually do not focus on this aspect of innovation
activity. However, these barriers can significantly limit the processes of diffusion of
innovative rules among actors’ populations in the second phase of mesotrajectory
and even break them. The special public policy measures them reducing are needed
to close the gaps and restore the growth of the rule carriers’ population.

4. Phases of a mesotrajectory and core functions of the NIS

In the first phase (Meso 1) of the evolutionary trajectory, the emergence of ideas
adopted by a mesopopulation and their first actualisation occur at the microlevel.
Following Schumpeter’s point of view on entrepreneurial activity [31], this phase
is dealing with an active entrepreneur showing ingenuity under conditions of
uncertainty and risks. Moreover, this entrepreneur is able not only to overcome
scepticism proposing a new rule, but he also can take a fresh look at the well-known
rule. Besides, he may even find sources of funding for his activities to build a
mechanism for the implementation of the new or updated rule. If successful, the
targeted actions of the economic agent may change the existing boundaries of
entrepreneurial activity and perhaps alter the essence of this activity. At the same
time, as current practice shows, a discoverer or carrier of a new rule can be not only
the manufacturer of new goods and services but sometimes a consumer revealing
demand for products and services not previously produced [32].

In the second phase (Meso 2) of the evolutionary trajectory, the adoption and
adaptation of the novelty at the local level, i.e. diffusion of innovation and its
support in the economic system, take place. The macro-effect of the phase is the
beginning of the destruction of the prior coordination and re-coordination caused
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by reformatting the behaviour of actors. It is a result of the spread of the new rule.
This process of the institutionalisation is an essence of the Schumpeterian approach
to economic evolution.

Meso 3 is the boundary and final phase at which the retaining and replicating
of the rule and at least the preservation of its carriers occur, and the establishment
of a new macro-order takes place. The phase is a well-structured state in which
innovation is already introduced into the system, and metastable structures provide
the basis of the order. Profit is at a reasonable level; uncertainties have completely
transformed into risks; actors’ expectations are based on ongoing experiments
and comparisons of their results. Technology is widely initialised and adopted by
a significant number of users, and markets using the technology are transforming
into large-scale ones.

As for the NIS approach, it is worthwhile to note that although here the emphasis
is not explicitly made on dynamics, the main (core) functions of NIS processes
take after the abovementioned characteristics of the mesotrajectory phases. These
functions of NIS can be established from the existing definitions of the national
innovation system (see, for example, [6-9]). One can easily see the following ones:
creation (generation), storage, distribution (diffusion or transfer) and effective
economic use of knowledge. The similarity of the content of NIS functions and
phases of mesotrajectories is obvious. However, it is worth point out the task of
knowledge retaining is absent among the NIS core functions. Maybe this task needs
combining with such a score NIS function as storage. The newly expanded role, on
the one hand, ensures the corresponding institutionalisation of the technological
regime. Thanks to the task, technological innovation is accepted by a significant
number of users and the markets where it is realised become mass. On the other
hand, the excessive conservation of the technological regime can generate a track
effect slowing down the technological development of the country. Consequently,
the mesotrajectory can be presented as a sequential process of performing core
functions on the different phases.

Let us also assume that there are two evolutionary mechanisms at work in meso-
trajectories. The first of them is the mechanism of natural selection, and the second
is the mechanism of spontaneous mutation, that is, the interruption of evolutionary
equilibrium. The actions of these mechanisms rely heavily on existing tools for the
selection and development of technological and market niches. The niches can both
support the functioning of the dominant socio-technological regime and contribute
to the formation of a new, more progressive one.

5. Meso-units passing through the phases of a mesotrajectory in the NIS

So, let us turn to the analysis of the mesophases of the innovative develop-
ment trajectories and split every phase into two sub-phases. We represent Meso
1 as the sequential-parallel processes of creation and diffusion of open codified
knowledge (subphase 1.1) and the methods of transforming open knowledge into
pre-competitive one (subphase 1.2). Meso 2 contains the processes of shaping a new
selecting (market) environment (subphase 2.1) and the development of the pull of
this environment (subphase 2.2). Finally, Meso 3 combines two processes:

* formation of an exit from the previous development track (subphase 3.1);
* introduction of a new one, in particular, construction of new mass-consumption

environment (for instance, the market for goods and services produced accord-
ing to the new rule) and maintenance of its metastability (subphase 3.2).

49



Circular Economy - Recent Advances, New Perspectives and Applications

It is worth to note that the first attempt introduces such phase portioning
belongs to [11]. However, the proposed partition is somewhat different from that of
the just mentioned work. We will not specifically analyse the difference between the
formulations. Let us only note that the partitioning does not contradict the mean-
ing Doppfer’ one. The terms defining it are closer to specialists whose activities
are directly related to the analysis of innovation processes. Besides, we included in
the third mesophase the process of destruction of the previous development track,
which Dopfer did not single out at the beginning of the phase.

5.1 Mesophase 1: origination of an idea/rule and meso-units shaping

The first phase starts a process of de-coordinating the selective environment
(particularly, market) and creating new complex knowledge. In the first subphase,
public policy has the objectives: 1) direct support of basic research; 2) creation
and support of open information channels, that is, mechanisms for decoding and
transfer available codified knowledge [20].

The transmission or transfer of codified information through an open informa-
tion channel is an essential element of knowledge diffusion. It allows ensuring the
process of pre-competitive cognition and technology invention if the acquisition of
knowledge that is not special but generic enables its application in a reasonably wide
range of areas. It is all the more relevant as the actor is unable to realise an available
technological stock without additional scientific knowledge of an academic nature.
The absence or ineffective operation of the open information channel creates gaps
between the first and second subphases and significantly reduce the efficacy of
the latter.

In the second subphase, the government supports for the channel for convert-
ing and transforming open knowledge into pre-competitive one [20]. Its content is
to keep:

1. the functioning of technological niches implemented, for example, in business
incubators or initial stage venture business;

2.intra-company R&D incorporated in setting up technologically new processes
and products;

3.NIS actors’ cooperation in the generation of pre-competitive knowledge. At
this phase, the activity of population actors occurs under conditions of sig-
nificant uncertainty (see Section 2). The active innovators need information,
organisational and financial assistance from the government.

It is worth noting that at this phase, the activity of population actors occurs
under conditions of significant uncertainty of a result (see Section 2.1). The active
innovators need information, organisational and financial assistance from the
government.

Technological niches. Using a niche enables NIS actors to counter emerging
threats in development trends (for example, environmental degradation and reduc-
ing market demand). In these cases, innovators work in niches in the hope that they
will help smooth and diminish these threats, while also through a series of technical
improvements will be able to take into account the nature and future dynamics of
the pressure of the selection environment.

As mentioned earlier, forming technological niches, it is necessary to take into
account that in the socio-economic environment, in contrast to the biological
one, there should be a co-evolution of technology and the selective settings [33].
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It means that the selective environment is not steady and not exogenous to the
evolution of the group of carriers of the technological rules. Therefore, consumers
cannot be considered in isolation from producers and investors.

Niches make a protected technological space in which inventions are tested and
become a starting point for radically new technologies and products. The actors’
population in the niche can include both actors of the previous technological regime
and new players, carriers of new technologies. The process of growing technology
and evolutionary learning help generate demand for technology and its products.
They also include proto-markets, where the first interactions between producers
and users of these technologies and products take place. If the proto-market is suc-
cessful, the technological niche turns into a rather broad market.

The protection of technological niches and their entry into the selective (mar-
ket) space are organised by NIS actors investing in promising fledgeling technolo-
gies. Financial resources for the development of technological niches are private
investments in strategic R&D and public grants or subsidies from the target users,
for example, defence agencies.

Business incubators, technology parks, advanced technology programs, and
support for pre-competitive cooperation between business and public organisations
in the development of radical technologies can serve as a form to arrange public
support for technological niches. There is a need in policy aimed at actors seeking
the status of innovators who are able to create specialised technological niches
themselves, and thus resist the established rut of development.

The implementation of the concept of technological niches in many ways
enables us to create prerequisites for solving the problem of advanced innovative
development, in particular, by forming quasi-evolutionary mutations.

5.2 Mesophase 2: rule adoption and diffusion in the selection environment

At the beginning of the phase, the first adoption of the rule by the market (selec-
tion environment) occurs. The randomness of the environment and its bifurcations
give rise to uncertainty of innovation rule perspectives. If it is possible to reduce
this uncertainty, then the turnover of innovations becomes large-scale [12], the
rule belongs to a group. At the end of the phase, the significant population of
rule-carriers is emerging. Its shaping allows saying that a mesolevel bringing future
innovative changes has appeared in the economy.

Selection (or market) niches created for the new technological rules are tools
that give an opportunity reducing the chaos of the environment introduce order
and, ultimately, achieving the spread of the new rules among consumers. If the
market acts as a selective medium, then at this phase, there is a transformation of
pre-competitive into competitive knowledge.

The phase can be represented as two subphases.

At the first of them (subphase 2.1), a new selection (market) environment is
shaped. It has a perceptual ability to adopt the proposed new technological ideas.
Public policy supports the formation and development of selection niches for them
(for example, within the technology parks and advanced technology programs, late
stages of venture capital business supported by specialised tax breaks). Besides, to
protect emerging niches, isolationist barriers that partially and sometimes com-
pletely block the diffusion of the innovation rule to competitors are raised.

At the second subphase (subphase 2.2), a new selection environment develops.
It means that there are growth and blurring of the most successful (selection)
market niches, that is, a conquest for market space by niche actors. The government
innovation policy in NIS is aimed at supporting and developing the demand for
new products produced according to new technological rules, new technological
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knowledge diffusion among producers and consumers. The policy facilitates the
reduction of isolationist barriers and provides the operating of channels of com-
mercial knowledge transfer [20] from the niches.

The sub-phases can be linked in the mesotrajectory. As a result, the second one
turns out to be a continuation of the first. At the same time, it is worth recalling that
the requirements for public policy at different sub-phases may come into an inevi-
table conflict with each other (see also Section 3). At the first one, the public policy
should support isolationist barriers protecting the innovative rule owners. At the
second subphase, it may turn out that the introduced protective barriers, being de-
motivators for actors to enter the population of rule carriers, prevent the expansion
of mature niches into the market or other selection space. Therefore, there appears a
need for mechanisms reducing the barriers.

This phase has to make certain the progress of the rules at the level of micro and
macro inventions that appears in the previous phase, i.e. particularly, implement
them to produce products useful to the consumer. A safe space for the adaptation
of the rules can be organised in isolated niches (a separate environment). At the
start of the phase, a niche product is scarce. However, if it successfully diffuses
among consumers outside the niche, it can ensure the steady growth of its market.
Consequently, the successful niche might put the corresponding meso-unit on the
trajectory of increasing economies of scale.

Types of selection (market) niches. Within the niche, the direction of the evo-
lutionary technological process is mainly determined not by variations of existing
generations of technologies, but by changes in the selective environment. However,
the changes in the selection environment of a niche can force niche actors not only
to reject unsuitable technologies but also create a preferred technology option by
organising a step-by-step process of improving existing options. This process of
changing technological rules takes place in the interaction of producers and users.

The types of emerging niches should be distinguished both by the method of
formation and by their content. According to the first item, we should distinguish
two types of niches. One of them includes the niches that are the result of the
transformation of the technological niches that arose in the previous phase of a
mesotrajectory. The second one singles out the niches that are purposefully created
for the organization of local adaptation and evolution of mainstream technologies
that maybe are not widely spread in the country. In terms of content, it is necessary
to take into account that some niches implement natural selection; that is, they pro-
long a continuous evolutionary process. In contrast, other niches provide a change
in the direction of evolution, that is, intermittent development.

In other words, technological niches are often at the origin of selection (market)
niches. As mentioned above, a successful technology niche generates some primary
markets build by coalitions of actors-agents to test and develop new technologies.
The proto-market can eventually transform into a niche market. The likelihood of
such a transformation is high if the technologies presented on the proto-markets
take into account a perspective for the co-evolution of producers and consumers
in a certain market segment. These transformation mechanisms usually operate in
developed countries at the stage of development based on innovations. In the initial
stages of this transformation, small and medium-sized enterprises often act as
original technology carriers [34].

Following the above, another option for the emergence of market niches is also
available. In this variant, micro or macro inventions continuing the trends of the
mainstream evolve in market niches. As a result of this isolation, the technology
development can lead to the development of the technology for the local environ-
ment (including step-by-step improvement of known, in particular, imported
technologies or the development and adaptation of inclusive options for advanced
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technologies). The emerging technology can also diffuse into other market niches
contributing to the origination of new socio-technological regime in the economic
system. If a certain degree of local maturity of the regime is reached, it penetrates
the mainstream markets and begins to compete with the other regime modes that
are widespread there. Niches of this development model can be shaped within spe-
cial economic zones to create a pool of new technologies for the country. The imple-
mentation of the pool could be necessary to reduce the gap with the mainstream of
technological development. The formation of market niches of this kind is typical
for actors in developing countries undergoing the investment stage of development
[34]. Moreover, large national companies act as actors of mainstream technology
carriers if government organises their protection and support in the niches.

Transformation of technological niches into selection (market) ones.
Considering the processes of formation of selection (market) niches for which
technological ones serve as a prototype, it is worth to take into account the follow-
ing circumstance. The radical technological changes are the result of a process of
ether gradual changes, accumulated step-by-step cumulative innovation or rapid
progressive changes accompanied by opening up new markets and creating new
industries [33].

Following what has just been said, one can distinguish niches of natural selec-
tion and discontinuous equilibrium.

Niches of natural selection (quasi-classical evolution). In a selection (market)
niche, the direction of the evolutionary process is determined not by the variations
of emerging technology generations but by alterations in a selective environment.
The alterations made actors not only reject unsuitable technologies but also forces
them to organise a step-by-step process of improving the existing advantageous
technologies. This process occurs in the interaction between a producer and user
(see, for example, [32]) Besides, the carriers of the technology should take into
consideration not only the market but also institutional factors of selection. Asa
result of the process, among the actors, the number of carriers of improved technol-
ogy technologies increases. In contrast, the number of actors who have technologies
with features unfavourable for the altered environment decreases.

Niches of intermittent equilibrium. However, periods of gradual accumulation
of new technological features characterised by the absence of visible changes or
minor shifts can be disrupted if technologies that have an intermittent nature arise.
Then there are technological changes that are considered analogous to the so-called
intermittent equilibrium, studied in biology [33].

Within the framework of this equilibrium, long periods of relatively steady
dynamics of mesotrajectories, which are characterised by the accumulation of
smooth evolutionary variations of technological species, suddenly end and there are
leapfrogs to new types of technologies. The leaps originate at the Meso-1 phase in
technological niches of interrupted (or punctuated) equilibrium. Mutations destroy
the selection environment. Therefore, the task of the mesopopulation is to trans-
form the technological niche of intermittent equilibrium into a selection (market)
one to begin shaping a full-fledged environment. In other words, the goal is to turn
the niche, eventually, into the widespread domain (mass market) that can provide
the basis for changing the dominant socio-technological regime.

5.3 Mesophase 3: changing the old rule and retaining the new rule
At the Meso 3 phase, the main role is played by the dominant institutional or
socio-technological regimes [35], which establish the prevailing system of meso-

unit coordination. The socio-technological regime is characterised by the rules
that define the technological (technical) structure and market development (user’s
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preferences), as well as the processes of their regulation. In this sense, a regime is a
set of sequential rules that are carried by a certain range of actors including firms,
users and government. Changing the system of rules leads to a transition to a new
type of mesotrajectory.

A particular socio-technological regime supports the dominant technology genes
(see [33], pp. 607). A genotype of technology refers to the rules for how to produce,
use and regulate specific products. The technology is considered as the construc-
tions (analogous to the biological genotype) whose implementation in products and
processes (technology phenotypes) is promoted by various firms. The functions
of the regime also include such actions as transferring and storing the rules (see
[33], p. 608-609). The technology genes determine the generality and differences
between technological species.

Such components of the knowledge system stipulate the metastability of Meso
3 as routines, competencies, and the ability to use them. Conserving and preserv-
ing knowledge (rules) and reproducing them allows actors to create a space for
step-by-step technological mutations. In this space, there is a dynamic balance of
developing technological types supported by their incremental improvement and
improvement.

In theory, a regime exists as long as its rules remain essential for the economic
system. The fundamental nature of the rules is to maintain an optimal balance
between increasing returns to scale (short-term effect) and the desired degree of
diversity, i.e. the possibility of considerable recombination of innovations (long-
term benefit) for the existing genotype of technologies. However, this balance
cannot remain optimal for a long time due to the internal conflict between the
achieved level of economies of scale and the demand for expanding the diversity
of technological genotypes. The conflict causes a change in technological genotype
after a while. Finding and implementing a new optimal balance may not be easy.
Therefore, at this stage, there is a danger to fall into the trap of a well-worn track.

In result, a systemic failure of the national innovation system takes place. This trap
gives rise to the severe dysfunction of the NIS, that is, the failure to perform such its
primary function as gaining and implementing innovative knowledge.

Resistance to changes in ideas, institutions, technologies, and the behaviour of
actors can be an additional factor in maintaining the existing track. In addition, one
can also attribute some historical restrictions to the resistance factor. In biology,
such circumstances are referred to as a development constraint [36] or phylogenetic
inertia [37]. In economics, this phenomenon is interpreted in terms such as depen-
dence on the path of development, blocking the future path [38].

However, if a rule carriers’ population passed Meso 2 manages to overcome
this resistance and shape promising market niches external to the existing socio-
economic regime, then the stability of the previous development track is violated.
The search for a new technological balance starts, new technological genes that
are not a continuation of the existing ones begin to dominate. New evolutionary
shifts on meso-trajectories change the order at the macro level, and a new socio-
technological regime appears. This mode initiates a new ordered (metastable) state
with its structure and order.

Influence of niche development on the change of socio-technological regime.
A significant factor in extending a life span or changing the dominant socio-eco-
nomic regime is the process of spreading market niches. The set of market niches
that coexist with the mode facilitates the stability of its functionality. Elements of
such niches can be associated with global socio-technological regimes. The exis-
tence of the set of niches compatible with the socio-technological regime points out
a mosaic of technological evolution. A similar idea of mosaic evolution of branching
species is also present in biology [39].
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If in the process of their development, all niches remain internal to the regime,
then they support various elements of its functionality and realize its internal
diversity. In the process of diffusion of innovative rules, thanks to the incremental
changes in technologies and rivalry between them, the new socio-technological
regime adjusting to the new requirements of the selective environment evolves. Its
evolution gives rise to a new equilibrium of the system. In the process of diffusion
of innovative rules, thanks to the incremental changes in technologies and rivalry
between them, the new socio-technological regime adjusting to the new require-
ments of the selective environment evolves. Its evolution gives rise to a new equilib-
rium of the system.

The increased variability of the niches leads to their transition to the category
of external ones if the changes introduced in niches are fundamental. The active
progress of external niches can ultimately lead to the transformation of the socio-
technological regime, that is, the formation of a new evolution direction. In this
case, the situation changes radically. First of all, it may be associated with the
emergence of market niches of punctuated equilibrium and powerful incentives for
the actors of the innovation system to invest in these niches.

There may also be another case when the rules changing so after some correction
allow actors of mesopopulation to keep previous dimensions of development. As a
result, the dominating regime improves and adapts to the new requirements of the
selection environment. For example, the pressure of growing demand for electric
cars forces traditional car manufacturers to focus their efforts on meeting envi-
ronmental needs of the social environment within the framework of the previous
model of a vehicle with an internal combustion engine. Thus, the existing socio-
technological regime is being adjusted.

As it follows from the above Meso 3 should be divided into two subphases:

1. Getting out of the rut of previous development.
2.Forming a new track of development.
To pass these subphases, it is necessary:

1. To initiate the narrowing of the differences between the country’s technology
pool and the existing variety of technological genotypes in the world.

2.To determine the dimensions of necessary technological shifts from the posi-
tions of existing technological genotypes in the world.

3.To facilitate the penetration of technology genotypes created at the Meso 2
phase to mass markets.

The solution of the first and second tasks determines the conditions for getting
out of the previous development track isolated from the technology mainstream.
The country must participate in international value chains and use international
competition as a driver of the necessary shifts. The result might be the design
of socio-technological regime that, on the one hand, has common technological
genotypes with regimes of advanced countries, and, on the other hand, satisfy the
particular needs of the country’s technological development. Carefully thought-out
government policy is needed to implement such a manoeuvre [21].

Public policy should encourage the diffusion and development of the wide
range of technologies to expand the diversity of those that promote structural shifts
towards more advanced technological genes. It can also foster the development of
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modular technologies facilitating innovative combinations and exchanging infor-
mation, so that cross-fertilisation or pollination in modular innovations become
possible. The use of recombination of technological innovations can be a key ele-
ment to get out of the rut trap, for example, through switching to environmentally
friendly technologies.

6. Conclusions

Thus, one can present a mesotrajectory as a sequential process of performing
core NIS functions on the different its phases.

The study of the problems of regulating the mesotrajectory should take into
account that the focus must be on the impact of policies on two groups of factors.
The first is external factors whose action is manifested in the existence of high risks
and uncertainties distributed over different stages of the mesotrajectory. The high
risks and uncertainties generate strong disincentives to perform core NIS function.
The second group occurs within the mesopopulations, some of whose actors shape
the factors of the group and can be teemed into factor-forming populations.

Regarding the first group of factors, two conclusions can be drawn. First,
government policy that aims to mitigate inherent risks and uncertainties must
be dual. It means that, on the one hand, the innovation system should facilitate
compensation for a part of uncertainties and risks inherent in innovation activity,
and, on the other hand, make the actors carry a significant portion of risks them-
selves. Secondly, if the NIS is intended for regulating the effects of externalities
(e.g. technological spillover) on different phases of the trajectory, then its task is to
reduce risks of their adverse influences on the evolutionary trajectories. In this case,
the policy should maintain some balance of these influences on different NIS core
functions on mesotrajectories. Notably, it could provide a choice between a strong
or weak public support of intellectual property rights.

The actions of factor-forming populations also contribute to realising the core
NIS functions on the different phases of trajectory. It is worthwhile to organise
support and expansion of those factoring-forming populations that have a positive
effect on the phases of mesotrajectories. If the factor-forming population harms
the trajectory phases, then the targeted policy should neutralise it, in particular,
weakening this actors’ population. In the case, when a factor-forming population
demonstrates both positive and negative influences on the trajectory, the policy
should facilitate a transformation of the actors’ behavioural models dominated in
the population. It means that it may assist in strengthening the useful parameters of
the models and eliminating or smoothing their harmful ones.

A significant limitation of the neo-evolutionary approach is not taking into
account the fact that in addition to changing the size of the mesopopulation and
transforming the innovation rule, it is necessary to consider also other its char-
acteristics. Among them, innovative resources of the population, elements of the
production processes embodying the rule into products and technologies. One of
the most critical innovative resources is the knowledge that underlies the techno-
logical rule.

Therefore, it is necessary to consider populations of system actors not so much as
a set of carriers of the knowledge-rule pair, but as a set of carriers of the knowledge-
rule-resource triple. At the same time, it should be taken into account that knowl-
edge as a resource can be a source of innovative rent for actors. The contest for its
possession can break the continuation of mesotrajectory. The isolationist barriers
built by the firm and the state to preserve the innovative rent rights largely facilitate
the emerging gap. This gap gives rise the problem of public regulation of innovation
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diffusion in mesotrajectories. The problem is not simple. On the one hand, monop-
oly isolationist barriers protecting market niches promote the development of
radical technologies. However, on the other hand, they make a hindrance to diffuse
innovations into the market space.

However, the reasons for the discontinuity of the trajectory may not only the
factors mentioned above. They can include both the origin and spread of disruptive
technologies. The emergence and development of these technologies can disrupt the
relative stability and continuity of the former mesotrajectory due to the appearance
of significant mutations of technological species. The appearance of such gaps poses
difficult tasks of regulating the mesotrajectory and managing technological and
market niches.

Also, embedding the design of niches into the three-phase model of mesotra-
jectories of the new evolution theory is, in our opinion, an essential theoretical
and practical aspect of its development. The introduction of a system of niches
gives an opportunity to tie together better all three mesophases. Moreover, it allows
considering more adequately control loop of the trajectory. In particular, it concerns
the incorporation of evolutionary and intermittent development into the dynam-
ics of meso-units at the first two mesophases and the mechanisms for changing or
prolonging the span of the socio-technological regime at the third phase.
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Chapter 4

The Role of Banks for the
Transition to Circular Economy

Virginia Zhelyazkova

Abstract

The financial system as a whole—in Europe the banks, in the USA mainly the
stock exchanges—is oriented mainly towards financing the linear economy. It is
the dominant economic model; the production cycles, hence the business cycles of
the individual industries and products, are well known. This ensures relative pre-
dictability of the amount of expected profits they generate, and it gives the neces-
sary degree of probability for the financial markets for the return on investment. In
order for banks to provide the much-needed resource for the transformation of the
linear economy into a circular one, they must undergo a major transformation. It is
multi-layered and, of course, has many specific characteristics. As banks definitely
play a dominant role in Europe's financing of the economy, the analysis in this
paper will focus on them. Certain main trends will be presented, related to circular
economy and directing to the future development of individual segments within
their framework.

Keywords: circular economy, linear economy, environmental risk in lending,
green bank, transformation

1. Introduction

Banks are among the main sources of capital for the activities of companies.
Their role in the development of modern economic systems is leading—they
redistribute funds between individual economic entities. To a large extent, they
are in charge of granting credit resources and determining the conditions for
financing. That is why the policies that banks adopt in this area are extremely
important when it comes to the transition from a linear to a circular model of the
economy.

In general, the following problem areas can be outlined for the banks that will be
addressed in this paper:

* Regulatory—Ilike all for-profit organizations, banks will naturally continue
to finance the linear economy in all possible forms when it is profitable for
them. In order to start restricting access to finance for activities that run
counter to the circular economy, banks must be subject to at least two types of
“Incentives™

o pressure from the regulatory authorities, i.e. by the state through the
central bank;
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o pressure from the regulatory authorities on their customers (specific
economic entities) to transform their activities. This pressure could take
the form of various barriers to linear production, fines and other sanctions,
which together increase the risk of losses for banks because they could not,
for example, collect receivables from their customers whose products no
longer have a market (due to a ban by the state on trading with the products
they produce, for example, as they are the result of linear production);

* Management—the need for bank management to realize the necessity for

change. This is a prerequisite for the implementation of any policy, especially
when it leads to a sharp turn from the traditional way of functioning. Also,
some studies emphasize that good corporate governance can lead to improved
investment yield for the customers [1]. However, this awareness will emerge
naturally under the pressure of change from regulators. In the context of such
awareness, bank management will be able to play its key role in identifying the
new products and services that institutions will start offering to individuals in
the context of the transformation to circular economy. Banking activity is also
associated with a number of risks inherent to the economies as a whole [2] and
banks will have to start acknowledging and actively managing the whole new
array of risks that are emerging, in particular the environmental and climate
ones. This will take place again under regulatory pressure;

* Building and maintaining internal administrative capacity. Not only the man-

agement, but also the employees of the banks will have to acquire knowledge
about the new features of circular production. This will be necessary because
circular production has a different cycle and features in terms of its economic
dimensions—costs, revenues, profits, life expectancy of products, etc. All
these dimensions both individually and collectively affect the various charac-
teristics of bank products—collateral values, exposure at default, probability
of default, loss given default, expected losses and many others. Hence the
necessity for having knowledge about them and deeper understanding about
the way they interact among themselves, and when impacting bank ratios. It
must be acknowledged that building such internal capacity requires time and
has proven to be a lengthy process. It is challenging for banks since they need to
find experts who are capable of presenting in a catchy way to bank employees
the interdisciplinary matters related to circular economy and its impact on
banks. It is not impossible, though, such experts to be identified, since the
interest in the subject of circular economy has been growing in recent years.

2. Emergence of the concept of circular economy

Over the past hundred years, an interesting pattern has been observed. On the

one hand, the consumption of resources worldwide has been increasing, but on the
other hand, the way in which these resources are consumed is clearly proving its
inefficiency. The inefficiency can be outlined in two spheres, which leads to two
main defects of the linear model.

First, there is an uneven consumption of resources—most of them are consumed

in highly developed countries at the expense of developing countries, and secondly,
there is an accumulation of huge amounts of waste that are not used after being
disposed of. The current economic model is linear and follows the pattern: extrac-
tion of natural resources, processing into finished products and the consumption of
the products, which ends with their disposal. According to a number of studies, the
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current linear economic cannot ensure the achievement of economic development
by all countries in the world, as the available natural resources are insufficient for
the purpose.

The circular model seeks to solve these two main defects of the linear model. The
idea of this model draws inspiration from the way nature works, and in particular
the individual biosystems. Just as each of them has its own cycle—birth, develop-
ment, decline, death and rebirth, so do the individual systems within the economy.

Therefore, the life of a product should not end with its disposal in the form of
waste that can no longer be used, but on the contrary—each product should be seen
as an eternally existing set of materials, each of which, after the conditional end
of the life of the given product, must be included in the creation of a new product.
Thus, at some point in the future, society should reach a state where virtually no
waste is disposed of, and all products are recycled or used in some way.

In order to gradually come to this point, it is not enough just to find ways to
recycle individual types of goods, but to reduce the total amount of waste disposed
of. In support of efforts in this direction, ways should be sought to prolong the
life of products, to encourage their longer use, as well as to share the use of certain
categories of goods, which would lead to a smaller number of goods in circulation.

It is difficult to determine exactly when and where the term “circular economy’
itself has occurred. Today, “almost all international business operations are experi-
encing changes due to the pursuit of nature conservation” and efforts to make the
transition from a linear to a circular model reflect this trend.

The term “circular economy” began to gain popularity in the 1970s, and gained
popularity mainly due to several names.

The idea of circular material flows was first introduced in 1966 by Kenneth
Bo-ulding in his study, “The Economics of the Coming Spaceship Earth”. Later,
the idea of circular economy began to be seriously researched and developed by
the Swiss architect Walter Stahel. In 1976, in a report to the European Commission
entitled “The Potential for Substituting Manpower for Energy”, Walter Stahel
and Genevieve Redey presented the concept of circular economy. In the report,
they outline the main impacts that the transformation of the linear economy into
a circular one will have on the creation of labor, conservation and optimization of
the use of natural resources, control of nature pollution and economic efficiency. In
1982, the report was published as a book entitled “Jobs for Tomorrow: The Potential
for Substituting Manpower for Energy” and its authors won the prestigious
Mitchell Award.

Stahel's ideas have been further developed by Ellen MacArthur, a former world
yacht record holder who founded an independent charity foundation of the same
name in 2010 [3]. At the beginning of its activity, the foundation was supported by
several powerful companies such as Renault, British Telecommunications, Cisco,
etc., which provided funds for the implementation of the planned large-scale
activities. One of the main goals of this foundation is to provoke a wide debate on
the circular economy among the various economic schools, and thus the idea to gain
wide popularity and gradually be adopted by governments around the world.

Two years after its establishment, in 2012, the foundation published a report,
which outlined the prospects for the development of the world as a result of the
transition from a linear model of the economy to a circular one. In the following
year, 2013, this foundation, together with the consulting firm McKinsey, prepared
and published a detailed report on circular economy and the opportunities that it
offers to the consumer goods sector [4]. These reports has had a strong impact on
public opinion, especially in Europe, and since 2015 the European Commission has
launched an all-embracive agenda for the transition of the economy of the union
from linear to a circular one, which already shows the presence of serious awareness

>
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among EU leaders on the issue. The concept of circular economy in EU has direct
impact also on other financial institutions (insurers and pension funds) [5].

In practice, circular economy has functioned naturally from the very beginning
of human activity. Technological progress made possible the extraction of huge
quantities of raw materials, the creation of synthetic materials and the production
of large number of goods at low prices. However, the quantity of goods has been
enormously increasing, and subsequently it has turned out that some of these goods
cannot be decomposed or reused in one way or another. In the process of produc-
tion a number of environmentally harmful substances are released, it is necessary to
build huge landfills, which in turn take over the disposed waste. As a result of these
processes, the pressure on the environment increases enormously. Man is part of
the biosphere and cannot be isolated from the processes that take place in it. Solving
environmental problems is becoming a primary imperative of modern times.

From the middle of the twentieth century, when the shortcomings of the
linear model became apparent, separate studies began to appear, as well as social
movements that sought to define problems and propose solutions. This is how the
concepts of eco-efficiency, systems thinking, the blue economy, industrial ecology,
swing to swing and others emerged. What these separate theoretical concepts have
in common is the idea of the need for transformation of the linear economic model,
using examples from nature. Economy is a form of human activity, and man is an
integral part of nature. It is therefore not possible for the systems he creates to func-
tion effectively under laws other than natural ones. Failure to take into account the
effects of human activity on the environment, even if in the short term no serious
consequences of financial nature are observed, in the medium term proves to be
ineffective from an economic point of view. These theoretical concepts articulate
precisely this basic feature of the linear economic model. Gradually, more and more
countries around the world, led by the most developed ones, accept the need to
change the model and begin to build strategies and policies in this direction.

3. Banks and circular economy

The transition from a linear to a circular model of the economy requires a
number of changes in the way banks operate. This transition creates both opportu-
nities and risks for them. A recent ING Bank study on this topic outlined the main
opportunities and challenges for banks. In general, they can be linked to five main
business models [6].

The first model aims at transforming production processes so that only raw
materials from renewable sources or those that are subject to full recycling are used.
In this way the waste will be eliminated and the depletion of natural resources will
be stopped. Proponents of this model share the belief that this is the only way to
move from a linear to a circular model of the economy.

The second business model concerns the re-use of the materials from which
products are made to make new goods.

At the heart of the third model is the concept of extending the life cycle of
products by repairing and improving them, as well as a result of additional efforts
to advertise them on new markets. Extending the life of goods will not only delay
their disposal in the form of waste, but will also generate profits from their sale,
lease and use.

The fourth business model offers the replacement of the individual use of differ-
ent goods with a collective one. For example, sharing cars, various devices, etc. This
will eliminate the low efficiency inherent in the use of such goods, which when used
by single individuals are often depreciated without being actually used long enough.
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The fifth model offers a fundamental change in the way someone looks at goods:
from an asset owned by its owner to a service that is used only when necessary. This
will lead to a number of effects. On the one hand, the efficiency of the use of goods
will increase. On the other hand, more people will have access to them. Third, as
a result of more people using more goods, a number of ancillary markets will be
created where other complementary goods and services will be offered.

As there is significant public interest in introducing different variants of the five
circular models, the market for products and services related to them is generally
expected to reach a net growth of between 1% and 4% in the next ten years. This
is an opportunity for banks to offer their products and services and expand their
customer base and market share. In addition, such a policy resonates with the inten-
tions announced by more and more banks to support sustainable development.
Research shows that customers who work in the field of sustainable development
in one way or another are more innovative, demonstrate better financial results
and have better credit ratings, which means lower credit risk for banks and greater
security of investments. This is another reason why organizations need to stimulate
innovative practices at workplace [7].

At the same time, financing of the circular economy poses a number of chal-
lenges for banks. First of all, due to the extension of the life of products, it is
necessary to rethink the way of assessing the collaterals. This is naturally reflected
in the risk assessment, especially the credit risk of the respective transaction and
the client, and hence on all indicators relevant to the monitoring of credit risk, such
as loss given default (LGD), exposure at default (EAD), probability of default (PD),
and expected losses (EL).

Another important principle of circular economy related to the exploitation
of goods for a longer than usual time, means not only that they need to have the
functional characteristics for a longer life, but also that they need to actually
circulate on the market. An example is Philips' policy to take medical equipment
from its affluent customers after it has been exploited for some time and resell it on
the secondary market, where there is demand from less solvent companies. Such
actions are often undertaken after the equipment has been fully depreciated from
an accounting point of view. This raises the question of depreciation rates for such
equipment. If the company that buys it on the secondary market does so using
loans where the equipment serves as collateral, the bank will have to evaluate it in
some way.

Second, the tendency to prefer leased instead of owned products affects banks at
least in two ways. On the one hand, they no longer have the possibility to accept the
leased product as collateral for the loans, it remains the property of the company
from which the bank's customer takes it for use. Therefore, banks need to rethink
the model in which they finance such customers. On the other hand, using a leased
item instead of buying it, actually expands the market for it, as more people can
afford it.

The expansion of the market for the product in question theoretically leads to an
expansion of the market for banks, but they will have to change their risk assess-
ment schemes for this new category of customers. The expectations are that the
customers who use leased goods in their main part will not be highly solvent. So
banks will take additional risks when financing such clients. In addition, ownership
of the commodity is unlikely to be transferred to the banks as collateral, and this
will further increase the riskiness of such transactions.

Therefore, it can be said that the trend in the financing the circular model is
characterized by a shift of focus from the importance of collateral to that of cash
flows. Such a shift requires a complete change in the concept of banking and
fundamental changes in banks' credit policies.
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Third, the importance of the leasing form of financing will increase. Banks can
play the role of leasing goods on a much larger scale than at present. Demand for
leased goods will increase, as already mentioned, and this is an additional oppor-
tunity for banks. The challenges arising from the expansion of leasing portfolios
both in terms of the types of goods offered on lease and the types of customers are
related to the need to know the specifics of these goods, as well as the characteristics
of customer behavior. The extension of the useful life of the goods will have to be
reflected in the calculation of the risk of the clients in the leasing portfolio. On the
other hand, here, as well as in the loan portfolio, banks will have to redefine their
leasing policies, taking into account the extended life of goods and the relatively
lower solvency of customers.

Fourth, due to changing consumer preferences on the one hand, and on the
other hand, due to the growing number of regulatory requirements for business
regarding its implications on the environment, banks will have to develop and
integrate into their existing models for credit risk assessment, environmental risk
assessment.

Monitoring the environmental risk in loan portfolios, including the leasing part,
will gradually become imperative. The difficulties in this area are due to the lack
of a uniform methodology for the assessment of environmental risk, which raises
uncertainty that it can be correctly evaluated and unwillingness on the part of
banks to start work in this direction.

Environmental risk management in real banking activities is key to banks'
contribution to the development of the circular economy. As long as lending to
companies that maintain the linear model and lack strategy and vision for change
continues, it will be very difficult to achieve transition to a circular economy. For
their part, banks are profit-oriented and this is natural—the pursuit of financial
success is part of the rational thinking of every economic entity. Therefore, if there
are no incentives for banks to refuse financing to highly profitable but environmen-
tally harmful companies, they will not do so. Nor will they fund many innovative,
inherently excellent ideas that support the circular model, but which are charac-
terized by questionable, at least in the short term, profitability. Banks should not
be blamed for this course of action and no change can be expected on their part
without good reason.

At this stage, the picture from the point of view of banks looks as follows and
this complicates the process of environmental risk management:

1. There are no regulatory requirements (Basel III, regulations of national banks)
to impose on banks the obligation to monitor in detail the environmental
risks associated with lending to companies. This immediately means that this
activity remains in the sphere of the good will of the management of banks.

2.Banks wishing to implement an environmental risk management system
face alack of a unified methodology for doing so. At present, perhaps the
most applied methodology is that of the European Bank for Reconstruction
and Development (EBRD). It is clear and well developed. However, even when
applied, many additional methodological issues naturally arise, stemming from
the need to adapt it on the one hand to the specificities of national laws and
industry classifications, and on the other hand to the specific characteristics of
portfolios of individual banks.

3. A third problem, which, however, can hardly be avoided, even if there was a

standardized and globally accepted methodology, is the purely technologi-
cal, software integration of environmental risk assessment into the credit risk
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assessment systems. This usually has to be the subject of a separate serious
internal bank projects, which take a lot of resources and time, and which would
be difficult to initiate, if there was no regulatory pressure to implement it.

Despite the declared desire of the countries (the European Union as a whole and
each individual country as part of it, and this to a greater or lesser extent applies
to all other countries in the world)—to change the model from linear to circular,
at this point there are virtually no simplified and easy-to-apply tools to support
this change.

The development of the five models related to the transition to circular economy,
mentioned above, requires serious funding. In many cases, funding must take place
before it is clear exactly what the market for a given product or service will be,
whether there will be demand for it, whether consumers will want to change their
habits and, if so, with what time lag in relation to the introduction of new products
and services will this happen.

If we look, for example, at a model that describes the shift pf consumer prefer-
ences from buying a product and paying for it to leasing it needed—when could that
happen? Can the transition be made for all goods at the same time, or will it take
place for some goods as soon as there is the possibility of leasing, and for others it
will take years of changing consumer habits? Undoubtedly, contrary to the theory
of rational thinking of economic entities, it will turn out that for some groups of
goods, especially those in the luxury segment, possession will continue to be a mat-
ter of prestige and customers will keep on paying for owning them.

These are important issues that require very serious consideration in order
appropriate form of financing to be found for ventures aimed at implementing new
business models. It would not be realistic to expect banks to readily take the risk of
experimenting with financing activities for which they themselves cannot deter-
mine, at least to some extent, the future return. Without being able to determine
the expected future return on a loan, it is difficult to calculate the most important
parameters for credit risk management such as PD, EAD, LGD, and EL. Therefore,
the governments must intervene at least at the initial stage of the transition to
circular economy, standing behind the various new ventures.

The government support can be realized in the form of state guarantees and
participation in various activities. If the state creates a guarantee fund for initiatives
aimed at implementing one of the five business models related to circular economy,
banks would provide the necessary credit resources to entrepreneurs. Some years
afterwards, when experience is gained in such projects, the answers to some of the
above questions will have been established and the transition to circular economy
will have gained momentum, governments will be able to withdraw.

Therefore, it can be said that banks expect governments to take the initiative to
be actively involved in financing the circular economy. However, governments have
no reason to expect banks to take the first step based on purely market consider-
ations. The uncertainty in the beginning of transitional periods is too great, and it is
necessary to remember that banks are conservative institutions.

Environmental risk management is not just a passive activity, consisting of the
application of a procedure in which various documents of the clients are considered,
or in the calculation of scoring for them on the basis of exposure parameters and
other indicators. It has also a proactive part, which consists not only in assessing
the customer in terms of whether he meets the existing conditions and matches the
existing product range in the bank, but in developing such products and services
which will meet his new needs reflect his profile.

However, in order to create such products, serious work is needed inside the
banks. The necessary level of expertise must be built, which includes knowledge of
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the latest market trends, customers' purchasing power, demand trends, and last but
not least, the demographic characteristics of society. It should not be forgotten that
young people are more likely to change their consumer habits. Middle-aged people,
as well as retirees, are in most cases not among those ready to change their behavior.
In order to create products that are aimed at protecting the environment in one

way or another, and to find a market for these products, banks need to explore this
whole range of problems, and perhaps many more, which at this stage cannot be
foreseen.

4. Comprehensive environmental risk management and the green bank
concept

In order for banks to contribute to the transition to circular economy, they
themselves must be oriented towards it. When we talk about the environmental
aspects of circular economy, at the micro level, this should mean for banks that
they should be “green”, in the sense that they should regard environmental protec-
tion as their philosophy and strategy. This coincides with the introduction of a
comprehensive environmental risk management system in the banks—and this
system not only covers internal resource consumption and monitoring of the level
of environmental risk of loans after disbursement, but is proactive in the field
of development of banking products and services aimed at preservation of the
environment.

There are four levels (levels) of environmental risk management in banks [8].

The first level is related to the management of this part of environmental risk,
which arises from the so-called direct effects of banking activity. These effects are
the consequences of the day-to-day operations of the bank, for the needs of which it
uses energy from various sources, paper, and water, generates waste, etc.

The second level builds on the first and also involves the development of envi-
ronmental risk management policy in the core business of the bank, in the case of
European banks, mainly in the field of corporate lending (in this level we include
leasing, factoring and other forms of trade finance).

The third level covers the first two and extends environmental risk management
through the development of appropriate products aimed at preservation of the
environment, or, this is, as mentioned above, proactive risk management.

The fourth, highest level builds on the third and presupposes the orientation
of the deposit policy to sources of resources that have a proven positive attitude
towards the environment.

While many banks have already reached the first and second levels, the third
(especially in the area of creation of a comprehensive product policy aimed at pres-
ervation of the environment, and not just the sporadic appearance of some “exotic”
banking products) and the fourth belong entirely to the future.

The International Banking Community, represented by the United Nations
Environmental Program Finance Initiative (UNEP FI), recognizes the need for
a fundamental change in banks' approach to the economy. In the context of this
way of thinking is the Positive Impact Manifesto adopted by this organization in
May 2016. It declares that banks must use their unique position as intermediaries
between the real economy and capital markets and begin to reorient their business
models to financing sustainable development, an integral part of which is envi-
ronmental protection. The aim of this change must be the realization of an overall
positive impact of their activities, which in turn is defined as “leading to a positive
impact on the economy, society and the environment, after proper consideration
and minimization of all negative impacts.”
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A recent study, initiated by UNEP FI by the Institute for Sustainable Leadership
at the University of Cambridge, outlines the main reasons why banks urgently need
to take action to refocus from conventional e financing to supporting the circular
model through environmental risk management at all levels [9].

First of all, it is pointed out that environmental risks are increasing both in
number and intensity. As a result, there is an increasing interaction between them
and other socio-economic trends, which already in their entirety affect the financial
stability in various places.

Secondly, a number of indirect effects of increasing environmental risks also
appear. Indirect effects are related to the public response to these risks, which is
often transferred to certain regulatory initiatives. All this affects the environment in
which banks operate and the success of their business models.

Third, environmental risks are beginning to manifest themselves in an increas-
ingly complex way. This is due to several reasons:

* the growing connection between the different types of environmental risks;

* uncertainty about the time horizons in which these risks will manifest
themselves, their frequency and intensity;

* development of the manifestation of some of the environmental risks and the
creation of various interdependencies between them over time.

A good example that illustrates these three features is the consequences observed
in the United States in the 1930s as a result of the application of a number of
unsuccessful agricultural practices over large areas over the previous 100 years.
Dust storms, which are formed due to the disturbance of the ecological balance and
the deterioration of the quality of the soils, practically ruin the economy of entire
agricultural regions. Subsequently, an economic crisis ensued, leading to massive
losses for farmers' creditor banks.

The importance of these risks increasingly necessitates serious regulatory action.
In this direction is the study of the University of Cambridge in conjunction with
UNEP F1, led by Prof. K. Alexander of the University of Zurich. The thesis defended
in this study is that in all financial crises banks suffer serious losses from the under-
estimation of the various risks they face in their activities and urgently need to take
measures to include the assessment of environmental risk in banking regulations
such as those of the Basel III framework.

At this stage, Basel III requires Pillar I banks to include an assessment of
environmental risks in assessing the extent to which they are exposed to credit and
operational risk. In particular, paragraph Ne 510 of Basel II and Basel III requires
banks to monitor the risk of environmental liability for collateral. It is assumed
that in order to be able to carry out such monitoring, banks must undertake to
carry out (including hired consultants) thorough collateral checks of individual
cases of transactions with a high environmental risk. However, the requirements
for monitoring the environmental risk defined in this way remain desirable and no
specific requirements and rules have been set in this regard. They mainly concern
the environmental risk that would arise in individual transactions (lending), but do
not consider its impact in a broader, macroprudential plan.

The review of the state of regulations in relation to environmental risk
management in the banking system, presented in the study of the University of
Cambridge, shows that in some countries around the world national regulations in
this direction are quite advanced. Of particular interest are the examples of China,
Brazil and Peru.
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It can be said that the Chinese Banking Regulatory Commission acts to support
the development of the third level of environmental risk management—proactive—
by financing environmentally sustainable projects and requiring banks in their con-
tracts with customers to set compliance clauses of certain environmental standards.
This policy was launched in 2007 by the Banking Commission and the Ministry of the
Environment in the form of a document entitled “Green Credit Policies” In 2012, the
publication of “Guidelines for Green Lending’, consisting of instructions to banks on
how to implement the policy and compliance with credit requirements followed.

The Commission oblige banks to collect and pass on statistics on the financing
they provide to companies in the construction and transport sectors. Through these
statistics, the Commission, together with the Ministry of Environment, monitors
the country's progress in achieving national environmental goals. Another interest-
ing feature of the requirements introduced in 2012 to banks is the obligation to
monitor whether their customers comply with environmental standards and laws
and to sanction them in case of violations by making changes to loan agreements.
The main sanction that is applied is a requirement for early repayment of loans, in
the event that after establishing the violation and subsequent warning, the client
does not take corrective action within the period specified by the bank. In case of
proven non-compliance with the environmental legislation, a client may be denied
aloan at all. Another measure aimed at orienting companies to environmental
projects is the granting of loans for non-environmentally friendly projects at higher
interest rates, as well as generally difficult access to financing from banks.

The Commission obliges banks to incorporate the assessment and monitoring of
environmental risk in their overall activity, which includes auditing the data.

Brazil is the next example of proactive environmental risk management by
banks as a result of regulatory requirements, but China is ahead in this regard. In
2014, the Central Bank of Brazil issued a guidance document on the application
of the Basel III Pillar I requirements for asset reviews and process assessments in
banks, requiring them to take into account the extent to which they are exposed to
environmental and social risk. This document also requires banks to prepare and
disclose environmental and social risk reporting in their portfolios, dressing it in
the form of following the Basel III Pillar III regulations. Penalties are envisaged for
non-compliance with this requirement.

The approach of the Financial Regulator in Peru differs from that of the Chinese
and Brazilian central banks. It definitely deserves to be defined as innovative and
aimed at creating a lasting culture of assessment and management of environmen-
tal and social risk both among banks and the corporate world in the country. The
Peruvian regulator requires from banks to prepare a report on the environmental
and social risks associated with the project before funding is granted. Only after the
report is considered together, of course, with the other documents of the company
applying for a loan, and after the bank is convinced that the risks are acceptable,
can the process of financing start. According to a 2014 report by the director of the
Peruvian regulator, Dr. Daniel Szydlowski, this requirement has led to a significant
improvement in the overall financial risk in Peru and the number of bad loans has
decreased significantly [Ibidem].

5. Conclusion
Unlike China, Brazil and Peru, the most developed countries in the world have
not created regulations to encourage proactive management of environmental risk

and hence—lending to projects aimed at protecting the environment and thus
encouraging the transition to circular economy.
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It is necessary to think not only about the manifestation of environmental risks
at the transaction level or at individual client level, but also at macro level in order
to be able to make a comprehensive assessment of how and in what way the banking
system is exposed to them and therefore to what extent it contributes to the trans-
formation of the linear model into circular one.

In addition to regulations such as the Basel III rules, Prof. K. Alexander and his
team propose to consider ways for the state to support projects aimed at protecting
the environment with monetary policy instruments. Since the protection of the
environment should be state priority, then it is natural for it to purposefully allocate
money in this direction, with banks playing the role of intermediaries.

This idea provoked mixed reactions from representatives of individual countries
during its discussion in the framework of the study that UNEP FI issued. For some
countries, such policy is appropriate, while for others it seems to have the potential
for destabilization. For example, China has taken a similar approach, while Brazil
and Peru fear that declaring some kind of quantitative easing to help the environ-
ment could be interpreted by capital market investors as a sign of volatile monetary
policy. The world is already witnessing an experiment by the Lebanese Central
Bank, which by Decree Ne 7835 decided to grant special liquidity to the country's
banks to be used for disbursing lending to various green investment activities.

The monetary policy approach to stimulate green lending is generally more
complex and unlikely to be easily adopted by most central banks around the world,
mainly because of the divergent market reactions that follow each market quantita-
tive easing.

In a nutshell, it can be said that in the field of assessment, monitoring and
disclosure of information on environmental risk at this stage there is no standard-
ization internationally, as well as mandatory requirements for banks to monitor
this risk. The existing requirements in Basel III are vague and general. The way
they are formulated allows banks to circumvent the monitoring of environmental
risk, giving priority to clear financial benefits for themselves in financing various
transactions.

Therefore, the current state of regulations in most of the world encourages the
overlooking of environmental risks. This is due to the lack of sufficient understand-
ing of the problem at macro level. Proof of this are the examples of China, Brazil
and Peru. These countries have specific requirements for banks in terms of environ-
mental risk management and the results of this policy, as shown by the practice in
Peru, are encouraging. The Chinese authorities, on the other hand, have come to a
profound understanding that the economy of this huge developing country would
not have a sustainable future if the imperatives of the environment were ignored.
This has pushed them from now on to set strict requirements for both banks and
companies from all sectors of the economy to comply with environmental legisla-
tion. Serious sanctions, which are provided in cases of violations, are a good enough
incentive for market participants to follow the laws. In this way, as in Peru and
Brazil, China is working to build a holistic culture in a society centered on environ-
mental protection.
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Chapter 5

Meeting the Needs of Fourth
Industrial Revolution (4IR) in
Entrepreneurial Education in
Malaysia: The Government’s Role
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Abstract

Entrepreneurship education holds great value for all students of science,
technology, mission work, social work, healthcare, and education. It also serves
as a great incubator for the types of creative, innovative ideas of our students and
the global needs in the 21st century where combining entrepreneurship syllabus
and exposure of the fourth industrial revolution is essential. This study explores
the Fourth Industrial Revolution (4IR) as an opportunity to change models of
innovation-driven entrepreneurship for the better, and create an environment that
makes entrepreneurship more inclusive, while maximizing the Fourth Industrial
Revolution’s benefits to the society and minimizing the risks that come with it.
The role of Malaysian government in enhancing entrepreneurial education must
therefore recognize the fourth industrial evolution and its impacts that must be
compatible with Malaysia’s industry policy. Promotion of entrepreneurial experi-
mentation within an appropriate entrepreneurial education ecosystem will provide
entrepreneurs with smart government support that invests in entrepreneurial skills
in Malaysia. This article assesses (i) fourth industrial revolution impact on entre-
preneurial education; (ii) new expectations arising from impacts of fourth indus-
trial evolution in Malaysia: method in teaching and learning; (iii) government’ role
in supporting entrepreneurship education and finally (iv) entrepreneurial educa-
tion reforms in Malaysia.

Keywords: Malaysia, entrepreneur, education, government, 4IR

1. Introduction

Recognizing the importance of entrepreneurship education in inspiring entre-
preneurship development and the economy, Malaysia Ministry of Higher Education
(MOHE) has taken the initiative by making entrepreneurship subjects compulsory
to all students at all universities [1]. The students are encouraged to take part in the
entrepreneurship activities at their respective universities in order to develop the
entrepreneurial attitudes and mind-set. The advancement in technology revolution
is transforming method of educating through the usage of digital application that
will eventually discard the traditional of concept time-honored classroom teaching.
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The 4IR will experience a combination of technologies that distort the lines
between the physical, digital and biological spheres. It is, indeed, built upon the
Third Industrial Revolution known as the digital revolution since the 1950’s as
revealed by Smelser [2]. The Fourth Industrial Revolution can be referred as the
current proliferation of technological advancements driven by connectivity, speed,
breadth and depth of transformation. It is reinforced by the digital economy that
emphasize some rapid advances in emergent innovation areas like artificial intel-
ligence (AI), internet of things (IoT), robots, block chain, 3D printing and cloud
computing that are transforming industries and societies across the world. Al is best
described as a wide field of study with applications to many disciplines and various
subfields.

With the emergence and availability of computers or machines, their capabil-
ity to perform various tasks have grown and developed at a quick pace. Specialists
and professionals have developed the power of computer systems to be applied in
diverse working domains that focused on increasing speed and reducing its size
with respect to time. Applications of Al has shown a growing and advanced applica-
tions in various fields such as gaming, natural language processing (NLP), expert
system, vision system, speech recognition, handwriting recognition and intel-
ligent robot.

The ten (10) major Fourth Industrial Revolution (4IR) technologies revealed
at World Economic Forum in 2017 with potential to be the most influential over
the next decade whereby their impacts are not limited to shaping industry and
businesses worldwide but also in helping to secure and enhance the planet’s sustain-
ability. This suggests the importance of environmental sustainability technologies
that will attribute to the broader social challenges of the 21st century. The fast
emergence of 4IR and its impacts must therefore translate to new implementation in
Education 4.0 that focuses on empowering education to adapt to new challenges in
teaching and content that creates and motivates innovation in technology.

2. New expectations arising from impacts of 4IR in Malaysia

Nowadays, all graduates face a world transform by technology, in which the
internet and social media create different opportunities and challenges for formal
education systems. As students consider life after graduation, the universities are
facing questions about their own destiny especially in ensuring graduates are fully
employed. In the era of fourth industrial age, students require to acquire certain
skills that are not exactly the same as the skills that were required in the previous era
(third industrial revolution) where information technology was the key driver. The
skills emphasis needs to be shifted towards imparting of complex, problem solving
skills: creative skills and social skills including management, leadership, change
management, collaboration, critical thinking, curiosity and risk taking, communi-
cation, marketing and sales [3]. Further, emotional intelligence, judgment, negotia-
tion, decision making, cognitive flexibility, as well as knowledge production are also
skills that are required for the new era entrepreneurship.

With this development, many changes need to occur in the education system.
For example, changes need to be made in the curriculum of courses offered in uni-
versities and teaching methods used by the lecturers. However, the goal of higher
education institution such as to ensure quality of learning via teaching, to enable the
students to get the latest knowledge through exploratory research, and to sustain
the development of societies by means of service will remain.

One of the main objectives of every higher institution is to educate the youth.
Therefore, it is necessary to implement appropriate teaching strategies or method
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and to organize work in a way that foster learning. This has implication on better
learning experience and lifelong learning attitude. The changes that is expected
to occur in the Malaysian Higher Education System are changes in teaching and
learning methods. For instance, the implementation of massive open online courses
(MOOCs) has been introduced in 2014. According to Mohamed Amin [4], teaching
in the classroom can no longer remain conventional if universities want to produce
competitive, innovative and creative graduates. He added, those born in the era of
mobile computing, which he called Generation Z, are skilled in sharing information
through social media and are interested in learning new things online. Therefore,
educators need to create teaching and learning contents which can stimulate their
learning experience.

The use of MOOC:s in teaching and learning has also been identified as beneficial
in the education system. Amongst the benefits that have been identified are:

i. Will allow higher institutions to decrease the cost of creating and delivering
programs without compromising quality.

ii. can reach a much broader audience student — of all ages anywhere in the
country via an internet connection will now be able to access high quality
courses even if there are not currently enrolled at higher learning
institutions.

iii. Will allow higher learning institutions to quickly augment their programs
with international courses content and/or add new courses which they could
not previously provide.

Massive open online courses, or MOOCs, have been regarded as a dominant
force in the transformation of pedagogy. Universiti Kebangsaan Malaysia (UKM)
has launched its own version of MOOCs and actively used as one of the methods
in teaching and learning. In 2016, a total of 122,021 students have registered for
the UKM courses and as for 2018, UKM plans to add more courses uses MOOCs
platform.

3. Malaysian government’s role

The role of Malaysian government in preparing the future generation with
entrepreneurial skills and mindsets has made some headway throughout the
last decade with the establishment of the Higher Education Entrepreneurship
Development Policy in 2010. This significant policy addressing six (6) core areas
creates entrepreneurial values and cultures amongst students or graduates in the
Higher Learning Institutions (HEI’s) by alleviating the development of entrepre-
neurial programs into a more defined, holistic and well organized curriculum to
produce graduates with heightened entrepreneurial attributes and thinking skills.
The government envisages an increase in the number of entrepreneurs amongst
the graduates to stimulate economic transformation towards a high-income nation.
Hence, several marked achievements can be traced including:

1. Nineteen (19) Higher Education Institutions (HEIs) in Malaysia have intro-
duced entrepreneurial education as a compulsory subject [5] that are Universiti
Kebangsaan Malaysia, Universiti Teknologi MARA, Universiti Putra Malaysia,
Universiti Malaya, Universiti Islam Antarabangsa, Universiti Sains Islam
Malaysia, Universiti Malaysia Sabah, Universiti Malaysia Sarawak, Universiti
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Malaysia Kelantan, Universiti Teknologi Malaysia, Universiti Teknologi Hus-
sein Onn, Universiti Sains Malaysia, Universiti Malaysia Perlis, Universiti
Malaysia Pahang, Universiti Utara Malaysia, Universiti Sultan Zainal Abidin,
Universiti Perguruan Sultan Idris, Universiti Teknikal Melaka and Universiti
Malaysia Terengganu.

2. Several thrusts in the Strategic Plan on Entrepreneurship Development in Higher
Education (2013-2105) have been successful [6] which include establishing the
Entrepreneurship Centre in every HEI, providing holistic and well-planned
entrepreneurial education and programmes, enhancing the competency of
HETI's entrepreneurship trainers and facilitators, and to increase the effect of the
implementation of HEI's entrepreneurial education and development.

3. Various programs to stimulate entrepreneurial spirits and increase knowledge
and skills such as 1Malaysia Entrepreneur (IMET), Program Usahawan Bimb-
ing Usahawan, Business Design Workshop and Business Facilitator, Gradu-
ate Entrepreneur Scheme (SIS), Program Galakan Perniagaan and Program
Pembudayaan Keusahawanan (INSKEN 2015), MSC Malaysia, Meet Your
Experts (ER360), Majlis Amanah Rakyat, Small Medium Enterprise (SME)
Corp Malaysia, Ministry of Domestic Trade, Cooperatives and Consumerism
(KDNKK) and Perbadanan Nasional Berhad (PNS), Satu Daerah Satu Industri
program (SDSI), Youth and Entrepreneurship Program (Business and Agricul-
ture Business), Economic Transformation Program and Automotive Workshop
Modernization or ATOM.

4.The establishment of Malaysian Global Innovation and Creativity Center
(MAGIC), an entrepreneurial entity, formed by the Malaysian government in
2014 to develop dynamic entrepreneurs with high endurance equipped to take
up challenges and make impact at regional and global stage.

5.The government provides micro-credit facilities through TEKUN Nasional and
Amanah Ikhtiar Malaysia (AIM) to manage the micro-credit funds in tandem
with entrepreneurship training to build women and youths’ ability in finance,
business plan preparation, marketing and promotion.

6. Women Entrepreneurship Incubator (I-KeuNITA) was introduced to harness
womens skills training in micro enterprises providing intensive skills training
and entrepreneurship assistance for low-income women in the field of sewing,
beauty therapy, commercial cooking, crafts, childcare, and tour services. In
addition, the Ministry of Women, Family and Community Development holds
a Skills Training for Single Mothers (I-KIT) to encourage generation of income
for single mothers [7].

Malaysia appears to be on the right track to ensure that transformation to a high-
income nation by 2020 and beyond is attained. In that regard, the Vision 2020 plan
for the future of Malaysia between 2020 and 2050 needs to be put in place adapting
to changes brought forth by 4IR. Hence, the universities having a serious role shall
need to produce real future talents equipped with technological digital know how
that must be supported with government’s initiatives. It is invoked that future
jobs require a new institutional approach that encourages universal skillset that
complements significant changes that are coming quickly with a mix of both social
skills and technical skills. A few examples of direction higher tertiary education
employed in the US and UK universities towards that objective include:
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i. Tulane University where targeted curriculum focuses around mission based
and cross disciplinary learning that blends science and technology studies
with entrepreneurship studies. The Bioinnovation PhD Programme trains
students across the university’s science, engineering, medicine, law and
business faculties and supplements that academic breadth with ‘real-world’
support of the US FDA and New Orleans Bioinnovation Center [8].

—-

ii. Cambridge University’s Institute for Manufacturing offers a cross discipli-
nary collection of expertise in management, engineering, technology and

policy relating to manufacturing.

—-

iii. Stanford 2025 and Georgia Tech have taken steps to ensure life-long learning
through online education is readily available where increasingly, the 3-4 year
undergraduate degrees is deemed outdated. Thus, continuous learning is
necessary to suit changing jobs and technologies to rapidly meet with the

needs of a new technological revolution.

In Malaysia, a number of initiatives have developed across the higher learning
institutions including the usage of Massive Open Online Courses (MOOC) that
is seen as a progress from campus-based university education towards an online
education.

After analyzing the future needs of the job market taking into consideration
the fusion of digital and biological impact of 4IR, the Malaysia’s Higher Education
Ministry has prepared a framework, known as Education 4.0 Framework, to
ensure that the higher education institutions are equipped for the challenges and
demands of the 4IR. This move is a critical step in allowing for promising and
future directions to create initiatives in local academic world to best safeguard
against the certainty of unprecedented future 4IR will create for students and
future graduates.

Hence, the role of Malaysian government is intensified as it has to ensure that
the demands of 4IR can be fulfilled by an education system that is able to produce
graduates with efficiency in technological expertise and humanistic issues.

4. Entrepreneurial education reforms

The [9] (MEB) (Higher Education) has integrated factors to tackle the uncer-
tainty of the 4IR to produce holistic, balanced entrepreneurial graduates who
can adapt and cater to newly created jobs that are yet to exist. Thus, the Ministry
recognizes that the education system needs to keep abreast with global trends such
as disruptive technologies, the Internet of Things and the automation of work
knowledge. Hence, the MEB is constructed on five aspirations which are access,
quality, equity, unity and efficiency that is further strengthened by its foundation
for a balanced student emphasizing on six primary attributes. These attributes
include ethics and spirituality, leadership skills, national identity, language profi-
ciency, thinking skills and knowledge that can be instilled entrepreneurial mindset
of graduates that places equal value on technical training. In order to achieve these
aspirations, the MEB lays out 10 SHIFTS (see Figure 1) that will stimulate perfor-
mance towards achieving excellence in the higher education system through three
(3) phases beginning from 2015, 2016-2020 and finally in 2021-2025. The first four
Shifts aim for outcomes from main stakeholders in our HE education system while
another six Shifts focus on enablers in the HE ecosystem namely financial stability,
empowered government, innovation ecosystem, global prominence, globalized
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Figure 1.
The 10 SHIFTS. Source: [9].

online learning and transformed HE delivery. The Higher Education Ministry
expects the transformation to be gained in the long term, but impact and changes
will be visible in the short term building on future excellence.

With the emergence of 4IR, Malaysia has taken a much-needed educational
strategy to introduce new methods to produce students to meet the demands of
the new Revolution that must be powered by character building, higher order of
thinking, multiple intelligences and soft skills. Various initiatives were undertaken
that include the application of iCGPA which assesses students on their participation
in co-curricular, social and voluntary activities, 2u2i Programme and the CEO @
Faculty Programme. In a more micro level initiative, universities in Malaysia are
encouraged to give emphasis on data analytic skills for students across disciplines
on top of the entrepreneurial skills. This effort is to adhere to the rapid development
of processing power and availability of big data that are seen becoming one of the
distortions to the entrepreneurial strategy. Hence, besides entrepreneurial skills,
students need to have the ability to manage and take advantage of the data to come
out with the best information for business decision particularly on the trend of the
market and the availability of the supplier. In UKM, apart from offering the subject
of Fundamentals of Entrepreneurship and Innovation [10, 11], the university is also
offering Management and Data Analytic as compulsory subject to all the students to
address method for managing, mining and analyzing big dataset.

It is further envisaged that in order to meet the challenges of the 4IR, several
factors are required to enhance the education system including entrepreneurial
curriculum content that are:

i. Application of Heutagogy which is “the study of self-determined learning that
attempts to challenge some ideas about teaching and learning that still prevail in
teacher centered learning and the need for, as Bill Ford (1997) eloquently puts it
‘knowledge sharing’ rather than ‘knowledge hoarding’. In this vespect heutagogy
looks to the future in which knowing how to learn will be a fundamental skill
given the pace of innovation and the changing structure of communities and
workplaces”.
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ii. Delivery of Higher Education that asserts gamification, and on demand
learning methods such as inverted classroom and blended learning.

iii. Curriculum Content which amplifies the need for balanced values of ethics
and morality and knowledge and skills (Figure 2).

iv. Translational research which encompasses transdisciplinary collabora-
tions, crowd sourcing, web of co-laboratories, quadruple helix innovation,
a symbiosis of learning, research and collaborations and guided by human
based research ethics.

The MOHE has realized 4IR is opening vast opportunities to on-line or
e-commerce businesses which includes the Business to business (B2B), Business
to Customer (B2C) and even Customer to Customer (C2C) business activities. In
order to equip the current entrepreneurship education content, collaboration with
the world e-commerce giant Ali-Baba Group Ltd., for example, was initiated with
MOHE to participate in the Global E-Commerce Talent (GET) training program
that provides lecturers and students of higher education with competitive skills
required in the global e-commerce industry. It is the intent of the MOHE that with
the e-commerece skills provided, the higher education in Malaysia would be able
to develop more entrepreneur talent with new business model that benefits from
4IR that creates a platform to heighten connectivity in the existing entrepreneurial
eco-system.

Hence, it is suffice to state that presently educational system in Malaysia is
bracing for new paradigm shift or at a lesser extent enhancing the existing methods
to ensure that entrepreneurial learning content is aligned with impacts of 4IR.
Although the Education 4.0 Framework that address the issues and challenges of
41IR is yet to be realized, it is an evidence that the Malaysian government has quickly
taken up the role to explore the impacts of 4IR to redesign the curriculum content at
the higher learning institutions.

5. Conclusion

The business of higher education institutions remains unchanged in Malaysia
since the establishment of the University of Malaya in 1949, however, students still
assemble at a scheduled time and venue to listen to the wisdom and teachings by
scholars. Given the fourth industrial revolution, a new form of university is emerg-
ing that implements teaching, research and service in an unconventional approach.
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This version of university education is interdisciplinary and multi-disciplinary
where methods of learning and teaching is conducted in virtual classrooms. Hence,
the experience of learning is highly enhanced with the usage of technology and data
management. Hence, all stakeholders especially the government needs to ensure
that all tools and initiatives are well placed in all educational institutions to meet all
the impacts of 4IR and benefits a potential entrepreneur graduate may gain from
the new revolution.
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Chapter 6

Responding to Changes in
Environmental Turbulence - A
Strategy to Driving Business
Growth in Facing Economic
Downturns

Librita Arifiani, Harjanto Prabowo, Asnan Furinto
and Wibowo Kosasih

Abstract

Society 5.0 focuses on people and changes from innovation to technological
transformation through industrial automation 4.0. In this study, environmental
turbulence refers to exogenous factors that give rise to an uncertain and volatile situ-
ation that impacts performance. This study was measured by asking respondents’
perceptions through explanatory studies and preliminary surveys about market pre-
dictability, innovation, and customer preference. Disruptive innovation and envi-
ronmental turbulence are key creative drivers for reengineering businesses; however,
only agile innovation can take advantage of the economic downturn. Exploratory
case studies and literature reviews are using to test the antecedent of environmental
turbulence, Distinctive Innovation Capabilities, through an innovative business
model to firm performance. From a managerial perspective, this study provides a
comprehensive view of environmental turbulence’s impact, how to develop a DIC
strategy for developing an organization’s business model, how to achieve it, what
variables contribute, and how to relate it to performance. This research’s authenticity
lies in how management comes up with a practically oriented framework of how
organizations shape to be innovative and competitive by constructing common
business models. However, this study has limitations due to its qualitative nature and
conceptual framework, which needs to be investigated further through large-scale
surveys by quantitative research.

Keywords: environment turbulence, firm performance, business model innovation,
distinctive innovation capability, Society 5.0
1. Introduction

The modern global economy is on the brink of a new industrial revolution, as
evidenced by many actual trends, following the provisions of modern economic

theory (economic cycle theory, crisis theory, innovation theory). Overcome the
global crisis, a new wave of innovation has needed where Industry 4.0 will become
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a new global industrial landmark and standard of development in the real economic
sector of the entire global economic system [1]. In line with the goals of society 5.0,
Industry 4.0 revolutionizes the production industry by increasing operational effi-
ciency, new business models, services, and products. Society 5.0 focuses on using
technology developed by Industry 4.0 to benefit humankind by utilizing advanced
technology to solve problems and the economy. This study identifies that disruption
of innovation through environmental turbulence offers opportunities to drive busi-
ness development. Society 5.0 focuses on people and changes from innovation to
technological transformation through industrial automation 4.0 [2, 3]. In this study,
environmental turbulence refers to exogenous factors that give rise to uncertain and
volatile situations that impact business performance [4, 5].

While some companies view environmental instability as a risk that threatens
performance, it has understood as a threat and an opportunity for more entre-
preneurial firms. It opens opportunities for the growth of various new businesses
accompanied by increasingly fierce competition [6]. The desire to find ways
to overcome turbulence and create growth and success from turbulence drives
companies to think and act. Rapid technological advances have led to significant
business developments and changes [7]. Likewise, as reported by The Global
Competitiveness Report 2017-2018, the interruption and disruption of technologi-
cal change create extraordinary possibilities and challenges which strengthen by
using the convergence of digital, physical and organic technology that has charac-
terized the rise of the Fourth Industrial Revolution [8].

Environmental turbulence can occur in several factors: technology turbulence,
competition intensity, market turbulence, and regulation. The biggest factor is due
largely to rapid technological changes and the high intensity of competition marked
by customer composition changes, behavior, and preferences. In Indonesia, over the
top service (OTT) penetration was long before Covid-19 eroded revenue providers
[9, 10]. Even though the operator is experiencing growth, the Telco industry requires
a large investment, but the income is low. Although growing, digital services have
not replaced declining operator revenues [11, 12]. When environmental turbulence
occurs, it causes a direct disruption to company performance. Thus, the company’s
initial response must be fast to reduce accumulated losses. In the firm’s predeter-
mined response model, management reactions are initiated without delay on the
rational trigger point, as illustrated in Figure 1 [13]. Due to the environment’s
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Figure 1.

Decisive model of firm response to a crisis event.
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turbulent characteristics, both the base model and the Determinant model of
responses are triggered after the event has occurred.

2. Methodology and research gap

In this study, the methodology used is a qualitative systematic literature review
on various aspects of the topics discussed, including strategy, distinctive capability,
environmental turbulence, and business model strategies. The basic ideas on car-
rying out such a systematic review had borrowed from leading scholars in the field
[14]. Both integrative and interpretive techniques had used to uncover new insights
into strategy. Various studies on dynamic strategies and volatile business environ-
ments have collected it from various primary qualitative studies conducted using
this methodology. Several in-depth studies of the subject matter have carried it out
so that conclusions have drawn it. Thus, the literature reviews qualitative synthesis
has used it as the basis for the arguments discussed in this chapter.

This study is also measured by asking respondents’ perceptions through
explanatory studies and preliminary surveys on market predictability, innova-
tion, and customer preferences. Disruptive innovation through environmental
turbulence is a major creative driver for reengineering businesses. It is not just
innovation but agile innovation that can take advantage of economic downturns by
developing new creative business models by making new paradigm shifts [15, 16].

As globalization and digitization evolve, organizations must respond quickly to
changing market demands. According to Milan Krstic, 2018 agile innovation is a
collaborative process that connects innovation, people, technology, projects, and
outputs that impact paradigm shifts driven by competition in the market and rapid
technological advances [16]. Agile innovation emphasizes creative and adaptable
teamwork in solving complex problems; Lean development focuses on eliminating
all losses continuously so that the innovation process is significantly faster [15].
Thus, the company can be fast responding to Changes in Environmental Turbulence
to encourage business growth in the face of deteriorating company performance.

Exploratory case studies and literature reviews are using to test environmental
turbulence’s antecedents, Distinctive Innovation Capabilities, through business
model innovation strategies to firm performance [17, 18].

This study fills the gap from the previous study. Since 2000, most business
models have focused on organizations’ mediating role to mediate technology capa-
bilities and firm performance. Only a handful of research publications so far have
examined how organizations innovating should have structured collaborations and
interact fluidly [19, 20]. There are no studies that elaborate on how organizations
exploit internal resources and structures and how to access, configure, and utilize
external resources embedded in business model strategies to produce the ability
to manage business turbulence in the industrial evolution of the 4.0 era through
Distinctive Innovation Capabilities [21, 22]. This research’s authenticity lies in how
management produces a practically oriented framework of how organizations shape
to be innovative and competitive by building a common business model. However,
this study has limitations due to its qualitative nature and conceptual framework,
which needs further investigation through large-scale surveys by quantita-
tive research. The conceptualization and investigation of the independent and
combined effects of business model innovation, environmental turbulence, and
Distinctive Innovation Capabilities structures on organizational agility highlight
the importance of complementarity between antecedents and add to the cumulative
pool of knowledge in this research area.
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From a managerial perspective, this study provides a comprehensive view
of environmental turbulence impact, how to develop a Distinctive Innovation
Capability strategy for developing an organization’s business model, how to achieve
it, what variables contribute, and how to relate it to performance. Institutional
cooperation requires collaboration in an innovation environment where consumers,
companies, universities, and public authorities work together to produce innova-
tion (Quadruple Helix). It means that the resulting research can apply to national
development, and higher education is responsive to industrial, customer and social
needs [23, 24].

3. Conceptual development
3.1 Environmental turbulence on business model strategy

Companies are operating in a more dynamic environment that affects envi-
ronmental turbulence that occurs influence business model transformation and
business performance. Many studies confirm that several conditions in the Study
of Environmental Turbulence and Model Transformation & Business Models affect
company performance [25-28]. The more turbulent an environment, companies
must rely on innovation to neutralize the outdated threats of products and technol-
ogy and take advantage of new technological opportunities to create new business
models that can support company performance [29, 30]. However, according to [31]
pragmatically, some problems will be missed and become strategic surprises even
at the most sophisticated environmental scanning method. The recent economic
downturn and current pressures on the market have increased the need for leaders
to have a strategic business model plan [32]. Organizations whose historical busi-
ness models have based on organic growth must now strategically position them-
selves taking into account the new ‘rules of the game’ and develop a posture that
increases strategic, managerial aggressiveness [33].

The process of forming a volatile environment is inseparable from the influ-
ence of technology, the emergence of a new economic order, changing values and
lifestyles, and the availability of an exchange of information flows, goods and
services with a decreasing price trend accompanied by the high speed of the flow of
goods/services and the dissemination of information. The emergence of an eco-
nomic model of sharing transportation and accommodation has disrupted business
establishment. Several studies have confirmed the relationship between environ-
mental turbulence and business strategy models and then show that it successfully
competitive advantage. Besides, it mediates the role of business model innovation
to show that there is a relationship, and the results of several studies suggest that
business model innovation has a positive effect on company performance [34, 35].

The description above means the higher the organization’s ability to provide the
right solutions with a good business model innovation strategy that can provide
added value to the organization. Then the innovative business model will perform
better in facing competitive advantages in the telecommunications industry.
Therefore, it had assumed that environmental turbulence influences business
innovation. According to [36], human resources and capabilities are important com-
ponents of a company’s competitive advantage in a resource-based view. The concept
of turbulence was initially introduced in 1965 by Emery and Trist. The business
environment has been influencing by several components (competition, custom-
ers, suppliers, shareholders, public markets, regulatory bodies, legislative bodies,
technology, economics, and society) [37]. Environmental turbulence influences the
external environment or changes in the future [38, 39]. Based on the contingency
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Theoretical foundation of environmental turbulence. Source: Various publication

theory [40, 41], organizations react to environmental changes, and organizational
strategies are determined based on environmental conditions that occur. Figure 2
shows that many studies on environmental turbulence strategies with a link and
difference focus have described it as pedigrees for the theoretical foundation of
environmental turbulence from the market and organization perspective.

This study ends with the definition of environmental turbulence for the
Telecommunication Industry. Organizational ability to project business planning
creatively, flexibly, and adaptively to anticipate potential disruptors, new regula-
tions, technology changes, competition, social patterns, and consumer lifestyles.
The dimension of environmental turbulence in this study is; Dynamics - the extent
to which the company’s environmental components’ elements remain the same over
time or a continuous flux [42]. The degree of dynamism (instability) has influenced
it by changing environmental change and change intensity. Complexity - Increasing
number of elements and their interdependence [43], homogeneity/heterogeneity [44]
contribute to environmental complexity. Predictability - uncertainty, or ignorance,
is a dimension related to the extent of causation and the availability of information
about change contributing to the level of uncertainty [39, 45].

3.2 Distinctive innovation capability and firm performance

The literature on strategic management shows different capabilities or com-
petencies as an important part of an organization’s resources and competitive
advantage. Mintzberg and Quinn [46] argue that Distinctive Innovation capability,
as a competitive advantage source, provides the basis for a sustainable competi-
tive advantage [43]. Meanwhile, Drucker [47] and Cavusgil et al. [48] discussed
the importance of the ability of innovation for organizations to survive in an
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unstable environment [46, 47]. Innovation capability had proposed as a high-level
integration capability, namely, forming and managing various capabilities [48].
Organizations with this innovation capability can integrate their company’s core
capabilities and resources to stimulate innovation successfully [49, 50].

According to Amabile [51] and quoted by Zhao et al. [52] states that innovation
capability is the application of knowledge relevant to the achievement of value
in an organization. Teece and Pisano [53] and Teece et al. [54] suggested that the
winners in the global market are companies that demonstrate timely responsiveness
and innovation that is fast and flexible [55, 56], together with management’s ability
to coordinate effectively and re-apply internal and external competencies [57].
However, Miranda and Figueiredo [58] distinguish routine and innovative com-
panies based on technological innovation capabilities with the factors that shape
vision and strategy capabilities [51, 52], utilization of competency bases, organi-
zational intelligence, creativity and idea management, organizational structures
and systems, culture and climate and technology management [53]. Saunila defines
innovation capabilities by influencing an organization’s ability to manage innova-
tion [53]. These aspects include participatory leadership culture, ideation, organi-
zational structure, climate, worker welfare, knowledge development, regeneration,
external knowledge [54], and individual activity [59].

This study concludes that Distinctive Innovation capability is the company’s
ability to develop and manage fast and flexible innovation by leveraging technology
management’s creative capabilities, knowledge development, integrating capabili-
ties, and core company resources to stimulate innovation and provide added value
for companies to gain competitive advantage.

3.3 Business model strategy and innovation capability

Any organization interested in competing in a dynamic market must create
unique benefits that enable it to gain a competitive advantage over competitors.
However, [60] argues that business has become a global and global market, which
increasingly encourages an Innovation Business Model because companies must
overcome global challenges. The way to outperform competitors is through innova-
tion. Innovation as a strategy involves creating new ideas, processes, and methods
to improve current goods and services or bring them into new products and services
[37]. Innovation is needed to maintain the existing competitive position and the
competitive advantage that has obtained it. Most studies conclude that business
model innovation increases competitive advantage and contributes significantly
[58, 61]. Previous studies examined cloud and digital computing as disruptive inno-
vations. Building on this reflection, to better understand business model innovation
resulting from accepting a cloud benefit model [36, 62].

Technology has changed organizations must realize that a classic business
model, such as buying and selling at a premium price, will no longer work [63].
Technological changes provide the necessary context for understanding the trans-
formation of new digital technologies [64-66]. This article will help understand
why this new business model’s strategy innovation is important and why everyone
should understand the most successful business models. Looking at the business
model is essential to understanding how to position a company and generate
additional revenue [58, 60, 67]. New business models can also help companies
become more resilient to market dynamics and diversify business strategy [68, 69].
Successful disruptive business models are often customer focused. Based on the
description above, the higher the organization’s ability to provide the right solu-
tions with a good business model innovation strategy that can provide sustainable
Business Models, Added value to the organization, the high-level innovation will
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Sustainability business model transformation.

perform better in the face of competitive advantage [69, 70]. Therefore, a business
model paradigm’s concept logic can help understand specific innovation to transfor-
mation challenges that companies will face when introducing new business models,
a simplified schematic overview strategy Sustainability Business Model, reconcep-
tualized from Figure 3 [71].

4. Development of conceptual framework

An extensive literature review guided the choice of variables for the conceptual
framework. Identify the dominant antecedents considered to form the business
model innovation strategy and firm performance by developing it through explor-
atory case studies. Thus, in line with this study, the objectives are to examine the
effect of Environmental Turbulence (ET), Distinctive Innovation Ability, and
business model innovation influence firm performance (FP). The literature review
of the concepts above will answer the questions in this study by explaining how
the relationship between Environmental Turbulence (ET), Distinctive Innovation
capabilities, and business model innovation affects company performance (FP)?

Therefore, based on the study literature and explanatory case study, this study
defined several hypotheses. The following hypotheses have been compiled by
modeling the relationships between the variables examined in detail in this section,
and a conceptual research model developed, as shown in Figure 4.

1. Business model innovation has a positive effect on company performance.

2.Environmental Turbulence (ET) has a positive effect on company performance
(FP) directly and indirectly through a business model innovation strategy.

3. Typical Innovation Capabilities have a positive influence on company

performance (FP) directly or indirectly through a business model innovation
strategy.
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Conceptual model.

The explanation above and based on the previous literature means that the
higher the organization’s ability to provide the right solution with a good environ-
mental turbulence strategy that can add value to firm performance, either directly
or through an innovation model business strategy. Meanwhile, based on a previous
study, the higher its ability to carry out business model innovation and a good dis-
tinctive innovation capability, the higher its performance. Therefore, it should have
assumed that based on the hypothesis in Figure 4, there is an influence between
environmental turbulence, business innovation strategy, and distinctive innovation
capability on company performance in the telecommunications industry.

5. Conclusion

Exploratory case studies and systematic literature reviews prove that business
strategy innovation and firm performance are essential for business success when
faced with intense environmental turbulence. Typical Innovation Capabilities and
Firm Performance are determined by appropriate revenue in the ongoing market
and the expansion of technology and innovation in products for new information
for decision-making capabilities [70]. Therefore, innovative portfolio business
models are at the center of strategic decision-making capabilities, especially when
the complexity of innovation and dynamics increases. This study conceptually
develops a framework that connects environmental turbulence, distinctive inno-
vation capabilities, business model innovation, and tests its effect on company
performance. This study uses information processing theory to propose and test the
antecedents and consequences of a business model innovation strategy.

Innovative business model capabilities are a continuous change from new business
strategies to keep pace with market developments, competitive advantage, and perfor-
mance. Therefore, innovation capabilities are not simply the ability to successfully run
anew business or manage mainstream capabilities. However, innovation capability is
about synthesizing three paradigms, enabling innovative companies to produce new
products and services that are quality-focused, efficient, and responsive.
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This study proposes the idea of a Typical Innovation capability. We have used
the innovation management literature and several case studies as examples of
Cisco Systems to demonstrate how innovation capabilities synthesize new and
mainstream flows to achieve effective innovation performance. The next section
identifies the elements of makeup innovation capability. Therefore, the innovation
capability model aims to build a theoretical framework that highlights the actions
managers can take to influence innovation success. However, several attempts
have made it use a dynamic capabilities approach to produce a holistic innovation
capability model. Organizations focus on innovation and innovation output as a
competitive strategy.

Besides, this study has been able to fill the gaps and enhance previous stud-
ies on business model innovation strategies. It has explained that the distinctive
Innovation capabilities by utilizing the external organizational structure’s capabili-
ties and flexibility can face business turbulence. It allows organizations to achieve
an increase in business strategy innovation capabilities, high-quality company
performance in the face of economic decline, and at the same time, add to this
cumulative knowledge study. Investigations of a set of antecedents of distinctive
Innovation capabilities, business model innovation strategies, and environmental
turbulence on company performance have highlighted the importance of comple-
mentarity as critical factors developed in future research.

6. Future research

This research has limitations in telecommunications information, communica-
tion, and technology in Indonesia. As an antecedent of the Service Innovation has
identified it, and its relationship has presented, large-scale quantitative surveys
will test the conceptual framework and further explore each variable’s role.
Furthermore, future research expands to consider the international implications of
research and the broader scope.

7. Management implications/social impact

From a managerial perspective, this research gives organization manage-
ment a comprehensive view of enhancing innovation business model strategy
and consecutively providing a solution to customers and influencing it and their
relationships. This study will benefit the telecommunications companies that want
to move to digital transformation, which is still an expensive and lengthy process,
by using strengthening integrative capability to perfecting internal monetization,
but especially overcoming external monetization from the opportunity of environ-
mental turbulence to leap forward. Portfolio managers have suggested it intensify
the information system?’ use as it positively impacts an organization’s innovation
business performance by intensifying information exchange with internal and
external stakeholders.

From the social impact perspective, with the sustainable growth of technology-
based companies, through innovative business models, Distinctive Innovation
capability and environmental turbulence capabilities, companies can provide
general benefits from the microeconomic side to customers and at a macro level to
the performance of the company and industry in general. Thus, it can be a driving
force for the advancement of digitalized technology knowledge and adopted by the
community to prepare development towards society 5.0.
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Chapter7

COVID-19: Turning a Threat into
an Opportunity for the Circular
Economy

Jean Pierre Doussoulin

Abstract

The current crisis dominates everything from health to day-to-day life. But it
will pass over within a relatively short space of time and the economic recession
seems likely to reverse the long-standing pattern. Given the gravity of the circum-
stances, nations have been constrained to undertake unusual approach arrange-
ments. This article proposes a framework of the COVID-19 effect following analysis
and comparison of the most prominent concepts of the public health and circular
economy. Our paper helps to identify the positions of each of these concepts with
regard to public health, environmental sustainability and economic growth. This
study enriches the literature on the environmental sciences and public health by
providing analysis of the effects of the policies. Finally, this article recognizes that
there must be local action priorities that allow for small and sequential wins in
economic, health and environmental aspects in the territory.

Keywords: COVID-19, circular economy, waste, health, growth, environment

1. Introduction

As aresult of this pandemic, we can note the disappearance of questions and
conversations related to climate change [1]. It seems that the lack of progress
towards the objectives of the Paris agreement has disappeared into the background.
What would once have been the center of attention in most forums and agendas
does not even reach the inside pages of magazines or newscasts. Our global con-
sciousness has shifted towards survival and transcendence, as a species, which are
immediate threats to our lives [2].

This desire for transcendence allows us to analyze what happens when we
are closer to the top of the pyramid and all our basic concepts are covered as in
Maslow’s pyramid [3]. With the pandemic around the world, we have all been
taken down on some levels and we are now looking to protect ourselves and our
loved ones.

On the surface, it seems that all efforts, all activities and all initiatives have
shifted away from the greatest threat to our planet, climate change, towards the
immediate and more tangible threat to our lives of COVID-19 [4].

The desire for transcendence can also be expressed towards transhumanism and
environmental sustainability. Transhumanism is a social movement predicated on
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the belief that we can and should leave behind our biological condition by merging
with technology [5]. Environmental sustainability is responsibly interacting with
the planet to maintain natural resources and give the ability of future generations
to meet their needs. It can be interpreted as an steady state economy [6]. This
status depends on legal, thermodynamic, and economic aspects of ecosystem
services [7, 8].

This chapter proposes a new regard of the circular economy following analysis
of the most prominent issues related with COVID-19, government responses to the
crisis and sustainability.

The significance of this article is that it addresses the criticisms of the circular
economy paradigms by considering three dimensions of analysis related to the
COVID-19 outbreak [9]. The increased demand for sustainable production pro-
cesses post COVID-19 justifies the need for more effective policies with a focus on
human health [1, 10].

2. Methodology

The methodology used in this paper takes sustainability, health care, economic
growth and dimensions to provide an analysis related to COVID-19. Figure 1
presents the analysis of how these three dimensions might be reinterpreted using
the framework proposed by Doussoulin [9]. As shown in Figure 1, when = = 100%,
z = 0 and w = 0, all attention dedicated by the government are apportioned to eco-
nomic growth. Alternatively, if « = 0, z = 0 and w = 100%, then all attention is given
to health care. It is also possible the attention to the earth as a natural resource,
this can be represented by the point where x =0, z = 100% and w = 0, which cor-
responds to a sustainable future [11-13].

A7

Figure 1.
Three dimensions: Economic growth, health cave and sustainability. Source: [9]

3. Discussion
This section outlines a set of matters involving the COVID-19 crisis through the

exploration of three dimensions: sustainability, health care and economic growth,
as follow:
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3.1 Sustainability
3.1.1 Industrial civcular economy

The circular economy has rapidly gathered momentum within sustainable
development initiatives due to its potential for decoupling economic develop-
ment and growth from resource consumption [14, 15]. The industrial circular
economy corresponds ton =0, z = 100% and w = 0 in Figure 1. Manufacturing
companies play a critical role in the implementation of the circular economy at
the industrial level. Success with this role requires a rethinking of the overall
value generation logic and the redefinition of business success, by reconfigur-
ing existing business models or creating new business models for the circular
economy [16, 17].

The transition of manufacturing companies’ business models to the circular
economy is still limited, with low market penetration across sectors. Among several
external and internal barriers, manufacturing companies face shortcomings in
capabilities and skills and require knowledge and scientific-based guidance for
business modeling within the context of the circular economy [18, 19].

Academic literature is unable to support companies adequately, due to a core
gap related to the lack of systematized practices to provide guidance and advice to
manufacturing companies during the design of business models for the circular
economy [20]. Based on this gap, a design research methodology was applied in
this research, with the objective of developing a theoretical framework to provide
guidance and advice for policy-makers and stakeholders [21].

3.1.2 Pressure on the MSW industry

The workload of the MSW (management solid waste) industry has increased
due to significant rises in household consumption in Japan [22] and the construc-
tion sector in France [23].

The Center for Disease Control (CDC) is saying the same as the World Health
Organization and also what Ocean is saying, that solid waste is not an effective
vector for the transmission of corona virus from one person to another by being
within six feet of that person. Something people need to be aware of when they are
at work, whether it is collecting trash, recycling material or a disposal facility. The
CDC just late last week, issued a new waste specific fact sheet [24].

That indicated that corona virus can live on cardboard for up to 24 hours, which
causes some concerns in our industry. People are also urged to delay their spring
cleaning. Individuals will admit that this has not always been succesfully commu-
nicated [25]. As people at home with a lot spare time, they are using it to clean out
their attics, garages and basements, and this is generating a significant amount of
material that has stressed the system to some extent. Authors are also communicat-
ing the importance of not reusing gloves and masks that people are now wearing
and that they should be thrown in the trash after use [26].

We can agree that generally individuals do not want to recycle. The material,
even though it is mostly made of plastic, is not recycled on the curbside and unfor-
tunately, what we have seen a great deal is many people throwing away gloves and
masks on the street, in parking lots and in parks which is bad for public health in the
environment [27]. The fact that some facilities are closing due to small amounts of
coronavirus on things that are being handled, at a time when the commodity pricing
is actually going up, is ironic. There have been a number of facilities that perform
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recycling that have actually closed. They closed because they were unable to provide
sufficient social distancing between workers. However most facilities have been
either installing Plexiglas separators between the sorters or pickers on the line or
they have been separating the pickers [28, 29].

The commercial sector in the United States shut down a major source of recovered
paper. A major source of clean, recovered paper was lost, and so it is our hope that,
as the United States returns to something like the new normal, we will see that those
paper sources in the commercial sector will be available to recycling facilities [30].

There is an interaction at the weighing facilities and to reduce the potential
of exposure to the attendants who work there, the use of cash and the signing of
documents is being eliminated. Other steps are being taken to ensure there is as
little interaction as possible with customers at drop-off centers, where people go to
drop off various types of materials such as glass, books or batteries. Those facilities
have seen a significant increase in the number of customers that they are receiving
so there is a need to keep the customers six feet apart from each other and also from
the staff. Disposal facilities also pose a number of hazards and challenges when
a waste, hauler or a private citizen goes through a small facility, whether it is by
dumper truck or to bring some boxes from the household, hazardous waste or other
material [31].

These facilities are urging people to wear masks. Some people are not happy
being asked to wear them at some of the facilities. Some facilities have higher safety
measures to maintain distance and enforce their rules. Curbside recycling collec-
tion has been suspended in several communities [31]. For the use of vehicles, at
recycling plants and composting plants, a number of issues in handling the materi-
als and during maintenance were coming up. In the United States, the drop-off
centers are adding to the burden. People are very slowly beginning to go back to
work and it is our expectation that this is going to continue and some authors will
argue a decrease in the amount of residential waste and an increase in the amount of
commercial waste being generated [32].

Things were coming to a point where waste management was at risk of stopping
because of the worries of the workers and some of their employees, basically there
was a very short time frame to sort this out. If it is a commercial collection, maybe
it could be stopped, if it is a household collection, it probably could not be, and it
cannot be run by a single person because of health and safety or other issues. People
could then think about transporting individuals separately through the collection
point, and some local authorities in the UK have been taking that approach where
they have individually taken collections, from the curbside where the transfer has
been done. Other solutions might be screens in the cabs, therefore there is a guid-
ance on screens [33].

There are health and safety issues in assessing the safety of the screen and the
material. Whether or not the driver can see through it, whether they can get out
of a vehicle safely if there is an accident, and if it is effective in case somebody
sneezes and if it will really stop an aerosol from circulating in a cab. There has been
quite a lot in the media about viral load and long term exposure to viral load [34].

To what extent can some of the lessons learned in UK composting sites and
reducing work exposure to aerosols be translated to the virus or are the particles
too small? Authors argued that the reason that has happened is because people in
their homes are seeing all this waste being generated and being putting out on the
curb which is not usual and seeing it taken away by trucks [35]. Normally, when
the garbage truck comes to the house, people are not at home, they are at work, and
so the fact that there are these people out there every single day performing this
essential service when citizens are told to stay at home has been a way to reinforce
the importance of the industry. Authors argue that in the long term, this will
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benefit the industry in a number of things, but in the short-term, we will continue
to have challenges related to reducing exposure because, unfortunately, the virus
is very contagious compared to other diseases. It spreads easily, and at least some
component of the virus can live on cardboard for a while [36].

3.1.3 Facilities dedicated to hazardous waste treatment

There is limited research on the viability of this virus in the recycling stream.
As pointed out earlier, we need to make sure that those workers who are work-
ing with recycling are not touching the recycled material and being infected by
COVID-19 [37].

It is a terrible pandemic, so in terms of waste we have to make sure that people
are managing it safely. It also highlights deficiencies in the system in the past which
individuals are now having to correct to ensure the health and safety of the workers
properly. Maybe now people need to address how we protect our workers in general.
People need to make the point and highlight the fact that the message must be
quite clear to the citizens and to the overall community through different chan-
nels that separate collection and recycling services are a part of the overall waste
management system and part of those essential services that must keep running
[38]. It would be a bad thing if the message that was sent out was that these kinds of
services can be interrupted or can be stopped. The support of the people is needed
and would be difficult to get back if lost, as all international researchers assert [39].

It would be interesting to analyze where facilities dedicated to hazardous waste
treatment are lacking and countries where sufficient capacities exist. The import
of hazardous waste from outside the EU is worrying not because of the lack of
business, but because it means that potentially stockpiles of hazardous waste will
grow and grow in the coming months, with all associated risks for health and the
environment. Authors argue that increase is not really the right word to best define
the situation. It would be better to say shift: there is a shift in terms of the nature of
hazardous waste, a shift from non-dedicated to dedicated hazardous waste treat-
ment facilities and a shift in the internal movement of waste [40].

It is possible to improve recycling in the time of COVID-19. Particularly, People
have to think about the fact that if houses are separating their recyclables or house-
holds, they cannot contaminate themselves. There is no reason that any city should
tell its citizens not to continue recycling. The point is that only recyclables from
one household, which only people in that household have touched, are put out for
collection for recycling or put into a bin where somebody else will empty. It does
require that cities who find recycling to be important at the city level should think
about extra storage and extra capacity.

3.2 Health care
3.2.1 Personal protective equipment and COVID-19

We are living in unstable and uncertain times due to current health, economic
and social instabilities [41]. The significant challenges to the waste industry are
putting authorities and waste workers under significant pressure. That is where it
is our duty to ensure that our members and the waste management industry have
knowledge and information to keep our towns and cities clean and healthy. Proper
waste management is an essential public service that cannot be overlooked in this
time of crisis [42].

Pandemics prove to the public worldwide that for crucial issues, scientific support
of political decisions and data-driven decision-making is absolutely necessary for a
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proper response so a new relationship between science and policy is needed. This is
something that has been lacking in waste management the last ten or fifteen years [43].

This period marks a return of single-use plastics after three years of efforts to
ban them under a specific framework. Thus, single-use plastics are coming back
today and this time also with gloves, with masks and with personal protective
equipment that might be infectious [27].

This difficult period is not a reason to change our policies and circular econom-
ics for plastics and single-use plastics. Authors argue that the plastic industry is
trying to use the pandemics as an excuse to delay any new regulation or secretly use
plastics, both at a European or national level [44, 45].

We have a range of wastes being generated at the moment and initially it comes
down to segregation and while people may be seeing the volumes of personal
protective equipment (PPE) and other medical wastes increasing, we have to look at
the relative risk of those wastes. Waste from people who treat a COVID-19 patient,
will be particularly risky. [46].

A lot of medical waste will be produced. There will also be some pharmaceutical
waste. There will be ventilated type waste; there will be collection mechanisms for
contaminated waste, and proper, genuine medical waste. These wastes need to be
collected and treated appropriately, not necessarily by incineration where alternative
treatments are in place. They should be genuinely treated as infectious medical wastes.
There will be a lot more medical waste in our general waste. It has been argued that if
we start to call them social distancing wastes rather than medical wastes, even though
they look like medical wastes, some distinctions may be able to be made [47, 48].

3.2.2 COVID-19 and HIV virus

Authors claim that many of the patients who have COVID-19 who are very sick
and also have other conditions as well. In addition to dealing with the pandemic,
people also need to consider that those wastes may also have hepatitis or HIV, as well
as those other viruses that we would normally manage as healthcare waste [40, 49].
Individuals have to be aware of the fact that, while this is a very serious pandemic,
there are other people that are sick with other diseases, and we have to ensure that
these other conditions are managed.

As well as waste, there are other contaminants that could be present. People
should be treating anything that is known to be infectious or reliably suspected,
and this is where it is not necessary that PPE is classified as medical waste. While
authors are seeing pressure from an increasing volume and a decrease in weight
into the system, we have to still make sure that we are taking care of health. In
effect, COVID-19 is like a little ball of genetic material with a fatty inside with a
little protein sticking out of it. People need to ensure that people can use heat when
necessary, but not necessarily high temperance in washing. It would be useful to
have facilities for washing clothes and washing linen. These wastes should be kept
out of the waste stream. People need to ensure that the threat against waste workers
is mitigated and that may be done by social distancing and PPE. Welfare facilities
that ensure that people can wash their hands should also be given because it is not a
good idea that more people get sick [50].

It would also be useful to have facilities to ensure that people can maintain not
only their personal hygiene, but also environmental hygiene. As authors argue,
as there is an increase in the volume of waste arriving to waste facilities, all need
to be operating effectively in this situation. It depends on existing infrastructures
and the capacities for the treatment of hazardous waste and it also depends on the
strictness of lockdown and how it impacts the industrial activities. It is important to
say that the other waste treatment facilities never stop during the crisis. Part of the
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healthcare waste is treated in hazardous waste incinerators and, during this period,
where the quantity and mostly the volume of this care waste rises by twenty to forty
percent, all permitted capacities are used [31, 51].

A change in the distribution of the different categories of hazardous waste has
been observed. Some industrial activities work intensively, for example, the phar-
maceutical sector, and others slow down or have even stopped completely, such as
the automotive industry and all the suppliers, hazardous waste from households
and hazardous waste in small quantities, drums or buckets from refuse collectors.
Another important aspect is those non dedicated facilities which treat hazardous
waste as a side activity, have slowed down or drastically reduced or even shut down,
such as part of the cement industry due to the stopping of activity in the construc-
tion sector. Companies have dedicated operators for the treatment of hazardous
waste, and they have been able to take over. If we take the case of Europe, we face
an increase of transboundary shipments from within the EU to countries where
treatment capacities are lacking [38].

3.2.3 Medical waste vecycling and government issue

Waste management has been classed as an essential public service in most
countries, which means waste management professionals must navigate the health
and safety risks related to coronavirus, although, information about the virus is
still evolving [52]. It is essential that countries ensure that waste workers, especially
frontline collection and processing employees, are afforded maximum protection
and remain safe and can support communities in mitigating the spread of the virus
[44]. The medical issue corresponds ton =0, z = 0 and w = 100% in Figure 1.

Some governments have been talking somewhat about the role of the public
in protecting solid waste workers [53]. One of the byproducts of the corona virus
epidemic has been a very significant increase in the amount of residential recycling
and that includes making waste materials safe. The government recommends that
people do not use loose tissues or wipes to clean down something that could impact
the workers [10].

French and Spanish citizens claim that the first challenge at the beginning of the
crisis was to state which of their activities was essential, ensuring that all employees
who have to be on-site to operate the facilities can circulate freely during lockdown
and be able to secure supplies opportunely. Also, subcontractors facilitate the help
of authorities in case of problems. The second action concerned, behaviors and
work practices. New safety measures should be applied in order to protect workers
by adapting the management of operation teams and their way of working and
deploying teleworking. For all others, and last but not least, all necessary personal
protective equipment should be provided to everybody, which is probably the
trickiest point during this crisis [54, 55].

3.3 Economic growth in COVID-19

We are in the middle of the storm, which does not allow us to see clearly what
is coming. But at present the most important thing is to take care of people’s health
and then employment, which means that people have to understand that we are
experiencing a crisis.

A recurring question relates to the time frame in which we will emerge from this
crisis. In this sense, the recovery curve represents the impact of coronavirus on the
economy. This can have a V- shape if the stoppage is abrupt and the reactivation is
rapid, which would not be the effect of COVID-19 for many countries. If economic
indicators take longer to reach the levels they were before the recession, a U- shape

109



Circular Economy - Recent Advances, New Perspectives and Applications

may appear. Finally, if the crisis implies a recession in the economy and a very slow
recovery, we would be describing the L-shape [56].

There is widespread uncertainty about the economic effects of the crisis [57].
Some authors argue that the recovery will be similar to that which occurred in
China between 2005 and 2013, following the tendency of L-shaped growth [58].
This economic effect may be very different in the other countries. In this case, what
counts is the adaptation of the population to this “new normality” [59].

This means that people have to adapt quickly, and be flexible in how they
proceed. People have to understand that spirits are exacerbated, and act accord-
ingly, both for employees and employers [60]. The second thing is to know that we
are in a situation that demands priorities, and here it is the health issue. It would be
interesting to measure this problem and understand that very complex weeks are
coming, and take measures to try to stop or mitigate the impacts on the environ-
ment through the application of waste management policies [44].

In the first part of this chapter we described three dimensions of analysis, now
we will briefly delve into the economic dimension. The economic growth and labor
issues corresponds to 7 = 100%, z = 0 and w = 0 in Figure 1. It is useful to recognize
waste management workers by definition, formal and informal, in daily contact
with waste, who are more vulnerable than other categories of the population to
potential health problems.

In this way, one of the key issues that is arising all over the world is the need to
protect waste workers, formal or informal, as a special asset that provides an essen-
tial service. Not only the International Labour Organization, but also many unions
and NGOs are advocating putting the protection of waste workers in the center of
our attention in this period. For countries outside of the EU and North America,
outside of the high-income countries, most recycling is done by independent or
informal recyclists who collect materials simply to feed their families [41].

Some countries which have informal recyclers are countries such as South
Africa, but also some countries in Europe such as Serbia. There are many people
who cannot eat because they are in lockdown. They would normally be picking up
recyclables and now they are not allowed to go out. Also people who are in formal-
ized recycling situations. For those in Colombia or Brazil, the government often
tells people to stop recycling. At the same time, we even see in the Netherlands a
tremendous amount of littering, and so the environment is changing quickly and
nobody is really thinking about what these informal workers actually need [61].

Some authors claim that recycling is determined by the country’s income level.
Low and middle income countries where most recycling happens by independent
or informal recyclers, whether formalized as in Brazil and Colombia, or tolerated
or semi formalized as in India should have these systems reestablished [62]. What
is really important is to figure out a way for them to continue to provide the service
that they provide for the city by managing its recyclables and giving the people
and their families a way of making a living by thinking actively about how they can
safely go about their work [40].

4, Conclusions

We really hope that the post-crisis crisis will be the momentum for radical change
in society worldwide. We also propose that people should be referring to expert guid-
ance, not only from their national and regional governments, but also coming out of
the World Health Organization and also for low-and middle-income countries.

The COVID-19 crisis assumes that the effects are divided among economic
growth, medical and sustainability. So how do we distribute the effect and the
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recovery efforts between these dimensions? How to allocate time and humans
resources, not mention which trials and which patients?

In this chapter we have not wanted to give specialized answers from an
economic, or medical or environmental point of view, but rather to relate these
answers to other topics of interest to society.

There is an abundance of guidance to discuss about the economy, and to adapt
it for the environment, and economically, an austere fiscal policy, which prioritizes
employment and reactivation, through the optimization of resources and efforts.

We need to reprioritize our priorities. What is important and what is not impor-
tant is central, and this is why we also need to face changes in human behavior. We
want to argue that one of the things that seem to be a very important thing is the
idea of solidarity. It is just a matter of finding it with respect to health care waste
because there is a great deal that has been written and it is just necessary that per-
sons access that which it is suitable for the situation. We can build all this knowledge
during this new situation, every one of us.

The government response needs to act on three issues. First, to ensure that
essential services are carried out without any interruption. Secondly, to ensure
worker’s safety above any other measure, because we need these teams, we need
these people, and we need these heroes on the streets and, thirdly, we need to
ensure frequent and easy communication to the citizens to stop fake news and to
avoid dissemination of misunderstanding.

Finally, a good way to face the crisis is to win small battles, in health, through the
territorial management of contagions, in the environment avoiding very long-term
objectives, and instead targeting more short- and medium-term goals.
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