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MODERN INNOVATIONS
IN THE CONTEXT OF THE TRANSITION
TO CIRCULAR ECONOMY

Introduction. The major threats to human existence are nuclear war, ecological collapse, and technological break-
through. They are all closely linked to both security policy and economic development.

Problem Statement. The world economic system annually consumes resources that need a year and a half to
recover, thus having an irreversible impact on the planet ecosystem.

Purpose. The purpose of this research is to explain the main trends associated with the transition to circular
economy.

Materials and Methods. Analysis and synthesis, comparative analysis and systemic approach have been used
in this research. Scholarly research reports of international organizations, private and public corporations, pub-
lications on this issue have been used as references.

Results. The growth of world GDP has provided a significant progress and allowed, to some extent, freeing
billions people from impoverishment. At the same time, economic growth causes a steady increase in demand for
natural resources. This, in turn, leads to the loss of biodiversity and to the problems with water scarcity, which are
caused by the methods used in the extraction and processing of natural resources. To develop a climate-neutral
circular economy, appropriate policy initiatives have been launched and programmatic actions have been de-
veloped. Transformation has been already underway, but conceptual decisions need to be developed and adopted
as soon as possible.

Conclusions. Politics and economics shall aim at the activities that contribute to making more environment
[riendly society economically viable. The most obvious step should be to ban subsidizing any activities that are
harmful to the environment. In Ukraine, there are ample opportunities to transform the dominant model of linear
economy into environment friendly and economically efficient circular model. The development of circular
economy in Ukraine may give not only a favorable environment effect, but also the economic ef fect of increasing
energy and resource efficiency, as well as the social effect of creating additional jobs and profiting corporations
in new industries and activities.

Keywords:innovations, linear economy, and circular economy.

Short time ago, the world economy has been operating without restrictions on the con-
sumption of available natural resources. The industrial revolution created the precondi-
tions in the economy for the intensive use of natural resources. The benefits were concent-
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rated for certain groups of people in certain parts
of the world and only for a certain time. The main
disadvantage of this process is that the growing
resource extraction and consumer demand has
spread all over the globe.

Today, the major threats to human existence
are nuclear war, ecological collapse, and techno-
logical breakthrough. They are all closely linked
to both security policy and economic development.
These threats arose long time ago, and now it is
time to address the problems that exist because of
these threats. Let us focus on one of the problems
associated with the current technological struc-
ture and state of the economy, which is the need
to move from the existing linear economy to cir-
cular economy.

The world economic system annually consumes
resources that need a year and a half to recover,
which has an irreversible impact on the planet
ecosystem.

Recently, government and corporate structu-
res are increasingly paying attention to the need
to take measures for maximizing waste recycling
and creating new resources based on them. Thus,
there is a rethinking and gradual understanding
of the need to move from the linear economy ba-
sed on the principle of “take — make — waste,”
to the so-called circular economy, the basic prin-
ciple of which is “production — consumption and
use — processing.”

The main prerequisites for the overall transi-
tion to circular economy are as follows:
¢ growing population;
¢ growing resource consumption;
¢ limited resources, their inevitable scarcity in

the future.
The circular economy is assumed to address the
following problems:
¢ reduction of waste generation because of the de-
velopment of recycling;
¢ reduction of adverse effect on the environment
by reducing the consumption of resources in
the course of production;

¢ emergence of new markets, creation of new jobs,
rising level of well-being.

14

The circular economy is renewable by its na-
ture. The idea of its development is as follows: in-
stead of throwing away products before their va-
lue is fully realized, use these products repeatedly.

It should be noted that in recent decades there
has been reported a relative separation of econo-
mic growth from resource consumption. Those ac-
hievements that have been made to date are quick-
ly absorbed by economic growth combined with
the rebound effect (resources released through ef-
ficiency improvement are used very quickly becau-
se of increased consumption).

The circular economy uses the enormous eco-
nomic potential invested in materials and resour-
ces already used by society. Understanding of the
value of materials and goods, which constitute
the infrastructure used by society, is the driving
force of circular economic models.

The preconditions for the basic tenets of the
circular economy were highlighted in 1962 by
American biologist Rachel Carson in his book Si-
lent Spring, in which he drew attention to the use
of pesticides in agriculture. The publication was
severely criticized, and the author was threate-
ned with lawsuits and suggested to want discre-
diting U.S. agriculture and industry. After all, prog-
ress was a characteristic indicator of the indus-
trial development at that time and the price paid
for it did not matter [1].

In 1966, Kenneth Boulding was first who in his
book the Economics of the Coming Spaceship Earth
raised the issue of the interaction of economics
and ecology, noting that human society was not
clearly aware of these problems. K. Boulding’s re-
search may be considered fundamental one for
the understanding of environmental problems by
economists. Here, the author for the first time rai-
ses the problem of reuse of goods and introduced
the terms “cowboy economy” and “economy spa-
ceship.” He considers the economy of the future
as an ecological system, similar to a spaceship,
which has restrictions on the recovery of resour-
ces and waste disposal, while the existing econo-
mic system is characterized as “cowboy economy”
that operates in unlimited resources in the condi-
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tions of increasing production and consumption.
The main goal of K. Boulding is to minimize pro-
duction and consumption rather than to maxi-
mize them. The economy of the future shall sol-
ve the problem of conserving basic reserves of re-
sources and finding technological innovations
that reduce production and consumption. At the
same time, he proposes to address the overpro-
duction and overconsumption problems by pro-
ducing goods with a longer shelf life and recycla-
bility. Emphasizing the need to achieve a “stable
circular flow of materials,” K. Boulding, in fact,
has created a new theory that is now called “cir-
cular economy” [2, 3].

In 1970—1971, upon request of the Club of Ro-
me, an international team of researchers from the
Massachusetts Institute of Technology (USA) led
by Dennis Meadows studied the long-term effects
of global population growth, industrial and agri-
cultural production, natural resource consump-
tion, and environment pollution with the help of
computer modeling of the process of civilization
development, based on the World3 model deve-
loped with the use of the system dynamics me-
thod of Jay Forrester, in order to find the most
optimal (sustainable) scenarios for human deve-
lopment [4].

In 1972, the Club of Rome published The Li-
mits to Growth. The main thesis is that the combi-
nation of such factors as resource depletion and
pollution, unless left unaddressed, may lead to the
collapse of the global economy over the next hund-
red years.

In 2008, Graham Turner of the Commonwealth
Scientific and Industrial Research Organization
(CSIRO) published the research comparing the
forecasts from the Limits to Growth report with
the data for the 30 years since the publication
and concluded that the current production of in-
dustrial goods and food as well as the environ-
ment pollution corresponded to the estimates ba-
sed on the model of 1972 [6].

The strategy for the development of a circular
economy involves breaking the link “economic
growth — resource consumption.” The circular eco-
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nomy is based on and combines such models as
“cradle-to-cradle,” “blue economy,” “performance
economy,” “industrial ecology,” “industrial sym-
biosis,” and “biomimicry” [7—10].

The systematization of existing theoretical con-
cepts has shown that the basic provisions of the
circular economy do not use any fundamentally
new knowledge. Instead, they provide for accu-
mulating the results of research by scientists in
the fields of industrial ecology, environment effi-
ciency, regenerative design, etc. [11].

A review of these research works suggests that
the concept of circular economy combines practi-
cal approaches widely used by various scholarly
research schools. At the same time, having sys-
tematized the terms of circular economy, we iden-
tified the two main fundamental approaches:
¢ the resource-oriented approach (Geng, Yuan,

Geissdoerfer, and Zink) that proposes to consi-

der a closed flow of materials, energy, and was-

te, which may be achieved through the reuse at
the product level (repair or restoration), at the
component level (reuse in production), and at

the level of materials (recycling) [12];
¢ the economy-oriented (Bastein, Hislop and

Hill, Ingebrightsen and Jakobsen), according

to which the circular economy is an economic

system based on the reuse of materials and con-
servation of natural resources and focused on
creating values for people and the economy in

each partial system [13—19].

The most commonly used definition combi-
ning the above two approaches is the one belon-
ging to Ellen MacArthur Foundation, according
to which the circular economy means the econo-
my that has a renewable and closed nature and
provides a continuous development cycle that
preserves natural capital and increases its value, as
well as enhances the return on resources through
optimizing their use [20, 21].

The domestic research and development of the
functioning of the circular economy mainly focu-
ses on the analysis of foreign experience, some is-
sues of logistics, production and processing tech-
nology, and ecology [22—24].
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Since 1970, the world gross domestic product
has doubled, which has resulted in a significant
progress that, to some extent, has allowed billions
people to overcome impoverishment. At the same
time, the economic growth is fueled by a steady
increase in demand for natural resources. All this
time, the tendency to increase the demand for
natural resources has remained unchanged. This,
in turn, leads to the loss of biodiversity and prob-
lems with water scarcity, which are caused by the
methods used in the extraction and processing of
natural resources.

The modern linear models of economic activi-
ty depend on a constant inflow of material resour-
ces that are extracted and traded, processed, and
eventually released into the environment as waste
or pollution. Since 1970 till 2017, the annual ex-
traction of material resources tripled from 27 bil-
lion tons to 92 billion tons and continues to grow
(Table 1) [25].

Since 2000, the growth rate of resource con-
sumption has increased to 3.2% per year, mainly
as a result of significant investment in infrastruc-
ture and growth of material well-being in count-
ries with developing economies and economies in
transition, especially in Asia (Table 2) [ 26].

The share of production in Africa, Latin Amer-
ica, the Caribbean countries, and Western Asia
remained relatively constant in 1970—2010, but
grew in total absolute terms. In Europe and North
America, there has been a sharp decline in the to-
tal world resource production. This also concerns
Eastern Europe, the Caucasus, and Central Asia,
whose share has declined the most significantly.
It should be noted that although the relative

shares have declined in many regions, the total

domestic production in these regions was still

growing (up to 40%), while Eastern Europe, the

Caucasus, and Central Asia were the only region

with a growth rate of 16%. All countries of Latin

America, West Asia, and Africa have shown an in-

crease in the total domestic production of more

than 100% with annual growth rates of 3.1%,

2.9%, and 2.5%, respectively.

Some economic events have affected the tra-
jectory of domestic production. A decline in the
domestic production in West Asia immediately
after 1980 was a result of declining oil exports af-
ter the second shock of oil prices, while the cur-
rent decline in the domestic production in North
America corresponds to the economic downturn
that accompanied the shock of oil prices there.
Significant reductions in the region of Eastern
Europe, the Caucasus, and Central Asia were ob-
served during the 1990s in the context of econo-
mic dislocation after the collapse of the former
Soviet Union. Recently, the impact of the global fi-
nancial crisis on the domestic production of North
America and Europe has been clearly observed.
Also, the impact of the economic downturn on the
domestic production has weakened in most other
regions [29].

The modern global consumption of resources
has increased in all categories:

« the total annual consumption of biomass for the
period from 1970 to 2017 increased 2.6 times,
from 9 to 24 billion tons mainly because of plant
growing and livestock grazing;

¢ the total annual consumption of metal-contai-
ning minerals for the period from 1970 to 2017

Table 1. Effect of Extraction of Primary Processing of Resources

R Global effect Global effect Global Global effect on the loss
C;E:;l;lcfds on climate of solid particles effect on water of biodiversity caused
change, % on health, % resources, % by the land use, %
Biomass 17 0.7 85 80
Metal-containing minerals 10 12 0.3 0.1
Fossil fuels 16 0.5 0.5 0.5
Nonmetal mineral resources 10 0.8 0.1 0.1

Source: Global Resources Outlook 2019. Fact Sheet.
16
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increased 3.5 times, from 2.6 to 9.1 billion tons.

The annual increase in consumption of metal

ores since 1970 is 2.7% and is a result of the de-

mand for construction, infrastructure, indust-
ry, and production of consumer goods;

 the total annual consumption of fossil fuels for
the period from 1970 to 2017 increased 2.5 ti-
mes, from 6 to 15 billion tons. However, the sha-
re of fossil fuels in the world consumption de-

creased from 23% to 16%;
¢ the total annual consumption of nonmetallic

minerals for the period from 1970 to 2017 in-

creased 4.9 times, from 9 to 44 billion tons. The
largest shares in this category belonged to sand,
gravel, and clay;

¢ the total annual water production for the pe-
riod from 1970 to 2010 increased 1.6 times, from

2.5 to 3.9 thousand km? per year, although the

growth rate of water production decreased. In

the second half of the 20" century, a global
growth in the water consumption for industry,
agriculture, and utilities outpaced the growth

of the world population. Between 2000 and 2012,

globally, water was used in agriculture (70%),

mainly forirrigation, industry (19%), and utili-

ties (11%) of water production [27];
¢ the total annual use of land resources for the pe-

riod from 2000 to 2010 increased from 15.2 mil-

lion km? to 15.4 million km2 The crop area de-

creased in Europe and North America, but in-
creased in Africa, Latin America, and Asia. The

area of world pastures decreased from 31.3 mil-

lion km? to 30.9 million km?2 The total forest

area in Africa and Latin America has decreased
slightly, while in other parts of the world it has
increased a little bit.

Biomass resources are used to produce food,
feed, and energy. Food production is a major cause
of biodiversity loss, soil erosion, and greenhouse
gas emissions. At present, the cultivation and pro-
cessing of biomass has a share of 90% in the world
water consumption and biodiversity loss associa-
ted with land use. In 2010, land use entailed the
extinction of 11% of species worldwide. In addi-
tion, the production and processing of biomass
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are sources of 30% of greenhouse gas emissions
associated with the resource consumption (with-
out changing the size of land use).

Over the past 15 years, the effect associated
with metal ore mining and metal production on
climate and public health has doubled.

The global production chains in ferrous metal-
lurgy use 25% of the world industrial energy con-
sumption with a corresponding impact on the cli-
mate. Another significant energy consumer is the
aluminum industry. At the same time, the produc-
tion of copper and precious metals causes a signi-
ficant environment pollution with toxic substances.

Most of the problems for the environment are
related to processing of non-metallic mineral re-
sources rather than to their extraction. However,
the extraction of these resources, especially sand,
is one of the critical factors influencing local eco-
logical systems.

Coal, oil, and natural gas are not only sources
of energy, but also raw materials for the produc-
tion of medicines, plastics, dyes, and many other
products and materials. Both the extraction and
processing, distribution and use of these resour-
ces make a significant contribution to environment
and atmospheric pollution. The final stage of fuel
consumption plays a key role in its effect on the
environment and human health. In recent decades,
an increase in the capacity of power plants that
use fossil fuels has made low-cost energy availab-
le, but this has been achieved by harming the en-
vironment and human health.

Table 2. The Regional Structure of Resource Extraction, %

Region 1970 2010
Africa 7.9 7.0
Asia and Oceania 24.3 529
Eastern Europe, Caucasus, and
Central Asia 14.7 58
Europe 20.9 10.5
Latin America and Caribbean
countries 9.4 10.7
Northern America 19.6 9.7
Western Asia 3.2 3.4

Source: Global material flows and resource productivity 2016.
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The global reverse circulation of resources in
the economy ranges from 8.5 to 9%. An increase
in this indicator is considered impossible because
of high rates of production, constant increase in
reserves, the level of processing (constantly gro-
wing, but still low) and the final consumption of
extracted resources. These trends have deep roots
in the conventional linear economy with its basic
principle “take — make — waste.”

The circle of those who enjoy the fruits of this
kind of resource development still remains limi-
ted. At the same time, there are serious dispari-
ties in the so-called “resource footprint” of count-
ries, i.e. the total amount of raw materials used
by a country to meet its needs. In the high-inco-
me countries, this footprint per capita is 60% hi-
gher than that of the upper-middle-income ones
and more than 13 times higher than that of the
low-income countries.

Resource consumption per capita is 27.1 tons
per person in the high-income countries, 16.9 tons
per person in the upper-middle-income countries,
and the world average is 12.3 tons per person.
The “resource footprint” shows a clear trend: the
higher the income in the country, the greater the
consumption of resources.

The economic growth that worsens the state of
our planet is realized, in fact, without taking into
account socio-economic and environment factors
of development. In this regard, the problem is to
meet the needs of humanity within the resources
available on our planet. The practical implemen-
tation of this ambitious but critical task requires
the rethinking of the concept of “progress” by
politicians, transnational and national corpora-
tions, civil society, and all citizens, as well as the
introduction and use of innovative approaches to
change people’s choices, lifestyles, and behavior.

The forecasts for increasing the resource cir-
culation to close the gap, given the pace of busi-
ness development, are currently disappointing. Ac-
cording to the historical trend of consumption of
natural resources in the near future, 100% growth
in the absolute consumption is expected. Based
on the historical trend, the average world con-
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sumption per capita is anticipated to grow by 50%,
up to 18 tons per person.

Further transformations require sound policy
decisions that necessitate changes in the way of
economic and business activities.

In 2017, the annual consumption of resources
in the world amounted to more than 100 billion
tons, of which only 8.6 billion tons belonged to
the recovered resources [29].

The data have shown that the rate at which re-
source extraction increases is 2—3 times faster
than their recovery after use [30]. The world eco-
nomy has been attracting more resources and ma-
terials to build global housing, infrastructure, and
heavy machinery to meet the needs of growing
world population. Insufficient elaboration of the
end-of-life and cycle use conditions as well as poor
product design contribute to self-sustaining li-
nearity and entail an increase in the demand for
as yet unused resources, thereby relaunching the
entire sequence.

Having analyzed the modern social needs of
humanity and their impact on the economy, we
identify the seven basic needs:

1. Housing, infrastructure and their mainte-
nance. To meet this need, the largest amount of
resources is used (approximately 38.8 billion tons
annually).

2. Food. It is the second largest category in
terms of resource consumption. Agricultural pro-
ducts, such as crops and livestock, require the use
of 21.3 billion ton resources annually. In this ca-
se, food products have a very short life cycle in
the economy and are consumed quickly after ma-
nufacture.

3. Mobility. This category requires the use of
significant resources, in particular, for building
the transport infrastructure and vehicles (cars,
trains, aircraft) and for enabling them to move
(fossil fuel combustion).

4. Consumer goods. This is a diverse and comp-
lex group of products that usually have a short
and medium service life.

5. Services. The consumption of resources to
meet the needs of this category is almost insigni-
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ficant and includes the use of professional equip-
ment, office furniture, computers, and other in-
frastructure.

6. Health care. In addition to buildings, this ca-
tegory includes the use of capital medical equip-
ment, medicines, hospital equipment, disposable
goods, and home care equipment.

7. Communication. Expanding communications
contributes to the development of the circular
economy, through digitization that makes physi-
cal products irrelevant and promotes more effi-
cient use of the existing assets, including consum-
ables, housing, and infrastructure.

Urbanization, as a global phenomenon, increa-
ses and accelerates the demand for housing, stim-
ulating the dynamics of housing construction
around the world. In addition, accumulating phy-
sical assets in municipal infrastructure increases the
demand for services such as energy and heating, wa-
ter supply, sanitation, communications, and trans-
portation. The majority of the materials consumed
by the world economy each year (52.6 billion tons)
are used by society as short-lived products, whose
service life expires within the year [31]. The oth-
er 48 billion tons of materials are the long-term
reserves and considered resources that last a long
time [32, 33]. They are mainly buildings, infra-
structure, and capital equipment.

It should be noted that in some areas, the fore-
cast based on modeling shows a trend that is op-
posite to the expected one. However, the growing
rate of extraction and use of raw materials dis-
plays that these modest improvements in waste
recycling are insufficient to sustain the econo-
mic growth.

The Club of Rome warning that virtually every
pollutant measured as a function of time increases
exponentially has not come true, as it has not only
stopped growing, but also started declining. Ac-
cording to the United States Environmental Pro-
tection Agency (EPA), the total emissions of the
six leading air pollutants decreased by more than
two-thirds between 1980 and 2014. The share of
pollutants decreased as follows: volatile organic
compounds by 53%, nitrogen dioxide by 55%, so-
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lid particles by 58%, carbon monoxide by 69%,
sulfur dioxide by 81%, and lead by 99% [34].

Building a climate-neutral circular economy
requires the launch of appropriate policy initiati-
ves, the development of program actions, and the
mobilization of industry and the financial sector.
This kind of transformation may take a long time
(several decades), but the conceptual decisions
need to be proposed and made in the coming years.

It should be noted that the modern practice-
oriented approach to defining the concept of cir-
cular economy has been formulated not only in
the academic literature, but also in the initiatives
of government circles and the business commu-
nity of the EU, Canada, and China.

In particular, in the European Union, since
2014, there have been made efforts towards the
development of a circular economy: the concept
of the program Towards a Circular Economy: a Ze-
ro Waste Program for Europe (2014); Closing the
Loop — An EU Action Plan for Circular Econo-
my (2015) [35, 36].

At the end of 2019, in the context of imple-
menting the UN Sustainable Development Goals,
the European Commission as the highest execu-
tive body of the European Union, submitted the
European Green Deal to the European Parliament,
the European Council, and the respective com-
mittees [37, 38].

As noted in the European Green Deal, in glo-
bal markets, there is significant potential for low-
emission technologies and products that have en-
vironment, social, and economic benefits, which
protect human health and the environment throu-
ghout their life cycle, from the extraction of raw
materials to their final utilization (sustainable
products).

Obviously, the circular economy already has
great potential for new economic activities and
job creation. However, as noted above, the global
transformations are too slow, inconsistent with
economic growth, and their progress is not large-
scale and steady.

The implementation of a set of measures in the
framework of new policies that aim at increasing
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the share of the circular economy helps moderni-
zing the economy and deriving benefits from its
opportunities at the domestic and global levels.
The key goal of the new policy should be to sti-
mulate the development of leading markets for
climate-neutral circular products.

This is especially true for the energy-intensive
industries such as metallurgy, chemicals, and ce-
ment, as well as the resource-intensive indust-
ries such as textiles, construction, electronics, and
plastics, which are indispensable to the global eco-
nomy because they provide key value chains. Ac-
cordingly, the decarbonization and modernization
of these sectors is rather important.

This, in turn, will require the creation of new
business models (based on the lease and exchange
of goods and services) and the establishment of
minimum requirements to prevent the construc-
tion of harmful production.

Experts have classified the five innovative busi-
ness models that are implemented both separate-
ly and jointly in a circular economy: circular supp-
lies, resource recovery, sharing platforms, product
life extension, and product as a service [39].

The circular suppliers are a model in which non-
renewable (limited) resources are replaced by ful-
ly renewable sources. It is based on long-term re-
search and development and deals resources that
are completely recycled or biodegradable. Such
resources form the basis of a circular system of
production and consumption. Today, the leaders
in the implementation of this model are such in-
dustries as automotive and power engineering.
This circular business model has been used by
Ford, Fairphone, 3D Hubs, Desso, Toyota, and Cisco.

The resource recovery is a model based on the use
of technological innovations to restore and reuse
resources, which ensures the minimization of their
losses by reducing waste and increasing the profi-
tability of production from reverse flows. This mo-
del is most acceptable for corporations that pro-
duce large amounts of by-products and those that
have the ability to effectively recover and recycle
waste. Among them, there are Coca-Cola, Maersk,
Michelin, Philips, and Walt Disney World Resort.
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The sharing platforms are a model that involves
the exchange or sharing of goods or assets. It pro-
motes platforms for interaction between product
users (individuals or organizations), thereby in-
creasing the level of product use. It is interesting
for manufacturers who have a low utilization rate
or underutilized capacity. Patagonia, BlaBlacar,
Nearly New Car, BMW, Drivy, Daimler, Lyft have
been using this business model.

The product life extension is a model that al-
lows corporations to extend the life cycle of their
products through repair, modernization, recon-
struction or restoration. It is suitable for indust-
rial equipment manufacturers where the new mo-
dels provide a slight increase in productivity as
compared with the previous ones. This business
model is used by Bosch, Caterpillar, Volvo, Re-
nault, Apple, BMA Ergonomics, and Michelin.

The product as a service is a model in which
customers use the product by “renting” it at a fee.
It is an alternative option to buying a product, as
it provides it for use, for example, through a lease
agreement, etc. The business model is used in
such companies as Rolls-Royce, Mud Jeans, and
De Kledingbibliotheek.

These business models have been gradually
being implemented in our country.

An important issue today is ensuring access to
the resources needed for clean technologies, di-
gital, space and defense development by diversi-
fying supplies from both primary and secondary
sources, which is one of the prerequisites for a ma-
jor transition to a circular economy.

The digital technologies such as artificial intel-
ligence, 5G mobile networks, cloud computing
and edge computing, the Internet of Things are
among the crucial factors in the development of
the circular economy, which may accelerate and
maximally influence the policy of combating cli-
mate change and environment protection. Digi-
talization creates new opportunities for remote
monitoring of air and water pollution, optimiza-
tion of energy and natural resources use.

Thus, in the coming decades, politics and eco-
nomics should make the activities that contribu-
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te to a more environment friendly society econo-
mically viable. Today, we often see the completely
opposite situation: goods just manufactured soon
become obsolete, spoil or go out of fashion. Con-
sumers are willing to buy new products and de-
mand more. This approach brings business pro-
fits, but society as a whole incurs losses.

The most obvious step should be to ban subsi-
dizing any activities that are harmful to the envi-
ronment, for example, subsidies for fossil fuels,
transport, mining, forestry, and fisheries.

The abolition of subsidies is one of the obvious
and important measures to be taken. Also, it is
equally important to allow market prices to ref-
lect real costs. Unfortunately, markets by them-
selves do not offer environment friendly and re-
source-saving goods and services. This requires
both purely economic measures in the form of ta-
xes, tariffs and fees, green certificates, as well as
regulatory measures and stimulation of public pro-
curement. If the production and consumption
of such products are stimulated, in the future, it
will become competitive and will require less sup-
port from government.

In Ukraine, there are ample opportunities to
transform the dominant linear economy into the

REFERENCES

environment friendly and economically efficient cir-
cular model. Food and municipal waste has the po-
tential for the development of processing, compos-
ting, generation of energy, and production of fer-
tilizers in Ukraine. Renovation may be used in the
automotive industry, the household appliances sec-
tor, the aviation industry, and the military-indust-
rial complex. However, the current economic me-
chanisms in the country still focus corporations on
the application of the outdated linear model. Land-
filling is still more attractive today than investing
in preventive measures. To qualitatively improve
the situation, serious changes are needed in the
field of stimulating investment activity in the fra-
mework of the transition to the circular economy
principles. The development of the circular econo-
my in Ukraine may give not only a favorable envi-
ronment effect (a reduction in landfills and waste
deposits, but also an economic effect (an increase
in energy and resource efficiency), as well as a so-
cial effect (the creation of additional jobs, profit-
making in new industries and activities). Thus, the
development of the concept of circular economy,
as well as its practical implementation, is an impor-
tant task for researchers and businessmen, govern-
ment agencies and Ukrainian society as a whole.

1. Carson, R. (1962). Silent Spring. USA: Houghton Mifflin, 155 p.
2. Boulding, K. (1966). The Economics of the Coming Spaceship Earth. Environmental Quality in a Growing Economy. Johns
Hopkins University Press, Baltimore. URL : http://arachnid.biosci.utexas.edu/courses/THOC/Readings/Bouldin g_

SpaceshipEarth.pdf/ (Last accessed: 19.05.2020).

3. Boulding, K. (1965). Earth as a Space Ship. University of Colorado at Boulder Libraries, 156 p., P. 3.
4. Meadows, D. H., Randers, J., Meadows, D. L, Behrens, W. (1972). The Limits to Growth. A Report for the Club of Rome’s

Project on the Predicament of Mankind, 211 p.

5. Limits to Growth: The 30-Year Update. (2007). Moscow: Akademkniga, 342 p. [in Russian].
6. Hecht, J. (2008). Prophesy of economic collapse ‘coming true’. NewScientist.
7. McDonough, W., Braungart, M. (2002). Cradle to Cradle: Remaking the Way We Make Things. 1** edition North Point

Press, 193 p.

8. Pauli, G. (2015). The Blue Economy,/ Version 2. Academic Foundation, 386 p.

11.

12.

. Stahel, W. (1981). Jobs for Tomorrow: The Potential for Substituting Manpower for Energy. New York: Vantage Press, 116 p.
. Kalundborg Symbiosis is the world’s first working industrial symbiosis. URL: http://www.symbiosis.dk/ (Last accessed:

20.05.2020).

Batova, N., Sachek, P, Tochitskaya, 1. (2018). Towards Green Growth: A Window of Opportunities for a Circular Economy.
BEROC Green Economy Policy Paper Series. URL: http://www.beroc.by/webroot/delivery/files/PP_GE 1.pdf/
(Last accessed: 25.05.2020).

Kirchherr, J., Reike, D., Hekkert, M. (2017). Conceptualizing the circular economy: An analysis of 114 definitions. Re-
sources, Conseroation and Recycling, 127, 221—232.

ISSN 2409-9066. Sci. innov. 2021. 17 (6) 21



Bobrov, Ye. A.

13.
14.
15.

16.
17.

18.

19.
20.

21.

22.

23.

24.
25.

26.
27.

28.
29.
30.
31.

32.

33.
34.

35.

36.

37.

22

Geng, Y., Zhu, Q., Doberstein, B., Fujita, T. (2009). Implementing China’s circular economy concept at the regional
level: A review of progress in Dalian. Waste Management, 29, 996—1002.

Yuan, Z., Bi, J., Moriguichi, Y. (2006). The circular economy: A new development strategy in China. Journal of Industrial
Ecology, 10, 4—8.

Geissdoerfer, M. The Circular Economy — a new sustainability paradigm? Journal of Cleaner Production (accepted ver-
sion). URL : http://dx.doi.org/10.1016/j.jclepro.2016.12.0488/ (Last accessed: 25.05.2020).

Zink, T., Geyer, R. (2017). Circular economy rebound. Journal of Industrial Ecology, 21, 593—602.

Bastein, T., Roelofs, E., Rietveld, E., Hoogendoorn, A. (2013). Opportunities for a Circular Economy in the Netherlands.
Report commissioned by the Netherlands Ministry of Infrastructure and Environment.

Hislop, H., Hill, J. (2011). Reinventing the wheel: A circular economy for resource security. London: Green Alliance.
Ingebrightsen, S., Jakobsen, O. (2007). Circulation Economics. Peter Lang.

Ellen MacArthur et al. (2013). Towards the circular economy. Foundation Ellen MacArthur Foundation, the McKinsey
Center for Business and Environment. URL: https://www.ellenmacarthurfoundation.org/assets/downloads/publica-
tions/Ellen-MacArthur-Foundation-Towards-theCircular-Economy-vol.1.pdf/ (Last accessed: 30.05.2020).

Ellen MacArthur et al. (2016). Intelligent Assets: Unlocking the circular economy potential. Foundation Ellen MacAr-
thur Foundation, 2016. URL: https://www.ellenmacarthurfoundation.org/assets/downloads/publications/EllenMac-
ArthurFoundation_Intelligent Assets 080216-AUDIO-E.pdf/ (Last accessed: 30.05.2020)

Zvarych, 1. (2017). Circular economy and globalized waste management. Journal of European Economy, 1, 41—57. URL:
http://jeej.tneu.edu.ua/index.php/ukjee/article /view/914,/900/ (Last accessed: 10.07.2020) [in Ukrainian].
Sergienko-Berdyukova, L. (2015). Prerequisites for the formation and implementation of the concept of circular econo-
my. Problems of theory and methodology of accounting, control and analysis, 3(33), 327—350. URL: http://pbo.ztu.edu.
ua/ article/viewFile/65717/61007/ (Last accessed: 10.07.2020) [in Ukrainian].

Potapenko, V. (2012). Strategic priorities of secure development of Ukraine on the basis of “green economy”. a monograph
on ed. Doctor of Economics, Prof. E.V. Khlobystov. Kyiv: NISS, 360 p. [in Ukrainian].

Schandl, H., West, J. (2010). Resource use and resource efficiency in the Asia-Pacific region. Global Environmental Chan-
ge-Human and Policy Dimension, 20(4), 636—647.

Global material flows and resource productivity. (2016). Assessment report for the UNEP International Resource Panel.
Food and Agriculture Organization of the United Nations. (2016). URL: http://www.fao.org/nr/water/aquastat/data/
query/index.html?lang=en/ (Last accessed: 20.07.2020).

Global Resources Outlook 2019. Scenarios. (2019). URL: https://www.resourcepanel.org/reports/global-resources-
outlook/ (Last accessed: 20.07.2020).

Global Material Flows Database. URL: https://www.resourcepanel.org/global-material-flows-database/ (Last accessed:
20.07.2020).

Mineral Resource Governance in the 21* Century. Gearing extractive industries towards sustainable development. URL:
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century/ (Last accessed: 20.07.2020).
Haffmans Siem, Van Gelder Marjolein, Ed van Hinte. (2018). Products that Flow: Circular Business Models and Design
Strategies for Fast Moving Consumer Goods. BIS Publishers.

Wiedenhofer, D., Fishman, T, Lauk, C., Haas, W., Krausmann, F. (2019). Integrating material stock dynamics into eco-
nomy-wide material flow accounting: concepts, modelling, and global application for 1900—2050. Ecological economics,
156, 121—133.

Conny Bakker, Marcel den Hollander, Ed van Hinte. (2014). Products That Last — product design for circular business
models. TU Delft Library/Marcel den Hollander IDRC.

Emissions of Air Pollutants in the UK, 1970—2013. (2014). URL: http://www3.epa.gov/airtrends/aqtrends.html/ (Last
accessed: 25.08.2020).

Towards a circular economy: A zero waste programme for Europe Communication from the Commission to the European
parliament, the European council, the council, the European economic and social committee and the Committee of the
regions. (2014). URL: https://ec.europa.eu/environment/circular-economy/pdf/circular-economy-communication.pdf/
(Last accessed: 30.08.2020).

Closing the Loop — An EU Action Plan for the Circular Economy. Communication from the Commission to the European
parliament, the European council, the council, the European economic and social committee and the Committee of the
regions. (2015). URL: https://eur-lex.europa.cu/resource.html?uri=cellar:8a8ef5e8-99a0-11e5-b3b7-01aa75ed71a1.0012.02/
DOC_1&format=PDF/ (Last accessed: 30.08.2020).

UN General Assembly Resolution of 25.09.2015 Ne 70/1. Transforming our world: The 2030 Agenda for Sustainable
Development. URL: https://sustainabledevelopment.un.org/post2015/transformingourworld/ (Last accessed: 30.08.2020).

ISSN 2409-9066. Sci. innov. 2021. 17 (6)



Modern Innovations in the Context of the Transition to Circular Economy

38. The European Green Deal Communication from the Commission to the European parliament, the European council, the
council, the European economic and social committee and the Committee of the regions. (2019). URL: https://ec.ecuropa.
eu/info/sites/info/files /european-green-deal-communication en.pdf/ (Last accessed: 30.08.2020).

39. Circular Advantage. Innovative Business Models and Technologies to Create Value in a World without Limits to Growth.
(2014). URL:https://www.accenture.com/t20150523T053139 _w__ /il-en/_acnmedia/Accenture/ConversionAssets/
DotCom/Documents/Global /PDF /Strategy 6/Accenture-Circular-Advantage-InnovativeBusiness-Models-Technol-
ogies-Value-Growth.pdf/ (Last accessed: 30.08.2020).

Received 19.01.2021
Revised 12.05.2021
Accepted 04.06.2021

FBobpos €.A. (https://orcid.org/0000-0002-7397-3132)

Yuisepcuter ekoHomiku Ta 1paBa «KPOK>»,

Bya1. Tabipua, 30—32, Kuis, 03113, Ykpaina,

+380 44 455 5707, krok @krok.edu.ua

CYYACHI THHOBAIIIT B KOHTEKCTI
[IEPEXOY 1O IIUPKYJIIPHOI EKOHOMIKI

Beryn. AxktyampHUMN 3arpo3aMy iCHYBaHHS JITO/ICTBA € s7iepHA BilfHA, eKOJOTITHUH KOJIATIC i TEXHOJIOTIIHUHN TPOPUB, SIKi
TICHO TIOB’A3aHi SIK 3 MOJTITUKOIO OE3IIEKH, TaK i 3 PO3BUTKOM EKOHOMIKH.

IIpo6Gaemaruka. /liroua y cBiTi eKOHOMIUHA CHCTEMA BUKOPUCTOBYE 3a PIiK TaKUil 06CSIT PecypeiB, [Jist BITHOBJIEHHSI SIKUX
HeoOXiZHO MoHaMEeHIIIe MBTOPa POKY, 3AIHCHIOIOYN TAKIM YMHOM HE3BOPOTHIN BIJIMB HA EKOCHCTEMY IIJIAHETH.

Merta. Po3kputu ocHOBHI TeHIeHIIi, TOB’sI3aHi 3 IEPEXOIOM /10 EKOHOMIKH IUPKYJISPHOTO THITY.

Marepiamm it MeToau. Brukopucrano MeTo i anasiisy it CuHTe3Y, MOPiBHSAJIBHOTO aHali3y Ta CHCTEMHOTO Tixomy. Mate-
piajiaMu CIIyTryBajii HAyKOBI I0IOBI/II MIXKHAPOIHUX OpraHisaiiil, IpuBaTHUX i IyOIiuHIX KOMIIaHIH, my6siikaii, npucssye-
Hi 3a3HaveHiii mpodaeMaTHIL.

Pesyabratu. 3pocrants citosoro BBII 3abe3neunsio cyTTeBuii IIPOrpec i 03BOJIIIIO, TIEBHOK MIiPOIO, 3BIJIBHUTUCS Bijl
3y60sKiHHA MigbApaaM Jiojei. [Ipu boMy eKOHOMIYHE 3pOCTaHHsI CIIPUYMHIOE NOCTIHHE T ABUIIEHHS MOMUTY Ha TIPUPOHI
pecypeu. Ile, y cBOIO 4epry, npusBOIKTH 0 BTPaTH 6i0pi3sHOMAHITTsI Ta IIpobieM aedilluTy BOAH, SIKi 00YMOBIIIOIOTBCSI METO-
JIaMU, I1[0 3ACTOCOBYIOTHCS B X0/ BUAOOYTKY Ta IepepoOKu MpUpoHUX GaraTcTs. st po30ynoBy IIUPKYJISIPHOI €KOHOMIKH,
SKa € HeHTPaJbHOIO I KJIIMaTy, 3all04aTKOBYIOThCS BIATIOBIZHI TTOMITHYHI iHIIATUBHY, PO3POOGJISIOTHCS MPOrPaMHi il
Tpancdopmallist BiKe TpUBAE, TIPOTE KOHIIEITYAbHI PillleHHsT HEOOXIAHO PO3POOJISATH Ta IIPUAMATH SIKHANIIBUIIIE.

BucuoBku. [TosiTuka Ta eKOHOMiKa MAIOTh OYTU CIIPSIMOBaHI Ha T€, 11100 is/IbHICTD, KA CIIPUSIE IEPETBOPEHHIO CYCIIiIb-
cTBa Ha GiJIbII €KOJIOTIYHO YKCTE, CTaBaJa eKOHOMIUHO BUTiAHOW. HailGiabin 04eBUAHNM KPOKOM Ma€ cTaTh 3abopoHa cyo6-
CULyBaHHs OY/Ib-sIKOI [ISITTBHOCTI, 110 MIKOANTH HaBKOJIUIITHEOMY CepeoBHIy. B YikpaiHi icHyI0Th ITUPOKI MOKJIMBOCTI 1JIsT
TpancdopMallii JOMiHyI0401 MO/IeJTi TiHIITHOI EKOHOMIKN B €KOJIOTIYHO 1 eKOHOMIYHO epeKTUBHY IIUPKYJISPHY Mozesb. Pos-
BUTOK IIUPKYJIIPHOI €EKOHOMIKHU B KpaiHi MOsKe 3a0e31eunTy He TiJIbKK IIO3UTUBHUIL eKOJIOTIuHIIT eDeKT i JaT moMiTHUI
€KOHOMIUHUI eheKT BiJl TMi/[BUIIEHHS €HEPro- Ta PeCypcHOi eheKTUBHOCTI, a TAKOXK COIiaJbHUI e()eKT Bijl CTBOPEHHS J10-
JIATKOBUX POOOUMX MiCIlb, OTPUMAHHSI IPUOYTKY KOMITAHISIMU B HOBUX Fajly3siX i BUIAX Jis/IbHOCTI.

Knwouosi croea: imHOBaIlii, JiHilTHA €EKOHOMIKA, IUPKYJSIPHA €EKOHOMIKA.
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