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Abstract. The purpose of the article is to determine the stages, mechanisms and competitive
advantages of the transformation of industrial ecosystems to the circular economy model.

The methodological basis of the research is the method of scientific knowledge and system
approach, comparison, analytical method, as well as dialectical, structural and functional methods. It has
been proven that a closed ecological and economic cycle includes the achievement of sustainable
economic growth through the use of global resources and the reuse of materials.

It was determined that in the circular economy, companies develop integrated supply chains,
using resources more efficiently and creating new markets. The stages of the organization of the
reconstruction of ecosystems: the assessment of ecosystem readiness and its transformation are
considered, it is found that innovative technologies contribute to the systemic implementation of
changes. The transformation of ecosystems is carried out with the help of mechanisms for limiting
early investment costs, investing in IT infrastructure, and encouraging stakeholders to cooperate. It is
proven that the riskiness of the transformed business model forces the parties to agree on the
distribution of risks and revenues.

The principles of a circular ecological and economic cycle, which is based on circular
development and reuse of waste, were proposed. The basis of the proposed scheme of principles
reconstructs a simple economic linear scheme, which was previously based on the principles of
"extracted - processed - consumed - discarded waste". To change the linear economy to the economy
of a circular ecological and economic cycle, there is a need to ensure the maximum efficiency of each
stage of the life cycle of a product or service. As part of the development of the circular ecological-
economic cycle economy model, a conceptual approach to the introduction of a circular economy in
Ukraine was proposed.

The transformation of industrial ecosystems can provide enterprises with various competitive
advantages. Among the most common strategic advantages are differentiation and cost leadership.
However, the main benefit of ecosystem transformation is to enhance the ability of ecosystems to
achieve good triple bottom line outcomes, delivering social, financial and environmental benefits to
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clients. In particular, companies achieve higher productivity, better use of resources, reduction of
hazardous jobs, greater transparency of the ecosystem, market growth and financial returns. The
transformation of the ecosystem to a circular economy model creates opportunities for the
development of sustainable industry.

Key words: transformation, industrial ecosystems, circular economy, concept, circular
ecological and economic cycle, business model
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AHoTanisi. MeTor0 CcTaTTi € BH3HAYCHHS €TallB, MEXaHI3MIB Ta KOHKYPEHTHHUX IIepeBart
TpaHcopMaLii IPOMUCIOBUX €KOCHCTEM JI0 MOAETI HIMPKYISPHOT €EKOHOMIKH.

MeToI0NIOTIYHOI0 OCHOBOIO JTOCIIPKEHHS € METOJI HAYKOBOTO Mi3HAHHS Ta CUCTEMHHUUN ITiJIXiJI,
MTOPIBHSAHHS, aHATITHIHUHA METOJI, a TAKOXK JIAICKTHYHUN, CTPYKTYpHUHN Ta (PyHKITIOHATEHAN METOIM.
JloBenieHo, 110 3aMKHYTHH €KOJIOr0o-eKOHOMIYHMI IIUKJI BKIIIOYA€ JOCSTHEHHS CTaJOro €KOHOMIYHOTO
3pOCTaHHSA 3a paXyHOK BUKOPUCTaHHsI TII00aIbHUX PECYPCiB 1 MOBTOPHOTO BUKOPUCTAHHS MaTepiaiiB.
BusHaueHo, 1110 B IUPKYJISIPHIA €KOHOMIIII KOMITaHii PO3BUBAIOThH IHTETPOBaHI JAHIIOKKH MTOCTABOK,
e(eKTHBHIIIE BUKOPUCTOBYIOUYH PECYPCH Ta CTBOPIOIOYM HOBI PUHKH. PO3IIISTHYTO eTany oprasizaiii
nepeOyIoBH E€KOCHCTEM: OLiHKAa TOTOBHOCTI €KOCHMCTeMH Ta ii TpaHchopmauis, BUSBICHO, LIO
IHHOBAIiiHI TEXHOJOIil CHPHIIOTH CUCTEMHOMY BIPOBaPKEHHIO 3MiH. TpaHcdopmarisi eKocucTeM
3MIIHCHIOETHCS 32 JIOTIOMOT0I0 MEXaHi3MIB OOMEXEHHS paHHIX 1HBECTHIIIHHUX BUTPAT, IHBECTYBaHHS B
IT-indpacTpykTypy Ta 3a0XOYCHHS CTEHKXoiAepiB A0 cmiBmpami. JloBeaeHO, IO PH3UKOBaHICTh
TpaHchopMoOBaHOi Oi3HEC-MOJIeIIi 3MYIIYE CTOPOHH JOMOBIISITHCS PO PO3MOLT PU3HUKIB 1 TOXOIB.

3anpornoHOBaHO OCHOBI MPHHIIMIIM KPYTOBOI'O €KOJIOI0-€KOHOMIYHOTO ITUKIY, B OCHOBI SIKOTO
UPKYJSPHUN PO3BHTOK Ta TOBTOPHE BHKOPHCTaHHS BinxofiB. OCHOBa 3ampoOINOHOBAHOI CXEMH
MPUHIUIIB 1epeOynoBye MPOCTy €KOHOMIYHY IiHIWHY cXeMy, sika padime Oyma 3acHOBaHa Ha
OPUHIMIAX «I00YyIIM — TMEepepoOMinu — CIOXKWIM — BUKWUHYIH Biaxomw». Jus 3miHM JMiHIHHOT
€KOHOMIKH Ha €KOHOMIKY KpYIOBOTO €KOJIOr0-eKOHOMIYHOTO IMKIY iCHye moTpeba B 3a0e3medeHHi
MaKCUMaJbHOI €(DEeKTHBHOCTI KOXKHOTO €Taly >KUTTEBOTO IMKIY TOBapy abo Mmociyrd. Y paMmkax
pPO3pOOKM MOzETI EKOHOMIKM KPYroBOTO €KOJIOrO-€KOHOMIYHOTO IMKIYy OyJo 3ampOorOHOBAaHO
KOHIIENITYJILHUI MIAX1/ A0 3ampoBaPKeHHS IUPKYISPHOI eKOHOMIKH Ha YKpaiHi

TparachopMmariiss MPOMHUCIOBUX €KOCHCTEM MOXKE HAJaTH MIIMPUEMCTBAM pi3HI KOHKYpPEHTHI
nepeBaru. Cepell HaWMOMIMPEHIMINX CTpaTeTiYHUX TepeBar — audepeHImiamis Ta IigepCcTBO Y
BuTpaTtax. lIpore TromoBHOIO mepeBaror TpaHcopMalii EKOCHCTEMH € WiJABUIIEHHS 3JaTHOCTI
€KOCHCTEM JOCSATaTH XOPOIIMX MOTPIMHUX KIHIEBUX pE3yJbTaTiB, 3a0e3Meuylour COIialbHi,
(hiHaHCOBI Ta €KOJNIOTIYHI BHTOAWM JUIA KIIE€HTIB. 30KpeMa, KOMIMaHii JOCATal0Th BHIIOL
NPOJYKTHBHOCTI, KPalmloro BHUKOPHCTAaHHA PECYpCiB, CKOpPOYEHHS HeOe3MeYyHHX poOOYMX MiCllb,
O1ITBIIIOT TPO30POCTi EKOCUCTEMH, 3POCTaHHsI PUHKY Ta (iHaHcoBOi mpuOyTKoBOCTi. TpaHcdopmarltis
eKOCHCTEMH J0 MOJENi IHUPKYIIPHOI EKOHOMIKH CTBOPIOE MOMKIMBOCTI IS PO3BHTKY CTaJIOi
MIPOMUCIIOBOCTI.

KawouoBi caoBa: TpaHchopmarlisi, TPOMUCIOBI €KOCUCTEMH, IUPKYJISpPHA EKOHOMIKa,
KOHIIETIIis, HUPKYJISPHUI €KOJIOT0-eKOHOMIYHHN UK, 013HEC-MOJENb.
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Introduction. Many countries of the world use a linear model of the economy, which
includes extraction, processing of resources and processing them into waste, without further
application. As a result of the processing of resources, there is environmental pollution,
accumulation of waste, which leads to environmental disasters. In order to ensure the
sustainable development of countries, there is a change in the production model from a linear
to a circular model of the economy (or a closed cycle economy). The use of a closed
ecological and economic cycle includes the creation of business conditions related to waste
processing and minimizing the negative impact on the environment and climate [1; 7].

Research on this topic is just beginning to gain momentum, but such foreign and
Ukrainian scientists as N. Boken and E. Olivetti [5]; Ghisellini P., Cialani C., Ulgiati S. [12];
E. MacArthur [14]; P.K. Fletcher [11] and others contributed to the problems and prospects of
implementing a circular ecological and economic cycle.

The topics of the circular ecological-economic cycle have not been sufficiently
researched, therefore there is a need to study the systemic impact of this model of the
economy on economic relations, on the existence of application limitations.

Problem statement. The purpose of this article is to consider the stages, mechanisms and
competitive advantages of the transformation of industrial ecosystems to the circular economy
model.

The methodological basis of the research is the method of scientific knowledge and system
approach, comparison, analytical method, as well as dialectical, structural and functional methods.
The information base consisted of normative and legal documents that regulate entrepreneurial
activity, as well as monographs, articles in scientific journals, materials of periodicals on the
subject under study.

Kesults. There is a decrease in cheap resources, which requires the timely
implementation of a closed-loop economy, which will improve the efficiency of enterprises
and lead to a reduction in waste by turning garbage into money.

The concept of a circular ecological and economic cycle was adopted by the European
Union, which provided for the introduction of new business models that will be focused on
the reuse, repair, restoration of products and the maximum reduction of waste generation
[17;1;15]. The European Union has approved key documents related to the transition of
countries to the conditions of using the circular economy:

1. The Seventh EU Environmental Action Program until 2020 "Living well within the
limits of our planet” (2012).

2. Communication from the Commission to the European Parliament, the Council, the
European Economic and Social Committee and the Committee of the Regions "Towards a
Circular Economy: Zero Waste Agenda for Europe” (2014) and "Closing the Loop - EU
Circular Economy Action Plan" (2015) etc.

The circular economy is based on a model of economic development, which is based on
the rational use and recovery of resources, as well as the process of changing the classic linear
model of production to a circular one, which is focused on changing the efficiency of
production of products and providing services that minimize waste and other types pollution.
This type of circular ecological-economic cycle of the economy is considered as part of the
Fourth Industrial Revolution, with the application of which the rationality of the use of
resources will generally increase, the development of the economy will become systematic,
predictable and transparent [13].

The circular cycle concept is based on the "3R™ principles: reducing consumption
(Reduce); reuse (Reuse); processing (Recycle). But when switching to this model of the
economy, we suggest improving the principles of a circular ecological and economic cycle
[19].
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The basis of the proposed scheme of economic principles of a circular ecological-
economic cycle lies in circular development, which rebuilds a simple economic linear
scheme, which was previously based on the principles of “extracted - processed - consumed -
discarded waste".

The circular ecological and economic cycle includes the achievement of sustainable
economic growth through the use of global resources and the reuse of materials.

With the production cycle, according to the most modest calculations, the world
economy will be able to receive 1 trillion dollars annually by 2025, as well as in the next five
years to create 100,000 new jobs, saving 500 million dollars on materials and preventing the
appearance of 100 million tons of waste [19].

Most of the world's countries use an approach to economics that includes research, use,
utilization, and recovery of resources. The goal of the circular ecological and economic cycle
is to preserve materials, products, etc. at the highest level.

It is recommended that the advantages include a significant saving of resources,
sustainable resource use, satisfaction of the needs of the population, growth of the economy
and income in general, protection of enterprises from resource shortages and unstable prices,
energy savings due to a circular production cycle.

This model of the economy also foresees changes in industry related to the selection of
raw materials, product manufacturing processes, and the use of by-products as raw materials
for further production. A circular ecological and economic cycle allows you to avoid the
accumulation of waste, shortage of resources, deterioration of the environment and climate,
and, in turn, will contribute to the development of innovative technologies for processing
products, increasing the competitiveness of the economy in general.

The mechanisms of the circular ecological and economic cycle are subject to a number
of concepts, specific approaches and rules:

- Cradle-to-Cradle concept (“from cradle to cradle™) is a concept of waste-free
production [6];

- Biomimicry is the search for stimulating environmentally sustainable solutions [20];

- IndustrialEcology ("industrial ecology") is the development of industrial products and
processes that will provide a double assessment of the product's competitiveness and its
environmental friendliness;

- BlueEconomy ("blue economy") is the sustainable use of ocean resources to improve
livelihoods and jobs while preserving the health of the ocean ecosystem [4];

- Biosphere Rules (“biosphere rules™) is the application of principles using circular
processes in nature and their implementation in industrial production systems [18].

Since 2013, the EaPGREEN program has been implemented, the basis of which is
support for the transition to a "green” economy. This program is financed by the European
Union and started to be used by six countries of the Eastern Partnership of the EU (Georgia,
Moldova, Ukraine, Belarus, Armenia, Azerbaijan), the USA, Japan, South Korea, and the
People's Republic of China [17].

The EaPGREEN program includes the project "Resource-Efficient and Clean
Production (hereafter RECV)", which is proposed by the United Nations Industrial
Development Organization (UNIDO) and the United Nations Environment Program (UNEP).
The basis of this project is the dissemination of approaches and principles of effective use of
resources among small and medium-sized businesses.

As noted by K. Romanova and M. Tsybka RECHV is a method of comprehensive and
continuous application of preventive measures regarding the impact of production processes
on the environment with the aim of improving productivity and production efficiency and
reducing risks for people, reducing the volume of waste generation, improving the quality and
safety of products and services [17].
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In Ukraine, during the period of use of the RECV project, it is observed the potential of
Ukrainian enterprises to improve the efficiency indicators of waste volume reduction, material
consumption, increase of jobs.

The policy of the circular environmental and economic cycle has led to the creation of
1000 landfills, which are aimed only at disposal, a low level of recycling, and in turn this has
led to an increase in jobs. As O. Semerak pointed out, the implementation of the principles of
the circular cycle additionally gives 4% of the country's GDP growth.

It is appropriate to draw a comparison that in Sweden 99% of garbage is recycled, in the
USA 35% is disposed of, in Germany - 65%, in turn in Ukraine 94% of garbage is taken to
landfills.

This comparison requires the introduction of tools that will allow efficient use of waste,
as waste is an opportunity to introduce new technologies and preserve the environment.
Therefore, according to the association agreement, Ukraine began to reduce the volume of
waste generation, increase recycling and reuse, sort garbage and introduce a ban on landfilling
untreated waste.

In the EU, by 2035, goals have been set, including the recycling of up to 65% of the
total volume.

In December 2015, the European Commission adopted an action plan for the transition
to the economy of a circular ecological and economic cycle, which provides for the
development of relevant state regulation. When signing the Association Agreement with the
EU, Ukraine undertook to adapt the legislation to the EU policy, since although the
implementation of the circular cycle requires investments, it is not possible without clear
legislative regulation. Regulatory and legal frameworks for the greening of the economy are
developed and developed by the relevant ministries.

State regulation also includes and considers the allocation of grants, in relation to
research data, priority is given to the use of state procurement and tax benefits.

It should be noted that when buying, for example, any electrical appliance, the buyer
pays a small amount for further recycling of this product, which leads to a reduction in waste
and recycling of objects that are already unusable, without harming the environment.
Therefore, let's emphasize that when buying a particular product, the buyer must be
responsible for product labeling and trademarks. In Ukraine, the implementation of the
circular economic cycle has started in the field of public procurement, which is one of the
largest blocks of obligations within the framework of the Association Agreement between
Ukraine and the EU and is the field where the integration of the domestic market into the
European one is foreseen.

In 2010, the State Environmental Policy Strategy of Ukraine until 2020 was adopted,
which includes the development of a mechanism for sustainable production and consumption.
Since 2017, Ukraine has joined the formation of the policy of "green" public procurement, the
advantages of which are: improvement of working conditions, development of innovations,
efficiency of the economy, attraction of investments, environmental and social responsibility.

After joining "green" public procurement, a new State Environmental Policy Strategy
was developed - until 2030, in which the course towards a "green™ economy remains key.

The model of the economy of the circular ecological and economic cycle includes as a
basis the goal of reducing the consumption of natural resources, while not sacrificing the
quality of life. The main principles of the model of a closed ecological and economic cycle lie
in circular development, which includes secondary processing of resources, preservation of
the value of the product, materials.

According to the linear model, low-waste technologies are implemented, where if waste
IS generated, it is completely disposed of, which is what led to the need for a model of a
circular ecological and economic cycle.
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The author proposed the principles of a circular ecological and economic cycle, which is
based on circular development and reuse of waste. The basis of the proposed scheme of
principles reconstructs a simple economic linear scheme, which was previously based on the
principles of "extracted - processed - consumed - discarded waste". To change the linear
economy to the economy of a circular ecological and economic cycle, there is a need to
ensure the maximum efficiency of each stage of the life cycle of a product or service.

As part of the development of the circular ecological-economic cycle economy model, a
conceptual approach to the introduction of a circular economy in Ukraine was proposed.

First, the conceptual approach to the development of the circular economy should be
based on the strategy of sustainable development - a complex, multifaceted concept that tries
to harmonize three dimensions of development: economic, social and environmental. It is
linked to the circular economy through economic and environmental dimensions, as well as
through corporate social responsibility, which is a business gateway to sustainable
development.

The next criterion - environmental change - is a multifaceted concept that includes
theory, discourse and implementation. It is used by governments (such as in France) to
describe a multilateral process to guide society towards economic development within
planetary constraints.

The criterion that emerges from the previous two - ecological economics, is an
interdisciplinary system that seeks to combine two historically separate fields - economics and
ecology.

Industrial symbiosis, sustainable consumption and dematerialization are attempts to
further develop this theory. Dematerialization means using less or no material to provide the
same level of functionality to the user.

This includes improving the use of materials or moving from goods to services. When it
comes to making better use of materials, there are two main solutions to applying this
philosophy to waste: avoiding products or purchasing durable products.

In the field of industrial ecology, lean manufacturing is used as an operational tool for
continuous and incremental elimination of waste due to improved production processes.

Extended producer responsibility (EPR) implements the principle - the polluter pays and
aims to transfer the environmental responsibility of the product throughout its life cycle to the
producer. Although extended producer responsibility can affect life-cycle changes, it has
mostly provided an opportunity to manage consumer products at the end of their useful lives.
Extended producer responsibility, a model where packaging companies are responsible for the
end-of-life of materials, is critical to closed economy policies to promote sustainable materials
management, recycling and reduced environmental impact. Manufacturers can influence
change by making products and packaging more durable so that materials can be reused,
recycled or reintegrated into new product designs [21].

The concept of eco-design is based on the integration of environmental aspects into
product development. Ecodesign can be used as a tool to implement the results of life cycle
assessment. It can be a guideline, a checklist or an analytical tool that supports the process of
developing a product based on eco-efficiency.

Related to ecodesign is environmental design, a process used in many industries to help
organizations improve the environmental impact of their products and services throughout
their development process. Each industry approaches this process differently, and there are
several standards. Moreover, for small producers it is often seen as a time-consuming and
expensive additional cost. It's still a new process for most designers and engineers, but it's
slowly evolving.

Product maintenance systems (described by Arnold Tukker) are seen as an excellent
means of implementing sustainable solutions.They consist of tangible products and intangible
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services, designed and connected in such a way that together they can meet the specific needs
of consumers for environmentally friendly outcomes.

Shared consumption is a general term with a wide range of meanings. The concept
focuses on reducing the negative impact on the environment by reducing the number of goods
that are produced, reducing industrial pollution (for example, reducing the carbon footprint
and overall resource consumption).

It seeks to change our perception of waste, arguing that much of what we define as
waste still has value that, if properly designed and distributed, can safely serve as "nutrients"
for downstream processes, unlocking new levels of value in an ever-diminishing environment.
more and more expensive resources. Shared consumption develops circular systems, i.e.
product service systems.

We are currently using resources unsustainably. We are consuming and extracting more
resources than our planet can sustain in the long term. It is estimated that by 2050, the total
number of middle-class consumers will reach 6-7 billion, putting more pressure on
consumption and the environment.

The modern way of life forces us to expect more and more comfort, and this has its
price. Pay attention to the use of plastics that are not sufficiently recycled. Many plastic
products end up in the seas and oceans, causing serious damage.

Examining the experience of the world's leading countries, it is worth emphasizing that
the European Union and other developed countries around the world are making significant
progress in the fight against climate change thanks to the reduction of carbon emissions. It has
been proven that reducing emissions does not hinder economic growth; on the contrary, since
1990, the gross domestic product in the EU has increased by 50%, while greenhouse gas
emissions have decreased by 24%. More and more people are looking to reduce emissions by
sharing cars, reducing energy consumption or recycling and sorting waste. While this is
commendable, we know that it will not be enough to ensure future low carbon emissions or to
achieve the long-term goal of "a good quality of life within our planet.”

There are signs that public awareness of the problem is growing and new policy plans
are being developed that will fundamentally change the way we produce, consume and live.
These political plans are comprehensive and systematic long-term actions. At the end of 2015,
the European Commission presented the circular economy package — Europe's response to
future challenges. It covers various stages of the long life cycle of products: from production
and consumption to waste management. The proposed actions should be beneficial for both
the environment and the economy.The idea is to keep materials in the economic cycle as long
as possible, thereby reducing waste, contributing to energy savings and reducing greenhouse
gas emissions. The transition to a circular economy will help alleviate the environmental and
health problems caused by today's linear economy that follows the principle of "produce, use
and discard”. However, this will require radical changes in production and consumption
systems that go far beyond the rational use of resources and waste processing.

A key aspect of achieving a circular economy will be training, monitoring progress and
providing information, developing the concepts, methods and models necessary to develop
flexible policies and to achieve this goal. There is also a need for breakthrough innovations
and technologies, without which it is impossible to achieve the transition to a low-carbon
circular economy [2;8;10].

Enterprises are developing integrated supply chains that allow more efficient use of
resources and the creation of new markets. Innovative information and communication
technologies and social changes contribute to this systemic transformation. Ecosystem
organizers usually approach this goal in two stages: ecosystem readiness assessment and its
transformation.
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At each stage, special and complementary mechanisms are developed to achieve their
goals. Assessing ecosystem readiness is an important starting point for understanding the
transformation processes that manufacturing companies and their ecosystem partners must
undertake to move to a circular economy paradigm. Readiness assessment is a fundamental
step that allows business leaders to be sensitive to external information, identify new business
opportunities related to the circular economy, and understand their own capacity to embrace
these opportunities.

The readiness of manufacturing enterprises for the circular economy is assessed using
key parameters:

— existing trends that directly or indirectly affect the business potential of the
ecosystem;

- the possible impact of transformational measures on the existing business;

— assessment of potential business models;

- assessment of opportunities and goals of partners in the ecosystem.

World experience shows that leading manufacturing companies carry out the
transformation of ecosystems with the help of several mechanisms. In particular, it is about
limiting early investment costs related to the circular economy [9]. This is caused by the lack
of free working capital or other financial resources for investing in a circular business model,
as well as the high uncertainty of this paradigm.The way out of the situation in such a case
can be active investment by ecosystem organizers in IT infrastructure, which allows them to
stimulate stakeholders to participate in transformations. Another mechanism consists in
supporting the development of innovative procedures and processes by partners: the use of
digitization for the provision of services, development of competencies, portfolio
management, customization of product and service components (table 1).

Such measures contribute to the equalization of incentives and the rapid adaptation of
circular business models.

The relationship of large manufacturing enterprises with the ecosystem shows a certain
tendency to conflicts. The solution to this problem lies in the plane of relational
interdependence between ecosystem partners. For example, a company involved in the
telecommunications industry, offering a business model on the market based on the use of its
own potential, must coordinate it with customers and consumers.

The corresponding proposals carried significant economic and environmental
advantages, as they allowed to save on the costs of equipment, the service life of which was
supposed to increase due to better maintenance. However, since the new business model has
significant risk characteristics and is not completely functionally understandable for both
parties, they must agree on the distribution of risks and revenues, which creates incentives for
interdependence.

On the other hand, small businesses in existing business ecosystems are usually hesitant
to invest heavily in circular economy offerings due to the high initial investment and
significant uncertainty of their profitability. Therefore, the encouragement of investment by
the leaders of the ecosystems may consist in granting the status of exclusivity or other
economic preferences to such enterprises. Appropriate agreements are able to influence
mutual interdependence, thanks to which all involved enterprises receive a clear division of
roles and joint benefits.
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Table 1
Transformational business models of the circular economy
Tabauys 1
Tpancdopmauniiini 6izHec-Moae/1i HUPKY/JISPHOI eKOHOMIKH

Business model Circulatory features

- use of biomaterials capable of self-degradation;
- conclusion of contracts with suppliers of eco-raw materials for the
return of waste for further processing

Cyclic supply

_ - composting, anaerobic fermentation in the production of fertilizers
Processing of and renewable energy;

resources . .
- processing of products unsuitable for repeated use;

- development of infrastructure for collection, sorting and processing

of waste

- continuation of the life cycle of products;
- reduction of production volume of non-recyclable products

- availability of capacity for recovery at primary production

Exchange platforms

Continuation

of the life enterprises;
cycle of - domestic investment in new technologies;
products _direct foreign investment and technology import;

- interaction of business and scientific centers

- offering package services, including after-sales service;

- manufacturer's responsibility for disposal of products after the end
of the life cycle;

- formation of closed supply chains

*Source: built by the author

Product as a service

Business model and ecosystem partner assessments complement the external ecosystem
assessment as they provide information on the readiness of the ecosystem host and partners
for transformation. Taken together, all three assessments establish a gap between the
aspirations of a circular economy and the capacity of the ecosystem to achieve these
aspirations. The gap identifies the capabilities and resources that are missing from the
ecosystem and the ecosystem management processes that would be necessary for the
ecosystem to transition to a circular economy paradigm. In particular, ecosystem readiness
assessment is rarely a linear process. After closing the gaps, manufacturing companies
participate in the transformation of ecosystems. At this stage, we have identified three
mechanisms that jointly move the ecosystem towards establishing its circular economy goals.
Standardization mechanisms are used to define and legitimize goals for ecosystem partners.
Organizers establish general standards against which the ecosystem will be evaluated (e.g.,
life-cycle costs of equipment and its use), develop specific standards with selected ecosystem
partners (e.g., engine design standards), and impose specific standards on a broader set of
ecosystem partners, including potential new partners (for example, the quality of materials).

Once goals are established through standardization mechanisms, ecosystem organizers
turn their attention to ensuring that all partners have access to the necessary resources and
capabilities to realize the goals. Mechanisms of upbringing are central to this process. In
addition to internal investment, ecosystem organizers bear the early costs of infrastructure
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investment and facilitate investment by key ecosystem partners, helping them offset
uncertainty.

Once incentives are provided, the activities of multiple ecosystem actors must be
coordinated as they incorporate circular economy standards into their individual offerings.
Ecosystem organizers achieve this coordination by using negotiation mechanisms such as
give-and-take rules, establishment of relational interdependencies, and risk-benefit analysis to
include new partners. In this way, mechanisms of standardization, education and negotiation
guide the transformation from the point where each partner has circular economy goals that
contribute to the alignment of ecosystem aspirations.

Conclusions. Thus, in the closed-loop model, the economic cycle has the same stages
as in the linear one, but here the cycle is not interrupted. After the product is used, the waste is
not disposed of, but is sent to special waste processing centers, where it is processed and takes
the form of resources for further production of goods, or goods that have lost their price
appeal for one industry may become attractive for another [16].

At the same time, long-term multiple life cycles are important for the circular economy,
and short-term, from purchase to sale, for the linear economy. To change the linear economy
to a circular one, it is necessary to ensure the maximum efficiency of each process at each
stage of the life cycle of a product or service.

As part of the development of the model of the economy of the closed ecological and
economic cycle, a conceptual approach to the introduction of the circular economy was
proposed, which should be based on the strategy of sustainable development - a complex
multi-valued concept that tries to harmonize three dimensions of development: economic,
social and ecological. It is linked to the circular economy through economic and
environmental dimensions, as well as through corporate social responsibility, which is a
business gateway to sustainable development.

It was determined that in the circular economy, companies develop integrated supply
chains, using resources more efficiently and creating new markets. The stages of the
organization of the reconstruction of ecosystems: the assessment of ecosystem readiness and
its transformation are considered, it is found that innovative technologies contribute to the
systemic implementation of changes. The transformation of ecosystems is carried out with the
help of mechanisms for limiting early investment costs, investing in IT infrastructure, and
encouraging stakeholders to cooperate. It is proven that the riskiness of the transformed
business model forces the parties to agree on the distribution of risks and revenues. The
competitive advantages of transformations of industrial ecosystems consist in differentiation
and cost leadership, strategic ones in increasing the ability of ecosystems to achieve social,
financial and environmental results, creating opportunities for the development of sustainable
industry.

The circular economy will promote the use of the reverse flow of resources, help
eliminate waste from the value chain. And conducting research and development on the main
aspects of the circular economy will give an impetus to progress in the field of materials
science and the development of higher-quality and durable components.
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