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ABSTRACT

The transition to low-carbon development has been recognized as one of the most important directions
for the transformation of national economies in most countries. Today we can identify two of the most
common service-oriented logical models of this transition. These are models of Service-Dominant Logic
and Product-Service Systems that are used in this study to create a service-oriented platform for stimulating
business development in the field of energy-related (ER) services. The establishment of such a platform is
being considered based on the conceptual provisions of the global business ecosystem. Such a platform has
been found to be a powerful tool for systemic coordinated cooperation between actors in the ER-services
market and the relevant actors in the energy sector as well as in other industrial markets, unleashing the
benefits of synergies, resulting from such cooperation. The logical models of attracting energy services
companies to the creation of virtual communities (centers) for large-scale implementation of measures in
the field of energy efficiency and renewable energy sources are presented in detail. The advantages of the
practical implementation of logical models are confirmed by calculations performed onmathematicalmodel
adapted for engineering use in the field of ER-services.
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1 Introduction

Environmental pollution during the combustion of fossil fuels, which largely causes radical
changes in the behavior of the global ecosystem, and which is increasingly affecting the socio-
economic situation and human health, indicate the urgent need to engage service-oriented business
to accelerate the large-scale implementation of measures in energy efficiency (EE), renewable
energy sources (RES) and environmental protection. This task is relevant all over the world, but
it primarily concerns countries with energy-intensive economies that emit significant amounts of
CO2. The analysis shows that the top 10 emitting countries now collectively emit approximately
65% of the world’s total CO2 emissions. They are: China–9717 (10911) Mt, USA–4405 (5083)
Mt, India–2191 (2425) Mt, Russia–1619 (1738) Mt, Japan–979 (1199) Mt, Iran–619 (650) Mt,
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Germany–617 (777) Mt, Korea–570 (655) Mt, Indonesia–566 (532) Mt, Canada–516 (578) Mt
(data for 2020 and in brackets for comparison—for 2017) [1,2].

The challenge of reducing CO2 emissions is complex and needs to be addressed both globally
and nationally. The actual situation with CO2 emissions in the world confirms this, generally
maintaining negative trends. According to IEA energy survey, the expected increase in coal
consumption in 2021 exceeds the growth of renewable energy by almost 60%. More than 80%
of the projected increase in coal consumption is expected to occur in Asia, led by China. In the
same time, the share of coal in electricity generation in the European Union has declined almost
three-percentage points from 2019 to 2021. In the US, the largest contribution to CO2 emissions
has the use of oil, which in 2021 will remain almost 6% below the level of 2019, and coal is
expected to be almost 12% below 2019. Natural gas demand in the world is set to grow by 3.2%,
propelled by increasing demand in Asia, the Middle East and the Russia [2].

To expand international cooperation in overcoming the climate crisis and strengthen support
for the low-carbon transition, the US Department of Energy announced in April 2021 new
initiatives to meet the ambitious national goals of 100% clean electricity by 2035 and net-zero
carbon emissions by 2050, while creating new businesses, and puts millions of Americans to
work. As an integral part of these initiatives, the creation of consolidating service mechanisms
to coordinate and balance the efforts of the international community is declared. Such service
mechanisms, in order to be successful, on the one hand, have to coordinate not only technological,
but also financial, economic and social activities of their adherents. On the other hand, such
activities should be based on the principles of economic incentives, that is, on a carrot-and-stick
approach.

Service industry are a growing part of the global economy, where the share of services in
GDP increased in 1980–2015 from 61% to 76% in developed countries and from 42% to 55% in
developing countries (47% in Ukraine). Percentage added by service industry to the GDP of the
USA in 2020 approached 77%, Germany–71%, China–55%, Ukraine–47%. Services also prevalent
in foreign green investment and, moreover, they have been growing faster than investment in the
primary and manufacturing sectors for the last 10 years [3,4]. Thus, the service type of economy
predominates in developed countries, in contrast to countries with economies in transition, where
the production of raw materials and agricultural products prevails among the main types of
business activity.

Energy services are paramount to supporting the low-carbon transition of economies and
to social welfare. The scope of their application covers two main fields of engineering business:
core energy services and energy-related (ER) services [5]. The core energy services are related to
the transportation, transmission and distribution of energy resources. The scope of ER-services
includes consulting in virtually all fields of energy use, especially in EE, energy conservation and
RES, construction and maintenance of equipment, energy management, accounting and billing
of saved energy, etc.

Despite the importance of ER-services for business, the pace of their implementation around
the world is considered unsatisfactory. This is primarily due to technological complexity and
diversity of types and forms of energy and goods, as well as the need for their long time use
(repair, maintenance, modernization, etc.) during both the life cycle and utilization stage in order
to mitigate the impact on the environment. Among the other obstacles to the development of
ER-services market are low competitive pressures that stimulate innovation and performance, slow
productivity growth, a shortage of cross-border investments, and low labor mobility [3,6].
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Concretizing the current situation with the creation of ER-services business on the basis of
the dominants of low-carbon innovation-and-investment development, first identify the following
obstacles:

• Lack of systemic interaction between ER-service providers, each of which operates in the
market independently in its narrow field of business;

• Lack of coordination mechanisms aimed at achieving a systemically attractive consumer
result, covering the entire chain of ER-services from manufacturers of equipment and
materials (suppliers, etc.) to consumers;

• Uncertainty of policies, rules, regulations, etc. of the functioning of the modern market of
ER-services to ensure its sustainable innovation-and-investment development.

It is clear that overcoming these obstacles requires, first, the development of a methodological
platform (framework) to justify the creation of consolidating business mechanisms at the local
and national levels and for determine their relationships to promote markets for goods and
services. Such a platform should be based on harmonized national regulations, which allows
for effective using the potential of local business contributions, involving national infrastructures
and interconnections, as well as by creating ER-services markets that facilitate the cross-border
cooperation.

Within the service-oriented business platform proposed for further consideration, mentioned
above shortcomings are eliminated by establishing mutually beneficial interaction (coordination
of interaction) between all organizationally involved participants in the service-oriented market,
where customer relations are a priority. This approach requires expanding the scope of customer-
centric or client-centric services. Such services should include measures, means and resources
aimed at improving the efficiency (productivity, quality, etc.) of system-coordinated processes of
production, transmission, distribution, supply and final consumption of service-oriented goods
and services. This, in turn, will ensure the creation of a chain of additional added value (i.e.,
profitability, benefit, usefulness, etc.) by improving the consumer properties of goods and services
in each link of this chain.

2 Business Logic of Eco-Transformation

2.1 Fundamentals of the Business Ecosystem
The scale of environmental pollution during the burning of fossil fuels has been steadily

growing since the beginning of the industrial revolution and has already reached a critical level.
Thus, the eco-logic of service-oriented business should be designed to minimize the damage
caused to nature by economic entities, while creating new prospects for environmentally friendly
interaction of business with the environment.

In this study, the implementation of such an approach is proposed to be carried out on
the basis of methodological provisions of the fundamental concept “business ecosystem”, the
principles of formation and operation of which are determined by analogy with the biological
ecosystem. With this approach, the business ecosystem is viewed as an organizational-and-
technological structure that connects the participants of the business ecosystem (producers, sup-
pliers, distributors and consumers, state and local authorities, regulators, etc.), which are directly
or indirectly involved in the creation (production, supply, use) and disposal of specific products,
goods or services through competition and mutually agreed, flexible cooperation. Accordingly, the
business ecosystem is actually a community, which, depending on the level of its consideration,
can cover the global, national, sectoral, and local business levels. The latter can also be detailed
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at the technological level and even at the level of control of separate units of energy-intensive
equipment. Among the main types of interaction between business ecosystem participants are the
spheres of exchange of products, goods and services, money and loans, information, knowledge
and intangible assets.

The main purpose of the business ecosystem of any level is to minimize the costs of each of
its participants, which is carried out due to the overall synergy effect obtained by the system from
the results of interaction between participants and the environment. In this case, the coordination
of interaction is usually carried out by creating centers of coordination and balancing based
on hierarchical, vertically integrated (or network, etc.) organizational-and-technological structures.
These structures usually operate on the basis of market principles of mutually agreed (mutually
beneficial, etc.) combination and use of resources of each system participant, and where the
creation and realization of value added occurs at all levels of the structure [7–10]. In any case,
this imposes special requirements on the organizers (coordinators) of the system, given the high
level of their responsibility to ensure the economic profitability of all its participants in conditions
of limited controllability of the system.

It can be stated that the business ecosystem from the point of view of management theory is
a complex organizational-and-technological system that combines legally independent economic,
managerial and regulatory entities (participants of the business ecosystem), each of which creates
separate, but systemically consistent with all other entities, products, goods or services that
together form a holistic solution. The business ecosystem formed by this approach due to the
flexibility and stability of its modular structure with clearly defined interfaces that allow easy
scaling of the system, will function as a whole, providing competitive advantages to participants
over other ways of structural-and-technological organization of production of complex products,
goods or services (for details see [8]).

2.2 Logic Models of Service-Oriented Transformation
The economic feasibility of structural-and-functional transformation of global and national

economies from commodity-production economy to service economy was realized by the business
of developed countries several decades ago [11,12]. Among the models (mechanisms) of such
transformation the most common are models based on the concepts of Product-Service Systems
(PSS) [13,14] and Service-Dominant Logic (SDL) [15].

2.2.1 Logic Models of Product-Service Systems
Within the PSS models, business conditions are created for innovative solutions, in which

manufacturing companies add service components to their offerings and service companies inte-
grate products into their services. Under these conditions, PSS establish closer and longer-term
relationships with consumers, and thus achieve a better understanding of them and more prof-
itable commodity-money transactions. With this, unlike traditional services that added to goods
(for example, guarantees), services within PSS bring to all participants of system and, first of all,
consumers, additional material profit (see, for example [13,16–19]). This result is achieved through
a systemically agreed set of services that reduces the amount of resources consumed to produce
a unit of products, goods, services, etc., by meeting consumer demand through less resource-
intensive goods, and encourages the service provider to reduce initial investment and operating
costs.
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The following types of PSS are often distinguished [20–22]:

• Product-oriented, where the tangible product plays a leading role, and the services provided
are aimed at maintaining this product and guaranteeing its functionality;

• Use-oriented or shared utilization services, where products still play a more prominent role
than services, and suppliers of which sell the availability and use of specific goods, for
example, by leasing, renting, sharing, etc.;

• Result-oriented, when companies do not sell products, but the results of their use, com-
bined with the professional knowledge (competence) of service providers. The synergy
of this interaction is focused on the final needs of consumers, such as providing opti-
mal technological parameters of lighting, heating, cooling, etc., and where the organizer
(coordinator) of the PSS system becomes responsible for all costs aimed at achieving the
result;

• Demand management services (low cost planning, integrated resource management, etc.),
which originated in the US energy sector to implement the provision that it is often more
economical to reduce energy demand than to increase generating capacity. The latter often
involves switching to alternative fuels or purchasing energy from renewable sources.

2.2.2 Logic Models of Service-Dominant Logic
A characteristic attribute of the application of SDL in the process of forming the service-

oriented business is that the core role in this business is played by added value created by
providing services, while goods (products) play a secondary role. This is in contrast to the
“commodity” market, which is based on the paramount importance of the value created during
the production process, and where the service is considered as a “secondary” (associated) value. As
a result, under the SDL concept, service consumers are seen as full market participants together
with producers and suppliers of goods and services, and goods become a means of providing
services [23–26].

In this way, SDL shifts the focus of trade-and-exchange operations, operating on the number
of units of sold (purchased) goods, to the procedures of providing comprehensive services, which,
due to the interaction of participants, create value chains of marketable goods. To implement
comprehensive services, an SDL-market is created, which facilitates the efficient exchange, coor-
dination and distribution of resources, goods and services, reduce business costs, as well as
supports competition and encourages investment, and therefore—is consumer-oriented, providing
the necessary goods and services to customers at the right time.

Closely related to the SDL and PSS models, the Service Ecosystems Approach (SEA) is
considered, whose participants also integrate their own resources, linked by the common institu-
tional logic of the ecosystem and the collective creation of added value, through the exchange of
services. By combining the SEA approach with the provisions of SDL and PSS logic, it becomes
a powerful tool for the development of marketing business, covering both domestic (national)
markets for goods and services and international cooperation markets [9,15].

3 Base Components of a Service-Oriented Business

3.1 General Requirements to the Initiator of Service-Oriented Business
The above logic models of business eco-transformation are inherently flexible and scalable, but

their practical implementation requires the development of rules and mechanisms for organizing
the interaction of service-oriented business participants with the surrounding business and eco-
environments, which must be consistent, forming a holistic system-wide configuration [27,28].
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To do this, as the first step in building your own business you should find answers to
the following questions, formulated based on the analysis of more than 100 business ecosys-
tems [29]:

• What is the problem that you want to solve?
• Who needs to be part of your business?
• What should be the initial governance model of your business ecosystem?
• How can you capture the value of your business?
• How can you solve the chicken-or-egg problem during launch?
• How can you ensure evolutionary flexibility and the long-term viability of your business?

Another urgent issue that needs separate consideration is to take into account the impact of
environmental taxes on the development of your business in the short and long term [30].

You need to understand that building own service-oriented business is a process of continuous
improvement of business models and tools for their implementation. We suggest doing this based
on a continuous quality improvement model known as Deming or PDSA cycle, which consists
of a logical sequence of four stages: plan, do, check, and act [31,32]. For practical use, we have
developed a detailed model shown in Fig. 1.

Figure 1: Model of continuous quality improvement of service-oriented business
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As you can see, a decisive role in the development and implementation of a service-oriented
business is played by the initiator (orchestrator), a potential applicant for which must meet the
following basic requirements [29,32]:

• Have a stable relationship with many other participants in the service-oriented market and
occupy a central place in its organizational structure;

• Have a business need and the ability to coordinate effectively the interaction between its
participants;

• Be able to control the resources needed to ensure market viability;
• Be perceived by other participants as a fair and neutral partner, and not as a threat to
competition;

• Have a stable level of income during its business activities, which meets the criteria for
attracting third-party investments;

• Have experience in overcoming the risks of joint innovations and risks of joint implemen-
tation of investment projects.

As for the involvement of other business participants, the main incentives for them are a
relative increase in profit or reduce the risks of their loss due to participation, limited own
investment opportunities and obstacles to self-development, etc.

3.2 Services of Coordination and Balancing Centers
Coordination is one of the main functions of ecosystem management, which ensures the

unity of action and integration of system resources (human, logistical, financial, etc.) in order to
use those most effectively to achieve common organizational and functional goals of the system.
Herewith, the balancing of resources, tasks and activities between the constituent elements, partic-
ipants, etc., of the business, which is an integral part of the coordination mechanisms, is defined
as a process and/or procedure for maintaining dynamic equilibrium in a relatively independent
and unstable over time species and parametric changes of its elements.

Accordingly, the services of the Center of coordination and balancing (further—the Center)
are aimed at ensuring the unity of individual and group efforts of business ecosystem participants,
growth of added value and profits of each of them, integration and optimal use of their resources.
Provision of services is carried out based on appropriate methods and means of coordinating
management by establishing stable bilateral communication channels and improving the technique
of participant’s cooperation with an effective format of their interaction [33,34]. The interest of
participants in purchasing service-oriented services of Center will be largely determined by the
usefulness of these services, the provision and logistics of which must coincide in time with the
process of its consumption, unlike products that can be stored or transported for a long time.

The role functions of coordination and balancing as a task of organizing joint work (coop-
eration) have been studied in many scientific papers. Among the closest to the service-oriented
theme, we note [35,36], where the tasks of cooperation are considered in three areas: exploration,
experimentation and execution. Among the main tasks of the Center in this publication is the
creation of coalition (community) of participants taking into account their diverse interests,
integrating the ideas of participants on a single platform, promoting joint projects in develop-
ment and dissemination of best practices. In general, this creates favorable conditions for the
implementation of multiplier effects of interaction of participants (chain reactions by domino
effect).
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In general, the Center should play a supportive role, without direct intervention in the
management of innovation processes at the participants’ sites, using the modular principle of
project implementation, facilitate bilateral exchange of ideas and solutions, thus expanding the
impact of multiplier effects. At the same time, system participants must subordinate their local
purposes and production programs to achieve system-wide goals, even adapting their technologies,
and the success of their activities should be assessed by contributing to the system-wide effect.

In this sense, the organizational-and-functional features of the business activities in the
service-oriented markets can be compared with the corresponding functions of coordination and
balancing in the markets of production and consumption of electricity, described in detail in
many scientific papers, such as [34,37]. Their use, by analogy with the results obtained in the
field of energy management [38,39], reflects the process of providing services for coordination
and balancing of organizational, logistical and financial interests of participants. This is often
implemented in the form of functionally integrated structural units, for which the continuous in
time and space improvement of consumer properties of goods and services is carried out.

4 Features of Energy Services Business

4.1 Energy Services and Energy Services Companies (ESCO)
It should be reminded that the category of energy services (ESs) in the commonly used defi-

nition has a double interpretation. On the one hand, this includes activities, tools and resources
related to energy supply to consumers. On the other hand, they are related to improvement of
efficiency (productivity, quality, etc.) of any energy transformation processes at all or some stages
of energy production, transmission, distribution, supply and final consumption. In the introduc-
tion, we have indicated this field of activity as energy-related services [5,40]. Their main future is
to provide additional added value (profitability, benefit, utility, etc.) by combining energy with EE
technology and/or operation, including maintenance and control procedures required to provide
services [39,41–43]. As a rule, ER-services include a range of turnkey activities such as mar-
keting, energy analysis, due diligence and investment audits, project design and implementation,
maintenance and operation, measurement and verification of savings, return on investment and
guarantee services [5]. More detailed features of ER-services can be found in [44–46]. However,
to be align with a common practice and given the fact that the ER-services are applicable on
the supply side, we will use the term energy services in our further study for both interpretations
considered.

ESCO is one of the most efficient, widespread commercial organizations focused on the
provision of ESs that cover technical, economic, financial and legal aspects of design, engineering,
installation, commissioning, monitoring, and verification of energy saving measures (projects)
based on EE and RES [47–50]. The fundamental difference between ESCO services and the
services of other service companies is as follows. (1) ESCO must guarantee the technical, eco-
nomic, social and environmental parameters of the production processes required by customers
in heating, lighting, ventilation, compressed air, etc., with less energy. (2) ESCO must ensure that
the savings in fuel and other energy resources obtained by it as a result of the implementation
of turnkey energy service projects exceed the payments to cover the project costs for the payback
period. (3) ESCO invests its own funds (in whole or in part) in the implementation of ESs
projects. If the savings guaranteed by him do not materialize, the difference is compensated at
the expense of the ESCO.



EE, 2022, vol.119, no.1 111

4.2 Energy Performance Contracting
Energy service providers (ESCOs) operate under ESs contracts, the most common types of

which are the Energy Performance Contract (EPC), the Energy Supply Contract (ESC), Chauffage
and Full Management Contract (FMC), the business content of which are discussed in detail in
numerous publications [48,51–54].

EPC in European legislation means a contractual arrangement between the beneficiary and
the provider of an EE measure, verified and monitored during the whole term of the contract.
Investments (work, supply or service) in that measure are paid for in relation to a contractually
agreed level of EE improvement or other agreed energy performance criterion, such as financial
savings [41]. Among the variety of EPC models are:

• Shared savings model, in which the ESCO assumes responsibilities for financing the capital
expenditures of the project, i.e., assumes responsibility and risks for attracting and return-
ing the funds provided by investors. A common modification of the Shared savings model
is the First Out Contract model, according to which 100% of the savings resulting from
the project remains in the ESCO until the payback of the project;

• Guaranteed savings model, in which the customer (client) assumes responsibility and risks
for project financing, attraction and return of investments, and ESCO—all technical risks
for project development and implementation, and guarantees the customer the level of
savings provided by the contract. If the level of savings is lower, the ESCO must pay the
difference to the client and, conversely, if the savings exceed the guaranteed level, then the
client pays the ESCO the agreed percentage of savings.

Under “Chauffage” contracts, ESCOs typically cover both aspects of customer’s EE manage-
ment (energy supply and use), thereby systemically combining the provisions of Shared savings
and Guaranteed savings models to achieve greater technical and economic impact. A feature of
“Chauffage” contracts is the focus on providing quality characteristics of energy use, for example,
to ensure a given level of temperature, humidity, comfort and more. Financing of ESs measures
under this contract is usually provided by ESCO, which remains the owner of energy-saving
equipment until the expiration of the contract. Contracts of this type work effectively under
conditions of free choice of suppliers of energy resources, the prices of which are the subject of
the contract between the supplier and the client. Because of competition, suppliers have incentives
to reduce prices, and ESCOs have incentives to reduce the client’s energy costs by implementing
energy saving measures.

Under Full Management Contracts, ESCOs are usually also aimed at improving the efficiency
and quality of meeting the final needs of customers in lighting, heating, ventilation, air condi-
tioning, water supply, drainage, etc. Under this contract, the ESCO usually acts as a management
organization/company, which concludes contracts on behalf of the client with all other project
participants, including energy supply organizations. Settlements between ESCOs and the client
are made based on the volumes of energy consumption fixed at the time of concluding the
contract, and between ESCOs and suppliers—based on the volumes of energy actually consumed.
Herewith, ESCO income, which is determined by the difference between fixed and actual energy
consumption, is used to implement energy saving measures, pay off debts under the project and
generate own profit.

It is not difficult to see that the basic components of all types of ESs contracts corre-
spond to the scheme of causal chains of interaction of ESCOs with the clients and other
project participants (subcontractors, banks, support funds, etc.). In accordance, the difficulties in
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implementing ESCO projects, whose payback period is usually measured in years, are due to the
need to ensure a guaranteed level of energy saving in an uncertain business environment. This, in
turn is significantly slows down EE funding worldwide. One solution has been insurance services
provided by specialized financial institutions and other private companies, such as equipment
manufacturers, as a way to reduce the risks of ESCO projects, but such services have not yet
become widespread. Other difficulties in implementing ESCO projects are compounded by the
relatively high level of transaction costs that arise from the interaction of ESCOs with other
project participants and although they are not directly related to the production of goods and
services, they ensure their most efficient use [44,46,55]. The list of ESCOs transaction costs
also includes the costs of concluding contracts, measuring and verifying the results achieved,
protection of property rights, compensation for possible cases of opportunistic behavior of some
clients and subcontractors, and so on.

Accounting for ESCO transaction costs are especially important in the case of international
cooperation aimed at attracting foreign investment in the modernization and innovative devel-
opment of client infrastructure. Transboundary cooperation of ESCOs is realized through their
interaction with international and local financial institutions, national and foreign equipment
manufacturers, state and local authorities. Herewith, the effectiveness of international cooperation
largely depends on the ability of ESCOs to take into account the absolute and comparative
advantages of participants located in different countries and economic zones [55,56].

4.3 The Logic of Energy Services Eco-Transformation
As can be seen from the above analysis, the properties of ESs under ESCO projects have

much in common with the services considered within the service-dominant logic and product-
service systems. The closeness of these properties in a more or less explicit form is emphasized by
several authors [45,46,57,58]. It is important for energy services business to realize the synergy of
system combination (interaction) of these services to expand the scope of their use and increase
the volume of systemically created added value. This, of course, will require the improvement of
the conceptual provisions for the implementation of ESs, which will provide more favorable con-
ditions for ESCO interaction with other market participants, especially with clients and consumers
of goods and services.

This can be done by identifying the main directions of such improvement, aimed at providing
end users with comprehensive services to achieve a certain result or expand their functionality.
In practice, this is realized primarily by improving comfort, mobility, environmental friendliness,
reducing material consumption, etc., without the need for consumers to purchase equipment or
materials (fuel, etc.) [22]. The end result of such modernization is achieved not only through
the use of more energy-efficient equipment and environmentally friendly materials, but also by
increasing the level of their load (using), for example, by creating collective business centers
(networks) of energy services. This reduces the amount of equipment and materials required and
the costs of their operation and disposal. It is important that collective centers have the opportu-
nity to use more efficient (and more profitable) methods and measures to provide comprehensive
services to individual consumers (clients), for example, through the use of alternative fuels, the use
of heat recovery, cogeneration plants and more. Under these conditions, services for maintenance,
repair, reuse, disposal and recycling of used equipment and materials become widespread. The
use of smart management in such systems is becoming one of the most promising fields of ESs
business, which provides new content and meaning to existing methods and tools for EE and RES
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management, such as demand side management, least-cost analysis, integrated resource planning,
etc.

4.4 Energy Services Markets
Markets have always played (and continue to play) a central role in the formation and

development of any business. However, the practical implementation of the mechanisms of
their functioning based on well-known principles of market theory meets many uncertainties
and requires further development of both the theoretical platform and applied tools for the
implementation of these mechanisms in practice [25,59,60].

A list of market types adapted for use as infrastructure for a low-carbon transition can be
found in [5,51,61]. The activities of economic entities of all forms of ownership and functional
purpose in these markets have been significantly intensified due to the significant growth of the
role of EE and RES in the low-carbon restructuring of the modern economy [11,12,62,63]. It
is important that in addition to ESCOs, other economic entities are actively involved in this
activity, first of all, manufacturers of EE and RES equipment and materials, suppliers of primary
fuel and energy resources, utilities, investors, representatives of trading platforms, state and local
authorities and regulators [64,65].

In other words, we must consider the ESs market as an open business ecosystem, which is
in a state of constant interaction (exchange) with the environment and improves EE at all stages
of energy transformation—from production (generation) to final consumption. Configuration of
such a structure that integrates the markets of primary and secondary energy resources (oil,
natural gas, renewables, electricity, heating and cooling) with markets of energy services, producers
(suppliers) of energy efficient equipment and energy consumers of various forms of ownership
(private, state, municipal, cooperative, etc.) is presented in [5,32].

It should be added that the effective functioning of environmentally balanced business in the
ESs markets requires the organization of closed cycles of continuous improvement of the quality
of products and services realized, for example, according to the scheme presented in Fig. 1.
Accordingly, the model of environmentally balanced functioning of such a market, adapted to
the service-oriented business, is presented in Fig. 2.

The business ecosystem, which is reflected in the proposed model, consists of a number of
services sub-markets. 1) Primary fossil and renewable resources services market, 2) Core-product-
related services market, 3) Complementary services market that accompany the core product (or
service) and support its acquisition, installation, use, maintenance and disposal, 4) Consumer-
related services market, 5) Pre-contractual and post-contractual services market accompanying
waste disposal and recovery services.

The combination of these sub-markets into an inseparable chain allows to organize a single
technological process of providing services for the transformation of primary and secondary
resources up to their final consumption and utilization (i.e., throughout the product life cycle),
ensuring the maximum achievable efficiency of each service provider and the business system
as a whole. Coordination and balancing services, related to the elimination of inconsistencies
and imbalances in the process of improving the consumer properties of goods and services [10],
occupy a central place in the model. It is important that closed cycles of continuous quality
improvement (see Fig. 1) surround each of the sub-markets in Fig. 2.

Special attention should be given business activities in the sub-market of waste disposal
and recovery services. Most importantly, the structural schemes and mechanisms that implement
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these activities remain the same as for the core service-oriented business described above. For
example, waste resources obtained from the core activities in Stage 5 (Fig. 2) will also be sold
on the market of primary resources services, but on a waste resources sub-market, which will
form Stage 1 of a separate closed cycle, and so on up to Stage 5 of this cycle. However, the
operating principles and technologies for the implementation of service-oriented projects in the
field of waste disposal and recycling will be fundamentally different, which explains the need
for the separate cycle. For example, the waste resources can be burned in a heating boiler or
used to produce building materials or fertilizers and so on. Herewith, at every stage, where waste
and pollutants cannot be disposed or recycled at this phase of development of the material-and-
technical base of production, they will be subject to removal (burial), or today are even discharged
into the environment.

Figure 2: Closed cycle of environmentally balanced functioning of the ESs market

5 Mathematical Model and Engineering Calculations

5.1 Mathematical Model
The practical implementation of the above logic models of business eco-transformations

requires the development of mathematical models adapted for engineering use in the energy
services business. Such models must correctly represent the coordination procedures and balancing
the joint efforts of the participants in energy services aimed at increasing the value added and
profit of each of them by integrating and optimal use of their combined resources.

Difficulties in creating such models are associated with the need to take into account the
different interests of the participants united on a single platform into a business coalition to
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realize the multiplier effects (advantages) of cooperation. At the same time, participants should
subordinate their local goals and production programs to the achievement of system-wide goals
and even adapt some of their technologies.

Overpassing these challenges from a modeling perspective is not easy, since it requires solving
the problem of finding the optimal management parameters for a hierarchically structured system
center—participants in service-oriented business, where the center should ensure effective attrac-
tion, distribution and use of coalition resources. Herewith, do it based on objective differences in
the target interests of participants (business entities). This requires the use of specialized computer
simulation tool for system coherent management by energy services projects. Its software should
provide a solution to a set of coordinated optimization problems with different target criteria that
are input by each of the participants, and use them to determine a systemic solution based on
iterative procedures and concessions between the cooperating parties. As a whole, the structure
of such a tool is a hierarchically organized system with technical, economic and environmental
sub-blocks.

The formulated optimization problem is formalized as follows:

a) at the center level{
TFC → opt, n= 1,N(
TFC −∑

n TF
n
) →min;

b) at the level of participants{
TFn → opt, n= 1,N,(
TFnC −TFn

) →min,

where: TFC—system-wide target function (at the center level), TFn—local target functions (at the
level of participants), TFnC—component of the system-wide target function for the nth participant;
N—number of participants.

The iterative process of coordination and balancing the interaction of the center with the
participants is carried out by implementing the following steps: 1) Finding optimal solutions for
the target functions TFC and TFn; 2) Determination by the center of an acceptable range of
interaction ±δnC ; 3) Coordination of interaction at the level of participants

(
TFnC −TFn

) ≤±δnC ;
4) Returning, if necessary, to Step 1 and finding corrected optimal solutions for target functions;
And so on in an iterative loop.

Among the main factors that determine the efficiency and effectiveness of cooperation
between the center and participants, the model first takes into account the following: Basic power
of energy-consuming equipment; Energy efficiency and efficiency of its functioning; Limitations
on the number of available types of fuel and energy resources, renewable energy sources as well;
Prices (tariffs) for their actually used types; Prices (tariffs) for goods and services produced and
provided to consumers; The rates of the main taxes and fees on emissions of pollutants and
greenhouse gases.

Based on the numerical values of these factors, the modeling tool primarily calculates such
indicators: Volumes of actually used energy resources and CO2 emissions; Energy intensity and
energy efficiency of fuel and energy use; Expenses of financial resources for used fuel, energy and
CO2 emissions; The volume of attracted investments in energy efficiency measures (EE-projects);
Profitability and profit from their implementation. Note that the calculations of all economic
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indicators according to the model are based on the methods of discounting cash flows over time,
since the payback period of EE-projects is, as a rule, several years.

5.2 Calculations
Considering investment activity is a priority for each of the participants in the energy services

business, below shows the results of using the above-formalized iterative process of coordination
and balancing the joint efforts of the participants aimed at integrating and making optimal use
of the pooled investment resources.

Let the participants of business coalition submitted n ESs projects to the center for con-
sideration, among which, taking into account the $30.00 million cap on available investments,
it is necessary to select m projects (m ≤ n), which will provide an optimally-integrated effect
(energy, economy and ecology) from their implementation. Let the center selected and coordinated
with participants 15 of them by optimizing the profitability index (PI), which measures the ratio
between the present value of future cash flows (PV) and the initial investment (I) for each of
these projects. The results of optimization calculations are presented in Table 1, where No. is the
number of the selected ESs project, S/A—their energy savings per annum:

Suppose that for the implementation of ESs projects, each of the participants took out a
bank loan at 10% per annum. Then, pooled loan payments calculated under the annuity scheme
will amount to $38.25 million. That is, the overpayment on pooled loans will be $8.25 million.
For example, if the participants will be able to take a loan at 5% per annum, then the pooled
loan payments will be $33.97 million and the overpayment will be $3.97 million.

Table 1: Results of calculating the profitability indexes of ESs projects

No. 7 5 9 10 6 8 4 1 15 3 2 12 11 13 14

I, $ mln 1,57 0,94 1,89 1,89 1,89 1,57 1,89 5,04 1,89 1,26 3,15 1,57 1,89 1,89 1,67
S/A, $ mln 0,59 0,35 0,69 0,69 0,68 0,56 0,68 1,71 0,61 0,39 0,96 0,45 0,54 0,54 0,42
PV, $ mln 2,29 1,36 2,71 2,71 2,68 2,21 2,65 6,72 2,43 1,55 3,82 1,81 2,17 2,17 1,71
PI 1,46 1,45 1,43 1,43 1,42 1,41 1,40 1,33 1,29 1,23 1,21 1,15 1,15 1,15 1,02

The center usually offers participants additional options for improving these outcomes. For
example, the following:

1. Using the economic and social benefits of implementing the participant’s projects, united
in a coalition one-piece design, the center can attract investments from various sources at lower
interest rates. These are state and local budgets, international and local banks, technical assis-
tance funds, etc. Detailed calculations based on the optimization of the structure and volumes
of attracted investment resources from various sources at various interest rates show that the
estimated size of the annual interest rate of 10% can be reduced to 7.5%, and the amount of
overpayment–to $6.07 million. Thus, the total savings of the coalition on interest payments alone
will amount to $2.18 million in this case, and on the loan at 5% per annum–to $0.82 million.

2. The center can receive discounts for wholesale purchases from manufacturers and suppliers
of energy efficient equipment and materials in the form of both a deferred payment and a
reduction in their cost, which allows participants to reduce the volume of initial investments
and not take them for the entire payback period of projects. Let the center have agreed with
manufacturers and suppliers a commodity loan for $20.00 million at 2% per annum for a period
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of 6 months with monthly repayment. Then the monthly annuity payment on this loan will
be $3.35 million and the overpayment–$0.12 million. Considering that the coalition’s monthly
energy savings amount to $0.82 million, the center can take a loan from a commercial bank
for $14.86 million at 7.5% per annum for a period of 6 months to repay the commodity loan
for $20.00 million. The amount of overpayment on this loan will be $0.33 million and the
total overpayment–$0.45 million (analogically, $0.18 million and $0.29 million on a loan from a
commercial bank at 4% per annum). Thus, the total savings of the coalition on interest payments
in this case will amount to $1.73 million for the loan at 7.5% per annum and $0.53 million on
the loan at 4% per annum.

6 Conclusions and Recommendations

The eco-transformation of ESs business is one of the priority targets in ensuring the low-
carbon transition of the global economy. The logic of such a transformation, according to which
the consumer (client) directly influences the production, distribution and further consumption of
environmentally friendly goods and services, is presented in this study as a conceptual guide for
current and potential ESs market participants to improve their EE and RES business results.

Our basic proposal for participants, both for current and potential, is to consider the eco-
transformation of a service-oriented business as a complex, systemically organized process, all
components (stages) of which are to be built and operate according to the principles of a closed
business ecosystem. Herewith, special attention should be paid to logical models of product-
service and service-dominant systems, as well as to the formation of requirements for the initiator
of the service-oriented business and the selection of services provided by the coordination and
balancing centers.

It is also clear that ESCOs, operating on the basis of performance contracting, play and
will play a key role in eco-transformation of the ESs business. In this case, potential participants
in ESs market should first pay attention to such features of ESCO projects as obligations to
guarantee the projects parameters (energy, economic, environmental), to ensure that the savings
exceed payments to cover project costs, and to invest own funds (in whole or in part) in the
implementation of ESs projects.

As seen, solving the formulated above issues of developing the ESs business requires a radical
change in the business models of both manufacturing and service companies, taking into account
the peculiarities of their virtual interaction and changes in consumer behavior, which are part
of the value chain. System-wide integration of mechanisms and actions through which each
value chain participant optimizes the process and, most importantly, the result of the use of
systemically available resources, allows the expansion of service-oriented business, attracting new
producers, service providers and consumers.

Recall that co-creation of value through interaction between the consumer and the service
provider has always been (and remains) an integral part of the service sector. What is new in the
energy service-oriented business is that total value is created and determined by joint efforts of
producers, service providers and consumers, which are carried out regularly in exchange processes
(transfer, sale) and subsequent use of goods and services, often throughout their life cycle. The
main thing is that service-oriented business became the main and integral factor of successful
promotion of complex (complementary) goods. Such a business is based on the systemic imple-
mentation of EE and RES measures, therefore, a closed cycle of energy management as a tool to
manage this process should become an integral part of realizing the benefits of service-oriented
logic.



118 EE, 2022, vol.119, no.1

The practical implementation of such logic requires the development of simulation models,
which correctly reflect the procedures for coordinating and balancing the joint efforts of partic-
ipants in energy services, allowing them to test different strategies. The represented model is a
productive instrument to inform management decisions as to the most cost-effective investments
to be included in implementation of ESs projects, and the results of calculating the two scenarios
clearly show this.

In completion, it should be stated that, despite the complexity of eco-transformation of the
ESs business, there is no alternative to its replacement by other logic aimed at improving EE
and the introduction of RES, as evidenced by the active efforts worldwide towards a low carbon
economy.
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