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Sustainable energy supply management
in the mechanical-engineering industry

ABSTRACT: Increasing energy security in the face of rising energy demand and declining funding for fossil
fuels has necessitated the diversification of energy supply and the shift to renewable energy.
Sustainable management of energy supply is aimed at achieving a low-carbon intensity of pro-
duction, especially in energy-intensive industries, including the mechanical-engineering indu-
stry. The article examines the possibility of shifting the current mechanical-engineering enter-
prise system and the technical, environmental and economic indicators of production to the new
concept of the green economy, which will be an alternative to the further sustainable develop-
ment of the industry. This article analyzes key approaches to energy conservation. An analytical
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model has been developed for calculating the energy risk of the mechanical-engineering enter-
prise and has built a context diagram of mechanical-engineering production, taking into account
the environmental impact and the possibility of energy modernization, which allows the setting
of strategic goals to ensure the sustainability of energy supply in the mechanical-engineering
industry and develop the main principles of efficient enterprise activities in the context of incre-
ased risk. It has been proven that one of the criteria for increasing the profitability indicator is the
adaptability of enterprises to external conditions and increasing alternative options for obtaining
energy from our own autonomous sources.

KEYWORDS: energy supply management, energy resources, mechanical-engineering sector, sustainability

Introduction

One of the most resource-intensive manufacturing industries is the mechanical-engineering
industry, which is now a promising area of development in many countries with a large range
of resources and goods and the possibility of constant improvement (David et al. 2020). The
strategic development of the mechanical-engineering sector in developing countries primarily
requires modernization and regular improvement while these processes require significant finan-
cial outlays, which are limited and difficult to find and are faced with increasing risks and global
trends in innovations, and with growing competition.

Due to the greening of the manufacturing industry and digitalization, more and more mecha-
nical-engineering enterprises focus on eco-friendly and resource-saving production systems that
should ensure the development of the economically effective economy. The infrastructure of the
mechanical-engineering industry forms the material foundation for the technological moderni-
zation of the national economy.

With the outbreak of the military conflict in Ukraine, significant mechanical-engineering
facilities were either damaged or shut down, complicating further development without restruc-
turing and reconstruction. A lot of operating Ukrainian enterprises are faced with limited pro-
duction and resources and a difficult marketing situation. It encouraged the top managers of
enterprises to seek additional resources and reserves to improve their situation. Environmental
and economic indicators were low because of high resource intensity and the use of outdated
technologies, which had a negative result and environmental impact, in other words, they were
unprofitable (Shvets et al. 2013). One of the strategic goals of every enterprise in recent years has
been to find alternative reserves and innovations to preserve natural resources and adopt “green
technologies” to global standards. On average, 20% of expenditures of Ukrainian enterprises
accounted for energy resources, while this percentage reached about 10% in developed countries
indicating the possibility to reduce them.

Given the above mentioned points, one of the most important factors that can improve the
value of the environmental and economic indicators of the mechanical-engineering industry in
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Ukraine is energy, the crisis of which became substantial in 2022 and reached a continental scale
due to the worsening situation between countries and the resource dependence on suppliers.

The increase in global energy prices was the impetus to find new solutions worldwide, ad-
opt “green technologies”, change the values system and supply chains and reduce energy con-
sumption.

In Ukraine, the problem of energy use emerged along with the problem of military conflict
and the constant instability of energy supply at nuclear thermal power plants and other energy
facilities, while mechanical-engineering enterprises of strategic importance to the country were
not able to restore obsolete equipment and change technology.

This article is aimed at exploring the sustainability of the management of the energy supply
in the mechanical-engineering industry as a strategic area of Ukraine’s development, which has
significant importance to improving the current situation and requires reconstruction in the po-
stwar period.

The methodical approaches to the development of mechanical engineering that were used
earlier may not be relevant for Ukraine in the post-war period and require further development
in the field of environmentally friendly engineering in the context of the effective management
of the energy supply.

1. Literature review

The transformation of the energy sector into a key market has imposed political and econo-
mic impacts, leading to dependencies between countries, state subsidies, permanent research and
new technologies. In Poland, one of the European countries bordering Ukraine, there have been
many types of financial support for alternative energy sources, such as preferential fees, grants,
and loans, which were widely used by businesses to quickly improve and upgrade existing tech-
nologies (Cader et al. 2021; Koval et al. 2019). Furthermore, they reduced the dynamics of the
2022 energy crisis compared to countries with only traditional fossil energy resources and out-
dated mechanical-engineering technology.

At the same time, the number of photovoltaic systems — one of the methods of promoting
low-carbon energy production — has increased in Poland in recent years, which has been actively
supported by the state due to special development programs and promotion among businesses
to improve the technical and environmental indicators of enterprises (Olczak and Komorowska
2021). The use of photovoltaic systems as an additional way to obtain energy improves the ove-
rall energy efficiency of a building by reducing energy consumption from fossil fuels and can
reduce energy dependence on traditional energy resources for both small and large enterprises
(Sawicka-Chudy et al. 2018).

Unfortunately, there are difficulties in introducing alternative energy-effective technologies
and energy sources that would increase profits in the long term; this also applies to developing
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countries with economic and political uncertainties. However, the use of energy efficient tech-
nologies and energy sources can lead to higher carbon reductions in the future (Olczak and
Komorowska 2021).

When analyzing small mechanical-engineering enterprises, the use of expensive decision
support systems in small systems can be unprofitable, and NPV for lithium-ion technology is
much higher than for hydrogen technology; for example, the NPV output of the 1 MWh and
1 MW storage system is —4.85 million EUR for hydrogen, and NPV for lithium-ion is —0.23 mil-
lion EUR, which indicates the prospects for lithium-ion technology in order to upgrade existing
energy systems (Komorowska et al. 2022).

Steam generation and waste hot fluid, which can be used in mechanical-engineering enter-
prises, can also serve as a source of additional energy when using modern automatic control
systems and the organic cycle (Kaczmarzewski et al. 2019; Matuszewska and Olczak 2020).

The growth of renewable energy sources in Poland and government support in the implemen-
tation of low-carbon development ideas shows positive long-term effects, attracts investment
in promising areas of Ukraine’s development, improves the situation on the energy market and
creates additional energy reserves (Dziku¢ et al. 2022).

With the number of photovoltaic energy producers growing in Poland, this technology is
promising for further development in Ukraine where one will develop a new concept of environ-
mental and economic security during reconstruction and it is expected that this would result in
the rapid growth and large flow of foreign investment.

2. Research methodology and results

The increasing dependence on energy carriers has actualized the issue of public energy secu-
rity, requiring an urgent solution in numerous countries. Russia’s military and energy aggression
has triggered the adoption of new technologies, not only in the defense sector but also in ma-
nufacturing. Therefore, mechanical-engineering enterprises have become one of the objects for
the introduction of green technologies that have recently become popular in developed countries
where the issue of financing was relegated to second place in favor of environmental problems
(Latysheva et al. 2020).

The largest mechanical-engineering countries in terms of the market share are China, the
USA and Germany, the revenues of which in the mechanical-engineering industry are shown in
Figure 1.

Economic activities of mechanical-engineering enterprises in Ukraine take place at a sub-
stantial level of uncertainty in the environment of their functioning, which is characterized by
systematic changes in the legal field, the unbalanced economic policy of the state, the weakness
of the financial sector, the decline in high-tech production, as well as increasing international
competition and pressure on the national market. These factors causes significant threats to me-
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Fig. 1. Revenues of the mechanical-engineering industry (European Commission 2022)

Rys. 1. Przychody w przemysle maszynowym

chanical-engineering enterprises, which requires the construction of an efficient economic-se-
curity management system. The imperfection of the current economic-security system of most
mechanical-engineering enterprises does not contribute to active counteraction to the implemen-
tation of internal and external dangers and, consequently, results in the development of crisis
processes. The economic-security management system of mechanical-engineering enterprises
can be defined as one of the functional areas of management, in other words, as a process of
planning, organization, motivation and control required to achieve the goals of the efficient fun-
ctioning of any business entity.

The construction of a system of ensuring, organizing and managing the economic security of
mechanical-engineering enterprises requires analysis of the basic parameters of their activities
and functional objectives of security, taking into account the social, economic and environmental
aspects.

European countries are currently undergoing a transformational period accompanied by the
establishment of a new green economic system based on the concept of improving public wel-
fare. Thus, each area of production activity is facing changes and is in a constant dynamic state
(Davis-Sramek 2021; Morea et al. 2021).

The general concept of changes in developed countries is shown in Figure 2.

Most areas of society are influenced by global trends in resource and environmental pre-
servation based on the increasing responsibility of each individual for his or her own economic
activities (Trachenko et al. 2021). The concept of public consciousness is based on general edu-
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cation, cultural improvement, a careful attitude to the environment and the constant adoption of
innovations aimed at optimizing existing material flows (MilCiuviené et al. 2019).

One of the components of the concept of the circular economy is a resource preservation
strategy, which also includes energy conservation principles, as a component of the general ap-
proach to rational nature management.

Figure 2 analyzes general approaches to energy conservation that should be implemented
within mechanical-engineering enterprises as a production sector with overconsumption of ener-
gy sources. The energy conservation approach is based on the principle of increasing the share
of the use of renewable energy sources as an alternative to traditional mineral resources that are
unevenly distributed in the world and with limited reserves, which makes these resources the
object of economic policy of particular countries and goods, the market of which is affected by
the foreign policies of different nations.

Taking into account the key approaches shown in Figure 4, we can understand the necessity
to upgrade Ukrainian enterprises with a high level of energy consumption, which is possible only
with the availability of finance and state support for green economy projects.

Based on the analysis of energy production and consumption from renewable energy sour-
ces, we can draw attention to the positive trend in 2022 and the increasing share of the use of
renewable energy sources in both Ukraine and Europe, which proves positive trends (the trend
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line is growing) and the efficiency of technologies reducing the energy dependence on traditional
energy sources.

However, the outbreak of hostilities has resulted in a dangerous situation around nuclear
power plants in Ukraine, which shows the inefficiency of the existing safety systems and market
mechanisms (Song and Moon 2020).

Additional risk factors are created for mechanical-engineering enterprises when only using
external energy channels and in the case of the lack of their own alternative methods of produ-
cing energy. This risk factor refers not only to Ukraine but also to the whole world given the une-
ven distribution of resources, oligopoly on the energy market and the manipulations of certain
countries to meet their own goals.

With Ukraine currently facing the decrease in real GDP, the closure of mechanical-engine-
ering enterprises, increased expenses for the defense sector and the reduction in real wages (by
83% compared to January 2022 and December 2021 — this percentage increased during the hosti-
lities), the re-equipment of mechanical-engineering enterprises is possible only in the case of or-
ders for the defense sector. Enterprises should be modernized with the focus not on environmen-
tal preservation but on changing production goods that are currently relevant for consumption.
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Fig. 4. Energy consumption in Europe and Ukraine from renewable energy sources (European Commission 2022)

Rys. 4. Zuzycie energii ze zrodet odnawialnych w Europie i Ukrainie

The energy risk coefficient for a particular enterprise can be calculated using the formula:

where:

v, L AD, E,
= + + + (1)
V.+V L,+L ADp E +E

equity capital,

borrowed capital,

current assets,

current liabilities,

the average square amplitude of energy price fluctuations of a particular com-
pany (or a country) on the stock market from its average value for the analyzed
period,

the average square amplitude of fluctuations of the average price of energy resour-
ces on the global stock market from its average value for the analyzed period,
energy consumed by the enterprise from external sources,

energy produced by the enterprise (alternative energy sources).

Table 1 shows the performance of the private machine-parts-production enterprise before
(2019) and after (2021) manufacturing modernization.
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TaBLE 1. The performance of the private machine parts production enterprise before 2019
and after 2021 manufacturing modernization

TaBELA 1. Wyniki prywatnego przedsigbiorstwa produkujacego czgéci do maszyn przed 2019
i po modernizacji produkcji w roku 2021

Indicator Before modernization After modernization
Capacity [%] (efficiency factor) 54 87
Equity capital [%] 100 81
Average square amplitude of energy-price fluctuations
. 278 279
of a particular company [UAH per MW-hour]
Equipment safety — percentage of risk-free situation
L . 74 96
(data from device instructions)
Average lifetime of products 5 years (1 year warranty) 8 years (2 year warranty)
. 800 Watt .m.
Energy produced by the enterprise 0 ( 23 s g ?rrl;q m
Production profitability [%] 4.8 9.7

Source: RGS Ukraine LLC 2022.

Table 1 shows that despite the crisis and the large number of stress factors, the enterprise be-
gan to operate more efficiently after the reconstruction, which was generally due to the replace-
ment of equipment with more innovative and efficient alternatives and the reduced expenses for
energy needs. Therefore, one should carry out prompt modernization with increases in resource
autonomy at mechanical-engineering enterprises.

The availability of borrowed funds poses an additional risk to the enterprise in case of an
unpredictable situation because of the inability to freely dispose of financial resources and the
dependence on external sources of funds, so maximum autonomy and stability is desirable for
mechanical-engineering companies.

Comparing the energy-risk coefficients of companies (or countries), we can draw conclusions
about the further development of the company and define the need to create its own energy-pro-
duction systems.

When the coefficient R >= 2.8, we can say that the enterprise (or country) is risky, so it is
necessary to change the energy, economic and environmental policy of the enterprise to reduce
its dependence on external sources and stabilize the situation, which can lead to unpredictable
expenses and uncertainty.

When optimizing enterprise activities, one should initially reduce the impact of risk factors
on the enterprise and increase corporate reserves (diversify activities), which can be described
by the model of improving the financial stability of the enterprise.

Examples for Ukraine in the recovery in the postwar period include Switzerland, Germany
and Poland, who actively adopt alternative energy sources, and the 2022 hostilities have become
the impetus to speed up the finding of new options to solve the problem of energy resources. For
example, the significant use of photovoltaic power plants in Poland has become an alternative
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in the face of the growing worldwide energy crisis and is one of the options to be used within
mechanical-engineering enterprises.

The less risky zone of financial stability can be seen in enterprises with their own energy
production and a large autonomy coefficient, which indicates the need to install cutting-edge
automated systems aimed at optimizing the company’s own resources and install autonomous
systems for producing alternative (low-carbon) energy.

When constructing a context diagram for a mechanical-engineering enterprise given environ-
mental indicators, one should take into account the need for financial resources that can create
a reserve fund in the long term due to the adoption of green technologies and can also reduce the
risk of dependence on external influence factors (Fig. 5).

The roofs of production and non-production premises of mechanical-engineering enterprises
should be used to install photovoltaic systems as an alternative method of obtaining energy for
the enterprise’s own needs.

The main strategic goals to ensure the sustainability of energy supply in mechanical engine-
ering include:

1) the construction of autonomous modern energy systems in mechanical-engineering enter-
prises based on the principles of green economy;

2) the establishment of stable functional relations with companies producing clean energy
and the availability of alternative flows of energy resources;

3) the optimization of own capacities that use enterprise resources for energy produc-
tion (air, water, thermal energy, etc.) based on the modernization of technologies and the
adoption of innovations (increasing the efficiency of other production systems in order to
obtain energy);

4) the rapid exchange of information and technologies in the industry and the constant up-
dating of existing systems to reduce risk factors and increase the sustainability of the energy
supply;

5) the permanent control of enterprise operations, auditing and production optimization;

6) the creation of a map of measures to minimize the consequences of risk situations and
instructions to counteract their occurrence;

7) increasing the financial autonomy of the enterprise and the creation of a reserve fund and
energy accumulation structures;

8) the creation of information security at the enterprise by improving the functioning of
information and the operating systems of the enterprise;

9) participation in grant and state programs promoting green economy and the involvement
of investors in the modernization of the enterprise;

10) the development of local energy conservation plans based on the principles of digitali-
zation and automation.

When shifting from the external crisis to stability, the optimal shift for the enterprise is the
one that will not affect environmental and economic indicators and production capacity, i.e.:

U(RL;SL;kl) ~ U (R2;82;k2) ~ U (R3;83;k3) = ...~ U (Rm;Sm;kn) > U (RL;SL;k1)  (2)
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Rys. 5. Schemat ideowy dla przedsigbiorstwa sektora maszynowego z uwzglednieniem wplywu na srodowisko
i mozliwosci modernizacji energetycznej

Where the zero state of the production system (U), which depends on the energy market situ-
ation (S1) with the risk (R1) and the coefficient of the use of own renewable energy sources (k1),
should be approximately equal to the state of the system with the increased external risk R2, the
average price of used energy sources (52) and the coefficient of the use of own renewable energy
sources (k2) in Case 2, etc. to n.

In other words, the system should be stable at a certain time interval and be able to return to
the zero point without negative impacts on the production performance or on environmental and
economic results. In this case, the variable indicator of the use of own renewable energy sources
should be higher when the energy market fluctuations are large while the risks increase to reduce
negative impacts on mechanical-engineering enterprise activities (Zhu et al. 2021).

The modeling of components of the economic-security management system of the mecha-
nical-engineering enterprise is a range of processes capable of adapting the system to changes
and providing appropriate protection against potential threats to operations of the production
system. Information support in the economic-security management of mechanical-engineering
enterprises is not only a set of information sources and economic parameters but also covers
the approval of processes of grouping and processing collected data to make efficient mana-
gerial decisions.
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Therefore, based on the creation of its own photovoltaic center with the possibility of adding
other sources of alternative energy production, one can achieve the stabilization of the situation
in the face of external market fluctuations and the change in risks for this enterprise.

The security system of mechanical engineering enterprises should perform two main func-
tions: operative information and preventive.

A crucial requirement for the management system of mechanical-engineering enterprises is
its flexibility, as its organizational structure should provide a prompt response to changes in the
external environment and be able to adapt quickly to them.

The key criteria for assessing the efficiency and reliability of the management system include:
4 sustainable development, preservation and multiplication of material values of mechanical

-engineering enterprises and the high level of product competitiveness;

4 the use of innovative technologies in production activities;

4 the inviolability of commercial information and all resources;

4 the prompt prevention of crisis situations and the neutralization of negative factors affecting
the activities of the mechanical-engineering enterprise.

Consequently, the management system of the mechanical-engineering enterprise is the set of
various measures aimed at protecting its interests from the negative external impact.

Thus, the establishment of the economic-security management system of the mechanical-en-
gineering enterprise is a complex and multidimensional process affecting its sustainable deve-
lopment and protection from threats and dangers.

Mechanical-engineering enterprises regularly require technical re-equipment and the recon-
struction of basic facilities, changes in the strategic set of business areas, changes in the business
philosophy, as well as the choice of such an organizational management structure that will meet
the requirements of the above-mentioned factors. Therefore, the determining factor in the econo-
mic-security management of mechanical-engineering enterprises is adaptability, which includes
organizational support of the enterprise’s behavior under conditions defined by changes in inter-
nal and external environments.

Conclusions

The energy crisis is caused by both natural and political mechanisms, one of which is the
strategic foreign policy of countries with reserves of energy resources and creating market fluc-
tuations. This results in energy danger and affects all macroeconomic indicators of countries
dependent on energy imports.

Mechanical-engineering enterprises are energy-intensive, so it is necessary to develop a ran-
ge of measures to reduce energy dependence on external sources, which are primarily based on
production optimization, the use of enterprises’ own potential, and the adoption of innovations.
However, when drawing up Ukraine’s reconstruction plan, one should optimize production, up-
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grade existing facilities or totally replace them in accordance with environmental and economic
standards of the EU and use cutting-edge technologies, which will significantly reduce the use of
resources and increase the productivity of enterprises.

One of the options to reduce the energy crisis risk is to develop autonomous energy-gene-
ration systems at the mechanical-engineering enterprise based on the use of its own facilities
(waste production, steam, etc.) and the construction of a photovoltaic system designed on the
principles of implementing the concept of the green economy.

In order to create favorable conditions for work, each enterprise should become as autono-
mous as possible and not use centralized energy resources or use them as little as possible. This
will improve the independence of enterprises from military operations and create conditions for
further work. At the same time, finite energy resources will be saved, and solar energy, which
will be transformed with the help of photovoltaic cells, will have a positive effect on ecology.
Currently, there are many manufacturers of photovoltaic cells, but the cheapest of them are loca-
ted in China. For Ukraine, the production of photovoltaic cells is also promising and can become
a new area of income.

On the basis of the study, it was concluded that the profitability of the enterprise increases
by 9.7% when using autonomous energy generators that use alternative sources of energy pro-
duction. In turn, this also reduces risks for enterprises by 22%, which is extremely important for
stable operation. This leads to a decrease in the cost of production and an increase in the compe-
titiveness of the product on the market by 9%, which is also due to its environmental friendliness
as this is currently popular in many developed countries.

When assessing the sustainability of energy supply management in mechanical engineering,
one should take into account dependencies on factors of external influence (risks) and minimize
them by implementing the concept of social consciousness and the green economy at the en-
terprise due to the optimization of production processes and the adoption of innovative energy
conservation and generation technologies.
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Zarzadzanie dostawami energii w przemysle maszynowym
w aspekcie zrbwnowazonego rozwoju

Streszczenie

Coraz wigksze wymagania zwigzane z bezpieczenstwem energetycznym, nastgpujace w obliczu rosna-
cego zapotrzebowania na energi¢ i malejacego finansowania paliw kopalnych, doprowadzito do koniecz-
nosci dywersyfikacji dostaw energii i przechodzenia na nowe — alternatywne Zrodla energii. Zarzadzanie
dostawami energii w $wietle wymogoéw zrdwnowazonego rozwoju ma na celu osiagnigcie niskiej emi-
syjnosci produkcji, zwlaszcza w branzach energochlonnych, w tym inzynierii mechanicznej — przemysle
maszynowym. W artykule przeanalizowano mozliwo$¢ zmiany funkcjonowania przedsigbiorstw z branzy
maszynowej w kierunku nowej koncepcji ,,zielonej gospodarki” oraz wptyw tych zmian na produkcje oraz
powigzane z nig wskazniki techniczne, §rodowiskowe i ekonomiczne. Moze to stanowi¢ alternatywe dla
osiagania dalszego zrownowazonego rozwoju tej branzy. W artykule przeanalizowano kluczowe podejscia
do zarzadzania zrodtami energii. Opracowano model analityczny do obliczania ryzyka energetycznego
przedsigbiorstwa z branzy maszynowej oraz zbudowano diagram kontekstowy z uwzglednieniem wplywu
na $rodowisko, jak i mozliwosci modernizacji energetycznej, dla okreslenia strategicznych celow i zapew-
nienia ciaglosci dostaw energii, a takze kluczowych zasad efektywnej energetycznie dziatalno$ci w ana-
lizowanej branzy, w $wietle rosngcego ryzyka tych dostaw. Wykazano, ze jednym z kryteriow poprawy
wskaznikow zyskownosci staje sie zdolno$¢ adaptacji przedsigbiorstw do warunkéw zewnetrznych oraz
zwickszenie dostepu do alternatywnych zrodet energii, w szczegdlnosci wiasnych.

SLOWA KLUCZOWE: zarzadzanie dostawami energii, zasoby energetyczne, sektor inzynierii mechanicznej,
zréwnowazony rozwoj
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