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THE IMPACT OF INDUSTRY 4.0 ON MODELLING
ENERGY SCENARIOS OF THE DEVELOPING
ECONOMIES

ABSTRACT

At the current stage, developed economies are able to implement measures to improve
energy efficiency. At the same time, developing economies mostly focus on rapid de-
velopment, which implies a rapid increase in energy demand. The introduction of inno-
vative technologies should meet the energy needs of economies while simultaneously
improving energy efficiency. In particular, this applies to increasing renewable energy
consumption. The development of this sector can be accelerated through the introduc-
tion of Industry 4.0. The aim of the study is to determine the impact of Industry 4.0 on
modelling energy scenarios of developing economies. The research involved methods
of analysis and synthesis, economic and statistical analysis, graphical methods, and
comparison. The study revealed a high impact of Industry 4.0 on the Ukrainian econ-
omy, in the particular energy sector. Among other things, improved energy efficiency is
the result of such an impact. It was determined that renewable energy consumption in
Ukraine increased significantly by 11.5 times during the studied period. The differences
in the energy development of Ukraine and China are outlined: China has chosen energy
independence. It was concluded that the development and implementation of the latest
technologies play a significant role in energy scenarios. The timing of achieving the
goals is the main difference in energy scenarios between developed countries and de-
veloping countries. The prospect of further research should be the determining means
of measuring the impact of uncertainty on energy modelling.

Keywords: Industry 4.0, fourth Industrial Revolution, energy sector, renewable energy
sources, digitalization, development, Scenario

JEL Classification: 010, K32

INTRODUCTION

The year 2020 was notable for a record pace of development of renewable energy
sources (RES), in particular wind and solar, even amidst the COVID-19 pandemic. Such
changes can be characterized as a new energy economy, the emergence of which is
caused by political trends, technological innovations, and the need to combat climate
change. Digital technologies play a prominent role in the integration of individual com-
ponents of the new energy system. The development of special platforms and data
management [23] ensure the effective operation and interaction of the sectors of this
system. The energy demand is increasing worldwide despite continuous efforts to re-
duce energy consumption while degrading the environment. This issue is becoming
more relevant in the era of sustainable development goals. Therefore, politicians and
stakeholders are increasingly focusing on reducing energy consumption by achieving
energy efficiency. Innovation can play an important role in this regard. Achieving inno-
vative energy efficiency requires a proper diffusion of innovations, and various develop-
ing economies face challenges in this aspect [3].

The Fourth Industrial Revolution, or Industry 4.0, together with digital transformation,
open up vast opportunities for energy sustainability. Industry 4.0 refers to the full dig-
itization and integration of industrial value chains [9]. In an Industry 4.0 environment,
interconnected computers, smart materials, and intelligent machines interact and make
decisions with minimal human involvement [8]. According to work in [19], the digitiza-
tion of the manufacturing industry can provide significant benefits, including:
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= increased production efficiency;

= improved safety and quality of data and results;

= improved maintenance;

= improved decision-making process, collection and use of information;

= improved control, stabilization and speed of the production process, etc.

On the contrary, some researchers focus in their studies on identifying the shortcomings of Industry 4.0. In particular,
researchers in [1] note that the production and consumption rates may increase through labour-saving technologies. This
entails increased resource consumption, income inequality, labour market disruptions, and increased cybersecurity risks.

Regardless of whether the implications of Industry 4.0 are mostly positive or not, this process is irreversible and has no
alternative. Therefore, an urgent issue is the ways of optimizing economic development scenarios and adapting them to
the impact of Industry 4.0 under the current conditions. In particular, this applies to the energy sector, which is in the
focus of researchers because of its close connection with environmental problems, as well as social and economic devel-
opment. In this context, modelling energy scenarios of developing economies deserves special attention because of greater
restrictions on efficient energy development compared to developed countries.

LITERATURE REVIEW

Current political, social and environmental problems largely depend on the energy efficiency of countries. This is why
research on the development and implementation of innovations in this area is becoming highly relevant. Most researchers
believe that it is possible to achieve higher energy efficiency through the Fourth Industrial Revolution. Authors in [3] note
the problems that the modern world community faces because of the increasing energy demand. Researchers study the
role of innovation in energy transformation processes, and also note inequal opportunities between developed and devel-
oping countries.

Pustovhar in [27] recognizes that the share of renewable energy sources will increase with the introduction of new tech-
nologies. The researcher provides data indicating a reduction of carbon dioxide emissions by up to 40% through the use
of innovations. She distinguishes the digital double technology as an example of innovative technology that will contribute
to increasing energy efficiency. Researchers in [17] study this technology.

Were noted the latest models — the service model and the circular supply model, which belong to the key concepts of the
digital economy, [25]. One of the tasks of the models is the optimization of the production process and the replacement
of limited resources with renewable ones.

Researchers pay special attention to the energy sector in developing countries. Due to their rapid development, these
countries will play a key role in increasing energy demand in the future. However, their development is associated with
increasing carbon dioxide emissions into the atmosphere, and therefore with environmental degradation. Therefore, it is
extremely important for developing countries to improve energy efficiency through the introduction of the latest technol-
ogies, including renewable energy development [23].

Researchers provide a successful example of China, which is a developing country and a world leader in the development
of renewable energy sources. In work [11] explore the reasons for this success, including legislative changes, statistics on
innovation in China, etc. Nurton in [21] found that China has the fifth largest number of patents in the field of renewable
energy. China is also among the top five in other countries' energy ranking studies. In particular, these are the country
wind energy rankings and the ranking of countries that invest the most in renewable energy sources, [6]; [2].

Oliinyk in [24] compares the energy development of China and Ukraine as two developing countries. The researcher points
out the commonalities in the energy sector of these two countries and describes the reasons for the differences. The work
notes the reasons for China's success and the circumstances that caused Ukraine to take a different path of energy
development.

Many pieces of research and works of world organizations are aimed at developing energy scenarios. Table 1 provides a
list of scenarios proposed by leading global organizations with references to primary sources.
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Table 1. Scenarios presented in leading energy studies. (Source: [16])

Scenarios References

Business-as-usual (BAU) scenario

McKinsey’s New Global Energy Perspectives 2019 McKinsey & Company in

[20]

“Forecast” scenario
DNV-GL's Energy Transition Outlook 2019 DNV-GL in [5]

Decarbonisation scenarios that claim compatibility with Paris Agreement targets
IEA’s 2019 “SDS" scenario IEA in [13]
Shell’s 2018 “Sky” scenario Shell Global in [31]
Greenpeace’s 2015 “Advanced” scenario Greenpeace in [10]
Equinor’s 2019 “Renewal” scenario Equinor in [7]

The scenarios in the “Achieving the Paris Climate Agreement Goals” report from the Institute for Sustainable Futures at the

University of Technology Sydney UTS-ISF in [35]

The “Below 1.5°C" and “1.5°C High” scenarios from the Intergovernmental Panel on Climate Change IPCC in [15]

A large number of different scenarios necessitates recommendations for making them more accurate, which is the subject
of the work of authors in [4]. The views of researchers differ, first, in determining the nature of the impact of Industry 4.0
on the energy development of countries. Some consider this impact as positive; others indicate a number of negative
consequences. Second, the goals and results of energy scenarios being developed differ significantly. That is why deter-
mining the impact of Industry 4.0 on energy scenarios requires further study and clarification of aspects.

AIMS AND OBIJECTIVES

The aim of this study is to determine how digital economy tools and innovative technologies affect the energy scenarios
of developing economies. The aim involved the fulfiiment of the following research objectives:

= conduct a theoretical review of Industry 4.0 in the context of the energy sector development;
= carry out a comparative analysis of the energy scenarios of the developed and developing economies;
= review and analyses global energy scenarios;

. determine the differences in achieving the objectives of the scenarios for countries with different levels of develop-
ment;

= describe the impact of Industry 4.0 and prospects for Ukraine in wartime.

METHODS

The research was divided into several stages in view of its complex nature:

1. The first stage involved a theoretical review of Industry 4.0 in the context of the energy sector development. At this
stage, the impact of Industry 4.0 on all spheres of life and activity in Ukraine, in particular in the energy sector, was
confirmed. It was established that the introduction of Industry 4.0 should ensure increased energy efficiency, in particular,
the development of renewable energy sources. The energy consumption trend based on renewable energy sources in
Ukraine is presented and analysed. The integration of Ukraine with the European association ENTSO-E was noted, which
has potential positive consequences for Ukraine, in particular, in terms of improving energy efficiency.

2. The second stage provided for a comparative analysis of the energy scenarios of developed and developing economies.
The countries of the European Union and the United States were chosen among the developed countries as a base of
comparison, as well as Ukraine and China — among the developing countries. The analysis revealed discrepancies in the
total amount of energy consumption and in the amount of renewable energy consumption. The reasons and main directions
of the obtained trends were revealed.
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3. The third stage of the study involves an overview and analysis of global energy scenarios. The main content of energy
scenarios proposed in the most influential world studies is revealed. It was established that developed and developing
countries may have common scenarios. The difference is the timing for the developed and developing countries to achieve
the defined goals.

4. The fourth stage of the research provided for a description of the scenarios proposed in the Energy Security Strategy
approved by the Decree of the Cabinet of Ministers of Ukraine No. 907-p of 4 August 2021. The optimistic scenario of
Ukraine’s energy development was focused on. It was noted that the digital economy and the development of renewable
energy sources play an important role in this scenario. At this stage, the current geopolitical situation in Ukraine and the
damages associated with the military invasion were also outlined. The main trends and directions for solving the problems
generated by the military aggression of the russian federation were identified.

The research involved the following methods:

= analysis and synthesis to study the theoretical background and analytical reports on the issue under research;
= economic and statistical analysis of the dynamics and structure of the studied indicators;

= graphic methods for the representation of theoretical, analytical, statistical and legislative human-readable infor-
mation;

= comparative analysis to compare the impact of Industry 4.0 on developing and developed economies.

The sample included the countries of the European Union and the United States among the developed ones, as well as
Ukraine and China among the developing countries as the objects of the study. This choice is explained by the high levels
of development of the EU and the USA, as well as their close political, economic, and cultural relations with Ukraine. China
is chosen for comparison as the country with the fastest rate of development of renewable energy sources in recent
decades. Moreover, China, like Ukraine, is a developing country.

Statistics that provide a general description of the state of development of energy consumption in Ukraine and other
studied countries were taken from the official websites of the State Statistics Service of Ukraine and The World Bank. The
charts were built in MS Excel.

RESULTS

Theoretical review of Industry 4.0 in the context of the energy sector development.

The Fourth Industrial Revolution is a continuous and irreversible process in which all countries of the world are involved
to a certain degree. Ukraine has also chosen the path of Industry 4.0 despite political and economic difficulties. The
Resolution of the Cabinet of Ministers of Ukraine No. 750 of 12 July 2021 approved the Regulation on the Implementation
of the Industry 4.0 Technological Approach. This Regulation provides that Industry 4.0 implies complex digitalization and
automation of production processes and management of the real sector of the economy (Resolution of the Cabinet of
Ministers of Ukraine No. 750 of 12 July 2021). The implementation of Industry 4.0 comprises production, technology,
education, science, the government, and individual citizens.

So, it can be recognized that the Fourth Industrial Revolution has been implemented in Ukraine and spreading its impact
actively. Like other sectors, the energy sector is subject to this impact, although it can have both positive and undesirable
consequences. The Industry 4.0 measures must be carefully balanced in order to prevent increased production and con-
sumption rates caused by the introduction of labour-saving technologies. First of all, they should focus on improving the
environmental friendliness of energy production, in particular the use of renewable energy sources. It is appropriate to
note positive changes in energy consumption in Ukraine. In particular, the share of renewable sources in the total supply
of primary energy increased from 1.7% in 2007 to 6.6% in 2020. Figure 1 shows the distribution of RES-based energy
consumption by RES types.

Figure 1 shows a noticeable increase in RES-based energy consumption. Most of the growth came from biofuels and waste-
to-energy, as well as wind and solar power. The energy consumption decreased only in relation to hydropower.
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Figure 1. RES-based energy consumption in Ukraine. (Source: created by the authors based on the data of [32])

An energy sector is a key object of research, and the significant event that took place in the energy sector of Ukraine in
the current year is worth mentioning. On March 16, 2022, Ukraine acquired the status of a full member of the European
Transmission System Operators (ENTSO-E). This association includes forty-two system operators belonging to thirty-five
European countries. The future synchronization agreement was signed back in 2017. The agreement provided for the
planned start of operation of the Ukrainian energy system synchronously with the European one in 2023. However, the
events changed this deadline, having made it a year closer. Integration measures are estimated at UAH 11 billion, but the
annual economic effect of synchronization can reach UAH 40 billion. It should be noted that even before the invasion, 96%
of Ukraine’s energy system was technologically connected to the aggressor countries and Moldova. Only 4% were syn-
chronized with the association of European countries [21].

Figure 2 summarizes the process of Ukraine’s integration into ENTSO-E.
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Figure 2. The process of integration into ENTSO-E. (Source: [21])

The advantages of combining the Ukrainian energy system with the European one include reduced energy production
costs through savings in the use of generating capacities. Besides, opportunities for exporting Ukrainian electric power, as
well as for importing foreign electric power, are improving. Opportunities for attracting foreign investors are increasing.
The development of renewable energy sources through special European programmes deserves special attention as a
positive consequence of integration.

Further development of cooperation with the EU in the energy sector is closely related to the successful implementation
of Industry 4.0. This is explained by the need for the domestic energy system to meet European standards, in particular
with regard to data exchange, information protection, cyber security, etc.

Comparative analysis of energy scenarios of developed and developing economies.

Increased attention to energy development in developing countries is explained, first, by their population: about two-thirds
of the Earth's population lives in developing countries. Second, access to energy resources in most of these countries is
so limited that part of the population cannot use household electrical appliances. For example, 45.8% of the population of
East and Southern Africa had access to electricity in 2020. This indicator in the countries of West and Central Africa reaches
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52.1% (The World Bank, n.d.). Third, developing countries usually have fewer opportunities to implement and use renew-
able energy sources. Therefore, countries focus on how to provide themselves with energy in the future with affordable
means, which results in increased harmful emissions.

Thus, the energy scenarios of developing countries should ensure a balance between meeting the energy needs of the
population and the economy on the one hand, while the introduction and use of the most efficient (in terms of productivity
and environmental friendliness) energy sources on the other.

The next step in the research is to examine and compare energy consumption in developed and developing countries. The
countries of the EU and the USA were chosen among the developed economies as the bases of comparison, while Ukraine
and China — among the developing ones. The EU countries and the USA have extremely high levels of development, as
well as close political, economic, and cultural relations with Ukraine. China is chosen for comparison as the country with
the fastest development rate of renewable energy sources in recent decades. Moreover, China, like Ukraine, belongs to
developing countries.

First of all, it should be noted that in order to reach the current level of development, developed countries had an extremely
high energy consumption rate. Figure 3 represents the electricity consumption of the selected countries. The period of the
study is limited to 2014 because of the lack of data on the relevant online resource, but it is informative enough as a
retrospective.

As Figure 3 shows, the USA has the highest electricity consumption rates, followed by the EU. This is explained by the
energy-intensiveness of the rapid development of the economy and the development of the relevant infrastructure of
countries. However, this provided developed countries with enough resources and innovative and technical potential for
further implementation of energy-saving technologies. During the same period, Ukraine's energy consumption decreased
significantly, while China actively increased its energy consumption.

In view of the foregoing, it is of particular interest to determine the share of renewable energy sources in their total volume
for the studied countries. Figure 4 shows the dynamics of this indicator over the last three decades.
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Figure 3. Electricity consumption by China, the EU, Ukraine and the USA (kWh per capita). (Source: created by the authors based on [33])

O N DV D M Hm PN PO O D L O PH P OOV DA™ 0D SO

O 7 O 7 N DD D DD O PN PPN PP PN PP DI I

SRR RS IR N S S O S S S S S Sl S S S S S S S S R M R
—&—China  —#— European Union = —#&— Ukraine United States

Figure 4. Renewable energy consumption (% of total final energy consumption). (Source: created by the authors based on [33])
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As Figure 4 shows, the European Union has the highest share of renewable energy in total consumption. China ranks
second, although this indicator has significantly decreased over the studied period — from about 35% to almost 15%.
However, this is explained by the fact that the indicator is relative, and therefore its trend depends on the change in total
energy consumption. The share of renewable energy consumption by China decreased because of the rapid growth of the
country’s total electricity consumption. The USA ranks third after China, and Ukraine ranks fourth. At the same time, the
indicator of the USA increased by almost 2.5 times, and Ukraine — by almost 11.5 times during the studied period.

Overview of global energy scenarios.

Environmental problems, in particular, climate change, environmental pollution, harmful emissions, etc., cause concern for
the entire world community. Therefore, leading environmental organizations are putting a lot of effort into developing
energy scenarios for individual countries and the world. The possibility of developing such scenarios can be recognized as
an achievement of Industry 4.0. This is explained by the opportunity that the latest technologies provide to build models
and make predictions with high accuracy. Besides, achieving the desired development indicators, for example, increasing
the share of renewable energy sources in the total consumption volume, is also impossible without digitalization. Innova-
tions enable increasing the productivity and efficiency of renewable energy sources, identifying opportunities for expanding
their use, reducing harmful emissions, etc.

The International Energy Agency (IEA) is an independent organization headquartered in Paris. One of the objectives of
the organization is the development of recommendations and the analysis of the global energy sector. The organization
has recently focused on reducing carbon dioxide emissions and achieving global climate goals, in particular those defined
by the Paris Agreement, [12]; [14]. In its World Energy Outlook-2021 report, the organization examines three main energy
scenarios and also provides forecasts for the Sustainable Development Scenario. The report noted differences in the
achievement of the main objectives of the scenarios by developed and developing countries. Figure 5 represents the
above-mentioned energy scenarios.

e N
APS — Announced Pledges Scenario STEPS — Stated Policies Scenario
> [ IEA global energy scenarios | <
NZE —Net Zero Emissions by 2050 Scenario | SDS —Sustainable Development Scenario

\ J

Figure 5 — Global energy scenarios. (Source: according to the [14])

The NZE scenario considers a narrow but possible path to achieving net zero carbon dioxide emissions by 2050. It is noted
that developed countries will reach this indicator earlier than others.

The APS takes into account all the climate commitments of the world’s governments, including nationally determined
contributions and long-term net zero targets. It is expected that all these commitments and goals will be realized in full
and on time.

STEPS do not take into account that all the goals announced by world governments will actually be achieved. It explores
the future path of the energy system without implementing additional policy measures. This scenario is not intended to
achieve a specific result, nor is APS. It is rather intended to provide a detailed review of existing policies and those under
development. A residual difference in global emissions is determined between the APS and STEPS scenarios. It reflects the
“implementation gap” that must be covered in order to achieve the countries’ declared decarbonization goals.

The SDS defines the path to achieving the results defined by the Paris Agreement and expects that all the goals and
commitments of governments are achieved. According to its results, developed countries will achieve zero emissions by
2050, China — by 2060, and other countries — by 2070, [14].

The impact of Industry 4.0 and prospects for Ukraine in wartime.

The Ukrainian government offers its own vision of energy scenarios. The Decree of the Cabinet of Ministers of Ukraine No.
907-p of 4 August 2021 approved the Energy Security Strategy (hereinafter referred to as the Strategy). The Strategy
defines three forecast scenarios of changes in the energy sector:

= the “no change” scenario provides for the maintenance of existing trends;

. the "unfriendly influence" scenario involves no significant changes in energy policy with aggravating aggression on
the part of the russian federation;
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= the “positive transformation” scenario is the most desirable as it provides for the achievement of the Strategy goals,
26].

The latter scenario, as desirable and optimistic, is the worthiest, so its main aspects are summarized and shown in Figure 6.

Full highly competitive market environment in the energy sector
A favourable investment environment is formed through the availability of attractive energy markets for investment in Ukraine

increasing production and processing introduction of new services

AV

Created monitoring mechanisms
Compliance with the legisiative requirements by the private sector

technological modernization

maintaining the sustainability of the
energy sector

N/

The energy policy of the state and the decision-making process by state authorities become consistent and transparent

response to crisis situations ensuring the energy security of Ukraine

confidence of market participants in the stability and predictability
of the legislative framework

facilitating long-term large-scale investment decisions

AV

Balancing of energy system operating modes

use of new technologies of production, L
transportation, storage and consumption | use of renewable and local energy sources digitization of energy use

of energy

Synchronization of the operation modes of the United Energy System of Ukraine and the energy systems of the EU countries

opportunity to increase com@ﬁciﬂon in the electricity market of

disconnection from the energy system of the russian federation ine

AV

Protection of vulnerable consumer categories

new tools are being developed to support the implementation of
energy efficiency prajects in households, the housing sector and

energy saving and energy efficiency programmes are being
d the public sector

implemente

Figure 6. The “positive transformation” scenario. (Source: [26])

As Figure 6 shows, the use of the latest technologies of production, transportation, storage and consumption of energy
occupies a special place in this Scenario. The use of renewable and local energy sources, as well as the digitalization of
energy use, are the next priorities. So, the basic concepts of Industry 4.0 are fundamental in the development of effective
energy scenarios and ensure the achievement of defined goals.

However, the military invasion of the russian federation on the sovereign territory of Ukraine made significant adjustments
to all previous plans and strategies. Even the scenario of "unfriendly influence" turned out to be far from reality. In
particular, this scenario provided for the increasing influence of the russian federation on Ukraine, which would result in
the energy policy of Ukraine falling under the total control of the russian federation. However, this does not correspond to
the real picture: despite catastrophic losses, Ukraine continues to maintain the functioning of the energy sector thanks to
government policies and international support. A critically important factor is also the application of an effective information
policy among the country's population, which calls on citizens to more efficient energy consumption, as well as to under-
stand and adapt to certain restrictions of wartime.

Revealing the previous theses, it is appropriate to note that about 40% of Ukraine’s energy infrastructure was damaged
by the missile attacks, as well as drone attacks. Minister of Energy of Ukraine notes that at least half of the thermal power
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capacity is not functional. The Head of the Ministry of Energy also emphasizes that even with such losses, a way out of
the crisis is possible, which consists, among other things, of the import of energy, [28].

The infrastructure of renewable energy facilities was also damaged. Approximately 30% of solar power generation facilities
and 90% of wind power generation facilities were destroyed or are located in occupied territories [30]. In this regard, it is
appropriate to mention the International Conference held in Switzerland in July 2022 on the recovery of Ukraine. According
to the calculations provided in the plan of the delegates from Ukraine, $ 750 billion are needed to rebuild the country in
the next ten years. According to the Recovery Plan, about $ 130 billion are needed to increase energy independence, as
well as to introduce a “green” rate.

So, the electricity shortage associated with the infrastructure damage by the aggressor determines the need for close
cooperation with the European and world community. Saving energy consumption in the country is also necessary, which
provides for the restrictions related to the operation of establishments of all forms of ownership, as well as in the scheduled
shutdowns. An information policy conducted among the population urging citizens to save energy and use energy-saving
devices is effective.

In view of the foregoing, it is necessary to carefully calculate losses, constantly monitor the situation in the energy sector,
as well as find ways to compensate for losses. The Ministry of Energy and the Energy Charter Secretariat, with the support
of the European Commission, established a project related to the restoration of the Ukrainian energy infrastructure. The
main task is a thorough assessment of losses and necessary investment. Damages estimated by the Department in mon-
etary terms amounted to $ 3.6 billion as of the end of September 2022, [34].

As further development of the conflict is uncertain, directions for improving the situation should take into account the
current state of the energy sector. This does not, however, exclude the development of plans and projects for post-war
infrastructure reconditioning and development. Therefore, further directions of research into the issue should be the state-
ment of means to determine the impact of uncertainty on the modelling of energy development scenarios, as well as the
development of post-war restoration and development projects.

DISCUSSION

The impact of Industry 4.0 on the development of energy scenarios can be considered from two perspectives. On the one
hand, the scenarios can be developed using Industry 4.0 technologies, where the latter is a development tool. On the
other hand, Industry 4.0 can define the requirements for setting the goals for scenario development.

The majority of authors of energy-related research agree that the implementation of Industry 4.0 should primarily involve
energy consumption improvement. Authors in work [3] note that Industry 4.0 entails structural economic transformations.
The role of innovation is reinterpreted as a factor of digital transformation and automation. In such a scenario, innovation
is designed, among other things, to enable nations to achieve energy efficiency. This should be realized by improving
existing production processes or promoting solutions in the field of renewable energy [3].

Pustovhar in [27] also believes that the share of renewable energy sources can increase in Industry 4.0 through the use
of new technologies. The aim of their implementation is to improve the production process, increase energy efficiency,
and reduce carbon dioxide emissions by up to forty per cent. For example, the Digital Twin technology is one of such
innovative technologies. It is a virtual model of a physical product with information about this product, which comes from
the product life cycle management [17].

The central concept of the digital economy is the Product as a Service model. It involves reducing the amount of resources
for the production of goods and services, restoring and extending their service life, and, ultimately, recycling. The Circular
Suppliers model, which aims to replace limited resources with renewable ones, is worth noting. The use of renewable
energy sources solves many social and economic problems: improving the environment, making the region more attractive
for investors, etc. [25].

A considerable number of studies deal with the prospects for the development of the energy sector in developing countries.
Such countries have more limited resources and capabilities compared to developed countries, and their energy develop-
ment will be slower.

However, developing economies that have a significant impact on global energy trends. According to the STEPS mentioned
above, these economies will experience a significant increase in demand for energy resources in 2030 compared to 2020.
In particular, oil demand will increase by about 30%, gas — by 25%, and coal — by 4%. Under the APS, fossil fuel demand
in developed countries will decline, but demand trends in developing countries will not get worse. At the same time, more
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and more developing countries are following the example of China in actively developing the infrastructure of renewable
energy sources. They include India, Brazil, countries of the Middle East and Africa. According to STEPS, in 2030 renewable
sources will account for about two-thirds of production in developing countries. This indicator is currently 50% of produc-
tion (China is not taken into account in the calculations).

Figure 7 shows the forecast trends of certain main indicators according to the defined scenarios by 2030-2050.
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Figure 7. Forecast trends for the IEA scenarios. (Source: [14])

As Figure 7 shows, there are significant gaps between the scenarios. The NZS scenario is the most optimistic, but the
STEPS scenario has dramatic differences in predicted values. The oil and natural gas consumption will only increase until
2030 under STEPS, while it will decrease significantly under NZS. However, both scenarios anticipate increasing solar and
wind power generation, as well as decreasing carbon dioxide emissions. STEPS also predict increased electricity demand
in developing countries, but this will happen more quickly because of the use of industrial capacity. Electrification of
transport currently faces certain barriers, such as an insufficient number of charging stations, reluctance to use electric
vehicles, etc. In general, electrification cannot meet all the needs of rapidly developing economies, which is why carbon
dioxide emissions by these countries will increase. Thus, developing countries need to make maximum efforts to improve
the situation. The exception is China, which has been actively engaged in solving these problems for a long time ago [23].

The international agency for renewable energy sources (International Renewable Energy Agency - IRENA) is also engaged
in the study of key global energy development scenarios. The organization reviewed and compared energy scenarios
developed by leading global organizations. Figure 8 schematically shows the results of the review conducted by IRENA.

Figure 8 shows the vision of the future for the energy sector in different energy-related studies (see Table 1). It is evident
that the scenarios differ significantly both in terms of projected volumes of carbon dioxide emissions and the electrification
rates. Besides, some of the scenarios are compatible with the climate agreement goals, while others are not. This is
explained by the different researchers' views of scenario development. In some works, attention can be paid to the devel-
opment of optimistic scenarios, in particular, the fulfilment of all obligations by governments, etc. Other researchers try to
assess the prospects as realistically as possible. Besides, uncertainty has a significant impact on scenario development.
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Figure 8. Scenarios presented in large energy-related studies. (Source: [16])

It should be noted that the special researchers’ interest concentrated around the development of China’s energy industry
is not accidental. Although China is a developing country, it occupies a leading position in terms of energy development.
The development was promoted by the adoption of the Law “On Renewable Energy in the People’s Republic of China” in
2005 and the creation of the Renewable Energy Development Fund. China’s renewable energy sector is currently attractive
to private investors due to balanced policies and early-stage public investment. China overtook the United States in 2015,
and Europe — in 2018 in terms of solar power generation. Over a decade and a half, the country has transformed from a
consumer of innovations to an innovation leader. In 2050, China plans to increase the share of renewable energy to 73%.
Figure 9 shows a comparison of the number of patents for inventions in the field of renewable energy in five leading
countries for 2010-2019 [11].

Besides, China ranks first in other countries' rankings for renewable energy. It has the world's largest wind farm located
in Gansu. The farm has a capacity of 7,965 MW, [6]. Over the four-year period of 2016 to 2020, China's investment in the
development of renewable energy amounted to EUR 343. In 2017, the country’s government rejected more than 100
projects related to energy production through the use of fossil fuels [2].

Ukraine and China have similar energy development problems. The states have considerable coal reserves, but the number
of explored deposits is insufficient. The oil and gas production in the countries is not enough to satisfy all their own needs.
China’s key difference is its focus on the development of the coal industry, which has protected the country from depend-
ence on other countries. China began to increase the imported oil and gas volumes only after two decades of reforms.
The country has the opportunity to influence the price and production of imported resources. On the contrary, Ukraine
became dependent on the russian federation because the latter had the monopoly to supply gas to Ukraine. Gas is the
main fuel for Ukraine, and it should diversify the sources of gas supply and actively develop renewable energy sources
[24].
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Figure 9. Patents for inventions in the field of renewable energy of selected countries for 2010-2019. (Source: created by the author based
on [22])
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As the conducted research found, energy scenarios, in particular scenarios for Ukraine, have large differences in terms of
goals and results. Researchers in [4] developed their own recommendations to increase the transparency and credibility
of the scenarios. Therefore, increasing the transparency and credibility of scenarios is possible by:

= better disclosure and clear reference to the sources of information;

= specifying the method of data processing;

= providing a full set of cost assumptions;

= examining how changes in cost assumptions affect research results;

= setting goals in accordance with sustainable development goals and measuring results;

= discussing the impact of scenario outcomes on the planet;

= implementing an adequate methodology for the analytical description of the main characteristics of the flexibility of
energy systems with a high share of renewable sources;

= disclosure of information.

Current realities of functioning in wartime dictate their requirements for energy policy and are reflected in the works of
researchers. Authors in [15] confirm the conclusions made in this article with the statement that the Ukrainian energy
sector remains powerful even after significant damage. Kolosov, A. in [18] studies the directions of the post-war restoration
of Ukraine and describes the key transformations, which, unlike this article, specify measures to improve the energy supply
system.

CONCLUSIONS

The following key conclusions can be drawn based on the conducted research:

= Industry 4.0 is an irreversible and non-alternative process that covers and affects all spheres of life of any country;
= the energy sector development is largely affected by Industry 4.0;

= on the one hand, Industry 4.0 acts as a tool for energy sector development, while it actually sets certain requirements
for such development on the other hand;

= the energy scenarios are modelled by means and under the influence of Industry 4.0;

= developed and developing economies may have common energy scenarios. The key difference is the timing of achiev-
ing goals;

= the military invasion of the territory of Ukraine urges a review of previous plans and strategies regarding the devel-
opment of the energy sector, and also necessitates close cooperation with the EU countries and other countries
regarding post-war recovery, improvement of the legislative framework, a detailed study of the possibilities of energy
import, as well as the need for effective information policy among the country’s population on the efficiency of energy
consumption.

This study of the impact of Industry 4.0 on the countries’ energy scenarios found that innovation plays a key role in the
energy sector development. A comparison of the energy development paths of Ukraine and China led to the conclusion
that effective political decisions play a decisive role in the success of the sector. First of all, it applies to the stimulation of
innovative activity, and the commitment to meet sustainable development goals.

The obtained results should be taken into account by the government of Ukraine when elaborating further programmes
for Industry 4.0 implementation and the energy sector development. The prospect for further research is determining the
means of measuring the impact of uncertainty on the modelling of energy scenarios, as well as the development of post-
war recovery and development projects.
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TumowuerHko M., CaeHko B., Cepbos M., LllawmHa M., Criaskosa O.

BN/IMB IHAYCTPII 4.0 HA MOAENIOBAHHA CLIEHAPIIB EHEPTETUMHOIO PO3BUTKY
EKOHOMIK KPAIH, LLIO PO3BUBAIOTbCA

Po3BWHEHI €KOHOMIKM Ha Cy4acHOMyY eTani YHKUIOHYBaHHS BXE MOXYTb YNPOBaKyBaTN 3aX0Au 3 MiABULLEHHS eHeproe-
ekTMBHOCTI. [pK LbOMY EKOHOMIKM KpaiH, L0 PO3BMBAIOTLCS, 34e6iMblOro akUeHTYIOTb yBary Ha LUBUAKOMY PO3BUTKY,
SIKUIA CYNPOBODKYETHCS CTPIMKMM 3POCTaHHAM MOMUTY Ha eHeprito. YNpoBafxXeHHs! iIHHOBaLUIMHUX TeXHONOrin Mae 3abes-
ne4vysaTu NoTpebm eKoHOMIK KpaiH B eHeprii Npy 0gHOYacHOMY NiABMLLEHHI eHeproeceKTUBHOCTI. 30KpeMa Lie CTOCY€ETbCS
NiABULLIEHHSI CNOXMBAHHSA eHeprii 3 BiAHOBNIOBAHWX [MHKEPen, PO3BUTOK SIKOr0 MOXJIMBO MPUCKOPUTU 3 YNPOBAIAXEHHAM
Inpyctpii 4.0. MeTol0 AOCNiAXEHHS € BU3HaYeHHs BnavBy IHAycTpii 4.0 Ha MoAenioBaHHA CLeHapiiB eHepreTM4HoOro pos-
BMTKY €KOHOMIK KpaiH, WO pO3BMBAIOTbCA. Y XOA4i AOCILXEHHS BUKOPUCTAHO METOAM aHasi3y Ta CUHTEe3y, eKOHOMIKO-
CTaTUCTUYHOIO aHanisy, rpadiyHi MeToam, MeTos MOPIBHSAHbL. Y pe3ynbTaTi AOCNIAXKEHHS! BiA3HAYeHO BUCOKMWIA CTYMiHb
ynnusy IHaycTpii 4.0 Ha yKpaiHCbKy EKOHOMIKY, 30KpeMa eHepreTuky. o3a iHWK1M, pe3ynbTaToM Takoro BnavBYy € Nigsu-
LLieHHs eHeproedeKTUBHOCTI. BU3HayeHo, WO 3a AOCimKyBaHUIiA Nepioa eHEpProcrnoXMBaHHS Ha OCHOBI BiAHOBIIOBAHUX
oxepen B YKpaiHi 3Ha4HO 3pocno — B 11,5 pasiB. OkpecneHo BiAMIHHOCTI B eHepreTMYHOMY pO3BUTKY YKpaiHu Ta KuTato,
WO nonaraTb y BM6opi Kutato Ha KOPUCTb CBOEI €HEpreTUYHOI HE3aNeXHOCTi. 3pob/1eHO BUCHOBOK, WO BaroMa posb Y
CLIEHaPIsiX pO3BUTKY EHEPreTUKU HANEXMUTb PO3BUTKOBI Ta BIMPOBAKEHHIO HOBITHIX TEXHOMOriA. [0M0BHA BiAMIHHICTb Y
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®IHAHCOBO-KPEAUTHA AIAMbHICTb: MPOBSIEMW TEOPIT TA MPAKTUKM
Tom 1 (48), 2023

CLieHapiaxX PO3BUTKY €HEepreTUKM MiXK PO3BMHEHUMM KpaiHaMuM Ta KpaiHaMmu, WO pO3BMBAlOTbCS, MONAraE B CTPOKaxX AOCAr-
HeHHs Linei. MepcnekTMBO nofasnblumMx AOCHiAKeHb Mae 6yTv hopMyntoBaHHS Mnepesiky 3acobiB BU3HAYEHHs BRMBY
HEBW3HAYEHOCTi Ha MOAESOBaHHA CLiEHapiiB eHepreTMYHOro po3BuTKY.

Kmouosi cnosa: Inayctpia 4.0, YeTBepTa npoMuciioBa peBOSIOLiS, €HepreTuka, BiAHOBIIOBAHI [xepena eHeprii,
umdpoBisaLlisi, po3BUTOK, CLieHapil
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