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Abstract. The article explores the implementation of innovative Industry 4.0 technologies in the energy sector of
Ukraine. It investigates key issues in the energy sector, including the reduction of electricity production capacities due to
destruction, capture, and damage to property, low levels of innovation activity in energy enterprises, high energy intensity
of production, moral and physical aging of equipment, and a low influx of foreign direct investments into Ukraine's energy
sphere. The majority of the analyzed period indicates a relatively low level of interest from foreign investors in the
examined sector of the domestic economy. The study identifies the Industry 4.0 toolkit applicable for the restoration of
damaged and modernization of outdated infrastructure, enhancing the efficiency of Ukraine's energy sector. It is noted
that among the tools, special attention should be paid to monitoring and forecasting systems, the Internet of Things (1oT),
big data, integrated digital platforms, smart financial technologies, smart meters, remote monitoring systems, and
artificial intelligence. The author emphasizes the peculiarities of applying this toolkit to solve the diagnosed problems in
the energy sector of Ukraine. It is noted that the use of Industry 4.0 tools, namely the Internet of Things and big data
analytics, can significantly improve the monitoring and management of energy processes. The problem of low innovation
activity of Ukrainian energy companies can be solved by creating integrated digital platforms and developing
partnerships between companies to share innovations. The use of smart financial technologies can make Ukraine's energy
sector more attractive to investors. The high level of electricity losses during generation and distribution can be addressed
by introducing smart meters and remote monitoring systems.

Anomauin. Y cmammi 00cniodceno 8npoaodicents IHHosayiunux mexuonociu Inoycmpii 4.0 6 enepeemuunomy
cexmopi Ykpainu. Bcmanoeieno Kirouosi npodiemMu eHepeemuyH020 CeKmopy, 30Kpema CKOPOYeHHs NOMYICHOCMell 3
BUPOOHUYMEBA eleKMPOeHeP2ii BHACIOOK 3HUUCHHS, 3AXONIEHHs Ma NOUKOOIICEHHs MAUIHA, HU3bKULL Pi6EeHb IHHOBAYIUHOT
AKMUBHOCMI HA NIONPUEMCMBAX EHEPeeMUKU, BUCOKY eHeP2OEMHICb UPOOHUYMBA, MOPAlbHe Ma i3uyHe CIApiHHA
001a0HAHHA MA HU3LKUL NPUNIUG NPAMUX [HOZEMHUX iHeecmuyill 6 enepeemuuny cepy Yxpainu. Y odocnidocenni
susHaueno iHcmpymenmapin Inoycmpii 4.0, wo moodice Oymu 3acmocosano 0/si 6iOHOGIEHH NOUWIKOOJNCeHOI ma
MoOepHizayii 3acmapinoi  ingppacmpykmypu, niosuweHHs e@deKmueHOCmi eHepeemuuHoco cexkmopy Yxpaiuu.
Biosnaueno, wo ceped incmpymenmapilo cuio 0codoaugy yeacy Ccni0 38epHYMU HA Cucmemu MOHImopuHey ma
npoeno3zyeannus, Inmepuem peuett (loT), senuxi oani, inmezpogani yugposi niameopmu, po3ymui QiHanco8i MexHoN02il,
PO3YMHI  JIUUTbHUKY, CUCTeMU GI00ANeH020 MOHImopuHey ma wmyunuil inmenekm. Ilioxkpecaieno ocobaugocmi
3ACMOCYBANHS 0AHO20 THCMPYMeHmapito 05l GUPieHHs JiaeHOCMOBAHUX NPOOAEM 8 eHEPLeMUYHOMY ceKmopi Ykpainu.
3asnaueno, wo suxopucmanns incmpymenmis Industry 4.0, a came Inmepremy peyeil i aHANIMUKYU 8eIUKUX OGHUX, MOICE
3HAYHO NOKpAWumuy MOHIMOPUHe | YNPAGNiHHA eHepeemuyHumu npoyecamu. I[Ipobnemy Huzbkoi IHHOGAYIIHOL
AKMUBHOCMI YKPATHCOKUX eHEPeemMUYUHUX NIONPUEMCING MOJICHA BUPIUUINUY ULISIXOM CIMEOPEHHSL IHMeSPO8anHUX Yupposux
niamgopm ma po3eUmKy NAPMHEPCMBA MIdC KOMNAHIAMU OAs OOMIHY IHHOGayisMmu. Buxopucmanus po3ymHuUx
Ginancosux mexnonociti mModice 3pobumu emepeemuyHull cekmop Yxpainu Oinbw npueabaueum Oas iH8ecmopis.
Bupiwwumu npobnemy sucoxoeo piens empam enekmpoeHnepeii nio uac eupoOHUYmMea ma po3nooiLy MONCHA ULIAXOM
BNPOBAICEHHS KPOZYMHUX» TTUUNLHUKIG | cuceM OUCTAHYIUHO20 MOHIIMOPUHS)).
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Introduction

The full-scale military actions on the territory of Ukraine have led to extensive destruction of the energy infrastructure,
posing new challenges to ensuring energy security in the country. Moreover, in the face of intensified global competition
and rapid technological progress, Ukraine's energy sector has been facing the strategic task of adapting to modern
requirements for several years. The post-war recovery is inconceivable without the active implementation of innovative
Industry 4.0 technologies, which define a new era in the development of the energy industry, transforming it into an
efficient, environmentally friendly, and resilient system.

Literature review and problem statement.

The issue of modernization and increasing the efficiency of the energy sector has been studied by many foreign and
domestic scientists. Zaverbnyi A.S. (2019) considered the formation of Ukraine's economic policy in the field of energy
in the context of European integration, the issue of energy efficiency of the national economy was considered in their
works by Skrypnyk D.M. (2021), Ziabina Ye. A. (2021) and other researchers.

It should also be noted scientific works devoted to renewable energy Babyna O.M. (2020), Riazanova N. O. (2021),
Bashynska Yu. I. ((2017), a team under the general editorship of Kudri S.0. (2020).

Acknowledging the substantial contribution of thorough scientific and practical research dedicated to the issues of
technological modernization in the energy sector, the challenges of implementing innovative Industry 4.0 technologies in
the process of rebuilding the domestic energy industry require further development and refinement.

The aim and tasks of the research is to deepen theoretical concepts and develop scientific-practical
recommendations for the implementation of innovative Industry 4.0 technologies in the energy sector of Ukraine.

To achieve this goal, the following tasks were formulated and addressed:

- diagnosis of the main challenges and issues in modern conditions;

- analysis of the main types of innovative technologies of Industry 4.0 that can be implemented in the energy sector
and the prospects for their use to ensure the energy security of the country.

Research Methods. In investigating this issue, a range of different research methods was employed, including
methods of system analysis and synthesis, generalization method for studying and systematizing issues in the domestic
energy sector; methods of comparison, statistical grouping, and economic analysis for examining the performance
indicators of the energy sector; systemic and process approaches, formalization method for developing the concept of
implementing Industry 4.0 tools aimed at modernizing the energy sector during the reconstruction process.

Results of the research.

Diagnosis of the main challenges and issues of the energy sector in Ukraine in modern conditions.

Energy is an integral part of the economic and social development of any country worldwide. Ensuring the stable and
efficient functioning of the energy sector defines the energy security of a nation. For Ukraine, this is particularly crucial
in contemporary times. Massive destruction of the energy infrastructure and the loss of energy assets in the occupied
territories pose new challenges that can only be overcome by actively implementing innovative technologies.

Analyzing the volumes of domestic energy consumption in Ukraine from 2013 to 2022 (Fig. 1), it becomes evident
that the efficient utilization of electricity, coal, gas, and oil is critical for ensuring energy stability and reducing
dependence on imports.
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Fig. 1 - Volumes of energy consumption in Ukraine for 2013-2022

Composed based on: [7]

The data presented in Fig. 1 indicate a significant reduction in the consumption of coal and gas in Ukraine since 2017.
In 2013, coal consumption amounted to 37.6 thousand tons, while in 2022, it was 26.6 thousand tons, representing a
29.3% decrease. Gas consumption also decreased by 34.9%, from 50.4 million m3 in 2013 to 32.8 million m3 in 2022.
The consumption of oil products remained almost unchanged during the study period.
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Simultaneously, there is a consistent trend of increasing electricity consumption. In 2022, compared to 2019,
electricity consumption grew by almost 5%.

The reduction in the consumption of coal and gas can be attributed to the annexation of Crimea, military actions in
eastern Ukraine, and the loss of territories and industrial facilities. The decrease in the consumption of energy resources
(coal, gas) in Ukraine over the study period can be considered a positive trend, indicating a reduction in the country's
dependence on imported energy resources. However, like any phenomenon, it has a negative aspect, namely, it may lead
to a decrease in industrial production and an increase in energy prices for the population.

The increase in electricity consumption underscores the necessity for the strategic development of this sector,
becoming a key factor for the country's economy and energy security.

Considering the growing demand for electricity, the strategic development of the energy sector requires not only the
expansion of production capacities but also emphasizes the need for attracting direct investments. Attracting investors
becomes a strategically important task for the effective expansion of the energy infrastructure and improvement of its
technical condition.

The analysis of foreign direct investment data from 2010 to 2022 demonstrates significant fluctuations in different
years of the analyzed period (Fig. 2). For instance, in 2020, the energy sector in Ukraine experienced the highest volume
of foreign direct investment. However, the majority of the analyzed period indicates a relatively low level of interest from
foreign investors in the examined sector of the domestic economy.
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Fig. 2 - The volume of FDI (Foreign Direct Investment) in the energy sector, million USD, 2010-2022
Composed based on: [8] [11]

One of the problems that significantly impacts investors' perception of the viability of investing in the Ukrainian
energy sector is the bureaucratic procedures associated with connecting to the power supply system. One of the
components of the Doing Business rating is the indicator related to connecting to the power supply system (Fig. 2).
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Fig. 3 - Ukraine's position in the Doing Business ranking for connection to the power supply system

Composed based on: [9]

Analyzing the Doing Business indicator of connecting to the power supply system in Ukraine from 2006 to 2020,
several key points can be highlighted. There is a positive trend in improving business conditions in the energy sector.
Ukraine moved from the 152nd position in 2012 to the 64th position in 2020. Since 2017, Ukraine has maintained this
positive trend, indicating systematic efforts and positive transformations in the energy infrastructure.
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However, despite the positive progress, it is crucial to emphasize the need for sustained improvement in business
conditions in the energy sector, specifically addressing the remaining challenges and optimizing connection procedures.
Ukraine's success in enhancing the business environment in the energy sector signals development prospects but
underscores the necessity for continued efforts to achieve sustained improvement.

As noted by domestic researchers (Shimanyuk, Miroshnyk & Blinov, 2022), Ukraine continues to face challenges
with electricity losses during distribution. While European countries typically have electricity loss rates ranging from 4-
6%, Ukraine's figure exceeds 10%, reaching up to 20% in certain regions. [12]

It's worth acknowledging that Ukraine's energy sector has taken significant steps to reduce energy consumption (Fig.
1) and enhance energy efficiency, along with increasing the share of renewable energy. According to the Ministry of
Ecology and Natural Resources (2021), the proportion of renewable energy sources in electricity production increased
from 7.9% in 2015 to 11.3% in 2020. [13] Despite this intensive growth in the share of renewable energy sources, Ukraine
has not yet caught up with Europe, where solar and wind energy accounted for 22% of total electricity production in 2022
(Centre for Research on Energy and Clean Air, 2023). [14]

Diagnosing the main problems in the domestic energy sector allows asserting that for its further modernization,
Ukraine needs to more actively utilize the Industry 4.0 toolkit. This approach opens up new possibilities for enhancing
the efficiency of energy production, transmission, and consumption, ultimately ensuring the overall energy security of the
country.

Analysis of the main types of innovative technologies of Industry 4.0 that can be implemented in the energy sector
and the prospects of their utilization for ensuring the country's energy security.

Over the past decade, the world has undergone significant advancements in technology, reshaping the paradigm of
management and operation across various economic sectors. Consumer demands and contemporary global challenges
necessitate the energy sector to adopt intelligent and innovative solutions for efficiency and resilience.

Industry 4.0, characterized as the fourth industrial revolution, provides a unique toolkit for transforming the energy
sector. The use of modern technologies such as the Internet of Things (10T), big data analytics, artificial intelligence,
integrated digital platforms, and smart financial technologies becomes a key factor in achieving high efficiency, resilience,
and competitiveness in the energy industry.

In this context, it is crucial to analyze and determine how the Industry 4.0 toolkit can be employed to optimize
production, enhance reliability, and ensure the sustainable development of the energy sector. The following provides a
detailed overview of the tools that will form the basis of our further analysis and investigation.

Table 1 - The conceptual foundations of implementing innovative Industry 4.0 technologies for the
reconstruction of Ukraine's energy sector

The problem aspects of The toolkit of Features of applying the toolkit of Industry 4.0
the functioning of Industry 4.0

Ukraine's energy sector

Reduction of electricity | Monitoring and | Utilizing sensors and analytics for real-time equipment monitoring and

production capacities due | Forecasting Systems, | forecasting, enabling efficient planning for repairs and maintenance, involves

to destruction, seizure, | Internet of Things | the application of the Internet of Things (IoT) and processing large volumes

and damage to property (1oT), Big Data of data (big data). These technologies allow for the automated collection and
analysis of data from equipment sensors, providing operators of energy
systems with the necessary information for effective facility management and
maintenance planning.

The low level of | Integrated digital | Creating integrated digital platforms in the energy sector promotes the

innovation activity of | platforms. collaboration of various sectors and companies, facilitating effective exchange

energy enterprises. of innovations and joint development of strategies to enhance competitiveness.
These platforms also expand opportunities for integrating renewable energy
sources and modernizing energy infrastructure, strengthening energy
resilience, and contributing to the sustainable development of the sector.

Low level of foreign | Smart financial | The use of fintech solutions in the energy sector allows for optimizing

direct investment inflow | technologies. financial planning, cost control, and risk analysis. This enhances the

into the energy sector of transparency of finances in energy enterprises, fostering investor interest.

Ukraine. Fintech tools also aid in collecting and analyzing data on energy production
and consumption, contributing to the precise development of investment
strategies for sector development. This approach amplifies investor interest in
renewable energy sources and the modernization of energy infrastructure.

High level of electricity | Smart meters and | The use of 'smart' meters and remote monitoring systems allows for the

loss during its | remote  monitoring | automatic regulation of electricity transmission modes and ensures its efficient

production, transmission, | systems, artificial | distribution, preventing energy losses. The application of artificial intelligence

and distribution. intelligence. (Al) in conjunction with these technologies enables the forecasting and
adaptation of the energy system's operation to changes in demand and
conditions, contributing to the prevention of energy losses and the overall
improvement of the energy sector's efficiency.

Examining the conceptual foundations of implementing innovative Industry 4.0 technologies for the reconstruction of
Ukraine's energy sector allows for the following observations.
Firstly, the application of Industry 4.0 tools such as the Internet of Things and big data analytics can significantly

38



http://www.atbp.ontu.edu.ua/

N ABTOMATH3ALIs TEXHOJOTIYHKX 1 Gi3Hec-mpoueciB Volume 16, Issue 3 / 2024 u
http://www.atbp.ontu.edu.ua/
enhance the monitoring and management of energy processes. Developed countries, like Germany, have successfully
utilized smart grid systems to optimize the energy grid.

Secondly, the issue of low innovation activity in Ukraine's energy enterprises could be addressed by establishing
integrated digital platforms and fostering partnerships between companies for the exchange of innovations. Drawing
lessons from the United States, where digital platforms are effectively implemented in the energy sector, could provide
valuable insights.

Thirdly, the use of smart financial technologies can make Ukraine's energy sector more attractive to investors. It is
advisable to leverage the experiences of countries such as Switzerland and Singapore.

Fourthly, addressing the high level of electricity losses during production and distribution can be achieved through
the implementation of 'smart' meters and remote monitoring systems, as successfully demonstrated in Japan. These
solutions allow for the automatic regulation of electricity transmission modes and ensure efficient distribution, thereby
preventing energy losses.

The overarching trend emphasizes the imperative need for the active implementation of innovations to enhance
Ukraine's energy sector and improve its efficiency in the face of global challenges and energy market demands.

Conclusions.

This researched work meticulously examines the significant role played by digital technologies, the Internet of
Things (loT), and artificial intelligence in transforming Ukraine's energy sector. The emphasis is placed on key aspects
of implementing "smart" systems in energy, including production and distribution optimization, loss reduction, and
increased efficiency and reliability of energy networks.

The paper outlines the major advantages of digital transformation in the energy sector, particularly in the context of
increasing the use of renewable energy sources and improving energy independence. It underscores that digital
technologies can help address crucial challenges such as aging infrastructure, lack of investment, hindering the rapid
development of the industry.

In conclusion, the paper asserts that the modernization of the energy sector through digital technologies is a
strategically vital factor for enhancing efficiency, competitiveness, and energy security in Ukraine's future.
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