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Abstract. The digitalisation of the energy sector and investment in modern digital solutions aim to optimise
the use of energy resources, reduce the burden on the environment, increase the rate of decarbonisation of
the economy, ensure the decentralisation of energy supply and more efficiently use the existing energy
infrastructure. In the paper, a study of digitalisation processes and their impact on the sustainable
development of the energy sector was carried out to form a system of coordinated actions within the
framework of the development and promotion of the concept of smart transformations in the energy sector
for the transition to a model of sustainable and environmentally responsible development. The authors
conducted a structural analysis to study digitalisation trends in the energy industry and their impact on the
decarbonisation of the economy. Features, trends, and potential for the digitalisation of the energy sector are
analysed based on reports from the International Energy Association. The authors emphasised that the global
energy industry was the first to actively implement digital technologies and information systems to optimise
energy supply and implement transformational processes. In recent years, there has been a significant
increase, more than 20%, in energy companies' investment in digital technologies. The work found that
implementing digital technologies can optimise energy costs, and the total savings from these digital
measures can amount to about 80 billion US dollars annually by 2040. The paper defines the effects of the
digitalisation of the energy system: ensuring carbon neutrality with the lowest consumer costs, forming a fair
system of interaction between consumers and stakeholders, stimulating economic growth in all sectors due
to the development of new types of economic activity, creating jobs, changing the range of goods and services
of enterprises. The paper concluded that stimulating digitisation and investing in digital solutions, such as
network optimisation at the distribution level, will help reduce further capital costs and allow faster
development of electric transport, decentralised renewable energy sources, heat pumps and other
technologies, thanks to more efficient use of existing infrastructure.

Keywords: sustainable development, energy sector, energy transformation, digitalisation, carbon neutrality.

Cite as: Kasianenko, V., Fedotov, V. & Harkusha, V. (2024). Digitalisation and sustainable energy sector
transformation: analysis of key trends. Economic Sustainability and Business Practices, 1(1), 48-55.
https://doi.org/10.21272/1817-9215.2024.3-06

Copyright: © 2024 by the authors. For open-access publication within the terms and conditions of
BY the Creative Commons Attribution (CC BY) licence (https://creativecommons.org/licences/by/4.0/).

Publisher & Founder: Sumy State University
ISSN: 3041-2307 (print); 3041-2315 (on-line) 48 https://esbp.sumdu.edu.ua/



https://esbp.sumdu.edu.ua/
mailto:kasianenko@sumdu.edu.ua
https://doi.org/10.21272/1817-9215.2024.3-06
https://creativecommons.org/licences/by/4.0/
https://orcid.org/0000-0001-8757-6632
https://orcid.org/0009-0009-2549-5250
https://orcid.org/0009-0002-6768-9554

Economic Sustainability and Business Practices, 1(1), 2024

1. Introduction. The digital transformation contributes to the decarbonisation of the energy supply,
removes dependence on fossil fuels and promotes the use and integration of renewable energy sources in
the European energy system while increasing its sustainability. At the same time, fostering digitalisation in
the energy sector creates jobs, opens up new opportunities for European businesses, and contributes to
developing environmentally safe technologies. Implementing technologies and practices related to the
decarbonisation of the energy sector will contribute to creating a toolkit that will allow citizens, consumers
and communities to play an active role in the energy market. Globally, relevant processes are already
underway, and many EU policies target specific areas of innovation, such as ensuring efficient and secure
data exchange and measures to deploy smart grids. The implementation and implementation of the European
Commission's Action Plan lays the foundation for building an integrated energy system that will support the
growing interconnectedness of the market and its stakeholders to collaborate effectively and enable digital
and energy value chains to interact more closely.

Today, digitisation is essential to achieve the EU's climate goals for 2030 and 2050. The russian invasion
of Ukraine and high energy prices have increased the EU's need to gain independence from russian fossil
fuel imports, strategic sovereignty and security, in particular, through creating a digital energy system. Over
50% of all EU households and small and medium-sized enterprises are equipped with "smart" electricity
meters.

According to the European action plan (Official Website of the EU, 2024) "digitalisation of the energy
system", in particular, provides: helping consumers gain control over energy consumption and bills with new
digital tools and services; control over energy consumption and energy intensity, including through an
environmental labelling scheme for data centres, energy labelling for computers and measures to increase
the transparency of energy consumption in telecom services, energy efficiency labelling for cryptocurrency
mining; strengthening the cyber security of energy networks, in particular, through the new Network Code on
cyber security of cross-border exchanges of electricity following Regulation 2019/943 on the internal
electricity market and the draft Recommendation of the Council of the EU on increasing the resilience of
critical infrastructure; promotion of investments in digital infrastructure in the power industry (Henke et al.,
2024; Icaza et al., 2024). At the same time, properly implementing security, privacy, and consumer protection
issues is essential. The purpose of the paper is to conduct a comprehensive study of digitisation processes
and their impact on the sustainable growth of the energy sector to form a system of coordinated actions
regarding the formation of the concept of smart transformations in energy for the transition to a model of
sustainable and environmentally responsible development.

2. Materials and Methods.

The document will use structural analysis to study digitalisation trends in the energy industry and their
impact on the economy's decarbonisation process. The features, trends, and potential of the energy sector's
digitalisation were analysed based on the reports International Energy Association (IEA, 2024).

3. Results and discussions.

The global development trends of the digitisation industry are influential. Internet traffic is growing
exponentially, almost tripling in the last five years. At the same time, about 90% of global information flows
were created during the previous two years. The corresponding exponential growth has led to the use of
ever-larger units of measurement. For example, global annual internet traffic exceeded the exabyte threshold
in 2001 and the zettabyte threshold in 2022 (WifiTalents, 2024; Internet, 2024). Table 1 presents the
dynamics of global Internet traffic, characterised by a steady growth trend.

Table 1. Global Internet traffic: annual dynamic

1997 2007 2017 2022
Global Internet traffic: 60 petabyte 54 exabyte 1,1 zettabyte 4,2 zettabyte
annual dynamic (10%° bytes) (108 bytes) (102! bytes) (102! bytes)

Sources: created by authors based on (WifiTalents, 2024)

On the level of national economies, digitalisation is not only an end but a tool for achieving strategic goals
and a vision of economic processes. In particular, the digitalisation of the Ukrainian economy is defined within
the framework of the following key strategic goals until 2030: increasing nhominal GDP, ensuring influence,
independence, independence in making economic and geopolitical decisions, providing a higher than
average level of income and quality of life of Ukrainians in Europe and neighbouring countries, creation of
conditions for the growth of capitalisation of Ukrainian business.

In digitalisation, traditional industries and sectors of the economy are radically changing. Classic business
models are changing, analogue processes and operations are flowing into the Internet, and creating personal
offers for each client is possible. Automation and robotics minimise the need for human resources, and the
efficiency and productivity of labour increase rapidly. Radical changes are also taking place in sectors
considered essential for industry development, such as metallurgy, oil and gas production, energy, agro-
industrial complex, etc. For example, in the energy industry, oil and gas production company British
Petroleum actively uses loT to monitor the condition of its wells. Shell operates the Sensabot system, which
is a remotely controlled robot capable of operating in locations that are dangerous for humans.
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Digitalization creates new sectors and segments, as well as new professions. In particular, according to
the estimates of the Ukrainian Future Institute, up to 60% of added value in Ukraine in 2030 will be created
in new high-tech sectors of the economy, such as artificial intelligence, robotics, bioengineering, 3D printing,
nanomedicine and others. The impact of digitisation is determined by the added value it creates for each
sector of the economy or sphere of life at the macro-economic level or for a specific product or service at the
micro-level (Ukrainian Institute of the Future, 2023). The main effect of digitalisation is a change in value
chains. Technologies and digitalisation will displace a person from the processes he is used to — production,
service, entertainment, trade, education, and even medicine. Digital Spillover (Converge, 2017) estimates
that the ROI for digital technologies is 6.7 times higher than traditional technologies and that every dollar
invested in digital technologies generates $20 in GDP growth. According to the estimates of the Association
of Industrial Automation of Ukraine (Henke et al., 2024), the effects of digitisation for Ukrainian business
include the growth of industrial production, the growth of high-tech segments, the growth of production
capacity, an increase in the number of orders fulfilled on time, a reduction in stocks, an increase in the
efficiency of installed equipment, reduction of equipment downtime, savings on procurement costs, an
additional attraction to the country of investments in developing Industry 4.0 (Table 2).

Table 2. The effects of digitalization for Ukrainian business: annual trends

The effects of digitalization Annual growth, %
Growth of industrial production 7-10
Growth of high-tech segments 2
Increase in production throughput 60
Increase in the number of orders fulfilled on time 95
Stock reduction 20
Savings on purchase costs 30
Reduction of equipment downtime 22
Increase in efficiency of installed equipment 15

Sources: created by authors based on (Association of Industrial Automation of Ukraine, 2023)

The global energy industry was the first to actively implement digital technologies and information systems
to optimise energy supply and implement transformational processes. In the early 1980s, large energy
companies were the flagships of digitalisation, which used information technologies to optimise management
processes and transform energy networks. In particular, oil and gas companies actively used digital
technologies to improve their management system, implement environmental management systems,
implement renewable energy technologies, and make decisions about exploration and resource extraction
(Janicke et al., 2023; Kojonsaari et al., 2023).

In recent years, investments by energy companies in digital technologies have increased dramatically. In
particular, global investment in digital electricity infrastructure and software has grown by more than 20%
since 2014. At the same time, investments in the electric power industry were almost 40% higher than in the
gas industry. In addition, digital technologies are widely used in the final energy consumption sectors, the
transport sector, and individual smart systems that monitor and control energy consumption by private
consumers (Liao et al., 2024).

Transformational processes and digitalisation will increase the level of energy security of national
economies and increase productivity simultaneously with the destruction of costs for oil, gas, coal and
electricity. The functioning of the oil and gas extraction industry, as a component of the energy sector, is
characterized by a strong history and experience in using digital technologies, especially in resource
exploration and production efficiency monitoring. At the same time, there is significant reserve potential for
developing and implementing digitalization technologies to optimize operational activity and resource
conservation and prevent economic losses from pollution and unauthorized mining. The future promotion of
smart technologies and digitalization in the oil and gas industry should focus on expanding, scaling, and
improving digital tools and their application possibilities at all stages of the economic cycle.

Widespread use of digital technologies can reduce production costs by 10-20%, including improved
processing of satellite data and sensors and improved modelling of resource deposits. Technically
recoverable oil and gas resources could be increased by approximately 5% worldwide, with the largest
increase expected in shale gas. Figure 2 shows the scale of the potential impact of digitisation processes on
the volumes of technically extracted oil and gas resources.

Implementing digitisation of technologies and analytical findings can ensure cost optimisation in the
energy sector. Reducing costs and increasing the efficiency of operations can be achieved by reducing the
costs of operation and maintenance, increasing the efficiency of the operation of power plants and electrical
networks, reducing the number of unplanned shutdowns and downtimes, and increasing the useful life of the
assets of energy companies and network infrastructure.

The total savings from these digital measures could amount to about $80 billion annually from 2016-2040,
or about 5% of total annual electricity generation costs.
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Figure 1. The scale of the potential impact of digitisation processes on the volumes of technically extracted
oil and gas resources, billion ton
Sources: created by authors based on (IEA, 2024)

A review of various energy sectors highlights the diverse ways digital technologies can influence jobs and
skills within the industry. While digitalization is expected to enhance efficiencies throughout the supply chain,
it is unlikely to entirely replace the significant labour requirements for major engineering and construction
tasks linked to physical infrastructure.
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Figure 2. Cost optimization as a result of the implementation of digitalization technologies at power plants
and electric networks during 2016-2040, billion USD
Sources: created by authors based on (IEA, 2024)

Occupations heavily reliant on tasks that can be automated, such as those centred on predictable,
repetitive physical activities and data management, may face a higher risk of automation compared to roles
involving less routine functions. Individuals supporting digital infrastructure will need specialized ICT
competencies like coding and cybersecurity. Additionally, workers across the entire energy sector will require
fundamental ICT skills to operate digital tools effectively. Soft skills like leadership, communication, and
teamwork will also gain prominence due to the rise of collaborative ICT-enabled work opportunities. The
speed and scope of digitalization and its effects on energy sector employment are surrounded by significant
uncertainty (Norouzi et al., 2023). These outcomes will be influenced by several factors that differ based on
regional and sector-specific circumstances. Policymakers in the energy field should engage in broader
discussions within the government to address these impacts effectively.

Digitalization has the most significant potential for transformation in breaking down barriers between
different energy sectors, enhancing adaptability, and facilitating integration across complete systems. This
transformation is prominently seen in the electricity sector, where digitalization erases distinctions between
energy generation and consumption.

51



Economic Sustainability and Business Practices, 1(1), 2024

This phenomenon gives rise to four interconnected opportunities:

1) smart demand response;

2) the incorporation of fluctuating renewable energy sources;

3) the adoption of intelligent charging systems for electric vehicles;

4) the growth of small-scale decentralized electricity resources like residential solar photovoltaic systems.
These opportunities are intertwined; for instance, the critical role of demand response in delivering the
flexibility necessary for incorporating more renewable energy generation.

The implementation of smart demand response has the potential to offer 185 gigawatts of system
flexibility, which is approximately equal to the total installed electricity capacity of both Australia and Italy.
This could lead to savings of USD 270 billion that would have otherwise been required for new electricity
infrastructure. Around 1 billion households and 11 billion smart appliances could actively engage in
interconnected electricity systems in the residential domain alone (Lee. et al., 2023; Stermieri et al., 2024).
This participation would enable these households and devices to adjust the timing of their grid electricity
usage.

Implementing smart charging technologies for electric vehicles can shift charging times to periods of
low electricity demand and high supply. This approach offers increased grid flexibility and could save
between USD 100 billion and USD 280 billion in avoided investment in new electricity infrastructure from
2016 to 2040, depending on the number of EVs deployed (Pantaleo et al., 2022).

Emerging digital tools can significantly enhance sustainability efforts, with innovations such as satellites
for verifying greenhouse gas emissions and technologies that monitor air pollution at the neighbourhood
level. Accurate accounting is essential for verification schemes and maintaining integrity in carbon
certification systems like carbon markets. Although the technology is complex and satellite launches are
costly and challenging to schedule, a coordinated fleet of monitoring satellites, shared by several space
agencies, is expected to be operational by 2030 (Zuk, 2023).

Digitalization can also advance specific clean energy technologies like carbon capture and storage.
Applications of digital technology in CO2 capture offer benefits similar to those seen in industry and power
generation, including process optimization through automation and improved data collection and analytics,
which can lower overall costs (You & Kim, 2020). Many digital innovations from the oil and gas sector are
also applicable to assessing and developing CO2 storage solutions (Figure 3, 4).

Systemic measures Vehicle efficiency Fuel switching
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Figure 3. Impact of digitalisation on CO2 emissions: trends of transport branch, %
Sources: created by authors based on (IEA, 2024)

Digital innovations can deliver significant reductions in greenhouse gas emissions. At the same time,
optimising energy efficiency in transport is also an important component, and switching to ecologically safe
fuel types due to the introduction of digital technologies will ensure the decarbonisation of the industry
(Liang et al., 2024; Rao et al., 2024).

Policy-making can be enhanced through more timely and sophisticated energy data collection and
publication, facilitated by greater access to digital data. For instance, digital data can revolutionize "data
fusion”, whereby combined datasets offer insights far beyond the sum of their parts. An example from the
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United Kingdom involves integrating local data on annual electricity and/or gas consumption with
information on building types, floor areas, building ages, energy audits, and socio-economic indicators.
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Figure 4. Impact of digitalisation on CO2 emissions: trends in demand reduction, %
Sources: created by authors based on (IEA, 2024)

Promoting digital innovations will ensure a reduction in demand for energy resources by a total of 20%.
Further technological progress in this area, combined with lower prices for renewable energy sources and
batteries, could increase demand for renewable energy sources by up to 100%. In this way, new digital
technologies can help transform energy sources: two-thirds of electricity is currently produced from fossil
fuels, and by 2050, wind and solar energy should replace this, providing two-thirds of electricity naturally (Lee
etal., 2024; Lund et al., 2021).

Noted, EU energy trends include the development of "green" technologies and decarbonising the
economy (Chygryn et al., 2020). The implementation of such projects in European countries is currently
possible thanks to the fact that in the last 20-30 years, there has been a gradual renewal of the energy
infrastructure and the introduction of Smart Grid elements. By 2024, 40% of the bloc's members' planned
energy investments will fall on such networks (in Ukraine, this indicator barely reaches 5%). "Smart" networks
are, in addition to the latest equipment, also a complex of automated systems and software that allow remote
and real-time monitoring of network parameters, the state of equipment and all processes in the network,
monitoring its weak points and notifying of any -what changes in her work. In particular, OSR uses a "digital
double" for modelling and forecasting network development, testing the effectiveness of applied technical
solutions and innovations even when planning the construction or reconstruction of networks.

4. Discussion and conclusion.

Stimulating digitization and investing in digital solutions, such as network optimization at the distribution
level, will help reduce further capital costs and allow faster development of electric transport, decentralized
renewable energy sources, heat pumps and other technologies, thanks to more efficient use of existing
infrastructure.

The digital energy system will significantly benefit decarbonization, the economy, and consumers.

1. Achieving carbon neutrality of the energy system with the lowest consumer costs. Digitization will
provide better visibility of renewable energy sources for system operators and help markets signal to users
when to use the system, for example, by rewarding consumers who reduce consumption at certain times of
the day. Common data and digital infrastructure are at the heart of the coordination of the entire system. They
are the key to overcoming its increasing complexity with the lowest consumer costs. Improved data quality
and data exchange will also allow much better planning and operation of the energy infrastructure.

2. Creating a fair system of interaction for consumers. Digital data will be fundamental to helping and
encouraging consumers to participate in managing the energy system, leading them to better economic
outcomes after the transition to carbon-neutral energy by providing more specialized services, including for
those who have low income or are vulnerable. Analytical services will identify consumer problems and advise
them on appropriate solutions, such as tariffs and services.
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3. Stimulation of economic growth in all sectors. Digital technologies and the standards underlying them
will stimulate future economic growth. New economic activity, jobs, enterprises, products, services and trade
benefits will become possible thanks to the opening of access to the digital energy system and its data for
the rest of the economy.

The digital transformation helps decarbonise the energy supply, eliminating dependence on fossil fuels
and promoting the use and integration of renewable energy sources in the European energy system while
increasing sustainability. At the same time, digitalization will create jobs, open new opportunities for European
businesses, and promote the development of safe technologies. Finally, it provides tools that enable citizens,
consumers and communities to play an active role in the energy market. This digitization is already underway,
and many EU policies target specific areas of innovation, such as ensuring efficient and secure data
exchange and measures to deploy smart meters. Building on existing policies, the European Commission's
Action Plan will lay the groundwork for building an integrated energy system that can support growing market
interconnectedness and enable digital and energy value chains to work more closely together.

Conflicts of Interest: Authors declare no conflict of interest.
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LM®PPOBA TA CTANA TPAHC®OPMALIA EHEPFETUYHOIO CEKTOPY: AHATNI3 OCHOBHUX TEHAEHLIA

Bonoaumup KacbsiHeHKO, JOKTOP EKOHOMIYHUX HayK, Npodecop kadeapn eKOHOMIKK, NignpueMHUUTBa Ta bGisHec-
agMiHicTpyBaHHs, CyMCbKkuin AepxxaBHUIN yHiBepcuTeT, Cymun, YkpaiHa

Bonogumup ®epoTtoB, acnipaHT kadeapn eKOHOMIKW, MianpueMHuLUTBa Ta BisHec-aaMiHiCTpyBaHHs, CyMCbKuiA
nepxaBHuii yHiBepcuteT, Cymu, YkpaiHa

Bnapaucnas MNapkyla, acnipaHT kadyeapy eKOHOMikM, NignpueMHMLTBA Ta 6idHec-aamiHicTpyBaHHA, CyMCbKui
aepxasHuii yHiBepcuteT, Cymu, YkpaiHa

Lincbposiszauisa eHepreTMHHOro CekTopy Ta iHBECTMUii B CyyacHi UM(POBI pilleHHA MawTb Ha MeTi OnTMMi3yBaTu
BUKOPUCTAHHS E€HEPreTUYHUX PEeCypCiB, 3MEHLUNTU HABaHTaXEHHS Ha HABKONULLHE cepefoBuLie, MiABULLUTA TeMnu
nekapOoHisalii ekoHoMiku, 3a6e3neunTy aeleHTpanizauilo eHepronocTadyaHHs Ta GinbLl edhekTMBHO BUKOPUCTOBYBATH
iCHylO4y eHepreTuyHy iHdpacTpykTypy. Y poboTi npoBedeHO AOCHiMXEHHs npoueciB undpoBidalii Ta ix BNInBy Ha
CTanuin po3BUTOK EHEPreTUYHOro CEKTOPY 3 METOK (POPMYyBaHHS CUCTEMU CKOOPAMHOBAHUX Ail B paMKax po3podku Ta
NPOCYBaHHA KOHLenLUii cmapT-TpaHcdopmauii B eHepreTuli Ans nepexody A0 MOAeni Cranoro Ta eKororiYHo
BiQNOBiAanbHOro po3BuTKy. ABTOpamun NpoBeAeHO CTPYKTYPHUI aHarni3 3 MeETOI AOCNIMKEeHHS TEHAEHLIN dimpxuTanisauii
B eHepreTuui Ta ix BNNMBY Ha AekapboHisauito ekoHoMiku. OcobnuBocTi, TeHAeHUii Ta nmoTeHuian uudposisauii
€HepreTMYHOro CEKTOPY NpoaHanizoBaHo Ha OCHOBI 3BiTiB MiXkHapogHOi eHepreTnyHOI acouiauii. ABTOpuY MiAKPECNIoTh,
LLIO CBITOBa eHepreTMka NepLUoto novarna akTMBHO BNPOBapKyBaTU LMpoBi TexHonorii Ta iHopMaLinHi cnctemu ans
onTUMiI3aLii eHepronocTayaHHs Ta peanisauii TpaHcopMaLiiHMX npoueciB. 3a OCTaHHI POKM CMOCTEPIraeTbCs 3HaYHe
3POCTaHHs1 iIHBECTULI EHEPreTUYHUX KOMMaHI y LmdpoBi TexHonorii - 6inbL Hixx Ha 20%. [locnigpkeHHs nokasano, o
BMNPOBaAXXeHHS LMhpOBMX TEXHOIOTIN MOXE ONTUMI3yBaTn BUTPATU Ha EHEPTIit0, a 3aranbHa eKOHOMIS Bif LX LmdpoBux
3axopfiB Moxe ctaHoBuTK 6nm3bko 80 minbsipais gonapis CLUA wopivyHo go 2040 poky. Y poboTi Bu3HayeHo edekTm Big
umndpoBisauii  eHepreTMyHoi cucTemu: 3abesnedyeHHs BYrMNeLeBOi HEWTPanbHOCTI 3 HaWMEHLUMMU BUTpaTammu
cnoxuBaviB, hOpMyBaHHS CNpaBeanMBOi CUCTEMU B3AEMOZIT MK CNOXMBa4YaMu Ta CTEMKxongepamu, CTUMYIHOBaHHSA
€KOHOMIYHOr0 3pOCTaHHSA B YCiX CEKTOpax 3a paxyHOK PO3BUTKY HOBUX BUAIB €KOHOMIYHOT AiSNbHOCTI, CTBOPEHHS poBo4mx
Micub, 3MiHa acopTMMEHTY TOBapiB Ta MOCnyr niagnpuemcTs. Y OOKYMEHTi 3po6neHo BMCHOBOK, LLIO CTUMYIHOBaHHS
oumdpyBaHHA Ta iHBECTyBaHHSA B LMMPOBI pilleHHs, Taki fK ONTMMI3auia Mepexi Ha piBHI po3noAiny, OonoMoxe
CKOPOTUTM MnoAanbli KanitanbHi BUTpPATU Ta [O3BONUTH LWIBUALIE PO3BMBATU E€MNEKTPOTPAHCMOPT, AeLeHTpani3oBaHi
BiAHOBMIOBaHI J)Kepena eHeprii, TeNnoBi HACOCK Ta iHLLI TeXHONorii 3aB4AkuU BinbLL e(PEKTUBHUM BUKOPUCTaHHSA HasiBHOI
iHbpacTpyKTypu.

KnroyoBi cnoBa: cTtanuii po3BUTOK, EHEPreTUYHUIA CEeKTOpP, eHepreTnyHa TpaHcdopmauis, ungposisadis, Byrneuesa
HenTparnbHiCTb.
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