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USING DIGITAL TECHNOLOGIES IN ENERGY INDUSTRY

Abstract

Within the framework of one of the main directions of the implementation of the state program “Digital
Kazakhstan”, the digitalization of the economic sectors is envisaged, the tasks of which include the construction
and effective functioning of an intelligent energy system. The modern global economy is undergoing a cultural
shift towards digital transformation, where the main processes are being transferred to digital businesses, which are
providing technical optimization, new revenue streams and opportunities for creating value. The authors of the article
consider the issues of introducing digital technologies into the activities of enterprises in the energy industry. It is
noted that, despite the understanding of the relevance of digitalization, the digital maturity of industry enterprises
is still insufficient, which increases the importance of combining industry enterprises in a consortium.This article
substantiates the use of digital technologies in the energy sector to solve traditional problems: coverage of services
of energy companies in all regions of the country, ensuring an uninterrupted and sufficient volume of energy supply
services, reducing the price level and protecting the environment. The authors identified and substantiated the main
factors of the digital transformation of energy systems: digitalization, decentralization and decarbonization. The
article formulates the criteria for the transition of an enterprise to the digital status and notes its advantages. The
article outlines the main digital transformation technologies and their application features: artificial intelligence,
blockchain, Big Data and data management. It presents the facts of foreign practice of digitalization of the energy
industry.

Key words: digitalization, energy industry, digital transformation, digital technologies, intelligent power system,
power supply, consortium.

The development and survival of modern enterprises nowadays is largely due to the degree of their
digital processing, which is defined as the use of digital technologies to change business processes and
increase efficiency and income; it is the process of going digital. It is customary to distinguish it from
the concepts of “digitization” and “digital transformation”. Digitization is the process of going from
analog to digital (digital inclusion). In other words, digitization takes an analogue process, and converts
it to digital form without any changes in the essence of the process itself. Digital transformation is
about using digital technologies to change the business model for generating new income and creating
possible value [1].

The use of digital technologies allows companies to optimize resource conservation, reduce costs,
increase labor productivity and employee efficiency, optimize the supply chain, and increase customer
loyalty and satisfaction [2].

Digital transformation of a business is seen as a set of seven elements, which includes:

¢ business model;

¢ organizational structure;

+ digital skills of employees;

+ digitization of business processes;

¢ IT infrastructure;

+ digitization of goods / services;

¢ digital channels for customer interactions.

Leaders in most industries are forced to acknowledge the shift in the role of digital technology
from marginal efficiency to fundamental innovation. Digitalization has become the basis for large-
scale and radical transformation in many aspects of business.

In 2015, the World Economic Forum, as part of the Internet Global Challenge of the Fourth
Industrial Revolution, launched a large-scale Digital Industry Transformation (DTI) project. The main
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idea of the DTI project is the cooperation of all stakeholders to obtain maximum benefits, both for
society and for business over the next decade as a result of the digital transformation of economic
sectors [3].

Moving to digital enterprise status requires more extensive changes than just investing in the latest
digital technologies. The digital enterprise is constantly striving to implement new and more cost-
effective operating models based on flexible business processes and connecting platforms for analytics
and collaboration capabilities that increase business efficiency. The digital enterprise identifies and
develops new digital business models that are a customer and employee focused.

To ensure the success of digital transformation, it is necessary to create a new corporate culture
at the enterprise with the involvement of each employee in the goals and vision of the organization, to
encourage collaboration based on departmental teams.

For the energy industry, digitalization is a new direction that requires collective implementation
across the entire industry, and not just at individual enterprises. The formation of a digital consortium
will allow the industry obtainto many synergistic and advantages effect, which are especially important
in an environment where there is a gap between digital technologies and organizations that implement
them.

The modern energy sector is rapidly changing due to the need to reduce emissions, the transition to
renewable energy sources such as wind and sun, the consumption of which is growing exponentially.
By 2050, according to forecasts, electricity production from non-carbon resources will account for
almost 70% of total volume. In addition, transport will be electrified [1].

Such dramatic changes in the energy system are made possible by advances in digital technologies,
or rather, under the influence of three powerful trends: the emergence of digital technologies
(digitalization), making more affordable through the distribution system (decentralization) and
decarbonization through renewable energy sources and increasing efficiency (Figure 1). These factors
are changing the global energy demands towards smaller, cleaner and smarter technologies, amid past
demand for energy services.

DIGITAL
Add intelligent system
management and web-enabled
software to optimize network

performance
DECENTRALIZATION v DECARBONIZATION
Small generation distribution over Rapid adoption
the transmission and distribution |14 T%%%%g&igﬁg% d—+ oflow-carbon technologies
(T&D) network (wind, solar, etc.)

Figure 1 — Factors of transformation of the energy system

Note — Compiled by the authors based on [4].

The concept of a control system for industrial equipment via the Internet (IoT — Internet of Things)
was first developed in 1994. Its main idea was to connect sensors to common objects of the system for
its connection to the Internet [4]. Improvement of information technologies has allowed the industry
to expand the range of applications and their potential for optimizing the energy industry: operation
and management of T&D (transmission and distribution) networks, improvementof thecharacteristics
of individual power units and vehicle fleets, optimization of hybrid micro-network systems that
help save costs and resources, optimization asset performance. And the maximum of efficiency of
integrated energy systems. As modern energy systems become more and more hybrid, the importance
of digitalization will only grow. The digitalization of energy provides new opportunities for both
consumers and businesses in the electricity value chain. For example, touch lighting, smart controls,
and a host of new technological software are helping commercial buildings, retail and industrial sites
evolve into smart environments.

246



Hayunsiii xxypHan «Bectauk ynusepcurera « Typan» Ne 4(88) 2020 .

The key driving force behind digitalization is the increasingly diverse nature of power generation.
It has a number of important characteristics that open up new business opportunities. Electricity is
beeing produced in the distribution network at more nodes than ever before. Currently energy is
often intermittent and poorly matched to demand. The nature of the energy produced creates power
quality problems at the national and local levels, which requires more attention to the regulation
of the frequency, voltage support and local grid overloading. This in turn limits management and
reserve capacity. Therefore, a growing international trend is a tendency for the formation of small,
decentralized power systems that satisfy local needs for electricity. The number of solar PV and wind
systems is growing, especially in remote regions. The increase in combined heat and power generation,
trigeneration mode and distributed technologies increases the operating efficiency up to 90%.

The advantageous aspect of distributed power systems is their ability to meet the requirements of
industrial production processes for heating and cooling as well as steam requirements. A significant
role in ensuring more affordable modular energy is through decentralization ofstored energy in energy
systems from variable sources of generation and emissions during periods of peak demand. The time
shift capability allows fewer distribution systems to meet a wider range of needs. In addition, the
growth of distributed generation contributes to the reduction of intermediary costs in energy trade. A
practical solution to how discontinuous small-scale generation can be integrated into the system at low
intermediate costs is peer-to-peer electricity trading (P2P) [5].

The world community is facing a serious and urgent global problem of the growth of carbon
dioxide emissions, affecting climate change. The solution to this problem lies in decarbonizing the
global energy system, which produces 42% of all carbon dioxide emissions. Thus, the use of less
carbon-intensive resources allowed the United States to achieve a 25-year minimum of greenhouse
gas emissions in 2017 [4]. In addition, decarbonization is fueled by innovation in increasing the
productivity of renewable energy technologies and reducing their costs. For example, as the amount
of electricity generated increases, the cost of wind energy has dropped from $ 150 per MWh in 2005
to $ 50 per MWh in 2018. Over the past five years, the installed cost of solar energy has decreased
by about 60%, which is the result of a combination of innovation and the rapid expansion of global
capacity, for the production of photovoltaic solar cells [4].

According to the forecasts of the Institute for Energy Research of the Analytical Center under
the Government of the Russian Federation, the use of non-carbon energy resources will grow rapidly
until 2040 and will provide more than 40% of the increase, and electricity production in developed
countries will be more focused on gas and non-carbon generation, while developing countries will
continue to be heavily dependent on coal (with all environmental implications) [6].

The fourth industrial revolution blurs the boundaries between the physical and the digital world, it
is causing a fundamental shift in energy and the displacement of traditional market players.

While certain technologies are considered mainstream, such as cloud computing, the potential of
technologies such as blockchain remains untapped. In addition, there is a gap between reality and the
perceived energy impact these technologies can have.

According to foreign experts, despite the existing emphasis on digitalization as the main strategy,
only 20% of organizations can be classified as advanced in this aspect [1].

This is especially significant when it comes to understanding and applying new technologies such
as blockchain. The upcoming changes in the industry require a willingness to create a more customer-
centric, sustainable and efficient operating model, defined by the following parameters: smart energy,
smart operations and smart customers.

To enable digitization, the industry needs people with advanced data skills, knowledge of hardware,
software, data analysis, process understanding and data interpretation capabilities.

The power system as a complex structure faces the challenge of providing power supply reliability
in the presence of complex algorithms and equipment, subject to operational risks in real time. Due
to the intrinsic complexity of physical electrical networks, even slight fluctuations can cause massive
problems. Therefore, the practical design of a power system requires detailed research and proper
design to reduce uncertainties.
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Artificial intelligence and other digital technologies can become powerful tools for solving
such problems. Intelligent systems help decision-makers make more complex choices in the design,
construction, operation and maintenance of electrical grids.

According to the World Economic Forum, the global electricity sector is in need of accelerated
digital transformation, requiring more than $ 1.3 trillion for the industry and $ 1.7 trillion for global
reach from 2016 to 2025. Some social impact is expected in terms of customer value creation (nearly
$ 1 trillion), carbon emissions reduction (nearly $ 750 billion) and job creation $ 270 billion) [7].

The electricity industry has three challenges.

1. Revise the design of the power system, taking into account short-term digital and technological
innovations, including forecasting and energy storage.

2. Provide the necessary infrastructure to meet future energy demand.

3. Identify the business and operating models to ensure that energy companies receive a greater
share of the profits outside the industry pool.

Experts estimate that the total savings from these activities could be in the order of US $ 80 billion
per year over the 2016-2040 period, or about 5% of the total annual electricity generation costs,
based on the expanded global deployment of affordable digital technologies for all power plants and
infrastructure networks [8].

In this way, digitalization in the energy sector, the main goal of which is to increase the efficiency
of the network through better and faster monitoring, ensuring effective exchange of controlled
workflow, recovery and maintenance of assets using “smarter” networks, involves the creation and
use of computerized information and traffic, as well as the coordination, transmission, processing
and storage of huge amounts of data generated at all stages of the energy supply chain, which is very
significant for each segment of the energy ecosystem.
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SHEPTETHUKAJIBIK KOCIMOPBIHIAPIA
HUPPILIK TEXHOJOTHUSIIAPABI KOJJIAHY

AnjaTna

«udpneik Kazakcran» MeMieKkeTTik OaraapiaMachlH iCKe achIpyIbIH HETi3ri OarbITTapbIHBIH Oipi meHOepiH-
JIe 3UATKEPIIK DHEPTreTHKAIBIK JKYHEHIH KYPBUIBICHI MEH THIMJI JKYMBIC iCTEyi KipeTiH AKOHOMHKA callalapblH
U pIaHIEIpy KapacTeipbuirad. Kazipri sxahaHIsiK S5kOHOMUKA ITUQPIBIK TpaHCPOPMAITHIFa MOICHH aybICyIBI Oac-
TaH KeIIipy/e, HeTi3ri mpoiecTtep MU PIbIK OM3HECKE aybICyAa, TEXHUKAIBIK OHTAMIaHIBIPY, KipiCTepIiH )kKaHa aFbIH-
Jlapbl JKOHE KYHIIBUIBIK KYpyFa MYMKIHJIKTEp KapacThIpbUiFaH. Makaia aBropsapbl HHQPIBIK TEXHOIOTHSIAP/IbI
SHEPreTHKa CalachlHAAFbl KACIMOPBIHAAP/BIH KbI3METIHE €HIri3y MocesesepiH KapacTbipaabl. Lludpaanabipyasiy
©3CKTUIIrH TYCIHIeHIMEH, CaJlaJIbIK KSCIMOPBIHAAPIBIH HU(PIIBIK KETUTY1 a1l Je KETKUIIKCI3 eKeH/IIr aTamn eTieni,
OYJ1 caJalbIK KOCITOPBIHAAPIEI KOHCOPIIIYMFa OipiKTipyHiH MaHBI3IBUIBIFBIH apTTHIPAIbL. byl Makama TocTypii Mo-
ceeriepi ey YITiH SHepreTuka calachblHaa IH(PIBIK TeXHOTOTHIAPABI KOJTaHyIbl HETI3ACHII: eNIiH OapiIbIK
afiMaKTapbIHIAFBl YHEPTeTHKAIBIK KOMIIAHUSIAPIBbIH KbI3METTEPIH KaMTy, SHEPTUsMEH JKaOqbIKTay KbI3METTEPiHIiH
Y3IIKCI3 KOHE JKSTKUIIKTI KOJIeMiH KaMTaMachl3 €Ty, Oara JCHICHiIH TOMEHICTY JKOHE KOpIIaraH OPTaHbI KOPFay.
ABTOpIap SHEPreTHKANBIK XKyHenepal HudpiablK KalTa Kypy/ablH HETi3ri (pakTopiapblH aHbIKTabl )KOHE HEeTi3leNi:
mUQpraHabIpy, OPTAIBIKCHI3IaHABIPY JKOHE JeKapOoHM3ayst. Makaiaia KoaCiMOpPbIHHBIH HU(PIIBIK MopTedere Komry
KPUTEpHIliepi TY)KbIPbIMAIIFaH, OHBIH apTHIKIIBUIBIKTAphl atam oTiireH. Makanaaa mudpiblK TpaHchopMarus-
HBIH HETI13Ti TEXHOJIIOTHSIIAPHI )KOHE ONapIbIH KOJMAAHY epeKIIeTIKTepl KOPCeTiAreH: KacaHIsI MHTEIUTeKT (Artificial
Intelligence), Gmoxueiin, ynkeHn nepekrep (Big Data) xone mepexrepai 6ackapy, SHEpreTHka cajachblH IUQpIaH-
JIBIPY/IBIH IETENIIK TOKIpHOeCiHiH (akTiiepi KelTipiireH.

Tipex ce3nep: mu@praHIbIpy, HEPreTHKa cajackl, HUQPILIK TpaHchopMmanus, MUQPIBIK TEXHOIOTHUsIIAp,
JKacaH/Ibl PHEPTOXKYiie, JHEPTHAMEH )KaOIbIKTay, KOHCOPLIUYM.
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NPUMEHEHUE IIU®POBBIX TEXHOJIOT UM
HA SQHEPTETUYECKUX NNPEANNPUATUAX

AHHOTAIHA

B pamkax ogHOTO M3 OCHOBHBIX HANpaBJICHUH pealn3aliu rocyaapcTBeHHOM nporpamMmsbl «L{ndpooii Kazax-
CTaH» MpeIyCMOTpeHa NU(POBHU3AIMS OTpaciiell 5KOHOMHKH, B 33/1a4ull KOTOPOH BKIIIOUEHBI IOCTpoeHue 1 dddex-
TUBHOE (DYHKIIMOHMPOBAHUE MHTEIICKTYaJIbHOI HeprocucteMbl. COBpeMEHHAsi MUPOBasi SKOHOMHKA MEPEKHUBACT
KyJIBTYpPHBII CABHT B CTOPOHY IIM(POBOI TpaHChOpMALH, OCHOBHBIE IIPOLIECCH EPEBOATCS B IM(pPOBOi On3Hec,
oOecrieunBasi TEXHMYECKYIO ONTHMH3AINIO, HOBBIC TIOTOKH JIOXOJOB M BO3MOKHOCTH CO3/1aHMs LIEHHOCTH. ABTO-
PBI CTaThbH PacCMaTpPHUBAIOT BOIPOCH! BHEAPECHUS IU(DPOBBIX TEXHOJIOTUH B JESITEILHOCTD MPEIIPHUITHI SHEPreTH-
yeckoll oTpaciu. OTMedaercs, 4To, HECMOTPSI Ha IOHMMaHHE aKTYaJIbHOCTH IU(poBU3anny, udpoBas 3penocTh
MIPEANIPUSTHI OTPACiH eIlle HeIOCTATOYHA, YTO YCHIIMBAET 3HAUMMOCTb 00BbEIMHEHHS IPEIIPUSATHI OTPACIN B KOH-
copunyM. B nanHO# crarbe 000CHOBBIBACTCS MCIIOIB30BaHUE IIM(DPOBBIX TEXHOJIOTHI B SHEPTETHKE VISl PEIICHUS
TaKuX TPAAMLIHOHHBIX MPOOJEM, KaK OXBaT yCIyraMH SHEpreTHMYeCKHX KOMIAaHUH BCEX PErHOHOB CTpaHbI, o0ec-
neyeHne Oecriepe0OHOro M T0CTaTOYHOr0 00beMa yCIyr SHEProcHaOKEeHNUs, CHIDKCHNE YPOBHS LICHBI M 3alHuTa
OKpY’KaloIIeH cpesibl. ABTOpaMH ONpe/esieHbl 1 000CHOBaHbBI OCHOBHBIE (haKTOPBI TPaHC(HOPMALIUH IHEPTETHUECKIX
cucreM: IM(poBU3aLKS, ACLHCHTPANIN3AMS U AeKapOOHH3aIHs, chOpMYIMPOBaHEl KPUTEPHHU TIEPEX0a MPEANpHs-
THS B CTaTyc HU(POBOTro, OTMEUEHBI €ro MperMyIiecTBa. B cTathe 0003HaueHbI OCHOBHBIC TEXHOJIOTHU IU(PPOBOH
TpaHchopMannuu 1 0COOCHHOCTH MX NPUMEHEHHUs: NCKyccTBeHHbIH uHTeIuekT (Artificial Intelligence), 6mokueiin,
6onbinue panubie (Big Data) n ynpaBnenne qaHHBIMH, PUBEACHBI (akThl 3apyOeKHON MPAaKTHKK [HU(POBU3ALUH
SHEPreTUYECKOi oTpaciu.

KiroueBrle cioBa: III/I(I)pOBI/BaHI/ISI, OHEPIreTUYCCKas OTpacib, III/I(i)pOBaH TpaHC(I)OpMaHI/ISI, LII/I(l)pOBLIe TCXHO-
JIOTHH, UHTCJUICKTYaJIbHAast SHEProcucrema, 3HepFOCHa6>KCHI/IC, KOHCOPHUYM.
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