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Abstract. The growth and adoption of digital and intelligent technologies, as well
as their end-to-end integration into all facets of the economy and society, is steadily
gaining momentum and changing the way that traditional industries are organized,
how traditional businesses operate, and how global markets are organized. We may
confidently discuss another technology revolution at this point since the changes are
so significant and digitalization is nearly becoming synonymous with competitiveness.
The experience of several regulatory measures by the governments is described in
relation to companies that have the largest share in the process of creating digital
solutions and platforms. The author's assessment of such a phenomenon is given. The
article also touches on the experience of digitalization of the energy complex for a
number of countries, highlights the most important areas of development of scientific
and technological progress with classification by type of sources in terms of electricity
production and supply. Incorporating lessons learned from other countries, a number of
strategies and processes are put forth to hasten the Republic of Kazakhstan's economic
digitalization.
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SHEPTETUKAJBIK KEIIEH/I YIBIMJIACTBIPYFA HUDPIBIK
HIELIIM/IEPIIH OCEPI

A.b. Kazvinap *, I. Xycaunosa

Karpmap Axkayp B — IS-M rpynmnackiHbIH MarucTpaHTbl, AKHapaTThIK TEXHOJIOTHsUIAp (BaKyIbTeTi,
Xaunbikapaibslk AKnapartbik TexHOMOrHsiap YHUBEPCHUTET.

XycaunoBa I'ynbmupa — XaibIKapajiblK aKIapaTThIK TEXHOJOTWsUIAp YHUBEPCHUTETi, AKHNAapaTThIK
xKy#enep kaderpacbHbIH aCCUCTEHT-TTPO(GECCOopHI.

© A.b. Karpmap, I'. Xycaunosa, 2022

AnHoTtauust. LIndprsik sxoHe 3USTKEPIIIK TEXHOIOTUSIIAPIBIH JaMybl MEH Tapailybl,
oJIap/IbIH SKOHOMUKA MEH KOFaMHbBIH OapJIbIK cajlajapbiHa TOJBIK €HYI1 9[IeTTeri Ou3HeC-
MOJEIBbACPAl, OOCTYpJi caslanapiblH KYPBUIBIMBIH >KOHE OJIEMAIK HapbIKTapAbIH
KYPBUTBIMBIH ©3r€pTe OTHIPHII, TYPAKTHI TYP/Ie KAPKbIH anyna. bossll skaTkaH e3repicrep
COHINAITBIKTBI ayKbIMIBI, 013 HUpIaHABIpy ic Xy3iHAEe Oocekere KaOiIeTTiNIKTIH
CUHOHUMIHE aifHaJIaThIH TaFbl O1p TEXHOJIOTHSIIBIK PEBOJIOIUS TYpaJibl CEHIMII TYp/e
aiita anmambi3. [{udpnsik memiMaep MeH miardopMaiapasl Kypy MpOIEciHe eH Kol
yJieci 0ap KOMIaHUWsUIapFa KaTbICThl YKIMETTEpIiH OipKarap peTTey IapajapbIHbIH
Toxipubeci cumarTanraH. MyHnaii KyOBUTIBICKAa aBTOPJIBIK Oara Oepimmi. Makamanga
coHpaii-aK OipkaTap ejjiep YUIIH YHEpPreTHKalbIK KeUeH Il UuppiIanabpy ToxKipudeci
KO3FaJIaJbl, 3JIEKTP DHEPTHACHIH OHIPY XKOHE JKETKi3y TYPFBICBIHAH KO3ICPIiH TYpi
OOMBIHIIA KIKTEJIC OTBIPHIN, FHUIBIMU-TEXHHUKAJIBIK MPOTPECTi AAMBITYIBIH MaHBI3IbI
OarbITTaphl epeKIIeNieHe . XalbIKapalblKk ToXipuOeHi eckepe OTHIphIN, Kazakctan
Pecny0nmKachIHBIH YKOHOMHKACHIH HU(PIAHABIPY MPOLECiH XKeAeIAETy YIIiH OipKarap
1apagap MEeH TeTIKTepP YChIHBIIbI.

Tyiiin ce3mep: suepreruka, IT cekrop, HMOPABIK XKOHE 3UATKEPIIK >Kyhenep,
nrpIaHabIpy, 3UATKEPIIK TEXHOJIOTHSIIAP, MU PIBIK TpaHCPOpPMAaIIKs, SHEPTETHKAHBI
UUQPIaHABIPY, MEKTPOHIBIK YKIMET

Joiiexcoes ymin: A.b. XKarpmap, I. XycamHoBa. DHepreTWKaiblK KEHICHII
yiteimpacteipyra nndpasik menrimaepain acepi / XAJIBIKAPAJIBIK AKITAPATThIK-
KOMMVYHUKAIUAIBIK TEXHOJIOTUAIAP XYPHAJIBL. 2022. Tom. 3. Is. 4.
Hewipi 12. 84-92 et (opsic Tinminzge). DOI: 10.54309/1JICT.2022.12.4.007.

BJIMSTHUE [IUD®POBLIX PEINEHUIA HA OPTAHU3AIIAIO
SHEPI'ETUYECKOI'O KOMIIJIEKCA

A.b. Kazvinap*, I. Xycaunosa

Karpmap Axnyp b — waructpant rpymmer IS-M kxadenpsr MHGMOPMAIMOHHBIX TEXHOJIOTHIH,
MesK/1yHapOAHOTO YHUBEPCHTETa HHPOPMALIOHHBIX TEXHOJIOTHIA.
XycaunoBa I'ynbmupa —  accouumpoBaHHBIA Tpodeccop Kadeapsl MHOOPMAMOHHBIX CHCTEM

MeXIyHapoJHOTO YHUBEPCUTETa HH()OPMAITMOHHBIX TEXHOIOTHH.
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Annorauusi. PazButie u pacmpocTpaHeHHe LU(PPOBBIX M HHTEIUIEKTYaJbHBIX
TEXHOJIOTHH, WX CKBO3HOE NMPOHWKHOBEHHE BO Bce c(ephl SKOHOMHKH H OOIIecTBa
HEYKJIOHHO HaOupaeT 00OpOTHI, MEHSSI TMPUBBIYHBIE OHM3HEC-MOJAECIH, CTPYKTYPHI
TPAIUIIMOHHBIX OTpaciel W OdYepTaHus MUPOBBIX pBIHKOB. [Ipomcxomsimue
M3MEHEHHUS] HACTOJIBKO MAcCIITAOHbBI, YTO Mbl MOXXEM CMEJIO TOBOPHUTH 00 OuepeaHON
TEXHOJIOTHYECKOW PEBOJIOLNH, B KOTOPOW HM(POBU3ALMS NPAKTHUYCCKH CTAHOBUTCS
CUHOHUMOM KOHKYPEHTOCTIOCOOHOCTH. OIHCaH OIBIT psAfa PeryJupyrolnx Mep co
CTOPOHBI IPABUTEILCTB B OTHOIIEHUH KOMITAHUH, KOTOpbIe IMEIOT HAUOOJBILYIO J0JII0
B Tporiecce co3maHusd MUGPOBEIX pemieHud W miargopm. [lana aBTopckas OleHKa
TaKoTO sIBJIeHUS. B cTarhe Takxke 3aTparuBacTCsA OIBIT HI/I(i)pOBI/ISaI_[I/II/I OHEPIreTUICCKOIro
KOMIUIEKCa JUIs psiia CTPaH, BBIIEJSIOTCS HanOoJiee BayKHbIC HANPABICHUS Pa3BUTHS
HayYHO-TEXHHYECKOTO Tporpecca ¢ Kiaccu(UKAIUe Mo THUIY MCTOYHHUKOB C TOYKH
3pEHHMSI IPOU3BOJICTBA U MOCTABKH AIIEKTPOIHEPTHH. [IpeiioskeH psaa Mep 1 MEXaHU3MOB
JUTSL YCKOpPEHHS TIpotiecca M poBu3aIiu 3KoHoMukH PecrryOmmku Kazaxcran ¢ yaetom
MEXTyHApOHOTO OTIbITA.

KaroueBsie ciioBa: sHepretnka, WT-cekrop, nudpoBble W HHTEIEKTyalbHbIE
CUCTEMBI, ITU(POBU3ALINS, HHTEIJIEKTYaIbHbIE TEXHOJIOTHH, TN pOoBasi TpaHcPopManus,
UUpPOBHU3ALINS SHEPTETUKH, HIEKTPOHHOE MPABUTEILCTBO

JasnurupoBanus: A.b. XKarsmap, I. Xycannosa. BiusiHue iudpoBsIx pemnenunii Ha
OpraHM3aIMIo SHEpreTHIeckoro kommnekca / MEXYHAPOJ/HbBIN XXYPHAJI VH-
®OPMAIIMOHHBIX 1 KOMMYHUKAITMOHHBIX TEXHOJIOTI'UIA. 2022. Towm. 3.
Is. 4. Homep 12. Ctp. 84-92 (Ha pycckom si3bike). DOI: 10.54309/1J1CT.2022.12.4.007.

Introduction

Digital solutions will completely upend our familiar environment in the next years.
Companies and nations that anticipate changes in advance and are able to make use
of their resources will play a significant role in the development of new solutions and
will have a distinct edge over rivals, even on a global scale. And this is true not just for
sectors like media and telecommunications, retail, and finance that have historically
been vulnerable to technological change, but also for sectors like energy.

The fuel and energy industry is already seeing an increase in the amount of money
that it invests from outside sources in cutting-edge technologies like blockchain, big
data, artificial intelligence, robots, and the Internet of Things. While this is happening,
the velocity at which innovative technologies are being adopted suggests that some
of them will reach their commercial implementation zenith far sooner than initially
predicted. As an illustration, the global market for distributed energy technologies,
such as low-power generation, demand management, storage, energy efficiency, etc.,
is growing quickly. The global intake of distributed generating capacity is already
comparable to the introduction of centralized generation, and by 2025, some experts
predict it may be three times greater (Avdeeva, 2018).

The electric power business will be most affected by digitalization. The development
of distributed generation on a scale ranging from one station to an entire network with
hundreds of facilities, including those based on renewable energy sources, will be made
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possible by new digital technologies, which will also increase the stability of power
systems. This will result in an ecosystem.

Development of digitalization in the energy sector in Kazakhstan

Global practice clearly demonstrates that in modern realities digitalization plays an
increasingly important role in the development of the economy of all countries of the
world. Electricity production in Kazakhstan is carried out by 138 electric power plants
with an installed capacity of 21,902 MW. Kazakhstan has large reserves of energy
resources (0il, gas, coal, uranium) and is an energy power (Bibri, 2021).

Digitalization is primarily the informatization and automation of business
activities within an organization that are converting digital data into physical form. By
systematizing and analyzing this data, development and management decision-making
may be sped up and made more effective.

The relevance of the research on the topic of "digitalization in the energy sector" is
due to the transformational processes in the energy sector of the state, which are formed
under the influence of the creation of a digital economy and development various
innovative technologies For this reason, the purpose of the article is to analyze the main
trends in the digital transformation of the energy industry of our country. To do this,
within the framework of the study, it is necessary to solve the following tasks:

- to consider the theoretical aspects of the concept of "digitalization";

- list the main problems of the development of digital transformation in energy of the
Republic of Kazakhstan;

- analyze the role of energy saving and management energy efficiency during
digitalization in the energy sector;

- to consider the trends in the development of the renewable energy market in
Kazakhstan;

For this reason, modern enterprises of the Kazakh economy need to develop
intellectual capital within their production. It makes it possible to develop new
technologies and innovations, the use of which improves operational activities and the
management system. One of the directions of intellectualization is the digitalization
of the energy industry, on the quality of functioning of which depends not only the
financial success of energy companies, but also the management of energy efficiency in
other industries and spheres of life, including housing and communal services economy
of the Republic of Kazakhstan (Bogachan et al., 2021).

The adoption of various Smart technologies is the primary global trend in the energy
sector in order to enable efficient information sharing between all network participants,
protection from significant failures, natural catastrophes, and external threats, and self-
healing (Kaluarachchi, 2021).

It is significant because, in the future, the success of environmental protection efforts
will depend not only on the quality of the human and material resources, but also on
how accurate and effective the information about the environment is presented.

Additionally, Kazakhstan places a high priority on the advancement of digitization.
Digitalization is already a part of modern energy. The energy industry is increasingly
embracing digital technology, which enable more effective monitoring and administration
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of production, transportation, and energy use. Unskilled employees are anticipated to
decline as a result of the shift in the structure of labor demand. Specialists of the average
qualification level, as well as specialists of the highest qualification level, will be in
demand (Gardi et al., 2015; Meshcheryakova, 2015: 64—67). Among the promising and
in demand specialties already today are specialists in ensuring cybersecurity of energy
enterprises, adjusters and controllers of power grids for distributed power engineering,
specialists in the design of digital power systems, for digital control systems of energy
facilities. The state program "Digital Kazakhstan" has been approved and is being
implemented with the aim of accelerating the rate of economic development of the nation
and enhancing the quality of life of the populace through the use of digital technologies
in the medium term, as well as setting up circumstances for the domestic economy to
change fundamentally and guarantee the long-term development of the digital economy
of the future (Nurzhanov et al., 2019).

The relevance of the process of applying digital technologies in companies is
supported by both the community of entreprencurs itself and the state, which has
developed the Digital Kazakhstan program. General structure of national projects and
their state budget financing for the implementation of the Digital Kazakhstan program
is shown in Figure 1.

SOURCES AND VOLUMES
FINANCING

108 683 142

'i"'

Figure 1 - The financial budget of the Digital Kazakhstan program

Digital technology will make it feasible for the oil and gas industry to manage
and optimize oil and gas assets and production capacity along the whole value chain,
from the well to the gas station more efficiently. This will raise the overall amount of
recoverable reserves in the manufacturing sector, especially unconventional oil and gas,
and lower the cost of their exploitation (Nurzhanova et al., 2019).

In the coal industry, the widespread introduction of new digital solutions will prevent
the occurrence of failures and accidents at production facilities, reduce the risk of
injury and generally optimize the production process from mining to coal supply to the
consumer. The program, among others, sets the task of digitalization of industry and
electric power industry, within the framework of which KEGOC JSC implements the
project (Gardi et al., 2015).
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Introduction of a centralized system of emergency and regime automation control
modes of operation of the Unified Electric Power System (UEPS). It consists of two
components: "Centralized Emergency Control System (CECS)" and "Automatic
frequency and Power Control System (AFPCS)". The implementation of these projects
is aimed directly at fulfilling the instructions of President Kassym-Jomart Tokayev to
modernize the energy system of Kazakhstan through the development of modern smart
technologies. In particular, the construction of intelligent networks (Smart Grid), the
elements of which will be DSPA and ARCHM.

With the move from local to centralized emergency management, the first component's
introduction will enable setting up emergency management procedures in Kazakhstan's
power system in real time without the involvement of employees. This will bring the
UES's reliability to an entirely new level.

The implementation of the second project automates the regulation of frequencies
and capacities in order to reduce to zero the deviations of the balance of power flows
from the planned values at the border of the UES of Kazakhstan and the UES of Russia.
This will reduce deviations in the planned balance of generation and consumption and
will make it possible to avoid additional loading of the transit network with unplanned
power flows (Nurzhanova et al., 2019; Gardi et al., 2015).

Economic performance indicators of gas turbine power plant technology application

It is vital to take into account the evolution of the energy sector from several temporal
perspectives. The development of efficient and ecologically friendly technologies
for processing organic fuels (oil, coal, and gas) is of utmost importance in the near
future, particularly based on combined-cycle gas installations and mechanisms for deep
processing of coal. However, organic fuel will continue to be a top energy source (Gardi
et al., 2015).

One of the technologies that increases the efficiency of management energy costs in
the provision of heat supply services to homes are the use of gas turbine power plant
(GTES) technology. This equipment makes it possible to increase the energy efficiency
of heat and electricity supply to municipalities by 25-30 % (Meshcheryakova, 2015).

Additionally, the difficulty of meeting the variable portion of the electrical load
schedule will be lessened by the gas turbine power plant's great mobility. The criteria
of net discounted income (NPV), the index profitability, payback period, and internal
rate of return are used to evaluate the economic effectiveness of the use of technology
a gas turbine power plant in heat supply systems. The formula for calculating the NPV

has the form:
T T
NPV = Z(Rt‘ 30 — Z K, o
t=0 t=0

where: R — cash inflow at step t;

3,— cash outflow at step t;

K — capital investments in the project at step t;

a, is the discount factor at step t.

For the calculation of economic indicators, the following initial data are used, shown
in Table 1.
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Table 1 — Initial data for the assessment of economic indicators of the efficiency of the use of gas
turbine power plant technology.

The name of the indicator Pure value
Electricity tariff 14 KZT/(kWh)
The tariff for thermal energy 18000 KZT/GCal
T 15 years

Internal rate of return E 11.5%

The payback period of investments in the construction was 3.2 years. The analysis
of the results shows that the use of gas turbine power plant technology in heat supply
systems cost-effective.

Energy efficiency and economic benefits

Energy efficiency is a characteristic that reflects the ratio of the beneficial effect to the
total cost of energy resources. It is not only a promising direction of energy development,
but also a legislative initiative of the government. In practice, energy conservation and
energy efficiency are not limited only to dry technical and legal frameworks but affect
almost all aspects of human life. One of the main problems of energy efficiency is the
limitations of all types of fuel. All mineral reserves are finite. This is an objective fact,
therefore alternative energy is one of the most relevant areas of development of modern
science and technology. But modern energy conservation also faces other serious issues
and negative phenomena, the elimination of which should be carried out with the help
of competent energy management.

There is no mass culture of household energy saving in the country. The introduction
of new energy — saving programs at enterprises, comprehensive popularization and
purposeful promotion of careful attitude to energy resources is an effective method of
combating wastefulness. The electric power complex of Kazakhstan is characterized by
a high degree of deterioration of the equipment of power plants and electrical networks
(Muttaqi et al., 2015). The deterioration of the complex causes technological losses, fuel
and energy leaks. Insufficient financing of purchases of new equipment and technical
reconstruction of networks leads to colossal losses today. One of the main factors in
solving problems is the introduction of new technologies. Undoubtedly, it is the most
expensive, but in some cases it leads to a reduction in energy consumption by more than
50 %. One of the innovations in the field of new technologies has become an automated
system of commercial electricity metering (ASKUE). Huge energy costs are one of the
main expenditure items in the budget of any industrial enterprise. Therefore, obtaining
a complete picture of the consumption of all types of energy, the ability to analyze this
information, forecasting and managing energy consumption at all stages of production
is of particular importance.

The meaning of the creation and operation of the ASKUE is the constant saving
of energy resources and finances of the enterprise with minimal monetary costs (Shah
et al., 2016). Along with automated systems, there is a transition to an intelligent
electric power system of Kazakhstan with an active adaptive network (AAS). The
AAS NPP contains any generating sources, including unconventional and renewable
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(NiVIE), which are connected to consumers through an active adaptive network: power
transmission lines of all voltage classes, active devices for electromagnetic conversion
of electricity, switching devices, protection and automation devices, information
technology and adaptive control systems, providing: adaptive response in real time to
various types of disturbances and deviations from the set parameters in normal and
emergency modes both in the network itself and on objects connected to the network
(generators and consumers);

the issuance of the necessary control actions based on the results of processing
information received from the information and measurement system of the IES AAS;

reliable and economical parallel operation of all objects forming the electric power
system.

The AAS ECO is a unifying platform for achieving the goals, main directions of
technological renewal and development of Kazakhstan.

Having studied the situation, it can be seen that the state is actively involved in
improving energy efficiency, both in the consumer and industrial sectors. From this, we
should expect high budget investment support, which in turn should stimulate private
business to increase interest in energy-saving technologies. The improvement of the
country's electric power industry, both in the process and after completion, will become
a serious foundation for the modernization and development of the country's economy.

Conclusion

In the development of digitization in the energy sector, the study examined the
role of energy conservation and energy efficiency management. We evaluated at the
theoretical underpinnings of the term "digitalization" and trends in the market for
renewable energy, one of the areas where the Republic of Kazakhstan's energy industry
is being digitalized. According to the results of the analysis, modern energy is already
actively using the tools of digitalization. The goal of innovations in the energy sector is
to advance methods for producing, delivering, and storing electricity. New opportunities
are opening up for managing power systems of various scales through the introduction
of "smart" networks. Promising areas of digitalization of production processes are also
the sphere of energy transmission and distribution (43 %), production management (39
%) and the main technological process (41 %).

A proposal to solve the main problems of the development of digital transformation in
the energy sector of the Republic of Kazakhstan. As a solution is the use of technologies
that increase the efficiency of energy cost management in the provision of heat supply
services to residential buildings, is the use of gas turbine power plant technology. The
energy efficiency of the heat and power supply to municipalities can be increased by
25-30 % thanks to this technology. The introduction of sensor devices (smart sensors),
the switch to ultra-high-capacity batteries, and the creation of electric microgrids are
some of the promising areas for the development of "smart energy" in Kazakhstan. Our
energy sector will soon be managed by artificial intelligence that plans output. With
the aid of "smart systems," energy generation, transmission, and consumption will be
controlled and automated, and technical documentation and accounting will be done
using electronic formats in accordance with these principles.
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