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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.

Keywords: energy, IT sector, digital and intelligent systems, digitalization, intelligent 
technologies, digital transformation, digitalization of energy, e-government
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Аннотация. Цифрлық және зияткерлік технологиялардың дамуы мен таралуы, 
олардың экономика мен қоғамның барлық салаларына толық енуі әдеттегі бизнес-
модельдерді, дәстүрлі салалардың құрылымын және әлемдік нарықтардың 
құрылымын өзгерте отырып, тұрақты түрде қарқын алуда. Болып жатқан өзгерістер 
соншалықты ауқымды, біз цифрландыру іс жүзінде бәсекеге қабілеттіліктің 
синониміне айналатын тағы бір технологиялық революция туралы сенімді түрде 
айта аламыз. Цифрлық шешімдер мен платформаларды құру процесінде ең көп 
үлесі бар компанияларға қатысты үкіметтердің бірқатар реттеу шараларының 
тәжірибесі сипатталған. Мұндай құбылысқа авторлық баға берілді. Мақалада 
сондай-ақ бірқатар елдер үшін энергетикалық кешенді цифрландыру тәжірибесі 
қозғалады, электр энергиясын өндіру және жеткізу тұрғысынан көздердің түрі 
бойынша жіктеле отырып, ғылыми-техникалық прогресті дамытудың маңызды 
бағыттары ерекшеленеді. Халықаралық тәжірибені ескере отырып, Қазақстан 
Республикасының экономикасын цифрландыру процесін жеделдету үшін бірқатар 
шаралар мен тетіктер ұсынылды.

Түйін сөздер: энергетика, IT сектор, цифрлық және зияткерлік жүйелер, 
цифрландыру, зияткерлік технологиялар, цифрлық трансформация, энергетиканы 
цифрландыру, электрондық үкімет
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Аннотация. Развитие и распространение цифровых и интеллектуальных 
технологий, их сквозное проникновение во все сферы экономики и общества 
неуклонно набирает обороты, меняя привычные бизнес-модели, структуры 
традиционных отраслей и очертания мировых рынков. Происходящие 
изменения настолько масштабны, что мы можем смело говорить об очередной 
технологической революции, в которой цифровизация практически становится 
синонимом конкурентоспособности. Описан опыт ряда регулирующих мер со 
стороны правительств в отношении компаний, которые имеют наибольшую долю 
в процессе создания цифровых решений и платформ. Дана авторская оценка 
такого явления. В статье также затрагивается опыт цифровизации энергетического 
комплекса для ряда стран, выделяются наиболее важные направления развития 
научно-технического прогресса с классификацией по типу источников с точки 
зрения производства и поставки электроэнергии. Предложен ряд мер и механизмов 
для ускорения процесса цифровизации экономики Республики Казахстан с учетом 
международного опыта.

Ключевые слова: энергетика, ИТ-сектор, цифровые и интеллектуальные 
системы, цифровизация, интеллектуальные технологии, цифровая трансформация, 
цифровизация энергетики, электронное правительство

Для цитирования: А.Б. Жағыпар, Г. Хусаинова. Влияние цифровых решений на 
организацию энергетического комплекса // МЕЖДУНАРОДНЫЙ ЖУРНАЛ ИН-
ФОРМАЦИОННЫХ И КОММУНИКАЦИОННЫХ ТЕХНОЛОГИЙ. 2022. Том. 3. 
Is. 4. Номер 12. Стр. 84–92 (на русском языке). DOI: 10.54309/IJICT.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 (oil, 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 entrepreneurs 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.

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:

NPV =  ∑(Rt−

T

t=0
3t)αt − ∑ Kt

T

t=0
αt 

 where: Rt – cash inflow at step t;
3t – cash outflow at step t;
Kt – capital investments in the project at step t;
αt 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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