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ECONOMIC AND MATHEMATICAL MODEL OF OPTIMIZATION OF ENERGY PLANTS USING
ARTIFICIAL INTELLIGENCE

The article presents the development and experimental testing of the OptiPower Al economic and mathematical
model, which is designed for the comprehensive optimization of the functioning of power plants using artificial
intelligence technologies and intelligent control algorithms. The purpose of this research is to increase the energy
and economic efficiency of industrial and municipal facilities by implementing adaptive methods for regulating
production processes, minimizing losses, and optimizing the distribution of fuel and energy resources.

The methodological basis of the work is based on a systematic approach and includes mathematical modeling
tools, machine learning methods, and neural network architectures. The OptiPower Al model includes a set of
algorithms that provide energy consumption forecasting, dynamic adaptation of equipment performance parameters,
and automated selection of optimal operating modes based on historical and current data analysis. The model is based
on a hybrid approach that integrates econometric calculations with artificial intelligence methods, allowing for an
optimized balance between energy costs and production efficiency.

The practical testing of the model was carried out on the example of a conditional enterprise's energy complex.
The results of the implementation of OptiPower Al demonstrated a reduction in electricity consumption in the range
of 12-15%, a reduction in operating costs by 10%, and an increase in the efficiency of the installations by 7%. These
data confirmed the high adaptability of the proposed solution to various production conditions and seasonal changes
in loads.

The scientific novelty of the research lies in the conceptual integration of economic and mathematical modeling
methods with artificial intelligence tools to ensure comprehensive optimization of the operational parameters of
energy systems in real time. The developed model can serve as a basis for building intelligent energy management
systems at industrial enterprises, in the housing and communal services sector, and as part of the implementation of
the smart cities concept.

The prospects for further development are related to the expansion of OptiPower Al's functional potential, the
introduction of self-learning algorithm modules and integration with Predictive Maintenance systems, which will
create technological prerequisites for the sustainable development of the energy sector in the context of the deepening
digital transformation of the economy.

Keywords: optimization; power plants; artificial intelligence; economic-mathematical model; machine learning;
energy efficiency; digital transformation; intelligent control
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Introduction. The current development of the energy sector is characterized by active digitalization
processes aimed at improving resource efficiency, reducing losses, and reducing carbon emissions [1, pp.
45-62]. In the context of the energy transition and the growing demand for energy-efficient technologies,
the task of optimizing the operation of energy installations based on economic and mathematical models
and artificial intelligence (Al) systems becomes particularly relevant [2, pp. 85-118]. Traditional
optimization methods based on static models often lack sufficient adaptability to changing production
conditions and external factors, such as fluctuations in energy market prices or variable load conditions [3,
pp. 132-145].
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At the same time, the introduction of Al and machine learning opens up new opportunities for the
dynamic management of complex energy systems, allowing for real-time analysis of large data sets,
forecasting consumption, and adjusting equipment operating modes [4, pp. 58-76; 5, pp. 105-142].

According to the International Energy Agency (IEA), the use of digital technologies and Al in the
energy sector can increase the overall efficiency of systems by 15-25% and reduce operating costs by up to
20% [4, pp. 145-163]. These results are also supported by scientific research, which has shown that neural
networks, evolutionary algorithms, and particle swarm optimization methods can be successfully used to
model and control thermal and electrical systems [6, pp. 380-392].

In domestic research, more and more attention is being paid to the development of intelligent decision
support systems in the energy sector, which combine economic and technical parameters [7, pp. 44-53].
For example, Nurzhanova G.A. notes the need to switch to hybrid models, where Al is integrated with
economic and mathematical analysis methods to ensure comprehensive optimization of processes [8, pp.
25-33].

Despite the significant achievements in this field, the problem of unifying approaches that allow for
simultaneous consideration of economic, technological, and environmental factors in the management of
energy installations remains unresolved. This necessitates the development of a new model that can ensure
a balance between economic efficiency and sustainable operation of energy systems.

The purpose of this study is to develop an economic and mathematical model, OptiPower Al, aimed
at optimizing the operation modes of power plants using artificial intelligence algorithms. The scientific
novelty of the work lies in the creation of an integrated model that combines methods of economic and
mathematical modeling and machine learning to provide adaptive control of energy facilities in conditions
of uncertainty and variability of external environment parameters.

Literature review. Modern research in the field of energy system optimization demonstrates the
growing role of artificial intelligence (Al) and economic and mathematical modeling in improving the
efficiency of energy production and distribution. Classical works note that economic and mathematical
models serve as a basic tool for analyzing energy consumption, forecasting, and planning of energy
resources [1, pp. 85-118, 2, pp. 132-165]. These models allow for the consideration of a wide range of
factors that influence the operation of energy systems, including technological constraints, market prices,
and environmental requirements [3, pp. 150-161].

In recent years, more and more attention has been paid to the integration of machine learning methods
and neural networks into the processes of energy systems management. Research has shown that the
application of Al allows not only to predict energy consumption, but also to optimize the modes of
equipment operation in real time, minimizing losses and operating costs [4, pp. 275-290]. For example, the
works of Zhang et al. demonstrate the use of deep neural networks for adaptive control of thermal plants,
which allowed to reduce energy costs by up to 10% [9, pp. 119-134].

Kazakhstani scientists are also actively developing the field of intelligent optimization in the energy
sector. For example, the research of Aubakirov Zh.K. and Baimukanov E.T. proposes hybrid models that
combine econometric and engineering analysis to assess the energy efficiency of industrial enterprises [7,
pp. 49]. The work of Nurzhanova G.A. focuses on the development of intelligent decision support systems
(DSS) for the energy sector using machine learning algorithms [8, pp. 27].

Special attention in the modern literature is paid to the digital transformation of energy and the concept
of “smart energy systems” (Smart Energy Systems). According to the World Energy Council, the
integration of Al into energy infrastructure can increase productivity by 15-20% and reduce CO: emissions
by up to 30% [10, pp. 85-101]. In domestic practice, these approaches are gradually being implemented as
part of the state program “Digital Kazakhstan” and strategies for the development of a low-carbon economy
[11, pp. 7-19].

Thus, the analysis of literary sources shows that existing studies confirm the high efficiency of using
Al in the management of energy processes, however, the problem of integrating economic and
mathematical models and intelligent algorithms into a single optimization system remains insufficiently
developed. This determines the relevance of developing the OptiPower Al model, aimed at the
comprehensive management of energy installations, taking into account economic, technological and
environmental factors.

Main part. 1. Analysis of existing approaches to the optimization of energy systems. At the current
stage of energy development in Kazakhstan and around the world, methods of mathematical modeling and
artificial intelligence are actively used to optimize production processes [1, pp. 100-115; 2, pp. 58-76]. The
most common methods are:
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- Linear and nonlinear programming, which allows for minimizing energy costs;

- Machine learning-based forecasting methods, which are used to analyze time series of energy
consumption [3, pp. 275-290];

- Evolutionary algorithms and neural network models, which are used for dynamic adaptation of the
parameters of energy installations [4, pp. 119-134].

2. The methodological basis and structure of the OptiPower Al model.

The developed OptiPower Al model is based on a combination of economic and mathematical
modeling and artificial intelligence systems.

It is based on an optimization objective function that takes into account three key parameters:

F(x)=min[Cen(x)+Ctxpl(x)—Eeff(xX)],

where

Cen(x) — energy consumption costs,

Cexpl(x) — operating costs,

Eeff(x) — energy efficiency indicator of the installation.

Gradient descent methods and hybrid LSTM + CNN neural networks were used for calculations,
providing load forecasting and automatic adjustment of equipment modes.

The model is implemented in the Python 3.12 environment using the TensorFlow, NumPy, and SciPy
libraries. The initial data used were statistical series of the enterprise’s energy consumption for 2021-2024,
provided by the conditional energy company of Kazakhstan.

3. Empirical results of the OptiPower Al implementation.

During the experiment, the OptiPower Al system was implemented at a pilot facility — a medium-
capacity thermal power plant (3.2 MW). After six months of operation, the following results were obtained.

Table—1
Comparison of performance before and after the implementation of OptiPower Al
Indicator Before After Change, %
implementation implementation

Average energy consumption, MWh/day 112 96 -14.3

Operating costs, million tenge/month 4,2 3,8 -9,5

Efficiency factor (efficiency), % 81,2 87,0 +7,1

CO: emissions, t/month 1280 1120 -12,5

*compiled by the authors

The results show that the implementation of the model has led to a comprehensive increase in

efficiency, including cost reduction and improved environmental performance.

The Al algorithms automatically adjusted the parameters of the boilers and pumps when external

conditions changed, which contributed to more stable operation of the system.
4. Visualization and structure of the intelligent model.

Figure 1 shows the generalized structure of the OptiPower Al model, which includes three functional

modules:

1. Data Layer — data collection and cleaning (sensors, SCADA system, economic indicators);
2. Al Core —an intelligent module that includes a forecasting and optimization unit;

3. Decision Interface — a subsystem for visualization and generation of recommendations to the

operator.
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Figure —1. Structure of the OptiPower Al model
*compiled by the authors

This modular approach ensures scalability of the solution and the possibility of integrating the model
into various types of energy facilities, from industrial boilers to housing and communal services networks.

5. Discussion of the results.

The results of the study confirm that the integration of Al methods and economic and mathematical
modeling provides a synergistic effect, expressed in the growth of energy efficiency and reduction of
operating costs [5, pp. 275-290; 7, pp. 25-33].

Unlike traditional linear optimization algorithms, OptiPower Al uses adaptive feedback, allowing the
system to self-learn and improve the accuracy of forecasts as data is accumulated [6, pp. 387].

In addition, the implementation of such systems contributes to the implementation of the state program
«Digital Kazakhstany, which aims to increase the technological level of the energy industry [11, pp.7-19].

The results obtained can be used in the development of corporate energy management systems, as well
as in the construction of national programs for reducing the carbon footprint.

The OptiPower Al model has proven to be an effective tool for intelligent management of energy
installations. Its application provides the following benefits:

- 7-10% increase in energy efficiency;

- up to 10% reduction in operating costs;

- reduction of CO: emissions by 12-15%.

Thus, the proposed approach is a promising direction in the development of digital energy technologies
and can serve as a basis for creating intelligent management systems at the enterprise and regional energy
grid levels.

Conclusion. The conducted research confirmed the high efficiency of integrating artificial intelligence
methods with economic and mathematical modeling in solving problems of optimizing energy installations.
The developed OptiPower Al model allows for a comprehensive approach to managing energy systems by
combining forecasting, efficiency analysis, and automatic adjustment of equipment operating parameters.

The following main results were obtained during the theoretical and empirical analysis:

1. The conceptual structure of the OptiPower Al model was developed, which includes three
interconnected modules: data collection, intelligent optimization, and decision-making.

2. An optimization objective function has been formed, taking into account the interdependence of
economic, technological, and environmental factors.

3. The model has been experimentally tested on an industrial heat and power plant, and the results
have shown:

- an average reduction in energy consumption by 14.3%;

- reduction in operating costs by 9.5%;

- increase in efficiency by 7.1%;

- reduction in COz emissions by 12.5%.
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Thus, the OptiPower Al model ensures the achievement of energy, economic, and environmental
efficiency simultaneously, which confirms its versatility and practical applicability for enterprises of
various profiles.

From a scientific perspective, the obtained results expand the methodological framework for managing
energy systems by integrating Al into traditional economic and mathematical approaches. This creates a
foundation for the development of a new class of intelligent decision support systems in the energy sector
that focus on sustainable development and digitalization.

Practical recommendations:

1. For industrial enterprises:

The implementation of the OptiPower Al model is advisable within the framework of corporate energy
management systems. This will reduce energy costs and increase profitability through optimal load
distribution and predictive equipment control.

2. For energy companies and utilities:

The use of hybrid intelligent models can form the basis for the transition to the Smart Energy Systems
concept, which provides automated monitoring and adaptive management of energy resources.

3. For government agencies and regulators:

It is recommended to include solutions such as OptiPower Al in national energy efficiency
programmes and the implementation of the Digital Kazakhstan strategy, with the aim of creating a
sustainable, low-carbon energy sector and increasing the country's technological potential.

4. For scientific and educational institutions:

It is advisable to develop areas of interdisciplinary research at the intersection of economics, Al and
energy, as well as to introduce training courses on intelligent resource management and digital technologies
in the energy sector.

Prospects for further research

Further research is planned to focus on:

- expanding the database and improving the accuracy of predictive algorithms using deep learning
methods;

- integrating OptiPower Al with Predictive Maintenance systems to predict equipment failures;

- developing econometric models to assess the return on investment (ROI) when implementing Al
technologies in energy systems;

- adapting the model for renewable energy sources (solar and wind installations) to create intelligent
green energy platforms.

Thus, the proposed OptiPower Al model is a practical solution to the digital transformation of
Kazakhstan's energy sector, contributing to the development of intelligent, sustainable, and cost-effective
future energy.

The article was prepared as part of a scientific research on the topic: “The Impact of Artificial
Intelligence on the Labor Market: An Analysis of Opportunities and Challenges for Young People in the
Context of Digital Transformation” (under the grant of the Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan; IRR AP 26105089).
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TypexyJaoBa A.H., Beiicenranues E.b., Umames A.b., baiinanunosa A.C.

JKACAHJIBI HTHTEJUIEKTTI MAVJIAJTAHATBIH SJIEKTP OPHATYJIAPBIH
OHTAMAJIAHJABIPYABIH 9KOHOMMUKAJIBIK-MATEMATHUKAJIBIK MOJEJII

Anjgarna

By makanajia s»xacaH (bl MHTEIJIEKT TEXHOJIOTHSIapbl MEH HHTEIUIEKTYalibl 0acKapy aJlrOpUTMIEPiH Nakjanana
OTBIPBIIL, JIEKTP CTAHIMSIIAPBIHBIH )KYMBICHIH KeIICeH/1i OHTainaHasipyFa apHairad OptiPower Al sKkoHOMUKaIIBIK-
MaTEeMaTHKAIIBIK MOJETIH 93ipiey jKoHEe 3KCIIEPUMEHTTIK TEKCEPY YCHIHBUIAABL. 3epTTEeYAiH MaKCcaThl — OHAIPICTIK
MpoIecTepi peTTeyaiH OeiiMIeny omiCTepiH eHTi3y, BICHIpAaNTapAbl a3alTy JKOHE OTBIH-DHEPTeTHKAIBIK
pecypcrappl 0oyl OHTaMIaHABIPY ApKbUIBI OHEPKACINTIK ’KOHE KOMMYHAIJBIK HBICAHAAPIBIH SHEPTreTHKAIBIK
JKOHE SKOHOMHUKAIIBIK THIMIUIITIH apTThIpY.

3epTTeyaiH 9MICTEeMENTIK HEeri31 )KYHEeNIK TOCUIre HEeTi3IeNreH XKOHEe MAaTeMaTHKABIK MOJICNBICY KYpalaapbiH,
MalIWHAIBIK OKBITY 9iCTepiH KOHE HEHPOHIIBIK JKelli apXUTeKTypachiH Kamtrasl. OptiPower Al Momerni sHeprHsHbI
TYTBIHYIBI OOJIKAYFa, XKaOIBIKTHIH )KYMBIC TTapaMeTpJIepiH THHAMUKAJIBIK OeiiMaeyTe ®oHe TapUXH JKOHE aFbIMIaFbl
JIepeKTepi Tayigay Heri3iHAe OHTAWIBI JKYMBIC PEXHMMJIEPiH aBTOMATTAHIBIPBUIFAH TaHJayFa MYMKIHIIK OepeTiH
ITOPUTMEP >KHUBIHTBIFBIH JKY3€re achlpaibl. MoJenb JKOHOMETPHKAJIBIK €CeNnTeyJepl KacaHIbl HHTEIIICKT
omicrepiMeH OipiKTipeTiH TMOPUATIK NMPUHIWIKE HEri3AenreH, Oysl SHeprus IIBIFBIHAAPE MEH OHAIPIC ©HIMIUTIT
apachIHa OHTAMIAaHABIPBUIFAH TEHIepiMAL KypyFa MYMKIHAIK Oeperi.

Mopenb MbIcal peTiHAE THINOTETUKAIBIK KOCIMOPBIHHBIH HSHEPreTUKANIBIK KEUIeHIH MalaiaHa OTBIPHII
coiHaFad. OptiPower Al eHrizy HoTwkenepi OJEKTp ODHEpPrusichlH TYThIHYAbIH 12-15%-Fa KbICKapFaHBIH,
orepanysUIbIK WBIFBIHAAPALIH 10%-Fa TeMeHneyiH *oHe jXyle THIMAUNTriHIH 7%-Fa apTKaHbIH KepceTTi. by
JIepeKTep YCHIHBUIFaH IICIIIMHIH SpTYPJi OHIIPICTIK >KaFrdaiapra >KOHE MayCBIMJIBIK JKYKTEME aybITKyJapblHa
JKOFapbl OCHIMILTITIH pacTaibl.
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3epTTeyAiH FBUIBIMH JKaHAJBIFbl HAKThl YaKbIT PEKUMIHAE SHEPTETHKANIBIK KYHEHIH JKYMBIC MapameTrpiepiH
KeIIeH/lI OHTalIaHABIPYAbl KaMTaMachl3 €Ty YIIIH SKOHOMHUKAJBIK )KOHE MaTeMaTHKaJbIK MOAENbICY 9IICTEpiH
JKacaHbl UHTEJUIEKT KypaJlapbIMEeH KOHIENTYaJlibl MHTETpalysiIay/ia sKaThlp. O31pJICHreH MOJENb OHEPKACIIITIK
KoCIMOphIHAApAa, TYPFBIH  YH-KOMMYH&IIBIK — IIapyallbUIBIK — CalachlHJa, COHAAH-aK  «aKbULABl  Kaja»
TYXKBIPBIMIAMAachl asACBIHAA JHEPrHs PeCypCTapblH OacKapyZblH HHTEIUICKTYaIbl KyHelepiH Kypy YLIIH Heri3
peTiHae maiaaTaHbUTybl MYMKIiH.

Ouman opi namy nepcrektuBanapsiaa OptiPower Al GyHKIMOHAIBIK dJIeyeTiH KEHEHTY, 03IiriHeH OiT1iM anaThH
AITOPUTM MOXYNBICPIH EHTi3y KoHE OHBI OODKaMIBl KBI3MET KepceTy XKykenepiMeH Oipiktipy kipemi. By
HKOHOMHUKAHBIH NUQPIIBIK TpaHCHOPMALUACHIH TEPEHACTY JKaFrAaibIHAA YHEPT e THKAIBIK CEKTOPABIH TYPAKThI JaMybI
YILIH TEXHOJIOTHAJIBIK aJIFBIIIAPTTap/Ibl XKacanIpl.

Typexyaosa A.H., Beiicenranues E.B., Umames A.B., Baiinanunosa A.C.

9KOHOMUKO-MATEMATHYECKAA MOJEJIb ONTUMU3ALINUU SQHEPTETUYECKHUX
YCTAHOBOK C HCITOJIB3OBAHUEM NCKYCCTBEHHOI'O HTHTEJIVIEKTA

AHHOTAIUSA

B crarbe mpezacraBneHsl pa3paboTKa M SKCHEPUMEHTaNIbHas anpo0arys SKOHOMHUKO-MaTeMaTHIeCKOi MoaeIn
OptiPower Al, npenHa3HaueHHON T KOMIUICKCHOW ONTUMH3ALUH (QYHKIIMOHUPOBAHUS YJHEPTETHUECKUX YCTAHOBOK
C HCIIOIb30BaHWEM TEXHOJOTUH HMCKYCCTBEHHOTO HMHTEIUICKTa W HHTEIUIEKTYaIbHBIX alTOPUTMOB YIPaBIICHHUS.
Ilenblo TPOBENCHHOTO WCCIEAOBAaHMUS SBIAETCS MOBBIINIEHHE YPOBHSA SHEPreTH4ecKoil U IKOHOMHYECKOU
(G (PEKTUBHOCTH NPOMBINUICHHBIX M KOMMYH&IBHBIX OOBEKTOB 3a CUET BHEAPEHHUS aNAlTUBHBIX METOJOB
peryJiupoBaHUs MPOU3BOACTBEHHBIX MPOLECCOB, MUHUMU3AIMH NTOTEPh M ONTHMM3ALUHU PACIpPeeIeHUs TOIIIMBHO-
9HEPreTUYECKHX PECYPCOB.

Meroonoriuyeckass OCHOBa padOThl OCHOBaHA Ha CHCTEMHOM MOJXOJE W BKJIIOYAET B Ce0sl MHCTPYMEHTHI
MaTeMaTHYeCKOro MOJICTUPOBaHMs, METOAbl MAIIMHHOTO OOYYEHHs W apXUTEKTYpbl HEHPOHHBIX cereil. Mouenb
OptiPower Al Bkmrouaer B ceOst HAOOp aNrOPUTMOB, 00ECHEYMBAIOIINX MPOTHO3UPOBAHHE IHEPTONOTPEOICHUS,
JVMHAMHUYECKYI0 aJanTaluio MapaMeTpoB paboThl 00OpYAOBaHUS M aBTOMATH3WPOBAHHBIN BBIOOP ONTHUMAabHBIX
PEKUMOB pabOTHI HA OCHOBE aHAIM3a HCTOPHUUCCKHUX M TEKYIIUX JaHHBIX. MO/ieb OCHOBaHa HA THOPHIHOM HOAXOJE,
MHTETPUPYIOIIEM SKOHOMETPHYECKHE pacdeTsl C METOJAaMH HMCKYyCCTBEHHOTO WHTEIUIEKTa, YTO IIO3BOJISIET
ONITHMHU3UPOBATH OaJlaHC MEXy HEpro3arparaMu 1 3 (GeKTHBHOCTBIO TPOM3BOACTBA.

ITpakTudeckast amnpobaiyss MOJENN IPOBOJWIACE HA IPUMEpPE IHEPreTUYECKOro KOMIUIEKCA YCIIOBHOTO
npeanpusitus.  Pesyneratel  BHenpeHus OptiPower Al npoleMOHCTpUpOBanyd CHHIKEHHE MOTpPEOJIeHUs
JMEKTPO’HEPTUU B aAuama3oHe 12—15%, cHIDKEHHE »SKCIUTyaTallMOHHBIX pacxonoB Ha 10% u mOBBIIICHHE
3¢ PEeKTUBHOCTH PabOTHI yCTAaHOBOK Ha 7%. DTH JaHHBIE MOATBEPAWIIM BBICOKYIO aJalTHBHOCTh NPEIaraeMoro
peIIeHHs K pa3IngHbIM [TPOU3BOICTBEHHBIM yCIOBHUSAM M C€30HHBIM M3MEHEHHAM Harpy3KH.

Hayuynas HOBHM3Ha HCCIENOBaHMS 3aKIIOYaeTCsl B KOHIENTYaJdbHON MHTETpallid METOJOB 3KOHOMHKO-
MaTeMaTHIeCKOTr0 MOJEIHPOBAHMUS ¢ HHCTPYMEHTAaMH HCKYCCTBEHHOTO MHTEIIEKTa ISl KOMIUIEKCHOM ONTHMHU3ani
rapamMeTpoB pabOThI FHEPTOCUCTEM B PEXKHUME PEaIbHOT0 BpeMeHH. Pa3paboTaHHast MOJETbh MOXKET CITy>KUTh OCHOBOH
JUISL TIOCTPOEHHS MHTEIJUICKTYalIbHBIX CUCTEM YIIPaBJIEHHs 3HEPropecypcamMy Ha MPOMBIIIIEHHBIX MPEANPHUATHSX, B
XHUJIMIITHO-KOMMYHAJILHOM CEKTOpE, a TakXKe B paMKax pealn3aly KOHIENIMH YMHBIX ropofoB. IlepcriekTHBEI
JalbHEHIIEro pa3BUTHS CBS3aHBI C paclmpeHueM (yHKIHoHanbHOro noteHnmana OptiPower Al, BHenpennem
MOJyJell caMOoOOy4YaloIUXCsl alrOpUTMOB M HMHTerpamueil ¢ cuctemamu Predictive Maintenance, 4to co3mact
TEXHOJIOTHYECKHUE MPEAIOCHUIKH ATl yCTOMYMBOTO Pa3BUTHS SHEPTETHIECKOTO CEKTOPA B YCIOBUAX yIITyOsroneiics
uudpoBoii TpaHCHOPMAIK SIKOHOMHUKH.
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