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Abstract

Introduction. The heat supply system is one of the most important infrastructural components of the engineering support
of the construction site. However, the process of modeling its life cycle, particularly in terms of information support, has
not been sufficiently researched in the academia.

One of the main stages of the life cycle of any engineering system is design. The need to increase energy efficiency,
reduce the cost of designing and, thereby, building central heating systems, and improve the environmental situation
highlights the special urgency of introducing innovative technologies, in particular, artificial intelligence that can become
an effective tool for solving the existing problems. The aim of the study is to increase the efficiency of the design stage
of district heating systems based on the use of artificial intelligence and to assess the prospects for such an approach.
Materials and Methods. The research methodology includes comparative analysis, modeling, statistical data processing
and expert assessment. The research results can be used in the development of new approaches to the design of heat
supply systems using modern digital technologies.

Research Results. The proposed concept of life cycle management of heat supply systems, which includes the sequential
implementation of five key stages (from pre-design preparation to disposal) allows for an integrated approach to optimiz-
ing all of the processes. At the same time, the design stage, which determines the basic parameters of energy efficiency,
efficiency and reliability of heat supply, is of critical importance. In the context of digitalization of thermal power engi-
neering, the integration of intelligent automated systems implementing multifactorial algorithmic modeling and optimi-
zation calculations is becoming particularly relevant. Modern artificial intelligence-based solutions provide comprehen-
sive automation of design and engineering work, including creating detailed information models of facilities, high-preci-
sion forecasting of heat consumption, hydraulic control and optimization of the energy balance of the system. The intro-
duction of such technologies not only compensates for the lack of qualified specialists and improves the quality of project
documentation, but also contributes to significant optimization of operational performance: reducing fuel costs and min-
imizing the carbon footprint through rational allocation of energy resources and reduction in greenhouse gas emissions.
Discussion and Conclusion. The article discusses modern approaches to automated design of district heating systems
using artificial intelligence technologies. A technique based on the use of machine learning, neural networks, and optimi-
zation algorithms is proposed to improve design efficiency, minimize energy loss, and reduce operating costs.
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OPMZMH(IJle()e amnupudecKkoe uccnedosamue

IloBbllIEHUE 3q)(l)eKTI/IBHOCTI/I ITamna NPpoeKTUPOBAHUA ! KUZHCHHOI'0 HUKJIA CUCTEMbI
TeNJIOCHAOKEeHUA CTPOMTEJIBHOIO 00beKTa

AJL Tuxomupos D<=, E.Il. JIbicoBa
JIoHCKOM rocy1apCTBEHHBII TeXHUUECKHI YyHUBEpCUTET, T. PocToB-Ha-/lony, Poccuiickas ®enepanus
< a.l.tikhomirov@yandex.ru

AHHOTALUA

Beseoenue. CucteMa TEIUIOCHA0KCHUS SIBIIICTCS OJHUM M3 BaXHEHIIUX HMHGPACTPYKTYPHBIX KOMIIOHCHTOB HHXKCHEP-
HOT0 00€CIeUEHUs CTPOUTENLHOTO 00BbekTa. OTHAKO MPOIECC MOCTMPOBAHUS €€ KU3HEHHOT0 UK, OCOOCHHO B YaCTH
HHPOPMALIMOHHOTO 00ECTIEYeHHUS, OCTACTCS HEJJOCTATOUYHO NCCIICIOBAHHBIM B aKaJJleMHUIECKOH cpesie.

OmHUM 13 OCHOBHBIX 3TalloB )KU3HEHHOTO IUKIIA 000N HHKEHEPHOH CHCTEMBI SBIIsieTCs poekTupoBanue. Heooxomu-
MOCTh TOBBIIICHUS 3HEPro3(H(HEKTUBHOCTH, CHIDKCHHS 3aTPAT HA MPOCKTUPOBAHUE U B MOCICIYIOIIEM CTPOUTEIBCTBO
CHCTEM IEHTPATBHOTO TEIIOCHAOKEHHUS, YIYUIICHUS SKOJIOTHIECKOH CUTYallnH MOAYepKUBAaET 0COOYIO aKTyalbHOCTh
BHEIPCHUS HHHOBAIIMOHHBIX TEXHOJIOTHIA, B YaCTHOCTH, HCKYCCTBEHHOTO HHTEJUIEKTa, KOTOPBIH MOXKET cTaTh 3P eKTnB-
HBIM HHCTPYMEHTOM PEIICHHUS CYIIECTBYOMUX npodieM. Llenp uccieaoBanuss — MoBbIICHHE 3(G(GEKTHUBHOCTH dTara
MIPOEKTUPOBAHMS CHCTEM IIEHTPAIM30BAHHOTO OTOIUICHHS HAa OCHOBE NMPUMEHEHUS HCKYCCTBEHHOTO HWHTEIUIEKTa U
OIIEHKa IEPCIIEKTHB TAKOTO MOIXO0/1A.

Mamepuanst u memoost. MeTo0IOTHS HCCIICIOBAHUS BKITIOYACT CPAaBHUTEIBHBIN aHAIN3, MOJICIIUPOBAHIE, CTATUCTHIC-
CKyI0 00pa00TKy MaHHBIX M IKCIICPTHYIO OIICHKY. Pe3ynbTaThl HCCACIOBAHKS MOTYT OBITh UCIIOJB30BaHbI MPH Pa3pabOTKe
HOBBIX ITOJIXOJIOB K IIPOSKTHPOBAHHIO CHCTEM TEILUIOCHA0KEHHS C IPUMEHEHHEM COBPEMEHHBIX IA(POBBIX TEXHOJIOTHH.
Pezynomamut uccnedosanus. IlpennoxenHas aBTopaMi KOHIICIIITUS YIIPaBICHUS KU3HEHHBIM ITUKJIOM TEIUTOCHAOKATIO-
[IUX CHCTEM, BKIIIOYAIOIAs MOCIEA0BATEIbHYIO peaIn3aIiIo MATH KIIIOUEBHIX 3TAMoB (OT MPEANPOCKTHON MOATOTOBKH
IO YTHIIM3AIHH), TO3BOJIET 00CCICUNTh KOMIUICKCHBIN MOXO K ONTUMH3AIMK BCEX MPOIEeCCOoB. [Ipu 3TOM KpuTHYe-
CKOE 3HaUeHHe MpHoOpeTaeT CTagus MPOCKTHPOBAaHUS, ONPENCIIIONas 0a30BbIe MapaMeTphl YHeProdPpPpeKTHBHOCTH,
9KOHOMHYHOCTH U HAJCKHOCTH TEIIOCHAOXeHMsA. B KOHTEeKCcTe NUGBPOBU3AIMH TCIIOPHEPTETHUSCKOTO POCKTUPOBA-
HUS 0COOYIO aKTyaabHOCTh IPUOOPETACT HHTETPAIIHS HHTEIUICKTYaIbHBIX ABTOMATH3UPOBAHHBIX CUCTEM, PEATTM3YIOIINX
MHOTO()aKTOpHOE aNTOPUTMHUYECKOE MOJACIHPOBAHNE U ONTHMHU3AUOHHBIE pacueThl. COBpeMEHHbIE pelIeHus Ha 0ase
HCKYCCTBEHHOTO HHTEIUIEKTa 00ECIIeYNBalOT KOMIUIEKCHYIO aBTOMATH3AIIHIO IPOCKTHO-KOHCTPYKTOPCKHUX PaboT, BKIIO-
Yasi CO3JlaHue JETATU3UPOBAHHBIX HH()DOPMAIIMOHHBIX MOJiesiell 00BEKTOB, BEICOKOTOUYHOE MPOTHO3UPOBAHUE TEIJIOMNO-
TpebNeHus, ypaBieHne THAPABINIECKUMH PeKUMaMH U ONTHUMU3AIMIO dHeprodanaHca cUCTeMbl. BHenpeHne Takux
TEXHOJIOTHH He TOIBKO KOMICHCHPYET AeHUITUT KBATH(OUITUPOBAHHBIX CIICIIHAIICTOB U MOBBIMIAET KAYECTBO IIPOCKTHOM
JIOKyMEHTAIIMU, HO U CIIOCOOCTBYET CYNIECTBEHHON OMTHMM3AIMH JKCIUTyaTallUOHHBIX MOKa3aTeNel: CHIKEHUIO TOT-
JIUBHBIX 3aTPaT ¥ MUHUMU3AIIMU YTJIEPOTHOTO CIIE/a 32 CYET PAIlOHATBHOTO pacpeie]eHHsI SHEPTreTHUECKUX PECYPCOB
1 COKpAIIeHH BEIOPOCOB MApHUKOBBIX Ta30B.

Obcyscoenue u 3aKknrouenue. PaccMoTpeHBI COBpeMEHHBIE MTOIXO0Ib K ABTOMATH3UPOBAHHOMY MIPOCKTUPOBAHUIO CHCTEM
LEHTPAIN30BAHHOTO TETJIOCHAOXKEHUS ¢ MCTIOIh30BAHUEM TEXHOJOTHI UCKYCCTBEHHOTO MHTEIIeKTa. [Ipenioxkena MeTo-
JIMKa, OCHOBAHHAS HA MPUMEHEHUH MAIIMHHOTO OO0YYeHHs, HEUPOHHBIX CETel W ONTHUMHU3AIUOHHBIX AITOPUTMOB JJIS TIO-

BBIIICHUA 3(1)(1)6KTI/IBHOCTI/I MPOCKTUPOBAHNS, MUHUMHU3AIIUU DHEPTOMIOTEPD U CHUKCHMS SKCIUTYaTallUOHHBIX 3aTPaT.

KiroueBble cj10Ba: )XU3HCHHBIN IUKJI, YIIPABJICHUEC XKU3HCHHBIM [MHUKJIOM, CUCTEMA TeHJ’IOCHa6)K€HPI5[, HIEHTpAJIN30BaH-
HOC Te]'[J'IOCHa6)KeHI/Ie, CTpOI/ITeHBHHﬁ O6'BeKT, I/ICKyCCTBeHHI)II\/’I HUHTCJUICKT, aBTOMAaTU3UPOBAHHOEC IMTPOCKTUPOBAHUEC, Ma-

IIMHHOC O6y‘I€HI/I€, OIITUMU3alUs, 3Heproc6epe>1<eHHe

Joist uuTupoBanus. Tuxomupos A.JL., JIsicoa E.I1. [ToBbinienue aexTHBHOCTH 3Tara MpoeKTHPOBAHUS KUZHEHHOTO
[UKJIa CHCTEMBI TETUIOCHA0XKEHUST CTPOUTETHHOTO 00bekTa. Cogpementvie meHOeHyuU 8 CIMpoumenbcmae, 2padocmpou-
menvcmee u niaanuposke meppumopuii. 2025;4(4):37-43. https://doi.org/10.23947/2949-1835-2025-4-4-37-43
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Introduction. The concept of integrated lifecycle management is a solid component of the modern management
toolkit, acting as a major factor in optimizing functioning of diverse facilities, from individual products to large-scale
projects and complex systems [1, 2]. This concept has a particularly important role to play in the construction industry,
where it serves as a foundation for organizing effective operation and management of real estate, first and foremost,
capital structures for a broad range of purposes [3, 4].

The introduction of a comprehensive approach to lifecycle management allows for the design of an integrated system
of regulation and control at all stages of a facility life cycle, starting from the design and ending with the decommissioning
stage. This approach ensures not only the rational use of resources at each stage, but also helps one to strike an optimal
balance between the operational characteristics, economic efficiency and technological parameters of a facility [1-3].

In the context of the construction industry, this concept is gaining momentum as it allows accounting for the specific
features of capital facilities, their long-term use and need for constant technical condition monitoring. At the same time,
a comprehensive approach serves a solid foundation for innovative technologies, cost optimization and quality improve-
ment of construction products at all of their life cycle stages [4].

In the construction industry, engineering systems are a vital component of infrastructural support of buildings and
structures creating optimal or acceptable microclimate parameters and ensuring comfort. In spite of the high relevance of
these systems for efficient operation of construction facilities, the field of modeling their life cycle, including information,
has not been sufficiently studied in the academic environment and is currently fragmentary in research literature [5-7].
This results in a major gap in developing the theoretical foundations of engineering systems management throughout all
of their operation stages.

Modern district heating systems must account for a host of factors, such as increasing urbanization, growing demand
for comfort, and the ability to customize the microclimate. Traditional methods of designing and managing heat supply
systems often fail to address these challenges resulting in design errors, unjustified material costs during construction,
energy overruns, increased heat loss and reduced operational reliability.

Organizations designing heat supply systems are facing a few difficulties, including the need to increase energy effi-
ciency, reduce the cost of designing and building systems, and tackle the environmental issues. Lately a major problem
has been the lack of design professionals in the field of developing full-volume information models of heat supply sys-
tems. One of the key tools for addressing the above problems is the use of artificial intelligence (Al).

In the article the authors are exploring the possibility of improving the efficiency of the design stage of district heating
systems based on the use of artificial intelligence, as well as the advantages and prospects of this approach.

Materials and Methods. As part of the study, a comprehensive analysis of the life cycle of the heat supply system of
buildings and structures was conducted by means of the method of analogies, comparative and systemic synthesis. A
detailed study of the stages of the life cycle, including design, installation, operation and modernization, is a testimant of
the possibility of developing an adaptive control mechanism for the system at all its stages.

The subject of the study was the district heating supply system, and the main aim is to examine the use of artificial
intelligence for complete design automation, a major life cycle stage, which provides energy effectiveness, efficiency,
reliability and environmental friendliness of future heat supply systems.

The use of artificial intelligence technologies will enable one not only to systematize the accumulated scientific and
practical data, but also to identify patterns of functioning of a heat supply system, which will open up new prospects for
optimizing its life cycle and increasing energy effectiveness.

Research Results. In modern conditions of urban infrastructure development, district heating systems are charac-
terized by a variety of constructive and technical solutions. The constantly expanding range of main and auxiliary
equipment causes some difficulties while choosing a district heating system. This calls for a meticulous consideration
of the numerous parameters and characteristics of each element of the complex engineering structure of a district
heating system. The task of developing a methodology for selecting the optimal district heating system capable of
providing the required level of efficiency, safety and economic feasibility at minimal operating costs is highly relevant.
An integrated approach to addressing this problem calls for a comprehensive analysis of all the aspects of functioning
of a system throughout its life cycle.

It makes perfect methodological sense to investigate the life cycle of a district heating system through implementing
five consecutive stages: pre-design preparation, design, direct operation, modernization and disposal (Fig. 1).
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1. Pre-design preparation

1 stage — requesting and collecting source data for design, including source data from re-
lated sections of the design documentation (general plan of a building or a structure, plans,
sections, etc.).

2 stage — developing technical specifications for the design (accounting for the category
and functional purpose of a building or a structure).

~~

2. Design

1 (3) stage — analysis of the initial data followed by calculations, identifying the composition
and selection of the main and additional equipment of a system.

2 (4) stage — preparing an explanatory note and developing the graphical part of a project
based on the calculation results.

3. Direct operation

1 (5) stage — assemblying a system.

2 (6) stage — start-up and commissioning aimed at checking, configuring and testing a system.
3 (7) stage — direct operation of the system in an optimal operating mode assuming consistent
and balanced operation of all of its elements throughout the entire life cycle.

4 (8) stage — scheduled and preventive maintenance.

1 (9) stage — forming technical specifications for modernization, studying system moderni-
zation options and elaboring the proposed technical solutions. |
2 (10) stage— selecting and implementing a modernization option.

2 (10) Saoe selerting and Implementns -

5. Disposal

1 (11) stage — dismantling outdated equipment and disposing of it once the maximum state
of the operational characteristics of the system equipment has been reached.

Fig. 1. Structure of the life cycle of the central heating system of a construction facility

Each of these stages is characterized by the implementation stages where the current state of a system, required set of
works and the expected outcomes are identified. The analysis of the stages allows us to form a holistic view of functioning
of the district heating system and to develop recommendations for optimizing its operation in the long run.

The design stage of district heating systems is particularly relevant, as this stage that is central for energy effectiveness
and reliability of future heat supply facilities. However, the acute lack of qualified design specialists, particularly in the
field of developing comprehensive information models of heat supply systems, might significantly undermine the quality
of design documentation and the efficiency of future heating systems. As a result, the design time, number of design
errors and as well as construction cost are on the rise due to some adjustments to be made [8].

Digital transformation of design serves as a strategic tool for improving the quality of design documentation and
ensuring the reliability of thermal power facilities [9-11]. Automated design systems are a set of software and hardware
tools that implement algorithmic modeling and optimization of design solutions. Their implementation makes it possible
to mitigate the risks associated with a lack of highly qualified specialists and ensure a required level of quality of project
documentation. The major task of computer-aided design is to create a system capable of analyzing input data (geograph-
ical, climatic, technical) and to generate optimal design solutions with minimal human involvement [12-14].

Artificial intelligence provides unique opportunities for complete design automation (information model develop-
ment) of a heat supply system at all of its stages [15-17]. Artificial intelligence allows heat consumption to be accurately
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predicted, hydraulic modes to be stabilized and energy losses to be minimized. This enables one not only to reduce fuel
costs, but also to address the environmental issues by cutting CO2 emissions.

Automation of the design stage in the lifecycle of a district heating system allows the stages to be included imple-
menting the following:

— developing an engineering digital model of an area (engineering surveys);

— placing heat consumers on the topplane;

— applying main and intra-block heating networks based on a geodetic substructure;

— developing a longitudinal profile of the heating networks;

— collecting and analyzing data (collecting data on the heat consumption, temperature fluctuations, etc.);

— conducting hydraulic calculations and developing thermal and hydraulic modes of a system;

— developing a mathematical model (based on the collected data, a mathematical model is created for predicting ther-
mal and hydraulic conditions with a high degree of accuracy).

The use of artificial intelligence in the design phase of district heating systems adds a new element — machine learning
— for predicting heat loads.

Artificial intelligence is trained mostly on regulatory documents in order to identify the technological limitations and
best examples of design solutions for developing optimal "thinking" of artificial intelligence.

The following are applicable for accurate prediction of thermal loads:

1) regression analysis methods and neural networks (e.g., LSTM networks) capable of accounting for time series of
data such as ambient temperature, historical heat consumption, and socio-economic factors;

2) genetic algorithms for optimizing network configuration (in order to identify the optimal topology of a heating
network, minimize a pipeline length, pressure loss and construction cost; each solution is encoded as a chromosome, and
optimization includes crossing, mutation and selection of the most effective options);

3) neural network models for hydraulic calculations (artificial neural networks are used to simulate hydraulic modes
in complex branched networks; network training is based on the data obtained from numerical simulations of the behavior
of complex systems or processes for quick evaluation of the system parameters — pressure, coolant flow — while oper-
ating conditions change);

4) integration with GIS systems (to account for some geographical factors (relief, location of buildings, infrastructure),
it is suggested that the design system is integrated with geographic information systems (GIS); this enables automatic
generation of heating network maps and spatial data analysis);

5) testing and optimization (the developed system is tested on real data and then optimized for a maximum efficiency);

6) validation and verification of the digital information model of the heat supply system;

7) transfer of a digital information model of a heat supply system using XML schemas to the next stage of the lifecycle
of a system.

Discussion and Conclusion. Introduction of automated design systems is not merely a technological trend, but rather
an objective necessity owing to the current requirements for energy effectiveness and reliability of district heating sys-
tems. Digital transformation of design is setting the stage for new quality of design solutions ultimately resulting in opti-
mization of capital investments and operating costs at all of the stages of the life cycle of thermal power facilities.

The use of artificial intelligence in the design of heat supply systems provides a few major advantages:

—addresing the lack of qualified design engineers;

—a sharp reduction in the design time while improving the quality of projects;

—a possibility of employing the resulting digital information model of a heat supply system at subsequent stages of
the life cycle of a system.

Designing a heat supply system by means of artificial intelligence is a promising area that is capable of greatly im-
proving the efficiency of heat and power management processes. Introduction of such systems facilitates energy-saving,
addresses the environmental issues and creates a comfortable living environment. Such technologies are expected to be
further developed and improved, making them even more sought-after in the field of thermal energy.
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