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Abstract

Introduction. The heating system is an integral part of the construction site. In the article, the author explores the life
cycle of a heating system, a complex system of engineering and technical support for buildings and structures, the ele-
ments of which must function stably, efficiently and fully throughout the heating period during the entire service life. The
productive operation of the heating system is laid at the stage of its design, installation, adjusted and maintained at the
stages of operation and modernization. Therefore, studying the life cycle of a heating system is an important scientific
and practical task, and managing the stages of the life cycle becomes important, as it allows for efficiency, adaptability,
cost-effectiveness and reliability.

Materials and methods. The authors have developed the structure of the life cycle of a building heating system using
methods of analogy, comparative analysis and synthesis based on scientific and practical research results. The study
focuses on the water heating system of residential and public buildings. The purpose of the work is to create a model of
the life cycle for effective management of its stages and stages.

Results. The study of the heating system helped to identify five stages of its operation (pre-design, design, operation,
modernization and disposal) and to create a life cycle structure. In the future, this will make it possible to create an energy-
efficient, reliable and economical system that meets modern operational requirements, improve the quality of its mainte-
nance, and simplify the management process.

Discussion and conclusion. The life cycle of a heating system includes all stages from design to modernization. Proper
management of these stages ensures efficient operation of the system, increasing comfort and reducing costs. An inte-
grated management approach makes it possible to maximize the heating potential. A systematic study of each stage helps
to choose the optimal system that meets the criteria of efficiency, safety and cost-effectiveness. The structure of the life

cycle allows one to create a single digital model for intelligent management of an object at all stages.
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OPMZMH(IJleOe amnupudecKkoe ucciedosamue
Pa3paboTka CTPYKTYpPbI ;KU3HEHHOT'0 UKJIA CHCTEMbI OTOIJIEHHSI CTPOUTEIBLHOI0 00beKTa

E.I1. JIsicoBa D<=, O.H. [lapamoHoBa
JIloHCKOM roCyAapCTBEHHbIN TEXHUUECKUI yHUBEpCUTET, PocToB-Ha-Jlony, Poccuiickas denepanus

D4 katerina.lysova0803@gmail.com

AHHOTAIIMA

Beeoenue. CricteMa OTOIICHUS SIBJISIETCS] HEOTHEMIIEMOW YacThIO CTPOUTENIEHOTO 00beKTa. B cTaThe aBTOpPHI HCCIIenyoT
YKM3HEHHBIN IIUKJI CHCTEMBI OTOIICHUS] — CJIOKHOM CHCTEMbI HHKEHEPHO-TEXHUUECKOT0 00ecTieueH st 31laHUi U COopy-
KEHUMH, DIIEMEHTBI KOTOPOH JI0JDKHBI CTA0MIBHO, 3((GEKTUBHO U HOJHOLEHHO (PYHKIIMOHUPOBATh Ha MPOTSIKEHUH OTO-
MIUTEJIFHOTO TIEPHO/Ia B TEUCHUE BCETO CPOKa SKCILTyaTanuy. [IpoykTuBHAs paboTa CHCTEMBI OTOIUICHHS 3aKIIaJbIBACTCS
Ha 3Tarie e MPOeKTUPOBAHNUS, MOHTa)Ka, KOPPEKTUPYETCS 1 MOJICPKUBACTCS Ha dTanax IKCIUTyaTallld ¥ MOJCPHU3AIHN.
CrenoBatenbHO, H3y4eHHE )KU3HEHHOTO IIMKJIa CHCTEMbI OTOIICHUS TPEACTABIIET COO0H BaXKHYIO HAYYHYIO U IIPAKTH-
YECKyIO0 3a/1ady, a yNpaBleHNE TallaMH KU3HECHHOTO MKJIA CTAHOBHUTCS Ba)KHBIM, T.K. TIO3BOJIIET 00ecrieunuTh 3 dek-
TUBHOCTb, TEXHOJIOTHYHOCTh, 5KOHOMUYHOCTh U HaJIe)KHOCTb. L1eb paboThl — co3/1aTh MOAEINb )KU3HEHHOTO LIUKJIA JIs
3¢ (GEKTHBHOTO YIIPABJICHUS €TI0 dTAlaMH U CTaTUSIMH.

Mamepuansl u memoodst. ABTOpbI pa3paboTaliv CTPYKTYPY KU3HEHHOTO IUKJIA CUCTEMBI OTOIICHHS 3AaHHH, HCTIONb3Ys
METO/IbI aHAJIOTHUH, CPABHUTEIFHOTO aHAIN3a M CHHTE3a Ha OCHOBE HAYYHBIX U NPAKTHIECKUX PE3YJIbTATOB HCCIIECIOBA-
HUH. MccnenoBanue coKyCHpOBaHO Ha CHCTEME BOASHOTO OTOIICHUS XKHJIBIX M OOIECTBEHHBIX 3aHUH.
Pezynomamur uccnedoganus. VccnenoBannue CHCTEMBI OTOIIICHHSI TIOMOTJIO BBIICTIHTH IISITh TANOB €€ (PYHKIIMOHUPO-
BaHMsA (IPEANPOSKTHAS TTOATOTOBKA, IPOCKTUPOBAHKE, SKCILUTyaTalnsl, MOJCPHHU3AINS U YTHIN3ALU) U CO3AaTh CTPYK-
TypY JKM3HEHHOTO 1IMKJa. B nanbHeiinieM 5To JaeT BO3MOXKHOCTh CO34aTh SHEProdpdeKkTHBHYO, HaIEKHYIO U IKOHO-
MHUYHYIO CUCTEMY, OTBCUAIOIIYH0 COBPEMEHHBIM Tpe6OBaHI/I§IM JKCIUTyaTalluu, MOBBICUTH KAYE€CTBO €€ O6CHy)KI/IBaHI/ISI, a
TaKXe YIPOCTHUTH MPOLIECC YIPABICHUS €I0.

Oébcyscoenue u 3akniouenue. JXN3HEHHBIM IIMKI CUCTEMBI OTOIICHUS BKJIIOYAET BCE 3Tambl OT NMPOEKTUPOBAHMS 10
MOJIepHH3aIMU. ['paMOTHOE yIpaBieHHEe STHMH 3Tanamu obecriednBaeT 3(Pp(eKTHBHYI0 pabOTy CHCTEMBI, HOBBIIIASL
KoMdopT 1 cCHIKas pacxo bl. KOMIUIEKCHBIH MOIX0/1 K YIPaBICHUIO ITO3BOJISICT MAKCUMAIBHO MCIIOJIb30BAThH MOTSHIHAT
ororteHus. CHCTEMHOE MCCIIe/I0BaHUE KaXKIO0TO 3Tara IIOMOTaeT BEIOpaTh ONTHMAIBHYIO CHCTEMY, COOTBETCTBYIOLIYIO
KpUTepusiM 3G PEKTUBHOCTH, 0€30MaCHOCTH M SKOHOMUYHOCTH. CTpPYyKTypa >KH3HEHHOTO NMKJIA MO3BOJISIET CO3JaTh

eIMHYI0 IU(DPOBYIO MOJAEIH JJIsI HHTEIJIEKTYallbHOTO YIPaBJIEHUS! OOBEKTOM Ha BCEX CTaMsIX.
KuioueBble ¢cj10Ba: )KM3HEHHBIN [IUKII, CHCTEMa OTOIUICHUS, YIPABICHHUE )KU3HEHHBIM IIUKIIOM, CTPOUTEIBHBINA 00BEKT

s nurupoBanus. JIsicoBa E.I1., [TapamonoBa O.H. Pa3paboTka cTpyKTyphl JKH3HEHHOTO IIUKJIA CHCTEMBI OTOILICHUS
CTpOUTENBLHOTO 00beKTa. Cospemennble meHOeHyUY 6 CIMpoumenbCmeae, 2padocmpoumensCcmee u NiaHUposKe meppumo-

puti. 2025;4(1):68-75. https://doi.org/10.23947/2949-1835-2025-4-1-68-75

Introduction. The concept of system management of the stages of the life cycle is commonly used in lots of areas of
human economic activity in order to increase the efficiency, manufacturability, cost-effectiveness and reliability of an
object (project, system, item or product) [1-3]. In the construction industry, this concept is also ubiquitous and is often-
times applied mostly to buildings and structures, i.e. capital construction facilities [4, 5].

In compliance with the basic provisions [6], the life cycle of a building or a structure is thus conceptualized as the
period when engineering surveys, architectural and construction design, construction (including conservation), operation
(including ongoing repairs), reconstruction, major repairs, and demolition of a building or a structure take place. The
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authors of the study [7] call the life cycle of a building the time from the moment of justification of the need for construc-
tion to the onset of the economic inexpediency of its operation and identify eight of its stages, beginning with the feasi-
bility study of the construction of the facility and finishing with that of its reconstruction.

Regarding construction sites, engineering systems are the foundation of their infrastructure and are designed to provide
comfortable and safe living conditions. However, the issues of modeling the life cycle of engineering systems are not paid
due attention to in scientific studies. For instance, based on the "circle of quality", the life cycle of heat supply systems is
set forth using the example of a cogeneration plant for a thermal power plant [8], and a methodology for developing a
digital information model of heat supply system elements at all stages of its life cycle is shown [9, 10]. The study [11]
describes an algorithm for increasing the life cycle of air conditioning systems and [12] develops a model for managing
the life cycle of the ventilation system of a construction facility.

As an integral part of buildings or structures, heating systems ensure the required values of microclimate parameters
during the cold season are complied with. However, the conducted analytical studies indicate a considerable lack of
scientific research dedicated to comprehensive studies of the life cycle of heating systems. Hence investigating the stages
of the heating system life cycle model to optimize costs, improve quality and efficiency, as well as ultimately manage it
is an crucial scientific and practical task. The productive operation of the heating system is laid at the stage of its design
and installation, adjusted and maintained at the stages of operation and modernization, while each stage involves imple-
menting a series of works to achieve certain outcomes.

The lack of a holistic approach to studying the life cycle causes a significant decrease in the quality of decisions made
and an increase in operating costs, which is yet again indicative of the need for a comprehensive study of all stages of the
heating system as a single technological process.

Based on a detailed study of these stages, the structure of the life cycle of a heating system is set forth as a complex
system of engineering and technical support for buildings and structures whose elements must function stably, efficiently
and fully throughout the heating period during the entire service life. Knowledge of specific features of each stage of the
life cycle makes it possible to manage them and ensure maximum efficiency, adaptability, cost-effectiveness as well as
reliability of the system.

Materials and Methods. The use of methods of analogy, comparative analysis and synthesis based on the generali-
zation of scientific and practical research results enabled the authors to design a model of the life cycle of the heating
system of buildings and structures as an integral part of a construction site. At the same time, the object of the study was
a water heating system, while the objective of the study was to develop a model of the life cycle of a water heating system
for residential and public buildings. To this end, the main stages of the life cycle and their stages are identified and
analyzed in order to be able to manage them.

Research Results. Conceptualizing the heating system as one of the engineering and technical support systems for
buildings and structures, the authors assume that the life cycle of a heating system is a series of interrelated, interdependent
and consistent processes of design, installation, operation, modernization and recycling of a system supplying heat to
rooms and maintaining the required temperatures during the cold season.

Choosing a schematic diagram of a heating system depends on a whole host of factors: the purpose of the room, the
type of a coolant, the mode of operation of a heating system, the method of movement of the coolant, the relative location
of the main elements, etc. If a residential or public building is assumed to be as a construction object, a water heating
system is the most preferable option according to the set of requirements for heating systems. Water heating systems are
extremely diverse (Fig. 1) with each having its own advantages and disadvantages. Accounting for all of its features and
customer requirements, choice of the optimal system option for a specific facility is determined by the operating condi-
tions, technical and economic requirements.
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Water heating systems

According to a water circulation method: According to a water direction:

v' Dead-end (oncoming water movement)
v" With passing water movement (coinciding
flows)

v With natural circulation (gravitational ones)
v With artificial circulation (pumping ones)

A

According to the scheme of joining the piper

According to the place main pipelines are laid: lines with the heating devices:

v' With upper circulation (the supply pipeline N v Two-pipe (parallel connection of the setup)
is positioned above the setup) v' One-pipe (sequential connection of the
v With lower circulation (the supply and re- < setup)
verse pipelines are positioned above the
setup) According to the temperature of the heat-
v' With ,,upside down“ circulation (the reverse carrier:
pipeline is laid above the heating devices v" High-temperature (over 800C to 90-950C)
and the supply one below) v' Low-temperature (the temperature is no
more than 700C and is typically in the range
of 50-550C)
According to the position of the joining
pipelines: ] .
v Vertical (the setup is joined to the vertical | According to the operation mode:
riser pipe) L v' Continuously operating
v" Horizontal (the setup is joined to the hori- v’ Periodic (discontinued, temporary, on-call,
zontal pipes) emergency, additional ones)

Fig. 1. Classification of water heating systems

Each of the system options assumes the presence of basic and additional equipment (Fig. 2) [13-15] whose composi-
tion and configuration features are dependent on the selected water heating system option.

Water heating system equipment

/\

Main Additional
> Heat generator > Measuring devices
-> Heat pipelines (pipelines) —> Shut-off and control valves

- - e e 1
> Heating devices —! Security tools '
L e e e e e e e e e e e e e o 1

> Expansion tank > Assembly elements
i i . e 1
> Air venting devices —! Automatic management '
1 1
| I v TTTTTTTTEETETEEmmm e

- Circulation pipe

Fig. 2. Water heating system equipment
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A range of possible design and technical solutions for water heating systems, a continiously growing variety of basic
and additional equipment poses some difficulties in the design, installation and operation, as it requires accounting for
numerous parameters and characteristics of each element of the system. The problem of choosing the optimal water heat-
ing system, which must comply with the comprehensive criteria of efficiency, safety and economic feasibility, is increas-
ingly relevant.

Therefore the study of the stages of the life cycle of heating systems appears to be methodologically justified and
necessary in practical terms to ensure efficient and reliable operation in the long term.

The study of the heating system involves identifying five stages of its operation: pre-design preparation, design, op-
eration, modernization and recycling. Each of them is characterized by implementation stages that are critical to the
current state of the heating system, a series of of necessary works and their expected outcomes.

The pre-design preparation stage is when the feasibility of designing a heating system and collecting initial infor-
mation is identified. This stage includes two consecutive steps:

Step 1 — Request and collection of initial data for design (information on the climatic and meteorological conditions
of the construction area, calculated parameters of outdoor and indoor air, information on heat supply sources, parameters
of heat carriers, etc.), including initial data from related sections of the design documentation (general plan of a building
or a structure, plans, sections, etc.).

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

The design stage of the heating system is critical in designing the engineering infrastructure of a construction facility.
Itis at this stage that the main parameters of the future system - efficiency, safety and economic feasibility - are specified.
The design stage of the heating system life cycle involves the following steps:

Step 1 (3) — analysis of the initial data, followed by the thermal engineering calculation of enclosing structures,
calculation of heat losses and identifying the thermal capacity of the heating system as well as of the schematic diagram
of the heating system by hydraulic and its thermal calculation as well as the composition, and selection of the basic and
additional equipment.

This step is key for the formation of a technically sound and cost-effective solution providing the required indoor
climate parameters with optimal energy consumption.

Step 2 (4) — preparation of an explanatory note and development of the graphical part of the project based on the
results of calculations.

The result of this stage of the life cycle of the heating system is the design of a future heating system for a construction site.

The stage of technical operation starts with installing the heating system, involves routine maintenance, monitoring
the condition of the equipment and timely troubleshooting through the course of the actual system operation. The third
stage includes four steps.

Step 1 (5) — assembly, i.e. installation of a heating system by an assembly company involving that of heating devices,
pipes as well as connecting the system to a heat source, etc.

Step 2 (6) — pre-launching and launching aimed at checking, configuring and testing the heating system (checking
whether it is in compliance with design parameters, performing hydraulic tests, adjusting and fixing the pumping and
boiler equipment, etc.).

Step 3 (7) — actual operation of the heating system in an optimal operating mode (efficient heating is combined with
cost minimization) that entails coordinated and balanced operation of all its elements during the heating period throughout
the entire service life.

Step 4 (8) — scheduled maintenance and preventive maintenance aimed at keeping the heating system in working
condition during the heating period throughout its entire service life (prevention, detection and elimination of technical
malfunctions and errors to ensure long-term trouble-free use).

Physical wear and outdated heating system elements, a decrease in its heating capacity, changes in the consumers’
thermal energy needs, as well as the need to reduce energy consumption and increase the energy efficiency of buildings
or structures over time call for the next stage of the life cycle — modernization of the heating system. Modernization
entails updating the heating system by replacing ,,physically and morally* outdated components with modern and more
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energy efficient ones by means of introducing automation and control systems. The modernization stage includes sev-
eral ones.

Step 1 (9) — formation of technical specifications for modernization, study of modernization options of the heating
system and a detailed study of suggested technical solutions (replacement of heating appliances, installation of individual
thermostats with an air temperature sensor, etc.).

Step 2 (10) — choosing and implementing a modernization option.

The final stage of the life cycle of the heating system is the stage of recycling when the maximum condition of the
operational characteristics of the equiment is achieved. In this case, the life cycle of the heating system is completed, the
outdated equipment is dismantled and recycled.

Under optimal operating conditions, regular as well as scheduled preventive maintenance, the life cycle of a water
heating system is 40-50 years, in actual fact it reaches 25-30 years [16, 17], which corresponds to the minimum service
life. These are average figures accounting for the average duration of operation of the main elements of the heating system
(for heat generators — 15-25 years, for heating appliances — 20-40 years, heat pipelines — 20-40 years, shut —
off valves — 15-20 years, expansion tanks — 20 years, circulation pumps — 10-15 years, heat exchangers — about 20 years).

A detailed study of the stages and stages of the life cycle of a heating system allows one to tackle a few important tasks:

1) forming a comprehensive view of the heating system, which is conducive to making informed management deci-
sions and improving the quality of its operation;

2) capacity to evaluate the efficiency of the system at all of the stages of its existence (analysis, correction and selection
of design solutions, assessment of the quality of the installation and subsequent operation);

3) capacity to identify potential problems in a timely manner and prevent them from escalating;

4) cost optimization not only at the stage of system design and installation, but also at the operational stage due to
competent maintenance and repair planning based on the actual data on the current condition of the system;

5) extending the service life of the equipment;

6) reducing possible associated emergencies;

7) the capacity to predict operation and modernization (if needed).

Ultimately, a systematic study of the heating life cycle enables an energy-efficient, reliable and economical system to
be designed in compliance with the modern operational requirements, improves the quality of its maintenance and makes
it considerably easier to manage.

Discussion and Conclusion. The life cycle of a heating system covers all of the stages of its existence, from design
and installation to operation and modernization. Understanding and managing these stages appropriately makes it possible
to ensure efficient and cost-effective operation of the heating system of buildings and structures, increasing comfort and
reducing operating costs.

Life cycle management of a heating system is key to ensuring its efficient and cost-effective operation throughout its
entire service life. An integrated approach, including design, installation, operation, modernization and management,
maximizes the potential of the heating system, providing comfort and reducing operating costs.

A comprehensive study of each stage of the life cycle of a heating system provides the opportunity to choose the
optimal water heating system in compliance with the comprehensive criteria of efficiency, safety and economic feasibility
as well as the capacity to predict its technical condition, plan repairs and modernization contributing to increased relia-
bility and economic efficiency in the long run.

Apart from all of the above, the life cycle model provides the opportunity to create a single information (digital) model
and allows for intelligent dynamic control at all of the operation stages — from engineering surveys to reconstruction
and modernization.
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