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Abstract

Domestic heat pumps have emerged as pivotal technology in the quest for sustainable and energy-
efficient heating solutions. As the global emphasis on reducing carbon emissions intensifies, the
adoption of heat pumps in residential settings offers a promising pathway to lower energy consumption
and mitigate environmental impacts. Improvements in heat pump technology and increasing efficiency
of buildings have increased the competitiveness of hybrid heating systems in markets typically
dominated by district heating. Current practices often view maintenance as a reactive cost center rather
than a strategic lever for sustainability. This research addresses this gap by proposing an integrated
framework that combines Reliability-Centered Maintenance (RCM) with circular economy principles
and smart technology integration. The Mytishchi retrofit project, which deployed advanced geothermal
technologies in a 1980s building, serves as a critical proof-of-concept, demonstrating the technical
viability of modernizing heritage infrastructure.
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AHHOTAIUSA

TemnnoBble HAcOCHl CTAHOBATCA KJIIOYEBOM TEXHOJOTHMEHM B CTPEMIICHHUU K YCTOWYUBBIM U
9HEepro3((heKTUBHBIM PEIICHUSM B 00JIACTH OTOIUICHUS 37aHmii. [1o Mepe ycuieHHs Tiao0albHOTO
aKIEeHTa Ha COKpAIleHUH BHLIOPOCOB YTIJIEpOJa, BHEIPEHUE TEIUIOBBIX HACOCOB B JKUJIBIX 3JIaHUSIX
OTKPBIBACT MEPCIEKTUBHBIA MYyTh K CHUKCHHUIO YHEPrOMOTPEOJICHUS U CMATYCHUIO BO3JACUCTBUS HA
OKPY>KaIOIIYIO Cpelly. Y COBEPIICHCTBOBAHMS B TEXHOJIOTMH TEILJIOBBIX HACOCOB U MOBBIIIICHUE SHEPTO-
3¢ (EeKTUBHOCTH 3[aHUI TMOBBICWIIM KOHKYPEHTOCIIOCOOHOCTh THOPHIHBIX CHCTEM OTOIUICHHS Ha
pPBIHKaxX, TIle TOKa eIlle JOMHHUPYET IEHTPAIM30BaHHOE TeIrUlocHaOxeHue. B Hacrosmiee Bpems
TEXHUUYECKOE OOCITY’)KMBaHHE YacTO PacCMATPUBACTCS KaK PEaKTUBHBIA IIGHTP 3aTpar, a HE Kak
CTPaTETUYECKUI phIYar Juis 0OECIeYeHUs yCTOMYMBOCTH. Jl[aHHOE WCCIIETOBAHUE BOCIOJHSET 3TOT
mpoOen, mpeasiaras WHTETPUPOBAHHYIO KOHIICMIIMIO, KOTOpas COYeTacT B ce0c TEeXHHYECKOe
o0CITy)XKMBaHHE, OPUEHTUPOBAHHOE Ha HanexKkHOCTh (RCM), mpUHIMITBI TUPKYISIPHON SKOHOMUKU H
WHTErPalI0 MHTEIUICKTyalbHbIX TexHojorui. Ilpoekt MoaepHuzanuu 3manus 1980-x rogoB B T.
MeITUIH, B KOTOPOM OBUIM BHEIPEHBI MEPEIOBBIC I'€OTEPMAaIbHBIC TEXHOJIOTHH, CIYKUT BaXKHBIM
MOATBEPKIACHUEM KOHUEMIUU, ACMOHCTPUPYS TEXHUUYECKYIO OCYIIECTBUMOCTb MOJCPHU3AIUU
00BEKTOB KYJIBTYPHOTO HACIICINS.

KiroueBbie ciioBa

[eoTepManbHBIC TEIIOBEIE HACOCHI, HAJACKHOCTHO-OPHCHTHPOBAHHOE TEXHUYECKOE OOCITY:KUBAaHHUE
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Hybrid heating systems with ground source heat pump (GSHP) and district heating and
cooling offer flexibility in operation to both building owners and energy providers. The



flexibility can be used to make the heating system more economical and environmentally
friendly [4]. Al holds the potential to advance automation for not only service robots, but also
in how data is collected, secured and used to increase trust, safety and efficiency [5].

The climatic constraints of the region limit the feasibility of certain renewable options
like solar panels, creating a significant challenge for decarbonization. This context underscores
the scientific problem: how to significantly enhance the sustainability, efficiency, and
environmental performance of existing, conventional heating infrastructure within challenging
technical and climatic constraints.

To integrate RCM with smart technology for sustainable use of GSHP, the following
steps are proposed:

1) Pilot Application: Utilize the Mytishchi retrofit project as a living laboratory to
test and refine the proposed RCM and circular economy framework on its geothermal and
ancillary heating systems, validating the model in a real-world, and historically constrained
setting.

2) Scalable Model for Heritage & Existing Stock: Promote the validated framework
as a scalable model for retrofitting and maintaining heating systems in the vast stock of older
buildings across Russia and other regions with similar infrastructure, bridging the gap between
heritage preservation and technological sustainability.

This research establishes that intelligent, circular approaches to building heating system
maintenance are not only technologically feasible but are essential for achieving deep
decarbonization and resource efficiency in the built environment. The proposed RCM
framework, enhanced by circular principles and Al, provides a comprehensive model for
predictive maintenance and sustainable operation of GSHP systems.

The practical use of these research results is the transformation of central heating
systems from static, consuming assets into dynamic, regenerative components of urban
infrastructure. The implementation leads to tangible benefits: extended equipment life cycles,
significant reductions in material consumption, lower energy use, and decreased greenhouse
gas emissions.
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