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MexayHapoAHbIi Hay4HO-TEXHNYECKMIA XKYPHAN BKMIOYEH

B MepeyeHsb peLeH3npyembix HayYHbIX U3[AHNIA, B KOTOPbIX
[IOMKHbI ObITb OMY6NMKOBaHbI OCHOBHbIE HAY4HbIE PE3YMbTaTbl
JmccepTauuii Ha CoMCKaHUe Y4eHoIt CTeNeHN KaHanaaTa Hayk,
Ha COMCKaHNe y4eHON CTeneH JOKTOpa HayK.

['pynnbl Hay4YHbIX CNeLManbHOCTEN, N0 KOTOPLIM U3AaHne
BXOAWT B lepeyeHb peLeH3npyemblxX HayqHbIX U3AaHNIA:

5.2.3. PernoHanbHas 1 0Tpacnesas 3KOHOMUKaA (3KOHOMUYe-
CKUe Hayku)

2.1.7. TexHonorus v OpraHn3aums CTpOUTENbCTBA (TEXHUYECKNE
HayKm)

2.1.10. 3konornyeckas 6e30MacHOCTb CTPOUTENLCTBA U FOPOA-
CKOr0 X038 CTBA (TEXHUYECKME HaYKN)

2.1.13. TpagocTpouTensCTBO, NNAHNPOBKA CENbCKUX HACENEH-
HbIX NYHKTOB (TEXHUYECKMeE HayKW)

2.1.14. YnpasneHue XX3HEHHbIM LIMKIIOM 00bEKTOB CTPOUTENb-
CTBA (TEXHWNYECKIE HAyKI)
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YBaxkaembie umtarenu!

Tema Hallero Homepa — KpynHble 00bEKTbI, OTNNYAIOLLMECS CBOEM CHOXHOCTbH), CTOMMOCTbIO
11 CPOKaMIn CTPOUTENBCTBA.

K Hum otHocsaTcs A9C-1200 BBMAY Hanuyus CneumanbHOro perynnpyroLiero 3ak0HoAaTeNbCTea
11 Tpe60oBaHNit 6e30MacHOCTM NPOM3BOACTBEHHOIO W 3KCNEPUMEHTaNbHOMO NpoLiecca.

HenasHo B 1. XaHoe (BbeTHam) coctosncs 15-1 MexayHapoaHbIi Hay4HO-NPaKTUYecKuit hopym,
MOCBALLEHHBIA CTPOUTENbCTBY M 9KCMTyaTaLN YHUKANbHBIX W CIOXHBIX 00bEKTOB, B TOM Yucie AJC.

B coBpemeHHO NpaKTUKe PbIHOYHOI 3KOHOMUKN A5 OpraHu3auum cTpoutenbctea A3C npume-
HSAIOT KOHTPAKTHbIE DOPMbI B3aUMOAEACTBUS ML, YHACTBYIOLLAX B Peanu3aLiil UHBECTULMOHHOMO
npoekTa. BblfenaT 2 0CHOBHbIE HOPMbI KOHTPaKTa B cpepe aToMHOl aHepreTukn — EPC u EPCM.

KonTpakt EPCM (MHXMHMPHUHT, CTPOMTENbCTBO, MOCTABKM U MEHEMKMEHT) MPUMEHSETCA npu
cTpouTenbcTee Ayx 6110koB A9C—-1200 B0 BbeTHame (BECh XKUHEHHbI LMK (OUKCUPYETCA B «OAHNX
pykax», B JaHHOM Ciy4ae rpynne Komnanuii [K «Pocatom»).

Hay4H0-TexH14eckoe COMPOBOXAEHUE BbIMOMHSIOT CrELUani3upOBaHHbIe Hay4YHble OpraHu3a-
uuu.

Hagetock, B JanbHenwmux Homepax mMbl 6y[eM 0CBELLATb CTPOUTENbCTBO 3TN CTAHLMK, @ TaKXKe
CTPOUTESILCTBO METPO U TEXHOMOTMYECKI CRIOXHBIX 06bEKTOB Poccum.

C HaunyyLwmmu noxenaHnsmu,
rnasHbIi pepaktop, Métp Mpa6osbiii

Dear Readers!

The focus of this issue is placed on large-scale projects distinguished by the complexity, cost,
and construction timelines.

These include nuclear power plants based on VVER-1200 reactor units, owing to the specific
regulatory framework and safety requirements governing construction, operation, and experimental
procedures.

Recently, the 15th International Scientific and Practical Forum on the construction and operation
of unique and complex facilities, including nuclear power plants, was held in Hanoi, Vietnam.

In todays’ practical market economy, contractual forms of cooperation among parties involved
in the implementation of an investment project are used to organize the construction of nuclear power
plants. There are two main contract forms in the nuclear energy sector: EPC and EPCM.

The EPCM contract (engineering, procurement, construction, and management) is used in
the construction of two 1,200 MW NPP units in Vietnam (the entire life cycle is managed by a single
entity, in this case the Rosatom State Corporation group of companies).

Scientific and technical support is provided by specialized research organizations.

It is hoped that in future issues we will cover the construction of this plant, as well as
the construction of the metro and technologically complex facilities in Russia.

Sincerely, Peter Grabovyy Editor-in-Chief
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The Dawn of the Peaceful Atom: Prerequisites
for the Intergovernmental Agreement and
Prospects for Cooperation between the Russian
Federation and Vietnam in the Field of Nuclear
Energy Use

This article examines the current state and future trajectories of the Russian-Vietnamese partnership in nucle-
ar power engineering, with a particular focus on the construction of nuclear power plants (NPPs). The current
stage of cooperation between the two countries is reflected in plans to construct Vietnam'’s first nuclear power
plant, the Ninh Thuan-1 NPP. The impact of the Ninh Thuan-1 NPP on the Viethamese economy is anticipated
to be multifaceted. The article considers the historical roots of bilateral interaction and analyses in detail the key
provisions of the Intergovernmental Agreement governing the full scope of activities, from design to spent fuel
management and personnel training. Particular attention is driven to the engineering parameters of the Gener-
ation Ill+ VVER-1200 reactor unit, its environmental performance and economic viability. The main feature of
the VVER-1200 project is the unique combination of active and passive safety systems that make the plant as
resistant as possible to external and internal impacts. A forecast assessment is provided of the plant’s impact
on Vietnam’s fuel and energy balance, greenhouse gas emission reduction, the development of related indus-
tries, and regional infrastructure. The strategic importance of nuclear generation in the context of ESG principles
and the green square concept is substantiated. It is concluded that implementation of the project will strength-
en Vietnam’s energy security, while enabling the Russian Federation to consolidate its presence in the high-tech
Asian market.
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INTRODUCTION

istorical ties between Russia and Vietnam
Hspan decades of productive cooperation

across various sectors, including oil and gas,
automotive manufacturing, and military collaboration.
The oil and gas industry, one element of the strategic
partnership, is based on long-standing experience
since 1975 and joint activities on the shelf of the South
China Sea. On the Russian side, the main market
player is Zarubezhneft. In addition, cultural and edu-
cational ties remain strong. Thousands of students
have been educated at universities of the USSR, in-
cluding MISI (now NRU MGSU). Tourism, as a rapid-
ly developing area of business activity, should also
be mentioned. In 2025, 690 thousand Russian tour-
ists visited Vietnamese resorts. Over the first four
months of 2026, Vietnam received 504,389 Russian
travelers, indicating a four-fold increase compared
with the same period in 2025.

The current stage of bilateral interaction is reflect-
ed in plans to build Vietnam’s first nuclear power
plant, the Ninh Thuan-1 NPP (Fig. 1, 2) which repre-
sents the second attempt by both countries to imple-
ment such an ambitious project [1, 2]. This step has
specific features that make it strategically important
both for Vietnam'’s energy future and for strengthening
Russia’s position in the international nuclear energy
arena [3]. Importantly, Vietnam'’s nuclear power indus-
try develops against the backdrop of the increasing
importance of the global ESG agenda [4, 5].

The purpose of this paper is to analyse the pro-
visions of the Intergovernmental Agreement and
the engineering characteristics of the plant under
construction, to assess the economic, environmen-
tal, and social effects of Russian — Viethnamese co-
operation in the peaceful use of nuclear energy, and
to substantiate the role of the NPP as a driver of in-
tegrated development not only in adjacent territories
but also in nearby provinces.

CHARACTERISTICS OF THE NINH THUAN-1
NPP AND VVER-1200 REACTOR EQUIPMENT

The formula used to calculate the capacity fac-
tor (CF) is as follows:

CF = EofE - 100 %,

where CF is usually calculated for one calendar year;
E..; is actual electricity generated over
the period (kWh);
E,om is nominal reactor power (kW) multi-
plied by the number of hours over a period.
This factor is important for evaluating the effi-
ciency of power plants (NPPs, TPPs, HPPs, and
SPPs), as it determines the extent to which actual
electricity generated over a period corresponds to
the maximum possible output. Knowledge of this
factor makes it possible to assess the profitability of
a generating station, the actual load of equipment,
and the efficiency of fuel use in the case of NPPs
and TPPs.
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Table 1. Main technical characteristics of the VVER-1200 reactor

Parameter Value
Reactor type Pressurised water — water power reactor
Thermal power 3,220 MW
Electrical power 1,200 MW
Fuel Uranium dioxide (U-235) with a maximum enrichment of 4.95 %
Number of primary coolant circulation loops 4
Number of steam generators 4
Coolant temperature at reactor inlet 298.2 °C
Coolant temperature at reactor outlet 328.9°C
Primary circuit pressure 16.2 MPa
Secondary circuit pressure 7 MPa
Primary circuit coolant consumption rate 86,000 m*h
Steam output of steam generators 6,400 t/hour
Design service life At least 60 years (extendable by 20 years)
Capacity factor >90 %
Power plant efficiency 37 %

Fig. 1. Sketch of the future Ninh Thuan-1 NPP

For example, the CF is 90 % for Russian nuclear generation,
approximately 40 % for hydroelectric power plants, and 29-35 %
for gas- and coal-fired generation.

TECHNICAL DESCRIPTION OF THE NPP

According to Article 2 of the Agreement between the Govern-
ment of the Russian Federation and the Government of the Socialist
Republic of Vietnam on Cooperation in the Construction of a Nucle-
ar Power Plant on the Territory of the Socialist Republic of Viet-
nam [1], the Russian Federation assumes the following obligations:

1. The Parties shall cooperate in the construction, on the terri-
tory of the Socialist Republic of Vietnam, of the Ninh Thuan-1 nucle-
ar power plant (hereinafter referred to as the NPP) on a turnkey
basis, consisting of two Generation Ill+ power units based on a wa-
ter-water power reactor according to the Russian design, with an in-
stalled capacity of each power unit of up to 1.3 GW, based on
the reference design of the Leningrad NPP-2 and the improved
technology of water-water power reactors [2] (Table 1).

2. The cooperation provided for in this Agreement includes:

e updating the feasibility study and the site approval dossier;

>
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Fig. 2. Construction site of the Ninh Thuan-1 NPP

e conducting engineering surveys at the NPP site for the devel-
opment of NPP design documentation;

e conducting an environmental impact assessment;

e design, construction, and installation of NPP equipment;

e supply of the necessary equipment and materials;

e use of digital tools, including software and infrastructure,
throughout the entire period of design, construction, and op-
eration of the NPP;

e supply of nuclear fuel;

e commissioning of the NPP, including start-up and adjustment
works;

e warranty operation of the NPP;

e management of spent nuclear fuel and radioactive waste
throughout the entire period of NPP operation;

e decommissioning and dismantling of the NPP;

e training of personnel for the construction, operation, and
maintenance of the NPP;

e operation, maintenance, repair, modernisation, and recon-
struction of the NPP;

e safety regulation and related support measures for radiation
and nuclear safety throughout the entire NPP operation period;

e improvement of the NPP infrastructure necessary for the con-
struction and operation of NPP power units;

e development of the state safety regulation system for the use
of atomic energy for peaceful purposes, necessary for the im-
plementation of the national nuclear energy programme of
the Socialist Republic of Vietnam;

e establishment of a physical protection system for the main
and auxiliary NPP facilities;

e cooperation in the field of localisation and transfer of knowl-
edge concerning the construction, operation, and mainte-
nance of the NPP and the development of nuclear infrastruc-
ture, in accordance with agreements (contracts) to be con-
cluded under this Agreement;

e response to radiation and nuclear incidents and emergen-
cies;

e other areas of cooperation as may be agreed by the Parties in
writing.

The above provisions are necessary for understanding

the scale of cooperation between the two countries.

The planned NPP will have Generation lll+ VVER-1200 reac-
tors, which are known for their high environmental safety and effi-
ciency.

Compared with traditional power units of the same type,
the VVER-1200 design has a number of strengths that greatly im-
prove its economic performance and safety (Fig. 3). For example,
the reactor unit capacity has increased by 20 % compared with
the previous generation (VVER-1000), staffing requirements have
been reduced by 30 %, and the design service life of the main
equipment has doubled to 60 years, with the possibility of extension
by another 20 years.

The main feature of the VVER-1200 design is its unique combi-
nation of active and passive safety systems, which makes the plant
extremely resistant to external and internal impacts. In particular,
the VVER-1200 unit uses a “core catcher”, a device for localising
the molten core of a nuclear reactor; a system of heat dissipation
through steam generators, designed to ensure long-term heat re-
moval from the reactor core to the atmosphere in the event of a com-
plete loss of all power supplies; inner and outer containment shells
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Fig. 3. Diagram of the reactor unit with a VVER-1200 reactor

constituting the hermetic zone; a passive heat removal system on
the dome with hydrogen recombiners; and electromagnets that hold
the absorber rods, which fall into the core under gravity when
the NPP is de-energised. Thus, a number of safety systems do not
require human intervention and operate under gravity. According to
the project description, no operating plant in the world is equipped
with such a configuration of safety systems [2].

ECONOMIC COMPONENT: CONTRIBUTION OF THE NPP
TO VIETNAM’S NATIONAL ECONOMY

The impact of the Ninh Thuan-1 NPP on Vietham’s economy is
expected to be multifaceted. First, it is expected to create new jobs
both during the construction period, with peak employment of up to
15-18 thousand employees, and after commissioning, with approx-
imately 2-2.5 thousand highly qualified specialists. Second, project
implementation will stimulate investment in infrastructure and relat-
ed industries, including road networks, port facilities, power trans-
mission lines, building materials production, and logistics. Third,
lower electricity tariffs resulting from the introduction of nuclear
generation, with costs of approximately 4-5 cents per kWh com-
pared with 6-7 cents at coal-fired TPPs, will increase the competi-
tiveness of the national economy, particularly for energy-intensive
industries.

One of the key values used to support decisions regarding
the construction and operation of an NPP is the Levelized Cost of
Energy (LCOE), which takes into account all types of NPP life-cycle
costs, including design, construction, operation, and decommis-
sioning. In practice, this value is used to calculate the cost of elec-
tricity, and this calculation is relevant not only for NPPs but also for
any type of electricity generation.

LCOE is calculated as the ratio of the present value of total
costs over the entire service life of the facility to the present value of
all electricity produced over that period. It takes into account:

e capital expenditures (CAPEX), or capital costs for construc-
tion and purchase of equipment;

e operating and maintenance expenditures (OPEX), or costs of
operation, repair, nuclear fuel, insurance, and taxes;

e financial costs, or interest on loans and project financing;

e decommissioning and dismantling costs at the end of service
life;

e electricity generation, or the output over the life cycle, taking
into account maintenance periods for nuclear fuel replace-
ment;

e discount rate that accounts for the time-dependent value of
money and inflation;

e planning period which is the service life of the capital asset; in
the case of a VVER-1200 NPP, this is 60-80 years.

Formula:

LCOE = [Z (Ut + M_t + F_O)((1 + NOIZ E_tH(T + 1)),

where /_t denotes investment costs in year f;
M_t denotes operating and maintenance costs in year t;
F_t denotes fuel costs in year t;
E_t denotes electricity generation in year t;
r denotes the discount rate;
t — the life cycle of the system.

For a quantitative assessment of the economic effect, a multi-
plier is calculated using the methodology tested in the Akkuyu and
El-Dabaa projects. The cost of constructing two VVER-1200 units is
estimated at USD 10 billion (USD 5 billion per unit). The multiplier
coefficient for the customer country, Vietnam, is taken as 1.4-1.5. In
this case, the total contribution to Vietnam’s GDP from direct, indi-
rect, and induced effects is expected to reach approximately USD
14-15 billion during the construction period and the first years of
operation (Table 2).

#2/2026
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Table 2. Projected economic effects of the construction of the Ninh Thuan-1 NPP (two units)

Indicator Value Note
Total capital investment, billion USD 10-11 Including auxiliary infrastructure
Direct employment during peak construction, thousand persons 15-18 Including rotational staff and local residents
Permanent NPP staff, thousand people 2.0-2.5 Operators, engineers, and security personnel
Employment in related sectors, thousand people 8-10 Logistics, construction industry, and catering
Cumulative increase in Vietnam’s GDP (over 10 years), % +1.8-2.2 By analogy with projects in Turkey and Egypt
Reduction in the average-weighted wholesale electricity price by 2035, % 10-15 After design capacity is reached
Savings on coal and gas imports over 60 years, billion USD 45-55 Assuming constant fuel prices

Thus, the Ninh Thuan-1 NPP serves not merely as an electricity
generator but also as a powerful driver of economic growth, job
creation, and technological development for Vietnam.

ENVIRONMENTAL ASPECTS AND ROLE
IN SUSTAINABLE DEVELOPMENT

In the context of global climate change, nuclear energy is con-
sidered one of the least polluting sources of electricity. According
to international rankings, Vietnam is among the countries with a rap-
idly increasing carbon footprint, with CO, emissions growing by
more than 5 % per year [6]. Coal-fired thermal power plants ac-
count for more than 50 % of generation, which creates serious en-
vironmental problems [7, 8].

An analysis of current greenhouse gas emissions and their pos-
sible reduction after the NPP is commissioned shows that replacing
coal generation with nuclear power would prevent the emission of
about 7 million tons of CO, per year per unit, assuming a capacity
factor of 90 %. The two units of the Ninh Thuan-1 NPP would pre-
vent the emission of approximately 14 million tons of CO, annually,
which corresponds to about 5 % of the current emissions of Viet-
nam’s entire energy sector [9, 10] (Table 3).

It is important to note the inclusion of nuclear energy in the so-
called Green Square, a classification of sustainable sources recog-
nised by the European Commission in the Taxonomy (2022) and
supported by the IAEA. This opens access to “green” financing
and increases the investment attractiveness of the project. The envi-
ronmental advantages of nuclear energy should serve as an addi-
tional argument in favour of increasing its share in Vietnam’s energy
balance [11, 12].

Consequently, nuclear generation is comparable to renewable
sources in terms of life-cycle emissions and is practically zero-
emission during operation, while providing baseload power 24/7
without the need for storage systems [12].

CAPACITY DEVELOPMENT AND EDUCATIONAL
INITIATIVES

To ensure reliable and safe operation of the NPP, a system for
training specialised personnel must be established. The Intergov-
ernmental Agreement provides for largescale educational initia-
tives. The Russian side undertakes to:

e allocate annual quotas for Vietnamese citizens at leading
Russian industry-specific higher education institutions, in-
cluding NRU MGSU, NRU MEPhI, Bauman Moscow State
Technical University, and Peter the Great St. Petersburg Poly-
technic University;

e organise internships for operating personnel at operating
Russian nuclear power plants, including Novovoronezh and
Leningrad NPPs, for at least 500-700 specialists in the five
years before the plant starts operation;

e create a fullscale simulator (FSS) of the VVER-1200 at the Ninh
Thuan-1 NPP site for operator training;

e develop training courses in nuclear physics, radiation protec-
tion, and automated control systems in the Vietnamese lan-
guage.

By the time the first unit is commissioned, Vietnam is expected to

have at least 600-800 qualified specialists capable of independent-
ly operating and maintaining the plant. This will lay the foundation for

Table 3. Specific CO,-eq emissions for different types of power plants over the full life cycle

Source type Emissions, g CO,-eq/kWh
Coal (subcritical) 820-1,000

Gas (steam and gas unit) 380-490
Photovoltaic panels 30-60

Wind power generation 7-20

Nuclear energy (VVER-1200) 8-20

Hydraulic power plant 10-50

Source: IPCC (2022), NEA (2023), calculations for VVER-1200 [9-11].
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further development of the national nuclear energy industry and pos-
sibly for the export of expertise to other ASEAN countries.

PROSPECTS FOR HEAVY INDUSTRY

The construction of an NPP has a positive effect on the devel-
opment of related industries, including the production of special-
ised equipment and the provision of services. The transfer of tech-
nologies and know-hows, specified in Article 2 of the Agreement,
will allow Vietnam to increase its own capacities for subsequent
projects and to enter international markets.

Within the framework of the localisation policy, it is planned to:

e involve Vietnamese contractors in the performance of “non-
nuclear” activities, including concreting, rebar installation,
cable laying, and earthworks, as well as in the supply of ma-
terials and equipment not assigned to nuclear safety classes,
accounting for up to 30-40 % of the total construction cost;

e establish joint ventures for the production of special construc-
tion materials, including high-density concrete and seismic-
resistant structures;

e organise logistics hubs and port infrastructure for receiving
largesized equipment;

e in the future, organise licensed production of individual com-
ponents for small modular reactors.

For Vietham, this means a transition from being an importer of
technologies to becoming an adaptor and, potentially, an exporter
of engineering services to the markets of Laos, Cambodia, and In-
donesia.

ENSURING REGIONAL ENERGY SECURITY AND EXPORT
POTENTIAL

Given the growth in energy consumption, with Vietnam showing
an annual increase in electricity consumption of 8-10 %, the coun-
try requires stable sources of electricity. In addition to meeting do-
mestic demand, the use of nuclear energy creates the potential for
electricity exports to neighbouring countries, including Laos, Cam-
bodia, Thailand, and the southern provinces of China. This direction
could become a strategic instrument for strengthening energy se-
curity across the entire region.

Against this backdrop of increasing investment in the nuclear
sector, the Russian side also gains a strategic advantage by
strengthening its position in the Asian market. The Ninh Thuan-1
project serves as a showcase for Russian Generation Ill+ technolo-
gies for other ASEAN countries, demonstrating the reliability, safety,
and economic efficiency of the VVER-1200 in tropical operating
conditions, alongside the Akkuyu NPP currently under construction
in the Republic of Turkey.

CONCLUSION

Cooperation between the Russian Federation and Vietnam in
the field of nuclear energy, embodied in the Ninh Thuan-1 NPP proj-
ect, opens up new opportunities for both parties. It will contribute to
Vietnam’s sustainable development by ensuring energy indepen-
dence, reducing greenhouse gas emissions, creating highly skilled

jobs, and developing related industries, while also providing impe-
tus for deeper cooperation in education, science, and industry.
The Russian Federation, in turn, will consolidate its position in
the rapidly growing Asian market, replicate the successful turnkey
export model of nuclear technologies with a full life cycle, and estab-
lish the foundation for a long-term strategic partnership with the So-
cialist Republic of Vietnam.

The implementation of the Ninh Thuan-1 project will become
a tangible embodiment of the “dawn of the peaceful atom” in South-
east Asia and will confirm Russia’s leadership in the global nuclear
energy industry.
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PaccBeT mupHoro atoma. lNMpeanocbinku
3akno4vyeHnsa MexnpaBuTeNnbCTBEHHOIo
cornawleHvst U nepcneKTUBbI pasBUTUSA
coTpyaHuyectBa Poccurickon ®epgepauumn
n BbeTHama B 0651acTm ncnonb30BaHUS
aTOMHOM 3Heprum

B ny6nvkaummn aHannampyeTcs TeKyllee COCTosiHue u byayLine
TPaekTOpUM POCCUNCKO-BLETHAMCKOrO NapTHEPCTBA B 06/1aCTU
A0EepPHON 3HEPreTUKM C (POKYCOM Ha BO3BEAEHNE aTOMHOM 3MeK-
TpocTaHunn. CoBpeMeHHbIN 3Tan B3anMopencTBmA ABYyX CTPaH
HaxoguT OTpaXeHue B nnaHax crtpoutenbcTea nepsovi ASC
(HuHbTXYaH-1) Bo BoeTHame. Bosgenctaue ASC «HuHbTXyaH-1» Ha
9KOHOMWKY BbeTHama 6yaeT HOCUTb MHOrOCTOPOHHUIA XapakTep.
B cTatbe paccMoTpeHbl UCTOPUYECKUE KOPHU B3aUMOJENCTBUSA
CTOPOH, AeTanbHO pa3obpaHbl Kf4YeBble cTaTtb Mexnpasu-
TENbCTBEHHOr0 JOroBOpa, PernamMeHTUPYIOLLLEro NOMHbIN CIEKTP
paboT — OT NPOEKTMPOBAaHMA A0 yTUAM3aLnUM oTpaboTasLLEero
TOMSIMBA M NOBbILLEHUS KBanudmkauum nepcoHana. YrnybneH-
HOe BHUMaHWe yaeneHo HXEHEPHbIM NnapaMeTpam peakTopHOW
yctaHoBkyu BBAP-1200 (lll+ nokoneHue), ee 3KoNorm4eckon co-
CTaBISAOLLEN N SKOHOMUYECKON peHTabenbHOCTU. [NaBHOW 0co-
6eHHOoCTbI0 MpoekTa BBOP-1200 siBnseTca yHMKanbHoe coveTa-
HVe aKTMBHbIX N MACCMBHbIX CUCTEM 6€30MacHOCTU, AenatoLLnX
CTaHLMI0 MakCUMarnbHO YCTONYMBOWM K BHELLUHUM N BHYTPEHHUM
BO3aencTBuAM. MNMpeacrtaBneHa NporHo3Has oLeHKa BO3[ENCT-
BMS CTaHLUMM Ha TOMNMBHO-3HEpreTnyecknii 6anaHc BeetHama,
coKpaLleHne aMUCCUM NAapHUKOBBIX ra3oB, 3BOMOLMI0 BCMIOMO-
ratenbHbIX MPON3BOACTB U PErmoHanbHON MH(PPaACTPYKTYpPbI.
O60cHOBaHa cTpaTermyeckas 3Ha4MMOCTb aTOMHOW reHepaumm
B KOHTeKkcTe ESG-NpuHLMNOB 1 KOHLIENLUMX «3eNEeHOro KBagpa-
Ta». CoenaH BbIBOA, YTO peanu3auns [aHHOro NpoekTa ykpe-
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Improving the Safety of Capital Construction
Facilities During Mineral Deposit Development:
Contested Mining Facilities, State Regulation,
and Supervision

The article examines the legal qualification of facilities as items of capital construction. This work has a practi-
cal value because the status assigned to quarries, opening and preparatory work, dumps, tailings ponds, sludge
ponds, underground chambers, ventilation systems and drainage facilities determines whether design documen-
tation, engineering surveys, state expertise, construction permits, construction supervision, industrial safety con-
trol and environmental assessment procedures are required. The study aims to develop criteria for distinguishing
mining operations as technological results from engineering structures that have a stable connection with land
and subsoil, a long service life and an independent function in the safety system or production cycle. The sourc-
es include the Urban Planning Code of the Russian Federation, legislation on subsoil use, industrial and envi-
ronmental safety, by-laws for the state expertise and approval of technical projects, official materials of Federal
Environmental, Industrial and Nuclear Supervision Service (Rostechnadzor), the Federal Supervisory Natural Re-
sources Management Service, and Glavgosexpertiza of Russia to ensure the safety of capital construction facili-
ties during mineral deposit development, and academic publications on underground construction, cadastral ac-
counting of dumps, risk-based control and mining safety. The results show that current regulation does not have
comprehensive criteria to qualify disputed mining and technical facilities, while an exemption from a construction
permit under Government Decree No. 1816 does not in itself prove that a facility is non-capital. The article pro-
poses a functional legal test, a three-group classification of facilities, and a cross-departmental decision making
algorithm. The proposed approach can reduce abuse by subsoil users, prevent the withdrawal of hazardous en-

gineering facilities from state control and improve accident prevention at mining facilities.
Keywords: capital construction facility, subsoil use, industrial safety, state expertise, state construction supervi-
sion, mining facility, quarry, dump, tailings pond, temporary structure
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INTRODUCTION

The qualification of mining and technical facilities as
capital construction facilities is not only a basic is-
sue but also a matter of public safety and adminis-
trative control. The legal status of a facility deter-
mines the regime for engineering surveys, design
documentation, state expertise, construction per-
mits, construction supervision, industrial safety con-
trol, property accounting and environmental proce-
dures [1-8].

The issue is especially sensitive for subsoil opera-
tions. Mining combines extraction, creation of mines
and construction of surface and underground engi-
neering structures as one production cycle. Many of
these structures are used for long periods and di-
rectly affect industrial, environmental and geome-
chanical safety. In practice, some stable and techno-
logically significant facilities may be described as
temporary, auxiliary or inseparable from the mining
process in order to limit the application of urban
planning procedures [9-14, 15].

Official data confirm the practical relevance of
this problem. According to Federal Environmental,
Industrial and Nuclear Supervision Service (Rostech-
nadzor), in 2024 federal industrial safety supervision
covered 2,731 mining, non-metallic-industry and un-
derground construction facilities, including 62 facili-
ties of hazard class | and 526 facilities belonging to
hazard class Il. The number of mining operations
amounted to 1,632 million cubic meters and the num-

ber of employees reached 192,000. In the same pe-
riod, 4 accidents were recorded, and fatalities in-
creased from 28 in 2023 to 51 in 2024 [16].

The preventive role of design review is also con-
firmed by state expertise. Glavgosexpertiza of Rus-
sia reported that, based on 2020 results, the de-
clared estimated cost of construction facilities was
reduced by RUB 329 billion after verification, while
707 projects, or 27 % of the most complex and
unique facilities, contained technical solutions that
could create emergency risks [17]. Therefore, the un-
justified exclusion of disputed mining facilities from
the control regime means the loss of an important
preventive barrier.

Amendments to Government Decree No. 1816
expanded the list of cases in which a construction
permit is not required for works connected with
mining operations [4]. However, a procedural ex-
emption does not determine the legal nature of
a facility. The broader the list of procedural excep-
tions, the greater the need for transparent criteria
for the qualification of disputed mining and techni-
cal objects.

The purpose of this article is to propose a func-
tional legal test for identifying mining facilities that
should be treated as capital construction facilities
or should at least be subject to the similar expert
and supervisory control. The study also develops
a classification of such facilities and an interdepart-
mental algorithm for reducing safety risks.
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MATERIALS AND METHODS

The research is based on doctrinal and comparative analyses of
the Russian legislation and law-enforcement materials. The regula-
tory base includes the Urban Planning Code of the Russian Federa-
tion, the Law of the Russian Federation On Subsoil, the Federal Law
On Industrial Safety of Hazardous Production Facilities, the Federal
Law On Environmental Expertise, Government Decree No. 145 on
state expertise of design documentation and engineering survey re-
sults, Government Decree No. 1816 on cases in which construction
permits are not required, Government Decree No. 2127 on projects
involving mineral deposits and underground structures, and Govern-
ment Decree No. 694 on state environmental expertise [1-8, 18, 19].

Official materials of Federal Environmental, Industrial and Nu-
clear Supervision Service (Rostechnadzor), the Federal Subsoil
Resources Management Agency, the Federal Supervisory Natural
Resources Management Service, and Glavgosexpertiza of Russia
were used to assess the institutional logic of the regulatory system
and the practical consequences of an erroneous qualification of
a facility [16-22]. The study also relies on academic literature on
underground construction, administrative regulation of subsoil use,
the relationship between the rights of a subsoil user and a land
owner, cadastral accounting of rock dumps, risk-based industrial
safety, environmental limitations in subsoil use and the stability
monitoring of quarry sides [23-35].

The initial legal rule is clause 10 of Article 1 of the Urban Planning
Code, which defines a capital construction facility as a building,
structure, construction or construction in progress, excluding non-
capital buildings, structures and inseparable land improvements [1].
Clause 10.2 of the same article defines non-capital buildings and
structures through the absence of strong connection with the ground,
the possibility of relocation without disproportionate damage to their
purpose and, as a rule, the temporary nature of use [1].

These legal definitions do not provide a ready-made answer for
mining facilities. A quarry, a mine shaft, a dump, a tailings pond, an un-
derground chamber, a drainage complex and a ventilation facility
differ significantly in design, function, service life and risk profile.
For this reason, the verbal description chosen by a subsoil user
cannot replace a substantive legal assessment.

The legislation on subsoil use has its own set of design docu-
ments and approval procedures. Government Decree No. 2127 is
about technical projects for deposit development, construction and
operation of underground structures, and liquidation or conservation
of mines, wells and other structures connected with subsoil use [6].

This confirms that subsoil use modes apply to a broad range of
structures but do not automatically answer whether each structure is
a capital construction facility under the urban planning law.

The methodological premise of this research is the distinction
between four interacting regulatory tracks: licensing and subsoil
use, urban planning and state expertise, industrial safety, and envi-
ronmental assessment. A mistake at the qualification stage can re-
move a facility from one or more of these tracks and thereby reduce
the level of preventive control.

RESULTS

The analysis shows that disputed mining and technical facilities
can be divided into three groups:

e facilities presumed to be capital construction facilities;

o facilities presumed to be non-capital structures or equipment;

o facilities requiring individual assessment.

The proposed groups are presented in Table 1.

The least problematic cases are mobile facilities and equip-
ment. The main conflict zone concerns quarries, dumps, storage
facilities and other items that combine technological and engineer-
ing features. For such facilities, qualification should be based on
a functional and legal test rather than the name assigned by the sub-
soil user.

The proposed test includes six positive criteria: stable spatial
connection with land or subsoil, independent design solutions and
engineering calculations, independent function in the safety system
or production cycle, long service life, serious consequences of fail-
ure for employees, third parties or the environment, and integration
into a hazardous production facility, especially the one classified as
particularly dangerous or technically complex [1, 3, 6, 8, 16].

A facility should not be treated as capital merely because it is
located within the area occupied by a mine. At the same time,
the mere fact that a structure is functionally connected with the min-
ing process should not, in itself, justify its withdrawal from the scope
of capital construction legislation. Structural permanence, indepen-
dent engineering function, high risk, and the nature of the facility
must prevail over its formal designation.

As Table 2 shows, no critical risk arises at the licensing stage.
It arises when the technical project of subsoil use is transferred to
the urban-planning, industrial-safety and environmental authorities
responsible for the qualification of the structures.

Current practice often replaces the qualification stage with
a reference to the approval of the technical project for subsoil use.

Table 1. Functional and legal qualification of disputed mining facilities

Group of items

Standard examples

Key features

Preliminary conclusion

Main risk of qualification mistakes

Presumed capital
construction facilities

Mine shafts; slopes; above-ground
buildings; underground chambers;

ventilation and drainage complexes

Long-term operation; stable con-
nection with land or subsoil; in-
dependent engineering function

As arule, capital con-
struction facilities

Loss of design and construction control
over facilities whose failure affects life
and health

Presumed capital
construction facilities

Tailings ponds; sludge storage facili-

ties; dams; drainage and fencing
structures

Permanent nature; environmen-
tal consequences of failure;
post-operational impact

As arule, capital con-
struction facilities

Pulp breakthrough, pollution and long-
term damage after mining is completed

Individual assessment

Quarries; opening and preparatory
workings; dumps; side-protection

systems; quarry-transport elements

Mixed technological and engi-
neering nature; different degrees
of connection with land; variable
service life

Functional and legal
test is required

Withdrawal from the capital-construc-
tion mode by formal name despite actu-
al engineering capital

Non-capital facilities
or equipment

Mobile installations; replaceable
pumps; container modules; cano-
pies; short-term installation sites

Mobility; collapsible nature; relo-
cation without disproportionate
damage

As a rule, non-capital
facilities or equipment

Substitution of capital facilities with
temporary labels, or unnecessary proce-
dures for genuinely mobile equipment
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Table 2. Stages of document management, competent authorities and legal result

opment or underground struc-
tures

Stage Main document Competent authority Legal result Key risk point
1. Licensing of sub- | License and terms of subsoil use | Authorized authority/ Right to use the subsoil area Project begins without verifying the com-
soil use Rosnedra arises position of facilities
2. Technical project | Technical project for field devel- | Rosnedra Design solutions in subsoil use | Approval of technical project is substituted

are approved

for construction qualification

3. Qualification of
disputed facilities

Qualification matrix or reasoned
conclusion

Developer, designer, expert
and competent authority
where necessary

Capital or non-capital regime is
determined

Formal naming replaces functional and
risk analysis

4. Design docu-
mentation and sur-
veys

Engineering survey results and
design documentation

State expertise/
Glavgosexpertiza

Expert opinion where required

Actual capital facility is excluded from
expertise

industrial supervi-
sion

duction facility information and
production control documents

construction supervision
authority

5. Construction Application, title documents and | Authorized authority Permit or lawful application Procedural exemption is confused with
permit design documents, or reasoned of an exception under Decree | non-capital status

reference to exemption No. 1816
6. Construction and | Work program, hazardous pro- Rostekhnadzor/State Supervision during construc- Gap appears between construction and

tion and operation

industrial control

7. Environmental
contour

Environmental impact and
state environmental expertise
materials

Rosprirodnadzor

Environmental conclusion and
other results

Independent environmental regime is
ignored

Initiation and preparation

Outline of approval and expertise

Rosnedra

Coordination of technical projects

Glavgosexpertiza of Russia
State expertise of design
documentation and engineering
survey results

Rosprirodnadzor
Environmental impact assessment
in cases provided for

Alegal conflict node
There are no comprehensive criteria
for classifying mining facilities as
capital construction facilities

Construction, supervision
and commissioning

Permitting procedures and
preparation for construction

Construction, reconstruction,
technical re-equipment,
commissioning

Rostekhnadzor
Mining supervision, industrial safety,
state constuction supervision

Risk of incorrect classification of
the object, withdrawal from expertise
and supervision, accelerated
commissioning, and increased
accident and legal consequences

Fig. 1. Flow chart of documentation and qualification of facilities

This substitution is methodologically incorrect. The same facility
may be considered by the Federal Subsoil Resources Management
Agency as a subsoil item that is beyond the urban-planning and
environmental control. The greatest uncertainty arises at the deci-
sion point shown in Fig. 1, whether subsoil use, urban planning,
environmental control and industrial safety regulations should apply
to a disputed facility at the same time.

The territorial structure of supervised hazardous mining facilities
by hazard class in 2024 (Fig. 2) demonstrates the scale of the prob-
lem. Even where class Il facilities predominate, the supervision

system includes a significant number of class | and Il facilities. For
these facilities, any erroneous qualification involve particularly nega-
tive consequences.

The proposed system of criteria for practical qualification is
summarized in Table 3. The criteria should be applied cumulatively.
A single feature may be insufficient, but a combination of perma-
nence, independent engineering function, long service life and
high-consequence failure normally justifies a presumption in favor
of the capital-construction regime or an equivalent expert-supervi-
sion regime.
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Fig. 2. Structure of supervised mining facilities by hazard class in 2024

Table 3. Proposed criteria for qualification of disputed mining facilities

Criterion Signs in favor of capital construction Signs against capital construction Recommended result

Stable connection
with land and subsoil

Facility is embedded in the mass or cannot be
moved without destruction

Relocation is possible without disproportion-
ate damage

Presumption in favor of capital
construction

Independent design
solution

Separate calculations of stability, drainage, ven-
tilation, support or hydraulic protection exist

Object is described as a temporary technologi-
cal position without independent calculations

Presumption in favor of capital
construction

Independent function | Facility provides transportation, protection, Facility performs a short-term auxiliary func- | Capital presumption during long-term
drainage, ventilation, storage or treatment tion operation
Service life Operation continues for a significant part Use is limited to one short-term operation Assessment based on the totality
of deposit development or after closure of features
Consequences Failure can cause injury, flooding, collapse, envi- | Damage is local and has no systemic impact | Enhanced expert-supervision regime
of failure ronmental pollution or shutdown of production

Integration into
hazardous production
facility

Facility supports operation of a particularly dan-
gerous and technically complex complex

No connection with such a facility or only
episodic connection exists

Presumption in favor of capital
construction

Mobility and
dismantlability

Absent or not confirmed

Expressed and constructively confirmed

Presumption against capital construction

Temporary nature

Not confirmed; actual operation is permanent

Confirmed by design and real dismantling
possibility

Presumption against capital construction

DISCUSSION

The principal risk is that the formal withdrawal of a facility from
the capital-construction category allows a subsoil user to minimize
or avoid engineering surveys, preparation of design documenta-
tion, state expertise, construction permits and construction supervi-
sion [1, 4, 8]. For facilities with high technogenic hazards, this ap-
proach reduces the preventive capacity of the state.

Artificially classifying stable engineering facilities as temporary
has several negative effects. First, the design quality may decrease
because the developer has less incentive to conduct comprehensive
engineering surveys and to design the facility as a durable item of
infrastructure. Second, external expert control is weakened; the mate-
rials of Glavgosexpertiza of Russia show that expertise detects both

inefficient and dangerous design solutions [17]. Third, interdepart-
mental diffusion of responsibility increases: Federal Environmental,
Industrial and Nuclear Supervision Service (Rostechnadzor), the Fed-
eral Subsoil Resources Management Agency, the Federal Supervi-
sory Natural Resources Management Service, expert organizations
focus on different legal issues, and a facility may be found between
them [18-22]. Fourth, misqualification can affect property, cadastral
and tax accounting because the issue of capital construction also has
civil law and cadastral consequences [12, 14, 15].

Federal Environmental, Industrial and Nuclear Supervision Ser-
vice (Rostechnadzor) has a special role here. It acts simultane-
ously as an industrial safety supervisor, a mining supervision au-
thority and, where the law provides, a state construction supervision
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authority [16, 22]. If a disputed mining facility is both capital and
part of a particularly dangerous or technically complex facility,
the absence of construction supervision would create an artificial
rupture in a consolidated safety system.

The analysis supports four regulatory proposals. First, it is nec-
essary to clarify that being on the list of cases which require no con-
struction permit does not determine non-capital status. This clarifica-
tion can be incorporated into Government Decree No. 1816 or issued
as an explanation [4].

Second, the Ministry of Construction, the Ministry of Natural Re-
sources, Federal Environmental, Industrial and Nuclear Supervision
Service (Rostechnadzor), the Federal Subsoil Resources Manage-
ment Agency should adopt functional and legal criteria for classifying
mining facilities as capital construction facilities. Such an act should
include an indicative list of facilities presumed capital, facilities pre-
sumed non-capital and facilities subject to individual assessment.

Third, facilities whose failure may cause fatalities, flooding, de-
struction of quarry sides, breakthrough of pulp, environmental pol-
lution or loss of stability of the rock mass should be subject to
tighter design and expert control. This control should apply, among
other things, to tailings ponds, sludge storage facilities, permanent
drainage and ventilation complexes, side-reinforcement systems,
protective barriers and major underground structures [23-30, 34].

Fourth, law-enforcement practice should apply the principle of
substance over form. Where a facility exhibits the structural, func-
tional, and risk-related characteristics of a capital construction facil-
ity, its classification should not be altered solely on the basis of
the name assigned to it by the subsoil user.

CONCLUSIONS

The failure to qualify disputed mining and technical facilities as
capital construction facilities is a systemic problem. It arises from
the mismatch between the logic of urban-planning regulation, sub-
soil-use regulation, industrial-safety control and environmental as-
sessment. Quarries, dumps, mines in operation, side-protection
systems, tailings ponds, sludge storage facilities, and other inte-
grated items give way for inconsistent and sometimes biased qual-
ification.

Government Decree No. 1816 does not provide an exhaustive
answer to the question of whether a disputed facility is capital or non-
capital. Approval of a technical project for subsoil use by the Federal
Subsoil Resources Management Agency also does not replace state
expertise of design documentation, state environmental expertise or
construction supervision. These regimes have different legal pur-
poses and should not be substituted for one another.

For safety purposes, the decisive elements are not the formal
name of a facility but its function, service life, connection with land
and subsoil, consequences of failure and integration into the sys-
tem of a hazardous production facility. Therefore, a special func-
tional and legal test is necessary for disputed facilities. Its introduc-
tion can reduce abuse, improve design quality, limit conflicts and
improve accident prevention at mining facilities.
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3TOM OCBOOOXAEHME OT NOMYyYEeHUs1 paspeLLeHnst Ha CTpouTeSb-
CTBO MO noctaHosneHuto MNpasutensctea P® ot 12.11.2020 r.
Ne 1816 He TOXOECTBEHHO MPU3HAHUIO O6BEKTA HEKanNuTasnb-
HbiM. O60CHOBaH BbIBOJ 0 HEOH6XOOMMOCTN BBEAEHUS cneLnanb-
HOro (PpyHKLMOHaNbHO-NPaBOBOro TeCTa OTHECEHUS FOPHOTEX-
HUYECKUX OOBbEKTOB K 06beKTaM KanutanbHOro CTPOUTENbLCTBA,
a TakXxe 0 He06XOAMMOCTN HOPMATUBHOIO pasrpaHuyeHns 06b-
E€KTOB, NPE3IOMUPYEMO OTHOCUMbIX K 06bEeKTaM KanuTanbHOro
CTPOUTENBLCTBA, OOBLEKTOB, MPE3IOMVPYEMO OTHOCUMbIX K HEKA-
nuTanbHbIM COOPYXXEHUAM, N OOBEKTOB, TPEOYIOLLIMX NHANBUAY-
anbHOW oueHKW. B pjaHHoW cTtaTbe 6yayT NpeanoXeHbl cucTe-
Ma KpUTEepUEB OTHECEHUSA OOBLEKTOB K passiMyHbIM KaTeropusam
1N MeXaHu3M MeXBELOMCTBEHHOIO anroputma, OpMeHTUPOBaH-
Hbl€ Ha CHUXXEHWE PUCKOB HapyLueHus 6e30MacHOCTH, a Takxe
Ha ycTpaHeHue 310ynoTpebneHnin Hegpononb3oBaTenen.

Knto4eBble c/oBa: 06beKT KanuTasibHOro CTPOUTESbCTBA, HEAPO-
rob30BaHue, MPOMbILLIeHHasi 6€30MacHOCTb, FOCyAapCTBEHHas!
aKcnepTn3a, rocyAapCTBEHHbIN CTPOUTETbHBINM HAA30p, FOPHbIE
BbIPa6OTKM, Kapbep, OTBaJT, XBOCTOXPAHWIIULLE, LLTAMOXPaHUITN-
Lje, BDEMEHHOE COOPYXXEHNE
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The Scale, Determinants, and Trends
of the Informal Housing Rental Market

The rental housing market in Russia is becoming an increasingly important component of the national hous-
ing system and can no longer be viewed as a secondary or marginal segment of the real estate sector. It fulfills
a number of important socioeconomic functions, including promoting labor mobility, providing flexibility in housing
choices, and offsetting the decline in the affordability of home ownership. In recent years, the role of rental housing has
grown as a result of a combination of factors, including rising real estate prices, tighter mortgage lending condi-
tions, and growing household demand for more flexible housing solutions. As homeownership becomes less ac-
cessible to a significant portion of the population, renting is increasingly viewed not as a temporary alternative but
as a necessary and long-term housing strategy. At the same time, a significant portion of rental transactions in
Russia takes place informally, outside the legal and tax framework. The shadow rental market refers to the con-
clusion of residential lease agreements without written physical documents, tax returns, or official registration.
All of this significantly reduces the transparency of the housing market, prevents the collection of accurate statis-
tics, narrows the tax base, and weakens the legal protection of all parties to the lease. This is particularly acute
in the economy-class rental segment, where gray-market transactions predominate due to lower average rent
payments, a desire to avoid associated costs, and limited incentives to follow official procedures. Drawing on of-
ficial housing market statistics and academic research, the study identifies the main challenges and drivers of
the shadow rental housing market. These include the perceived tax burden on landlords, the administrative com-
plexity of drafting lease agreements, insufficient legal safeguards, limited enforcement of contracts, and low levels
of trust in government institutions. Particular attention is paid to the dynamics of the housing market: changes in
rental rates, an increase in the number of apartment rental listings, and a decline in mortgage lending volumes.
Nevertheless, there is very little official data on the rental market, as a significant share of lease agreements re-
mains in the shadow economy. All of this creates significant risks for both parties: landlords face major difficulties
in recovering their losses from damage to the rented property and in collecting regular rent payments, while ten-
ants remain vulnerable to early eviction, unagreed rent increases, and the lack of guarantees regarding continued
occupancy of the rented property. The paper also examines international practices aimed at combating the infor-
mal rental market. The examples cited from Ireland, England and Wales, as well as a number of OECD countries,
show that the most successful method for bringing rental transactions out of the shadow market is when govern-
ments combine simplified compliance procedures with tangible legal and financial benefits. The most effective
tools of such a policy include: mandatory but user-friendly digital registration of lease agreements, an accessible
and understandable system for planning and accounting for rent, the development of schemes to protect security
deposits, and simplified tax regimes. Based on this analysis, the paper proposes a set of policy measures for Rus-
sia. These include the introduction of a simplified electronic system for registering lease agreements, the creation
of a state-supported digital platform for housing rentals, legal advantages for registered agreements, strength-
ened protection of tenants’ and landlords’ rights, as well as tax incentives encouraging formal participation in
the rental market. The findings indicate that the legalization of the rental sector should be approached as a com-
prehensive institutional reform, rather than merely as a measure to ensure compliance with tax legislation. To re-
duce the scale of informal activity in the rental sector, increase market transparency, strengthen legal certainty,
and support the sustainable development of the residential rental sector in Russia, a balanced combination of
regulatory, fiscal, and digital tools is necessary.

Keywords: the rental housing market, the informal economy, shadow economy, real estate market, housing af-
fordability, mortgage lending, rental payments, legal regulation, digitalization of the rental market, tax policy

Manukhina L.A.
Chopalavov A.T.

Manukhina

Lyubov Andreevna,
(Candidate of Economic Sciences,
Associate Professor of Department
of construction organization and
real estate management; Moscow
State University of Civil Engineering
(National Research University)
(MGSU); 26 Yaroslavskoe shosse,
Moscow, 129337, Russian Federa-
tion; AuthorID: 676588, SPIN-code:
7435-9741, Scopus AuthorlD:
57194450337, WoS ResearcherlD:
0000-0003-4300-7002;
ManuhinaLA@mgsu.ru

Chopalavov

Artyom Timurovich,
Postgraduate student of the depart-
ment of Department of construction
organization and real estate man-
agement; Moscow State Univer-

he rental housing market in Russia is no long-
Ter a “secondary” issue in the housing sector: it

serves as a macroeconomic stabilizer, a chan-
nel for labor mobility, and an increasingly significant
factor putting pressure on the social security system.
When market-rate mortgages become expensive or
inaccessible, households quickly adjust — postpon-
ing home purchases and switching to renting, which,
in turn, directly affects monthly housing costs as a re-
sult of changes in monetary and housing policy. This
is not just a consumer story; it is a budget story, as
the same shift expands (or narrows) the tax base de-
pending on whether rental income is reported.

The sharp rise in the price per square meter of re-
sidential real estate is driven by record-low mortgage
rates, supported by government subsidy programs.
According to data from the Unified Interdepartmental

Information and Statistical System, the average price
of residential real estate in Moscow in the first quar-
ter of 2025 exceeded 390,000 rubles per square
meter, which is 57 % higher than in 2021 (Fig. 1) [1].

Thus, for those segments of the population who
are unable to take advantage of government subsi-
dies when obtaining a mortgage to purchase a home,
high mortgage interest rates lead them to abandon
home purchases and shift toward renting instead.
According to Dom.RF, in 2024 the average interest
rate offered by the top 20 mortgage banks was 29 %,
which is an all-time record in the history of modern
Russia (Fig. 2) [2].

Over the past five years, the rental housing mar-
ket has grown significantly, both in terms of the qual-
ity and availability of properties and in terms of cost.
From 2020 to 2025, rent for apartments up to 100 m?
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Fig. 1. Median price per square meter of living space in the Russian Federation, in thousands of rubles
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Fig. 2. Changes in mortgage interest rates, %

in Moscow rose by 44 %, reaching a peak in 2024 with an average
cost of 101,000 rubles per month (Fig. 3) [3].

By the end of 2025, analysts at Dom.RF note a stabilization
phase. This is attributed to persistently high market mortgage rates,
combined with a 17 % year-over-year increase in active apartment
rental listings (to 95,000 listings) (Fig. 4). The high level of supply is
also putting pressure on rental prices, which in Moscow fell by 3 %
in 2025 compared to 2024 and now stand at 97,800 rubles per
apartment under 100 m? (Fig. 3) [3].

Data from Dom.RF on the number of active apartment rental list-
ings confirms that supply and demand have stabilized. Following a de-
cline in supply levels in 2022-2023, the number of listings reached
an average of 80,000-100,000 per quarter in 2025 (Fig. 4) [3].

However, any analysis of rental offers in Russia must treat
the “market” and the “observable market” as two overlapping but
not identical realities. A significant portion of rentals takes place in-
formally — often with cash payments, without a registered lease
agreement, and without a tax declaration — which makes it difficult
to monitor actual price levels, vacancy rates, and households’ expo-
sure to risk. Rent arranged without a formal contract is referred to as
“shadow” rent. It falls under the “shadow” economy segment, and
its share is an approximate expert estimate. According to an RBC
report citing Dom.RF and interviews with experts, the “shadow”
rental market may account for up to 95 % of the total real estate

rental market and represents up to 6.4 % of the total housing stock
(Fig. 5) [4].

The actions of a residential property owner become illegal
when rental income is received but not reported, and when taxes
required by law are not paid to the state budget. In 2018, the Fed-
eral State Statistics Service (Rosstat) conducted an analysis of
the rental housing market and presented the government with
an alarming conclusion: nearly half of all rental transactions in Rus-
sia take place in the shadow economy, which means that taxes on
the income received are not paid [5].

Under current conditions, another notable trend is emerging:
owners of high-end premium residential properties typically register
their rental activities as a business, paying all applicable taxes and
mandatory fees. In contrast, owners of economy-class apartments
more often attempt to conceal their income and reduce related ex-
penses. According to statistics, more than 80 % of transactions in-
volving the rental of economy-class housing in the Russian Federa-
tion are conducted informally [6].

This situation can largely be explained by the characteristics of
tenants in this segment. Those renting economy-class housing are
typically low-income families for whom signing leases through real
estate agencies is often financially burdensome. In addition, this
category includes migrants from CIS countries and residents of
other regions of Russia who move to large cities in search of work,
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Fig. 3. Average monthly rent for apartments up to 100 m? in Moscow, in thousands of rubles
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Fig. 5. Share of the “shadow” rental market in the Russian Federation, %

as well as local residents forced to move due to various life circum-
stances [7].

There are several legal ways to let out a flat, each with different
tax implications [4]:

¢ individual — from 13 to 22 %;

e sole proprietor — from 6 to 15 %;

e self-employed — from 4 to 6 %.

Dom.RF also highlights the demand for self-employment
among individuals who earn income from renting out real estate. As
of August 2025, there were approximately 14.3 million officially reg-
istered self-employed individuals. Among them, about 286,400
people (approximately 2 %) listed renting out real estate as one of
their sources of income (Fig. 6) [4].

Despite the growing proportion of people earning income from
renting out property as self-employed individuals, this has little
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Fig. 6. Trends in the number of self-employed individuals whose income comes from renting out real estate, in thousands

impact on bringing the “shadow” rental market into the open. This
problem is significant because it turns rent growth into lost revenue,
weakens tenant protections (regarding eviction and dispute resolu-
tion), hinders compliance with immigration and registration laws,
and creates a gap in law enforcement where the state’s reach is
structurally limited (Table) [8].

The legalization of the rental housing market should not be ap-
proached solely as a matter of ensuring compliance with tax laws.
International experience shows that the “shadow” rental market
shrinks when the government simultaneously reduces compliance
costs, increases legal certainty for both parties, and creates digital
tools that make formalizing contracts easier than leaving them un-
registered. In other words, the most effective policy involves not only
punitive measures but also institutional ones: landlords must have
clear incentives to register rental agreements, tenants must receive
significant protection from formal contracts, and the government
must be able to collect reliable market data [9, 10]. A study by
the OECD (Organization for Economic Co-operation and Develop-
ment) examining the Baltic countries — Lithuania, Latvia, and Slo-
vakia — confirms the hypothesis put forward: official registration of
lease agreements, higher-quality data on rentals, tax incentives,
and balanced regulation of tenant-landlord relations are among
the most promising tools for reducing the “shadow” segment of
the market [11].

One of the most effective international practices is the manda-
tory registration of lease agreements through a simple online system.

Ireland serves as an excellent example. All residential lease agree-
ments must be registered with the RTB (Register of Tenancies
Board) upon signing the lease. The RTB maintains a public registry
of all lease agreements, and successful registration in the system
also provides simplified access to legal services for dispute resolu-
tion. Ireland has also established the RTB Rent Register, which is
used to verify that rent setting or adjustments align with market
rates. This combination of mandatory registration, digital adminis-
tration, dispute resolution, and price transparency is crucial be-
cause it transforms a real estate lease transaction from a private
agreement into a legally visible economic relationship [12].

Another example of best practice is the protection of rental de-
posits and the provision of affordable dispute resolution mecha-
nisms. In England and Wales, landlords are required to deposit
security deposits within 30 days into the government-approved
Tenancy Deposit Protection (TDP) scheme, which ensures their
safety until any dispute is resolved. A state-accredited digital de-
posit escrow system linked to registered lease agreements could
serve as a Russian counterpart. Such a system would strengthen
confidence in the official market and make it easier for both parties
to verify compliance with requirements [13].

Based on these international examples, a number of legislative
and institutional changes can be proposed to address the issue of
“under-the-table” rentals in Russia:

1. Introduction of mandatory but simplified electronic registra-

tion of residential lease agreements. Registration should be

Advantages and disadvantages for landlords and tenants in “off-the-books” leases for both parties

Contracting Parties Benefits

Disadvantages

Landlord « no tax liability; « risk of damage to or loss of property;
« a simplified process for renting out a property | « risk of facing administrative or criminal liability;
without an official lease agreement or paper- |« potential unforeseen expenses related to utility bills and telephone bills;
work; - risk of late or non-payment of rent, while it is practically impossible to collect the debt and
« the ability to evict a tenant at any time at| penalties through legal channels;
the owner’s discretion - in the event of conflicts, it is difficult to contact law enforcement agencies (for example,
in cases of theft or damage to property)
Tenant « the possibility of using residential premises |« the risk of eviction at any time without warning;

for purposes other than their intended use;

« the possibility of unregistered individuals, in-
cluding migrants, residing there, or of accom-
modating a large number of tenants;

« the ease of entering into a rental agreement
without formal documentation

« unstable rent, which can be changed at the landlord’s discretion;

« ifanillegal lease is discovered, a fine may be imposed: from 2,000 to 3,000 rubles, and if you
are not registered in Moscow or St. Petersburg — from 3,000 to 5,000 rubles;

- in the absence of a contract, the landlord may allow third parties to move into the apartment;
« verbal agreements may be changed by the landlord;

« in certain cases, the landlord may hold the tenant liable under Article 139 of the Criminal Code
of the Russian Federation by reporting the matter to the police
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possible online in just a few steps and without excessive bu-
reaucratic requirements.

2. Legal advantage. The law could stipulate that only registered
lease agreements entitle tenants to expedited legal protec-
tion, recognized security deposit escrow, access to govern-
ment rental guarantees, and a simplified tax regime.

3. Creation of a digital rental platform. Using state infrastructure,
users could enter into a standard contract, register it, pay
rent through traceable channels, generate digital receipts,
and automatically calculate tax liabilities.

4. Tax relief.

In conclusion, it should be noted that the legalization of the rent-
al housing market should be approached as a comprehensive insti-
tutional reform rather than as a purely fiscal measure. International
experience shows that reducing the informal rental sector is achieved
through a combination of simplified compliance procedures, legal
incentives, and digital infrastructure [14, 15]. Effective policies bring
clear benefits to both landlords and tenants, making formalization
more attractive than informality. For Russia, the introduction of man-
datory yet user-friendly digital registration, legal advantages for
registered contracts, reliable collateral mechanisms, and preferen-
tial tax regimes could significantly increase market transparency
and reduce the scale of informal rental practices.
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Jeknapauun unun oguumansHon permctpauun. Bee ato 3Haqm-
TENIbHO CHMXKaET NPO3PaYHOCTb PbIHKA XUIIbS, HE MO3BOMAET CO-
6upaTh TOYHYIO CTATUCTUKY, Cy>XaeT Hanoroesyt 6asy u ocna-
615eT NpaBoBYIO 3aALLUUTY BCEX CTOPOH apeHabl. OCO6eHHO 0CTPO
3TO OLLYLLIAETCA B CErMEHTE apeHfbl XUIbs 3KOHOM-Knacca, rae
npeo6nagatT cepble CAeNnkn n3-3a 6onee HU3KMX CpeaHUX Ye-
KOB 3a apeHay, CTpemIieHnsa ns3bexartb ConyTCTBYOLLME pacxo-
Obl N OFPaHMYEHHbIX CTUMYNOB AN CO6MoAeHns ourumanbHon
npoueaypbl. OnMpasch Ha ohuLmManbHyo CTaTUCTUKY PbIHKA XK-
NbS N Hay4Hble NCCefoBaHns, B CTaTbe BbIBMNEHbl OCHOBHbIE
nNpo6aeMbl U CTUMYIbl Pa3BUTUS TEHEBOW apeHfbl Xuibs. K HUM
OTHOCATCA BOCMPUHMMaeMOoe Hanorooe 6pems ans apeHgona-
Tenemn, agMUHUCTPaATUBHASA CIIOXXHOCTb OPOPMITIEHUS [LOrOBOPOB
apeHAbl, He[OCTaTO4YHbIE NPaBOBbIE FrApaHTUKN, OrpaHnyYeHHas
BO3MOXHOCTb MPUHYAUTENBHOIrO UCMOMTHEHWS [JOrOBOPOB N HU3-
KW YypOBEHb [OBEPUA K FOCYAAPCTBEHHbIM MHCTMTYTaM. Oco-
60e BHUMaHWe yaenseTcs QUHaMuKe pasBUTUSA PbiHKA XWUIbA:
N3MEHEHMe LieHbl apeHAHbIX NioLagen, pocT Ynucna obbssre-
HWI O coaye KBapTUP U CHUXEHUS 06bEMOB MNOTEYHOMO Kpeau-
TOBaHWA. TeM He MeHee oumumnanbHbIX AAHHLIX O PbIHKE apeH-
[bl 0O4eHb HEMHOrO, MOCKOMNbKY 3Ha4YUTENbHas [OMSA JOrOBOPOB
apeHAbl ocTaeTca B TeHW. Bce 310 co3paet 3Ha4nTenbHble pu-
CKM Ana o6enx CTOPOH: apeHpodaTenu ctankusatoTcs ¢ 60ib-
LUMMW TPYAHOCTAMM MPU BO3MELLEHUW COBCTBEHHBIX YObITKOB OT
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yuwiep6a coaBaemMon HeOBUXXMMOCTU U MPU B3bICKAHWUU pPerynsip-
HbIX apeHAHbIX MNaTexXewn, B TO BPEMS Kak apeHaaTopbl OCTatoT-
cs1 yI3BUMbIMU Nepe [OCPOYHbIM BbICENEHNEM, HECOrIacoBaH-
HbIM MOBbILLIEHNEM apeHAHOW NnaTtbl U OTCYTCTBUEM rapaHTui
npoaoJiKeHna NpoXXmnBaHMA B CHUMaeMOM XUJbe. B ctaTtbe Tak-
Xe paccmaTpuBalTC MeXAyHapOoaHble NPakTUKK, HanpaBieH-
Hble Ha 60pbOY C TEHEBLIM PbIHKOM apeHAbl. [pyBeaeHHbIe Npu-
mMepbl Mipnanauun, AHrnum 1 Yaneca, a takxe psga ctpadH O9CP
NnokKasbIBalT, YTO Hanbornee yCrneLlHbIA METOA, BbiBOAA COENOK
apeHibl U3 TeHN, Korga rnpaBuTesibCTBa CO4HEeTalT YrNpPoOLLUEeHHble
npoLenypbl cobnogeHns TpeboBaHUi ¢ 3aMETHBIMW NPaBOBbI-
MU 1 hHaHcoBbIMK NpenmyLecTBamu. K Hanbonee adpekTrB-
HbIM UHCTPYMEHTaM TaKoW NOIMTUKN OTHOCUTCS: 06a3aTesibHas,
HO y#o6Has ons nonb3oBartenen uMdposas perncrpauus foro-
BOPOB apeHabl, 4OCTYyNHasA U NoHATHadA cuctema niaHnpoBaHUA
1 y4yeTa apeHgHou nnaTbl, pa3paboTka CXeM 3aLnTbl apeHOHbIX
3anoroB 1 ynpoLLeHHble PeXrMbl Hanoroo6noxeHuns. Ha ocHo-
Be 9TOro aHanuaa B cTtaTbe npegnaraeTcs KOMMaekc mep no-
nutukun gns Poccun. K HUM OTHOCSTCSA BHEAPEHWE YNPOLLEHHOM
3NEKTPOHHON CUCTEMbI PerncTpaLuy SOroBopoB apeHfpl, co3aa-
HWe nogaepXuBaemMon rocyfgapcTtsoM LUMGPoBOM niaTdopMbl
Nno apexHae Xunbs, NpaBoBble NpenmMyLLecTsa ansa 3aperncTpu-
pPOBaHHbIX JOFOBOPOB, YCUMIEHME 3alUUTLI NPaB apeHaaTopoB
1 apeHpopaTtenen, a TakxXe HanoroBble CTUMYJIbl, MOOLLPSIO-
Lne ouumanbHoe y4actue B pbiHke apeHfbl. [lonyyeHHble pe-
3ynbTaThbl CBUOETENLCTBYIOT O TOM, YTO K Neranuaaumm cektopa
apeHabl cnepyeT nNooxoauTb Kak K KOMMMeKCHOM NHCTUTYLINO-
HanbHoOW pedhopme, a He NPOCTO Kak K Mepe no o6ecneyeHunto
CO6NI0AEHNS HANMOroBOro 3aKoHofaTenbcTea. [ns cokpalleHus
MacLuTaboB TEHEBOW AeATENbHOCTN B cdhepe apeHpbl, MoBbILLe-
HWUSI MPO3PAYHOCTU PbIHKA, YKPEMIEHNS NPaBOBOW ONpefesieH-
HOCTW 1 MOAAEPXKN YCTONYMBOrO Pa3BUTUS CeKTopa apeHAbl
Xunbsa B Poccun Heob6xoanmo cbanaHCcMpoBaHHOE coYeTaHue
PerynsaTopHbIX, PUCKanbHbIX U LMPPOBbLIX MHCTPYMEHTOB.

KnroueBble cnoBa: pbiIHOK apeH[HOro Xusbs, TEHEBasi 3KOHO-
MuKa, BOCTYMHOCTb XWUJIbsl, UMOTEYHOE KPEANTOBAHNE, apeH-
[Hble raTexu, npaBoBoe PerynmpoBaHue, UngpoBm3aLms PbiH-
Ka apeHfbl, HasoroBasi MnonanTnKa
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This article examines the real estate services market not as a secondary infrastructure element but as an in-
dependent institutional and economic system that plays a key role in coordinating real estate market players.
The purpose of the study is to identify the mechanisms through which this market is transformed under the con-
current influence of digitalization and macroeconomic cyclicality. The methodological framework of the study
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gether make it possible to reconsider the functional role of real estate services under conditions of incomplete in-
formation. The authors demonstrate that digitalization is a key factor in market restructuring by reducing search
costs, accelerating transactions, and facilitating the formation of integrated digital ecosystems, whereas econom-
ic cyclicality does not so much determine the total market volume as shape its dynamic configuration by redistrib-
uting demand across segments. Given the limited availability of direct statistical data, the study applies an original
proxy approach to assessing digitalization based on macroeconomic and infrastructure indicators. The scientific
novelty of the study lies in the integration of digital and cyclical factors into a single extended econometric mod-
el that also accounts for the prevailing type of strategic behavior among participants. The proposed three-level
model (operational, institutional, and digital levels) demonstrates that sustainable market development is possi-
ble only when long-term strategies dominate, ensuring institutionalization and technological transformation, while
short-term strategies increase volatility and reduce the effectiveness of market mechanisms. The findings are
relevant for improving the management and regulation of the real estate services market in the digital economy.
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ket is mainly analysed through the prism of the cir-

culation of tangible assets. At the same time,
the services that ensure the operation of this market
are often regarded as secondary elements without
independent economic value.

However, it is the services market that shapes
the institutional environment in which economic
agents interact, reducing uncertainty and coordina-
tion costs. In the context of digitalization and in-
creasing macroeconomic volatility, the role of this
segment as a key element of market infrastructure
needs to be reconsidered [1].

From the perspective of institutional economics,
the real estate services market can be interpreted as
a mechanism that structures interactions between
market players under conditions of incomplete infor-
mation. In contrast to the classical approach, the fo-
cus shifts from describing types of services to ana-
lyzing their functional role in reducing transaction
costs [2, 3].

Conceptually, the real estate services market
performs three interrelated functions [4, 5]:

e informational: reducing information asymme-

try;

e coordination: aligning the interests of market

players;

e guarantee-related: reducing risks and uncer-

tainty.

Thus, real estate services are not merely an auxi-
liary element but an institutional mechanism that
ensures market stability.

The scientific novelty of the study consists in:

e interpreting the real estate services market as

an institutional coordination mechanism;

I n modern economic literature, the real estate mar-

e integrating digital and cyclical factors into
a single development model;

e applying a proxy approach to assess market
digitalization under conditions of limited sta-
tistical data.

Systems analysis makes it possible to identify

three levels of market functioning:

1. Operational level — services directly related
to the conclusion of transactions.

2. Support level — legal and valuation support.

3. Strategic level — asset management and in-
vestment consulting.

This structure reflects not so much a classifica-
tion of services as the distribution of functions in
the process of economic value creation [6].

The functioning of the real estate services mar-
ket is associated with a number of systemic limita-
tions arising from its institutional specificity.

A key feature is the heterogeneity of service
quality associated with the absence of uniform stan-
dards and insufficient professionalization in indi-
vidual segments. This leads to higher transaction
costs and lower trust among market players [7, 8].

Another factor is limited information transpar-
ency, which amplifies information asymmetry and
reduces the effectiveness of price signals [9].

The digitalization of the real estate services
market is not a mere introduction of technology but
a transformation in the logic of market functioning
[10, 11].

The use of digital platforms, data-processing
algorithms, and online interaction tools leads to:

e lower information search costs;

e faster conclusion of transactions;

e generation of new business models.

ID RSCI: 1697-8392, Scopus
AuthorlD: 57192673087, WoS
ResearcherlD: AGN-1565-2022,
ORCID: 0000-0001-6125-6737;
vsarchenko@sfu-kras.ru

Khirevich

Sergej Anatol'evich,
Candidate of Economic Sciences,
Associate Professor, Department
of Building Design and Real
Estate Expertise; Siberian Federal
University (SibFU); 79 Svobodny
Ave., Krasnoyarsk, 660041, Russian
Federation; ID RSCI: 4102-4526,
Scopus AuthorlD: 57217205809,
ORCID: 0000-0002-7067-5631;
skhirevich@sfu-kras.ru




#2 /2026

MexayHapoaHbI HayHHO-TEXHUHECKUIA XYpHar

HenBm>XuUMOoCTb: 9KOHOMUKA, ynpaBeHve

3KOHOMMKA U MEHEAXXMEHT HEABUWXUMOCTH

28

>

As a result, the market transitions from a fragmented structure
to integrated digital ecosystems [12, 13].

In the absence of direct statistical indicators of the digitalization
of the real estate services market, this study uses a proxy approach
based on an analysis of the World Bank’s infrastructure and macro-
economic indicators (Table).

Indicators of the digital and economic environment in selected
major economies

Country GDIIJ,.USD Internet | Broadband | Net foreign direct investment
trillion | users, % access (% of GDP)

Russia 217 94 25.8 -0.4

USA 28.75 93 38.1 1.0

China 18.74 92 447 0.1

A comparative analysis showed that':

e the United States has the most developed digital environ-
ment;

e China demonstrates the rapid scaling of digital solutions;

e Russia is characterized by a high level of basic digital acces-
sibility but lags behind in terms of investment activity and in-
frastructure saturation.

Therefore, markets differ in their potential for digital transforma-

tion.

The real estate services market exhibits pronounced sensitivity
to the phases of the economic cycle; however, this dependence is
not linear but structural.

During phases of economic growth, the intermediary services
segment expands, whereas during periods of recession, demand
shifts towards asset management and crisis management consult-
ing [14].

Thus, cyclicality affects not so much the overall volume of
the market as the redistribution of functions among its segments.

Taking the identified factors into account, market development
can be formalized as follows (1):

Yi=Bo + By - Digy + Bo - Macy + Bs - Invest; + B, - Cycley + &, (1)

where Y}, denotes the share of digital services;
f3, denotes the constant value;
3B, denote weighting factors for variables;
Dig; denotes a digitalization index;
Mac;, denotes macroeconomic dynamics;
Invest; denotes investments in the sector;
Cycle; denotes a phase in the economic cycle (growth/
decline);
g; denotes the stochastic error term capturing the effects
not explained by the included factors;
i denotes a country;
t denotes a year.

This model reflects the multicomponent nature of market trans-
formation, in which digitalization is the main driver and macroeco-
nomic dynamics determines the trajectory of change.

The proposed model has three levels (Fig.):

1. Operational level (provision of services).

2. Institutional level (rules and regulations).

3. Digital level (technological infrastructure).

" Property Technology (Proptech) Market Report 2026. Web-site “Research and Mar-
kets”. URL: https://www.researchandmarkets.com/reports/5953272/property-technology-
proptech-market-report#product--toc

Digital level reduces transaction costs

i Platforms
! Big data
! Online transactions

Institutional level provides the rules
of operation

' Regulation
' Standards
' Professional institutes

Basic level is the basis of the market

1
Real estate services !
Evaluation !
Legal support !

A three-level model of real estate services market transfor-
mation

Economic cyclicality acts as an external parameter that modi-
fies the interaction between levels and affects the speed of market
transformation.

The development of the real estate services market is largely
determined by the strategic orientations of its players, which can be
broadly divided into short-term and long-term orientations.

A short-term strategy, focused on rapid profit generation, is
characterized by a concentration on intermediary services, high
transaction intensity, and minimized infrastructure development
costs. Under this model, market players focus on current market
conditions, which increases market sensitivity to price fluctuations
and contributes to the growth of speculative activity.

By contrast, a long-term strategy involves the formation of sus-
tainable business models based on real estate management,
the development of service infrastructure, and the introduction of
digital technologies. Long-term-oriented players invest in improving
service quality, standardizing processes, and developing customer
relationships.

Comparative analysis shows that the predominance of short-
term strategies leads to market fragmentation and reduced institu-
tional stability, while the dominance of long-term strategies contrib-
utes to the formation of integrated ecosystems and a reduction in
transaction costs [15, 16].

The strategic orientation chosen by market players is closely
related to phases of the economic cycle. During periods of economic
growth, the share of short-term strategies increases, driven by higher
market liquidity and opportunities for rapid profit. In the context of
an economic downturn, by contrast, the importance of long-term
strategies focused on asset management and risk reduction in-
creases.

Thus, economic cyclicality affects not only the volume of the re-
al estate services market but also the strategic structure of the play-
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ers' behavior patterns. The cyclical model can be expressed as fol-
lows:
Yi=Bo + By - Digy + B, - Mac; + Bs - Invest; +
+ B, Cycle, + Bs - Strat, + &, (2)

where B,—B5 denote weighting factors for variables;
Strat; denotes the prevailing type of strategic behavior of
market players.

To describe market dynamics more accurately, a variable re-
flecting the prevailing type of strategic behavior among participants
(short-term or long-term orientation) is introduced into the model to
account for the impact of the investment horizon on the structure
and stability of the real estate services market.

The results indicate that sustainable development of the real
estate services market is possible only when long-term strategies
dominate, ensuring the institutionalization and digital transformation
of the market. The predominance of short-term strategies, by con-
trast, increases volatility and reduces the effectiveness of market
mechanisms.

The study makes it possible to consider the real estate services
market as a complex dynamic system whose development is deter-
mined by the interaction of technological, institutional, and macro-
economic factors.

The study establishes that digitalization is a key driver of market
transformation, while economic cyclicality shapes the structural dy-
namics of the market. Taking these factors into account can in-
crease the efficiency of management and regulation in the real es-
tate services market.
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Organizational and Economic Mechanisms for
Synchronizing the Construction of Educational
Infrastructure within Comprehensive Territorial
Development Projects

This article examines the imbalance between the pace of housing construction and the development of educa-
tional infrastructure within comprehensive territorial development (CTD) projects. The study aims to systematize
and further develop organizational and economic mechanisms that ensure the synchronization of housing com-
missioning with the delivery of educational facilities. Based on an analysis of data from Rosstat and the Minis-
try of Education of the Russian Federation, the study shows that, despite the achievement of the targets set by
the national project “Education”, a substantial proportion of newly built educational institutions operate beyond
their design capacity because educational infrastructure is delivered later than residential occupancy. The arti-
cle identifies three basic financing models, including a budget-funded model, a developer-led model, and public-
private partnership (PPP), and compares them in terms of implementation time, budgetary burden, and facility
quality. International experience from the Gulf states and the European Union is also reviewed, demonstrating
the effectiveness of statutory developer obligations and employing the issuance of infrastructure bonds. The ar-
ticle proposes a conceptual three-pillar model of the organizational and economic synchronization mechanism,
comprising regulatory, financial-economic, and organizational-managerial components. Key risks for project par-
ticipants are identified, together with mitigation measures, including the wider use of standard design documenta-
tion (SDD) and urban digital twins. The practical significance of the study lies in the applicability of the proposed
measures for shifting from “catch-up” to anticipatory planning of social infrastructure in CTD projects.

Keywords: integrated territorial development, educational infrastructure, synchronization of construction, public-

private partnership, organizational and economic mechanism, infrastructure bonds
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The national development goals of the Russian
Federation for the period up to 2030 envisage
not only an increase in housing construction
volumes but also the formation of a higher-quality ur-
ban environment [1]. Comprehensive territorial devel-
opment (CTD) projects are a tool for achieving these
goals, as they are intended to ensure the balanced
development of residential, engineering, and social
infrastructure. However, recent statistics consistently
indicate a systemic imbalance: housing is commis-
sioned significantly faster than schools and kinder-
gartens. Despite the achievements of the national
project “Education”, the problems of second-shift
schooling and overcrowded schools persist in many
dynamically developing regions [2]. The causes of
this gap are related not only to demographic fluctua-
tions but also to shortcomings in the organizational
and economic mechanisms regulating interaction
among public authorities, developers, and investors.

The scale of these disproportions can be as-
sessed using the following data. In 2025, Russia
commissioned 108.1 million sg. m of housing, which
was 0.4 % higher than in 2024 [1]. However, compa-
rable dynamics in the commissioning of educational
institutions were not observed. During the same pe-
riod, no new kindergarten places were created in 51
regions of the country, and no new school places
were created in 37 regions [3]. According to esti-
mates by the Accounts Chamber of the Russian
Federation, 53.6 % of schools built in 2019-2024
are already operating beyond their design capaci-
ty [4]. One of the main reasons for this situation is
the mismatch between planning horizons. As shown

in Fig. 1, the investment and construction cycle for
housing development typically lasts 3-5 years,
whereas the full cycle for developing budget-finan-
ced educational infrastructure takes 5-7 years, lar-
gely due to lengthy procedures for inclusion in tar-
geted investment programs. The resulting time lag
of 2-4 years is a key source of the “infrastructure
gap”.

The uneven provision of social infrastructure is
especially evident in comparisons across regions.
Data on the availability of nearby schools and kinder-
gartens in new residential developments (Table 1)
show that, even in the leading constituent entities of
the Russian Federation, only about half of new build-
ings are provided with educational infrastructure
within walking distance, whereas in lagging regions
this value remains below 20 %. This situation reduces
quality of life, contributes to commuter flows, and
has an adverse effect on housing prices.

It is noteworthy that the Domclick case mainly
covers multi-apartment residential developments
and may not fully covey the individual housing con-
struction sector; nevertheless, the general trend is
evident.

To overcome the current imbalance, it is impor-
tant to identify which financing models are currently
used-and which of them can ensure synchroniza-
tion. Russian and international practice distinguishes
three main models: budget financing, developer fi-
nancing, and mechanisms based on public-private
partnerships (PPP). Their comparative characteris-
tics are presented in Table 2. The budgetary model
remains dominant in the vast majority of constituent
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Fig. 1. Comparison of investment and construction cycles for housing and educational facilities (conceptual diagram)

Note: the figure shows the differences in cycle duration and stages that lead to the time lag. Stage durations are indicative and may vary

depending on specific regional conditions.

Table 1. Provision of new residential buildings with nearby schools and kindergartens in selected constituent entities of the Russian Feder-

ation (2025)

Region Provision with nearby schools, % Provision with nearby kindergartens, %
Kaliningrad Region 53.2 50.6
Nizhny Novgorod Region 52.5 53.2
Republic of Tatarstan 49.3 55.8
Tyumen Region 47.9 451
Omsk Region 44.6 47.6
Omsk Region 14.2 14.2
Republic of Bashkortostan 14.9 14.9
Samara Region 18.8 201

Source: compiled by the authors based on Domclick data, 2025.

Table 2. Comparison of financing models for educational infrastructure

Model
Budgetary (classical)

Source of funds Advantages Disadvantages Examples

Federal/regional budget, targeted | Direct quality control; compliance High budget burden; long lead | Most regions of the Rus-

investment programs

with standards

times (5-7 years); risk of un- | sian Federation

derfunding

Developer-based (developer
obligations under CTD
contracts)

Developer's own funds

Synchronization with the housing
commissioning schedule; reduced
budget burden

Increase in housing cost; risk
of transferring a low-quality fa-
cility to the municipality

Moscow (renovation),
Rostov Oblast (since
2025)

PPP (concessions, infra-
structure bonds)

Off-budget investment with returns
through operation or the budget

Risk sharing; accelerated construc-
tion; introduction of innovations

Complex structuring; long-term
budget obligations

Saint Petersburg
(5 schools, 13.3 billion
rubles), DOM.RF projects

Source: compiled by the authors based on data from [5-8].

entities of the Russian Federation; however, its potential is limited:
according to the Ministry of Finance of Russia, more than 60 % of
consolidated regional budgets are in deficit [5]. The developer-
based model, developed in Moscow within the renovation program,
has proved effective in terms of schedule synchronization, but it re-
quires significant financial resources from developers and can in-
crease the cost per square meter of housing by 8-12 % [6]. The PPP
model, including the use of infrastructure bonds, is considered

the most promising in terms of balancing the interests of the parties.
Bond issues of “SOPF DOM.RF” have a ruAAA credit rating, which
confirms their reliability and makes them an attractive instrument for
investors [7].

Valuable experience in synchronization has also been accumu-
lated internationally. In the United Arab Emirates, the general plans
of the emirates establish obligations for master developers to com-
mission schools and kindergartens before completion of the first
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Fig. 2. Conceptual model of the organizational and economic mechanism for synchronizing educational infrastructure construction in CTD

projects

phase of housing. Compliance is ensured through escrow account
mechanisms and substantial penalties [9]. As a result, in Dubai in
2023-2024, an average of 87 % of educational facilities in new dis-
tricts were commissioned synchronously with occupancy. In Saudi
Arabia>s NEOM megaproject, educational infrastructure is de-
signed as an integral part of the smart city simultaneously with en-
gineering networks and residential areas [10]. In European Union
countries, approaches based on targeted fees from developers are
common. In the United Kingdom, under Section 106 Agreements,
developers transfer contributions to the municipal budget, which
are then centrally allocated to the construction of schools within
walking distance of new housing [11]. A similar mechanism is be-
ginning to be implemented in Russian legislation through compre-
hensive territorial development agreements; however, in practice,
payments for removing infrastructure constraints often do not cover
the actual cost of constructing social facilities [12].

Taking into account these models and international experience,
it is possible to propose a holistic structure that consolidates dispa-
rate tools into a single system. Fig. 2 presents a conceptual three-
loop model of the organizational and economic synchronization
mechanism. The first regulatory and legal loop involves introducing
standards for anticipatory commissioning at the level of constituent
entities of the Russian Federation; under these standards, housing
cannot be commissioned without the availability of places in edu-
cational organizations within walking distance. This will require
amendments to the Town Planning Code of the Russian Federation
and to regional urban planning standards. The second financial
and economic loop includes expanding the use of the “infrastruc-
ture menu” mechanism, subsidizing interest rates on loans to devel-
opers that undertake school construction, and creating regional
social infrastructure development funds that accumulate targeted
fees and budget transfers. The third organizational and managerial
loop is based on the implementation of a city digital twin using
the GIS Housing and Communal Services and the information sys-
tem for ensuring urban development activities. This enables real-
time forecasting of shortages of school places based on data on
issued construction permits and demographic forecasts. All three
loops should function within a unified logic, exchanging data and

ensuring end-to-end control from the planning stage to facility com-
missioning.

Implementation of the described model involves some risks that
must be considered in practice. For developers, the main risk is an in-
crease in project cost due to the need for simultaneous financing of
residential and social construction. For the public partner, the risk
lies in receiving a facility that does not meet educational standards
or requires significant maintenance costs. One effective way to min-
imize these risks is to use standard design documentation (SDD).
However, according to available data, only 21.7 % of new schools
and 19.6 % of kindergartens are currently built using SDD [13]. In-
creasing this share can reduce design time by 30-40 % and con-
struction costs by up to 15 % [14]. In addition, the development of
turnkey concession agreements with predetermined technical and
economic parameters is a promising direction, as it can simplify
the entry of private investors into projects [15].

Thus, the analysis confirms that synchronization between hous-
ing construction and the commissioning of educational infrastruc-
ture is a key factor in forming a full-fledged urban environment in
CTD projects. Existing financing models are limited in effective-
ness; however, their combination, primarily on the basis of PPP and
supported by regulatory requirements, can provide the necessary
balance. The proposed three-loop conceptual model establishes
a holistic framework for the practical transition from “catch-up” to
“anticipatory” planning. Its implementation will require improvement
of the regulatory framework, expansion of the practice of issuing
infrastructure bonds, and large-scale digitalization of urban plan-
ning data. Further research by the authors will focus on developing
a detailed methodology for assessing the economic efficiency of
various forms of PPP for school construction within CTD projects.
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This article examines a comprehensive approach to modernizing public utility infrastructure within the framework
of integrated territorial development (ITD). The study focuses on the combined use of investment instruments
and life-cycle-based performance indicators, including life cycle cost (LCC) and total cost of ownership (TCO), as
a means of improving the efficiency, financial sustainability, and institutional coordination of infrastructure mod-
ernization projects. The purpose of the research is to identify and systematize the legal, financial, and organiza-
tional instruments available under the Russian legislation for the integrated development of territories and relat-
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bilities among stakeholders. The findings demonstrate the priority of portfolio-based financing, the need for long-
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INTRODUCTION

Utility infrastructure in Russian cities is affected
by chronic deterioration, largely caused by substan-
tial underfinancing, which negatively affects the qual-
ity of the urban environment and living standards.
According to the estimates made by the Federal State
Statistics Service cited in the article, 43-46 % of wa-
ter supply and wastewater networks require complete
renewal. In some regions, the situation reaches a crit-
ical level: in the Republic of Tuva, up to 95 % of water
supply networks are considered worn out, while in
several North Caucasian regions, including the Re-
public of Dagestan, the Republic of Ingushetia, and
the Kabardino-Balkarian Republic, more than half of
heating networks require replacement [1]. This condi-
tion produces a large number of emergency situa-
tions. In 2024-2025, roughly 220-230 serious utility
accidents were registered daily on average. Such
frequency of incidents highlights the urgent need to
raise additional funding for the modernization of
the housing and utilities sector (Fig.).

Although the housing and utilities sector per-
forms an important social function, its investment
attractiveness remains low. Private investment in
utility infrastructure is limited because project pay-
back periods are long and tariff regulation is strict.
As a result, by the end of 2023 the total value of
concession agreements in heat supply was about
RUB 830 billion, significantly below the initial fore-
cast of RUB 2 trillion [2]. Private companies are re-
luctant to enter the housing and utilities market be-
cause of low margins and material risks related to
tariffs, political factors, and institutional constraints.

By the end of 2025, accumulated household debt
for utility services reached almost RUB 900 billion,
and together with organizational debt approached
RUB 1.5 trillion, worsening the financial position of
resource-supplying organizations [2]. The main re-
search task, therefore, is to develop effective finan-
cial instruments capable of attracting investment
into utility infrastructure modernization without caus-
ing excessive tariff growth for households.

Comprehensive territorial development (CTD) is
an innovative approach to the urban environment
modernization. It combines housing construction,
the resettlement of dilapidated and emergency
housing, and the development of infrastructure fa-
cilities. Federal Law No. 494-FZ of 30 December
2020 established the legal foundations for CTD pro-
jects by replacing earlier approaches based on point
development and the development of already built-
up areas. CTD projects involve not only the construc-
tion of new housing to replace emergency housing,
but also the creation of social facilities and the mod-
ernization of engineering infrastructure. By the end
of 2024, decisions had been approved to imple-
ment more than 1,100 CTD projects in 86 constitu-
ent entities of the Russian Federation. The total con-
struction area involved in these projects is estimated
at 76.3 million square meters of new housing, and
by 2030 the CTD potential is expected to rise to ap-
proximately 198 million square meters. CTD is there-
fore a promising mechanism for renewing urban in-
frastructure, but its effectiveness depends directly
on the availability of sufficient financing for utility
infrastructure and related facilities.
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Condition of fixed assets of utility infrastructure

Russian scholarly and policy discussions offer different views on
attracting investment into the housing and utilities sector. A number
of studies emphasize the importance of public-private partnership
(PPP) as a modernization instrument. In particular, concession
agreements in water supply and heat supply can attract extra-budg-
etary resources and address long-term infrastructure problems.
A concession gives the investor a long-term revenue basis and
a mechanism for recovering invested funds, while the region receives
network renewal financed by private capital. However, critical re-
views of PPP practice show that substantial results are difficult to
achieve without public support in the form of guarantees and auxil-
iary measures such as co-financing and subsidies. For example,
DOM.RF has implemented an infrastructure bond mechanism which,
from 2021 to September 2025, attracted more than RUB 45 billion to
finance 14 projects. Some experts also argue for targeted financing
of housing and utilities modernization programs from the federal
budget and for the creation of special funds for these purposes [3].

MATERIALS AND METHODS

The analysis is based on public official sources and specialized
publications issued by government bodies. The regulatory frame-
work includes federal acts and program documents that define in-
vestment mechanisms in housing and utilities and CTD, including
legislation on CTD, concessions and PPP, the Budget Code, and
the passports of the national project Infrastructure for Life and the fe-
deral project Modernization of Utility Infrastructure. Statistical data
were collected from the Ministry of Construction of the Russian Fed-
eration, Federal State statistics Service, Russian Government por-
tals, development institutions including the Territorial Development
Fund, regional authorities, and specialized media.

The research design includes three analytical blocks. First,
regulatory and program analysis was used to examine current laws
and subordinate acts and to classify investment instruments by
type, including budget investments, infrastructure loans and bonds,
concessions, and subsidies. Second, quantitative analysis was
used to summarize official statistics on wear, accident rates, com-
missioning and repair of facilities, and financing volumes. Third,
a case study was carried out for Zabaykalsky Krai, where declared
program targets were compared with the actual progress of heat-
supply and water-supply works.

mm Serviceable
mmm Requires replacement

mm Serviceable
mmm Requires replacement

RESULTS

1. Investment mechanisms available for CTD projects. Current
legislation offers a variety of investment mechanisms to support
and finance infrastructure development within CTD projects. Fed-
eral Law No. 494-FZ, which introduced Chapter 10, Comprehen-
sive Territorial Development, into the Urban Planning Code of
the Russian Federation, does not list specific federal financial
mechanisms. In practice, regions and municipalities are empow-
ered to conclude territorial development agreements with flexible
conditions and obligations for investors. Such projects have re-
vealed the need for public support, implemented through the spe-
cial federal mechanism known as the infrastructure menu, designed
to stimulate developer interest. The menu has infrastructure bonds,
infrastructure budget loans, subsidies for low-margin projects, and
the use of the National Welfare Fund.

In 2021-2022, the Ministry of Construction issued low-interest
infrastructure loans to regions in a total amount exceeding RUB 483
billion. The interest rate was 3 % per year and the repayment period
was 15 years. Importantly, access to these loans required at least
50 % co-financing from the regions [4]. The funding mission was to
create engineering infrastructure, including water supply, wastewa-
ter systems, and roads, in new residential districts. Repayment was
expected to come from tax revenues and payments from resi-
dents of the new districts. DOM.RF has issued infrastructure bonds
through a special project arm that offers them in the financial mar-
ket. The funds thus raised go to regional operators under the guar-
antee of the constituent entity of the Russian Federation. Regional
operators are obliged to develop local infrastructure. Investors re-
ceive bonds with a high rating, while regions obtain financing with
payment deferral of 15-20 years.

Concession agreements in housing and utilities, governed by
Federal Law No. 115-FZ On Concession Agreements, are also impor-
tant. This mechanism is used to transfer utility infrastructure facilities
to private investors for modernization and operation purposes. In CTD
projects, concessions can be used both for the construction of new
nodal facilities and for the reconstruction of individual networks within
renovated neighborhoods [5]. Under a concession agreement, the in-
vestor contributes cash and expects repayments through a pre-set
tariff and, if necessary, an additional concession-grantor payment
from the budget. Presently, concessions are the most common form
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of PPP in housing and utilities: more than 2,700 agreements have
been concluded with a total value of about RUB 1.2 trillion [6]. They
cover heat supply, water supply, and wastewater facilities across Rus-
sia. Nevertheless, in large CTD projects concessions are used selec-
tively, primarily for water and heat supply facilities.

Direct budget investment is implemented through the federal
project Modernization of Ultility Infrastructure, launched in 2024
within the Infrastructure for Life project. The project provides for
an annual federal contribution of at least RUB 150 billion for network
reconstruction. The total amount to be invested into housing and
utilities modernization by 2030, including private investment, is ex-
pected to reach RUB 4.5 trillion. In addition to budget allocations,
the program requires about RUB 750-800 billion annually from re-
gional and private sources. Regions draft comprehensive moderni-
zation plans for housing and utility infrastructure up to 2030. These
plans contain detailed measures, such as the replacement of boiler
houses and pipelines, and identify financing sources for each
measure. According to the Ministry of Construction, by September
2025, 37 regions had approved their comprehensive modernization
plans, while 9 projects were still in the process of approval. This
combination of a modernization plan and federal-investor financing
functions as a new instrument.

Existing mechanisms do not apply to the whole infrastructure
life cycle. Capital repair and network renovation continue to be fi-
nanced mainly through depreciation included in tariffs and through
consumer payments, which are insufficient [6]. At the same time,
legislation allows the necessary instruments to be introduced grad-
ually. In 2023, amendments were made to the PPP and concession
legislation to simplify the implementation of housing and utilities
projects. Among other things, these changes allow investors to pro-
pose projects on their own initiative and simplify the conversion of
lease agreements into concessions.

2. Case study: Zabaykalsky Krai. Zabaykalsky Krai, know for its
low budget revenues, faces acute problems of dilapidated housing
and network wear. By 2024, more than 1,400 buildings had been
registered as emergency housing, while the deterioration of heating
networks reached up to 70 %. The region was among the first to
adopt a regional law on CTD in 2022. In Chita, 34 renovation sites
have been identified, and the program is expected to cover ap-
proximately 97 % of the emergency housing stock. Developers are
required to resettle residents and improve territories. In 2026-2027,
seven sites are expected to be launched, with the resettlement of
about 20,000 square meters of emergency housing and approxi-
mately 1,140 people.

The key to success is the modernization of external engineering
networks in older residential districts, many of which were built in
the 1970s. Private developers usually do not invest into mains be-
cause of high costs and vague payback prospects, so public in-
vestment is required. In 2022, the region received a RUB 1.3 billion
infrastructure budget loan for a new boiler house and a main heat
pipeline for one of the pilot CTD sites. Under the federal housing
and utilities modernization project for 2024-2025, RUB 2.4 billion
was allocated, including at least RUB 1 billion for Chita. The financ-
ing scheme is combined: developers build housing and courtyard
networks, while the region and the federation finance the mains in-
frastructure, including boiler houses and main pipelines. In-kind
compensation is also involved: investors build apartments for reset-
tled residents and, in return, receive land plots for commercial de-
velopment and the right to sell the remaining floor area.

A concession was also involved: the city concluded a 15-year
agreement for the reconstruction of the water utility. The concessionaire

is to invest approximately RUB 600 million in treatment facilities and
water supply networks, which will increase the reliability of water sup-
ply at CTD sites. Payback is secured through an increase in the water
tariffs: the regional regulator committed to raising the tariff by 15 %
over five years. The case shows that even a subsidized region can
attract private resources if regulatory support and predictable tariff
policy are in place.

Interim results as of mid-2025 are moderate but significant. De-
sign documentation was prepared for seven CTD sites, about 5 %
of emergency housing stock was resettled, one modular boiler
house was commissioned, and about three kilometers of heating
networks were modernized. An effective financial model has been
created by combining federal grants and low-interest loans, region-
al co-financing, concessions, and investments from developers
and utility operators. Projects become unstable without any one
of these elements. By comparison, in the Amur Region, the launch
of CTD is delayed because of a shortage of funds for the engineer-
ing site preparation: developers cannot start without the infrastruc-
ture in place, while the region cannot finance it.

3. Comparative assessment of instruments. The analysis identi-
fied the full set of investment mechanisms applicable to utility infra-
structure modernization in CTD projects and assessed their com-
parative effectiveness. Direct budget financing, including subsidies
and capital investments, is advantageous because it does not cre-
ate a debt burden and guarantees the receipt of funds. For exam-
ple, the resettlement program supported by the Housing and Utili-
ties Fund ensures transfers for new housing and infrastructure. Its
disadvantages are limited amounts and narrow targeting: in 2022,
only about 5 % of the Russian regions obtained support for housing
and utilities modernization, and the amounts were often only suffi-
cient for partial repair. The new federal program up to 2030, with
a total amount of RUB 4.5 trillion, expands coverage, but the fed-
eral contribution is about RUB 150 billion per year, with the rest
being expected from investors [7]. Consequently, subsidies are
necessary but insufficient, and a combined approach is required.

Infrastructure budget loans are in high demand: by 2022, ap-
plications totaling RUB 483 billion had been approved. Their advan-
tages are a 3 % rate and a long repayment period. They are used to
construct social facilities and mains required for housing develop-
ment. Their disadvantages are the 50 % co-financing requirement,
which forces poorer regions to raise debt funding, and the future
repayments from the budget, with repayment peaks after 2032. Nev-
ertheless, in 2021-2024 these loans became a key CTD driver, and
in 2023 the instrument was extended.

DOM.RF infrastructure bonds remain relatively small in scale,
but they have demonstrated a strong potential. The 2021 pilot
amounted to RUB 30 billion for 12 regions to finance infrastructure
for housing projects [8]. Their advantage is flexibility: market funds
are raised under public guarantees without direct growth of region-
al debt, because obligations are formally assumed by DOM.RF.
The rate for regions is below market level, approximately 7 % com-
pared with more than 10 %. The limitation is the need to create
a regional subsidiary and organize interaction with DOM.RF, so not
all regions have been able to use the instrument. By 2023, the Mos-
cow Region and Tatarstan were leaders, each attracting more than
RUB 10 billion. For small subsidized regions, the mechanism is
used rarely, often because they lack large housing programs; there-
fore, a standard road map for the instrument would be useful.

PPP and concessions are the classic channel for private invest-
ment. At the beginning of 2024, 2,763 concessions were in force,
ranging from large city water utilities, such as in Rostov-on-Don, to
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boiler houses in district centers. Their effect is to reduce losses and
optimize expenditure by combining investment and operation func-
tions in one private operator. A standard result is a reduction in
network accidents after modernization. Problems include the re-
quirement of tariff payback, which limits access to regions with low
tariffs unless subsidies are available; fragmentation, because
a concession often covers only one subsystem while CTD requires
a comprehensive solution; and a lengthy preparation period, usually
one to two years. However, over the last five years private operators
have invested about RUB 1 trillion in housing and utilities [6], con-
firming the effectiveness of the mechanism. Concessions remain
appropriate for large systems with stable payment flows, such as
the heat or water supply of a new CTD micro-district.

Although interest-rate subsidies for developers are not direct
investments in networks, they indirectly influence infrastructure. In
2020, Government Resolution No. 629 launched the subsidiza-
tion of loan rates for developers in low-profitability regions [9]. In
2020-2022, around 1,800 projects were supported, which helped
start construction in lagging regions. As a result, previously unprof-
itable projects became feasible and new housing was added to
modernized networks. Zabaykalsky Krai serves as an example:
several residential facilities in Chita were financed and later includ-
ed in CTD [10]. Further, this mechanism could be supplemented
with direct infrastructure grants for low-payback projects, which is
being considered in the reform of developers' investment quotas.

Additional instruments include targeted regional infrastructure
funds, municipal bonds, and project financing through infrastruc-
ture bonds. Moscow, Saint Petersburg, and Tatarstan use tariffs
and budget funds to launch utility infrastructure development funds,
whereas such funds are unavailable or poorly financed in subsi-
dized regions, where municipalities have difficulty accessing cheap
capital [11]. There are individual cases: in 2022, Khanty-Mansi Au-
tonomous Area issued green bonds to finance boiler-house mod-
ernization and conversion to gas. In 2022, access to proceeds from
the National Welfare Fund was simplified: its resources can be con-
tributed to infrastructure, including housing and utilities, through
investments in bonds or loans. The mechanism has been used to
modernize heating in the new regions of the Russian Federation; in
2023, about RUB 50 billion from the National Welfare Fund was al-
located to utility facilities there. No cases of this kind have been
registered in the older regions, but the instrument has potential as
a source of equity funding if access to debt financing is limited.

According to the Ministry of Construction, in 2025-2030 more
than 50,000 kilometers of engineering networks and about 2,000
water supply and wastewater facilities are planned to be built or
reconstructed to improve services for about 20 million people.
Achieving the target network renewal rate of 2.5 % per year by
2030, compared with the current rate of about 1 %, is possible only
through large-scale investment: hundreds of billions of rubles can
be raised annually through loans and bonds, combined with tariff
policies that stimulate concessionaire investment [12].

In CTD projects, investment mechanisms accelerate implemen-
tation and increase project completeness. Moscow and the Moscow
Region, as donor regions, implement comprehensive neighborhood
development projects aimed at comprehensive replacement of utili-
ties; they renew dozens of kilometers of networks. The North Cauca-
sus Federal District and the Far East cannot implement major renova-
tion programs without federal support. In 20283, all North Caucasus
regions approved housing and utilities modernization plans to 2030,
including more than 1,700 actions worth about RUB 200 billion.
The sources are subsidies, infrastructure loans, and concessions

involving corporations; T Plus stated its readiness to participate if
public support was available [13]. For depressed regions, public fi-
nancing is a triggering mechanism that reduces risks and attracts
private investors.

The first public assessments of the new instruments and their
effectiveness have emerged. According to the Government of
the Russian Federation, in 2019-2025 more than 12,000 kilometers
of utility networks and about 5,500 facilities were built or modern-
ized. These projects were supported by the national project Housing
and Urban Environment and the launch of the infrastructure menu.
Forty five kilometers of water supply networks were modernized in
16 municipal districts of Primorsky Krai in 2019-2023; financing was
60 % budgetary and 40 % from concessionaires, and water quality
was improved for approximately 123,000 residents.

The socio-economic effects of CTD are impressive. Infrastruc-
ture loans totaling RUB 483 billion will create dozens of thousands
of jobs and about 130 million square meters of housing by 2030.
Improved housing conditions are a key value: according to the Min-
istry of Construction, in 2023-2024, 4.4 million families improved
their living conditions, also through CTD. Not all effects are directly
attributable to utility infrastructure, but its modernization is a neces-
sary foundation for housing commissioning.

Overall, the set of instruments is broad, but each instrument has
limitations. Maximum effect is achieved through a combination of
budget leverage, borrowed sources, and private investment. Large-
scale modernization of utility infrastructure within CTD is impossible
without public involvement, including incentives and regulatory
support, especially in subsidized regions.

DISCUSSION

The findings are consistent with publications on the chronic un-
derfinancing of housing and utilities and the need for an active role
of the state. The share of worn networks remains high and accident
rates are significant. The analysis clarifies the balance of sources:
even if tariff constraints are relaxed, private capital covers only
about 20 % of the need, while about 80 % is covered by budgets
and households. This corresponds to the parameters of the federal
project, with approximately RUB 150 billion per year from the budg-
et against roughly RUB 750 billion from other sources. The role of
the state is therefore broader than direct investment: it creates
an environment that attracts the remaining resources.

A comprehensive approach encompasses borrowing success-
ful practices from adjacent sectors, including long-term life-cycle
contracts, permanent funds, and service-oriented agreements,
similar to approaches used in the European Union, where the grant
component in water supply may cover 10-30 % of non-repayable
costs. The Zabaykalsky Krai case confirms that subsidized resettle-
ment and mains infrastructure make projects profitable; a combina-
tion of grants and debt instruments is required.

Concerns about the efficiency of expenditure can be mitigated
through a project filter: key performance indicators, program pass-
ports, quantitative effects in loan applications, profitability require-
ments for infrastructure bonds combined with mandatory technol-
ogy effects, such as lower heat losses. Background risks include
household solvency and import pressure caused by sanctions [14].
These factors make the integration of financial mechanisms a nec-
essary condition for closing the investment gap; the sector's deficit
of approximately RUB 970 billion confirms the scale of the task [3].

>
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CONCLUSIONS

The proposed comprehensive financing mechanism for modern-
izing utility infrastructure in CTD projects combines budget invest-
ments, low-interest loans, bonds, PPP, concessions, and targeted
subsidies linked to the stages of the facility life cycle. The study
shows that current instruments are effective if used in a coordinated
manner: isolated use, such as concessions alone or subsidies alone,
does not close the investment gap. The proposed scheme distrib-
utes roles by stage: planning involves requirements for developers;
construction relies on infrastructure loans and bonds; operation re-
quires long-term tariff regulation; capital repair uses accumulative
funds and innovations; and renewal launches a new CTD cycle.

Practical results are aimed at federal and regional authorities as
well as investors. The subsidized-region case of Zabaykalsky Krai
shows that combined federal and private resources can success-
fully launch CTD even when regional earnings are small. For broad-
er dissemination, this model should be integrated into the regula-
tory framework and program-level solutions.

The main instruments are as follows. Firstly, each CTD project
should have a uniform investment passport with a utility infrastruc-
ture constituent, including the list of facilities, estimated costs, fi-
nancing sources, and risk sharing models. Secondly, raising the re-
quired RUB 2 trillion of private investment for network renewal
requires flexible tariff models that account for payback periods;
without tariff indexation, such investment amounts cannot be
raised. Third, the powers of the Housing and Ultilities Fund should
be expanded or a separate infrastructure modernization fund
should be launched, with mechanisms for concessionaire partici-
pation and targeted grants for network development, including re-
sources from the National Welfare Fund. Fourth, a pilot programme
of municipal infrastructure bonds supported by DOM.RF should be
launched for financially stronger municipalities to disseminate test-
ed regional issuance practices. Fifth, regulatory acts governing life-
cycle management of utility facilities should be introduced through
amendments to strategic federal planning; this would include man-
datory assessment of asset life, incorporation of depreciation into
the tariff system, and reservation of funds for renewal.

To assess the effectiveness of the proposed scheme, pilot pro-
jects should be implemented in five cities representing different
types of territories, including donor regions, subsidized regions,
and medium-sized centers. Combining CTD with housing and utili-
ties modernization within these pilot projects would provide empiri-
cal data for subsequent scaling. Regional financial stability, includ-
ing the accumulation of debt under low-interest loans and bonds,
requires continuous co-financing rather than single-time injections.
The relevance of these proposals is confirmed by stronger budget
support and investment control in resource-supplying organizations
planned for 2025-2026.

Utility infrastructure modernization becomes feasible when
policy moves from separate single-time actions to an integrated,
life-cycle-oriented strategy. Such an approach can not only im-
prove network reliability, but also reduce total operating costs and
accelerate the commissioning of housing, creating a multiplier ef-
fect for the economy and improving the quality of the urban environ-
ment. Its application will support the achievement of national goals
in housing and urban development and contribute to the sustaina-
ble development of Russian regions.
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MHBECTULMOHHbIE MEXaHU3MbI
MOAepHU3aLMM KOMMyHanbHOM
MH(PPaACTPYKTYpbl B paMKax KOMMJIEKCHOro
pa3BuTUS TEPPUTOPUIA

B paHHOM cTaTbe nccnegyeTca KOMMIEKCHbIM NOAXOM K MoAep-
HM3aLUn KOMMYHanbHOMW UHMPACTPYKTYypbl, paccmaTpusae-
MbI B paMKax KOHLIeNLuMmn KOMMNIIEKCHOro pas3BuTns TEpPUTOPUIA
(KPT). Oco60e BHMMaHWe yaenseTcsi NPUMMEHEHNIO KOMOUHMPO-
BaHHbIX MHBECTULMOHHBIX CTPaTerMin n y4eTy Takux nokasarte-
NeN, Kak CTOMMOCTb XM3HeHHoro umkna (CXKLl) n coBokynHas
ctoumocTb BnageHus (CCB), ¢ uenbio noBbiweHUs ahheKTUB-
HOCTU MOfEepHM3aLUMOHHbIX npoueccos. Llenbio gaHHoOro uc-
cnefoBaHns ABMAETCA BbIABIIEHNE U CUCTEMATU3aLNA UHCTPY-
MEHTOB, MPefyCMOTPEHHbLIX POCCUNCKMM 3aKOHOAATENbCTBOM,
0N KOMMNIEKCHOro pasBuTUS TEPPUTOPUIA 1 B3aNMOCBA3AHHbIX
C HUMU oTpacnen. Takxe 6yayT paspaboTaHbl pekomeHpgaLuum
Mo KOMOVHUPOBAHHOMY MPUMEHEHUIO 3TUX UHCTPYMEHTOB C y4e-
TOM OCOB6EHHOCTEN JOTaUMOHHbIX perMoHoB. B xoge peanusa-
LN JaHHOW MeTohonornn 6yayT OCyLLecTBEeHbl crnegyoLine
Laru: n3yyYyeHne HOpMaTMBHO-NPaBOBOW 6a3bl (B YACTHOCTH,
®depepanbHoro 3akoHa Ne 494-O3 1 nporpamMmmbl MOAEPHM3A-
uun XKKX), npoBefieHre CTaTMCTUHECKOro 0630pa AENCTBYHOLLNX
npoektoB KPT B cy6bekTax ¢ 4OTALUMOHHBIM (OPMHAHCUPOBAHU-
€M, a TaKXe CPaBHUTENbHbLIV aHanu3 CyLLECTBYIOLUNX NHBECTU-
LIMOHHbIX MEXaHW3MOB (KOHLleCCuM, rocyfapCTBEHHO-4aCTHOE
napTHEPCTBO, MHPPACTPYKTYpPHbIE GIOOXETHbIE KPeauTbl, UH-
PpacTpyKTypHble ob6auraumn, 61ofXeTHble Cy6Ccuann 1 rpaHThbl,
[ONrOCPOYHbIE KOHTPaKTbI ynpasneHus). byaet ocyluecTsneHo
n3yyeHve peanuadyembix npoektoB KPT. B xoge pa6oTtbl 6b11m
onpegeneHbl Knaccudukaum MexaHm3moB Mo UCTOYHMKaM u-
HaHCMPOBaHUS N YPOBHAM puUcka, paspabotaHa maTpuua npu-
MEHUMOCTU AN PasHbIX 3TarnoB XW3HEHHOro UMKa, a Takxe
NpeanoXeHa opraHvM3aLMoHHas CTPYKTypa NpoekTHOro oguca
1 pacnpefenieHne oTBETCTBEHHbIX CTOPOH. BbiBoAb! MOATBEPAM-
N1 NpUOPUTET NOPTAENBHOM MOAENN (PUHAHCUPOBaHUS, HEOb-
XOAUMOCTb [O/ITOCPOYHOro TapudHOro noAaxoaa M BaxHOCTb
COBEpLUEHCTBOBAaHMS HOPMATUBHO-NPaBOBOV 6a3bl ANs MacLuTa-
61poBaHusa 3PPEKTUBHBIX MPaAKTUK. BaXXHOCTb JaHHOro Hay4HO-
ro nccnefoBaHUs COCTOUT B 060CHOBaHWUN B3aMMOCBSA3U MeXAY
VNHBECTULMOHHBIMW UHCTPYMEHTAMMN U MHCTUTYLIMOHATBHOW KO-
opavHaumen Ha permoHasnibHoOM YpoBHe.

KntoyeBble c/ioBa: MoAepHU3auuns MHGPaCTPYKTYPbl, KOMIIEK-
CHOE pa3BUTHE TePPUTOPUN, NHBECTULIMOHHBIE MEXaHU3MbI, O-
CYAapCTBEHHO-4aCTHOE MapTHEPCTBO, KOHLECCUM
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Problems in selecting durability indicators
for elements of buildings and structures at
the design, construction, and operation stages

Using residential buildings erected during the period of mass industrial housing construction as a case study,
the article examines the impact of selecting an optimal combination of standard and design service lives for struc-
tural components, individual elements, engineering systems, and the building as a whole on ensuring its reliabil-
ity throughout the entire life cycle. It is shown that a mismatch between the service lives of load-bearing and en-
closing structures, finishing layers, internal engineering systems, and equipment leads to a premature decline
in the facility’s operational performance, an increased need for repairs, higher total costs, and reduced efficien-
cy in the use of the housing stock. The necessity of an integrated assignment of durability indicators already at
the design stage is substantiated, taking into account construction conditions, operational features, maintaina-
bility, accessibility of technical servicing, and the economic feasibility of the decisions made. Methodological ap-
proaches are proposed for selecting rational technical, organizational-technological, and economic solutions that
ensure the required level of reliability of buildings and structures at the design, construction, and operation stag-
es. A theoretical framework is presented that makes it possible to relate the durability of individual elements to
the integral reliability of the building, assess the influence of service life on its functional stability, and provide
a basis for improving design practice, regulatory requirements, and strategies for housing stock operation. Partic-
ular attention is paid to buildings of the first mass-produced series as the facilities that most clearly demonstrate
the consequences of errors in assigning service lives. The practical significance of the results lies in the possibil-
ity of using them to substantiate major repairs, modernization, and reconstruction of the existing housing stock

under current conditions.

Keywords: life cycle, reliability, durability, construction, technical operation, reliability indicators

the USSR launched housing construction on

an unprecedented scale, which continued until
the early 1990s. At the first stage, from the late 1950s
to the mid-1960s, the task was to relocate citizens
from basements and barracks. At the second stage,
from the mid-1960s to the mid-1980s, mass housing
construction was used to resettle residents of com-
munal apartments. Finally, beginning in the mid-
1980s, the main objective of housing construction
was to increase the provision of comfortable and
well-equipped housing for citizens.

At all stages, inexpensive and short-lived mate-
rials and products were used in the construction of
residential buildings. This can be explained by two
circumstances.

First, the pace and volume of housing construc-
tion were so high that extensive savings in financial
resources became necessary. This was achieved
through the use of simplified and unreliable engi-
neering solutions in the design process and the ap-
plication of construction materials with minimum
cost.

Second, the construction of buildings and struc-
tures relied exclusively on products manufactured by
domestic construction industry enterprises, whose
technological base was largely archaic. This prede-
termined the production of a limited range of prod-
ucts, their low quality and, consequently, poor dura-
bility.

During the years of industrialized housing con-
struction, a sufficiently large number of residential
buildings were erected according to various stan-

In the second half of the twentieth century,

dard designs, which combined both successful so-
lutions in terms of operational reliability and extreme-
ly unsuccessful technical solutions. Examples of
completely unsuitable technical solutions include
three-layer reinforced concrete wall and roof panels
with insulation layers made of reed boards (design
service life: 10 years) and cement-fiber boards (de-
sign service life: 15 years). Another striking example
of disregard for maintainability is heating panels,
which are reinforced concrete blocks with heating
system pipelines cast into them.

In Moscow, between 1959 and 1976, 5,081 pre-
fabricated five-storey residential buildings were
constructed, with a living area of 10.7 million sg m
(approximately 15 million sg m of total floor area),
which, at the time the renovation programme was
launched, accounted for about 10 % of the city’s
housing stock [1]. In recent decades, Moscow has
been implementing a large-scale renewal of resi-
dential development dating from the 1960s and
1970s, involving the demolition of five-storey apart-
ment buildings and the construction of modern
residential buildings in their place within the frame-
work of the renovation programme [2, 3].

In buildings of the standard series P-32, P-35,
and K-7, the external wall panels are self-supporting
and have different structural designs. In P-35 series
buildings, they are made of rolled thin-walled ribbed
shell slabs assembled in pairs with 100 mm mineral
wool slab insulation. In P-32 series buildings, vibro-
brick panels with a thermal insulation layer of large-
porous expanded clay concrete were used. In K-7
series buildings, suspended three-layer panels were
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applied, consisting of two layers of cement-sand mortar and an in-
termediate thermal insulation layer made of foam glass or mineral
wool slabs.

The intermediate floors in buildings of the P-35 and P-32 series
are made of two reinforced concrete shells, with the upper shell
supported along its longitudinal sides by the lower shell, with
sound-insulating gaskets laid along the entire length of bearing. To
improve the sound insulation properties of the floors, the lower
shells were filled with quartz sand.

The external walls, sized to a single room, were made either of
three-layer panels consisting of reinforced concrete layers and insu-
lation, for which mineral wool slabs and cellular concrete were com-
monly used, or of single-layer panels made of concrete with light-
weight aggregates, such as expanded clay, thermozite, and others.

From the standpoint of operational reliability, prefabricated
buildings of the overwhelming majority of standard series cannot be
regarded as efficient and reliable. This applies primarily to inter-
panel and interblock joints and seams, as well as to the thermal in-
sulation properties of external enclosing structures, which deterio-
rate significantly during operation due to the ageing of thermal
insulation materials. Initially, extremely short-lived cement-reed and
cement-fibre boards were used as insulation; these were later re-
placed by semi-rigid mineral wool slabs, and only in the 1980s did
insulation layers in three-layer reinforced concrete panels begin to
be made of foam plastic materials with substantially greater durabil-
ity [4, 5].

Since a significant part of the currently existing housing stock
was erected during the period of mass housing construction,
the problem of the reliability of the apartment buildings comprising
this stock is particularly acute today. In the course of major repairs,
this problem should be addressed by minimizing the discrepancy
between the residual service life of structures, elements, and sys-
tems that are not replaced during overhaul and the standard ser-
vice lives of newly installed elements.

Over the years, domestic industry has mastered the mass pro-
duction of a wide range of durable structures, materials, and prod-
ucts for construction, which makes it possible, in the design of
buildings and structures, to focus on selecting their optimal combi-
nations from the standpoint of durability. It should also be noted that
the domestic market for construction materials still offers a suffi-
ciently wide range of imported products.

Ensuring the normative values of individual reliability indicators
and their rational combination makes it possible to adopt, in the de-
sign process, solutions that fully comply with the established reli-
ability requirements. This can be achieved provided that alternative
design solutions are developed using modern technical means and
technologies.

An analysis of architectural and construction design practice
makes it possible to assert that ensuring the required reliability of
structures, elements, systems, equipment, as well as buildings and
structures as a whole at the design stage is possible only if all eval-
uation indicators characterizing reliability are taken into account,
various technical solutions are developed on their basis, and these
solutions are comprehensively assessed, optimized, and subse-
quently selected.

At the same time, the formation of a set of evaluation indicators
ensuring the reliability of buildings at the design stage is a concep-
tual issue of fundamental importance. The difficulty of solving this
problem lies in the fact that all reliability evaluation indicators taken
into account are deterministic, equally significant, and partially con-
tradictory.

The deterministic nature of evaluation indicators means that
their values may vary only within the permissible ranges estab-
lished by regulatory documents.

Their equal significance implies mandatory compliance of all
evaluation indicators, without exception, with the established regu-
latory requirements.

Contradictoriness is inherent not in all evaluation indicators, but
only in some of them. At the same time, contradictions between in-
dicators may be either strict, that is, antagonistic, or non-strict.
An example of an antagonistic contradiction is the requirement con-
tained in the design brief to ensure the minimum cost of construct-
ing a building while simultaneously achieving the maximum level of
comfort, including space-planning solutions, the quality of interior
finishing, the level of engineering amenities, and other characteris-
tics.

An example of a non-antagonistic contradiction between evalu-
ation indicators is the relationship between the indicator character-
izing the insolation of the internal spaces of the building being de-
signed and the indicator characterizing its energy efficiency.

In the case where contradictions among all evaluation indica-
tors without exception are non-strict, the formation and selection
of the optimal (rational) solution are carried out within the area of
agreement. This area is characterized by the fact that any solution
chosen within it can be improved without reducing the values of
the remaining evaluation indicators [6-9]. However, in the assess-
ment and selection of reliable technical solutions in the design of
buildings and structures, such a situation generally does not arise.
Therefore, the task is not to choose the option that is best from
the standpoint of reliability across the entire set of evaluation indica-
tors, but rather to determine a solution that satisfies reliability re-
quirements through an optimal combination of the values of these
indicators.

In other words, each evaluation indicator, while remaining within
the permissible range in quantitative terms, does not necessarily
attain its absolutely best value; however, the combination of all indi-
cators in their interrelation proves to be the most preferable for
a particular project. In this formulation, the problem of selecting
the best solution is addressed within the area of compromise,
which is characterized by the principle of optimality according to
which solution a is preferable to solution a’ if the conditionx (a) > x(d)
is satisfied. The mathematical model for selecting the best solution
in the area of compromise is as follows [10]:

X0 ={x/x e X, {X'Ix' 2 x} n X = T} (1)

The search for the best solutions in the area of compromise is
carried out on the basis of a specific algorithm and the correspond-
ing principle of optimality [11].

To select the best solution at the design stage while taking into
account the values of all reliability assessment indicators, we have
proposed two methods, referred to as the computational method
and the material method.

The computational method is based on varying the quantitative
values of reliability assessment indicators within the intervals estab-
lished by regulatory documents, taking into account constraint indi-
cators in order to obtain their optimal combination. For example,
the load reliability factor is successively varied within the range
from 1.05 to 1.10 with a step of 0.01 while the values of the remain-
ing assessment indicators are kept unchanged. In a similar manner,
the material reliability factor is varied within the range from 1.15 to
1.50 using the same increment. The search for the best combina-
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tion of assessment indicators is carried out using one of the well-
known mathematical methods of combinatorics.

Combinatorics is a branch of mathematics that studies discrete
objects, finite sets, and the operations of selecting, ordering, and
enumerating their elements, including combinations, permutations,
and arrangements.

Combinatorial problems are characterized by the fact that all
objects under consideration, which in the present study are rational
design options, consist of individual discrete elements, that is, reli-
ability assessment indicators of design solutions, while the sets of
these elements are finite.

In the course of combinatorial analysis, two main types of op-
erations are performed: the selection of subsets and the ordering
of the elements of a set [12]. This fully corresponds to the essence
of the proposed method, which is based on the successive enu-
meration of admissible combinations of assessment indicators and
the selection of the most preferable design solution.

The material-based method of ensuring the reliability of design
solutions is based on the purposeful selection of such materials as
make it possible, already at the design stage, to achieve high reli-
ability indicators for structures, elements, and systems while simul-
taneously minimizing labor, financial, and material-technical costs.
One example is the manufacture of reinforced concrete structures
under both factory and on-site conditions using reinforcement
made of different materials.

For conventional steel reinforcement (classes A400, A500,
AB0O, and higher in accordance with CP 63.13330"), the material-
based method is implemented through the use of reinforcement of
higher strength classes, which makes it possible to increase the de-
sign resistance and reduce the stress level under given loads;
the use of reinforcement with improved ductility and crack-resis-
tance characteristics, ensuring more reliable structural behavior in
limit states; the introduction of anti-corrosion protection measures
for reinforcement, including epoxy coatings, hot-dip galvanizing,
and the use of stainless reinforcement, which significantly reduces
the rate of corrosion damage during operation in aggressive envi-
ronments; as well as an increase in durability due to a lower prob-
ability of corrosion-related damage.

The use of high-quality metallic reinforcement makes it possible
to improve structural reliability without increasing dimensions and
weight; however, it requires strict quality control of the material
and compliance with technological requirements during fabrication
and installation.

The use of composite reinforcement in design solutions (glass-
fiber-reinforced polymer, basalt-fiber-reinforced polymer, and car-
bon-fiber-reinforced polymer reinforcement), regulated by CP
295.1325800.20172, represents one of the clearest examples of
the implementation of the material-based method for improving reli-
ability. The main advantages of composite reinforcement include
high corrosion resistance, which prevents reinforcement deteriora-
tion in aggressive environments; low density, reducing the self-
weight of structures; high tensile strength exceeding the corre-
sponding values for steel reinforcement; and electromagnetic
inertness.

Another illustrative example of the material-based method for
selecting design solutions optimal from the standpoint of reliability
assurance is the consideration of alternative uses of different con-
crete classes in the manufacture of reinforced concrete structures

'SP 63.13330. Concrete and reinforced concrete structures.

2 SP 295.1325800.2017. List of rules. Concrete structures reinforced with polymer
composite reinforcement. Design rules. URL: https://www.minstroyrf.gov.ru/docs/15269/

under both factory and on-site conditions. In this case, concretes of
different classes, substantially differing in properties and cost, may
be used for the production of the same structure.

The long-term experience of constructing and technically oper-
ating prefabricated buildings erected during the period of mass
industrial housing construction should be thoroughly analyzed, first,
in the design of new buildings and structures and, second, in
the technical operation of existing facilities in the course of repair
works.

In the design of new construction projects, efforts should be
made to minimize deviations of the standard (design) service lives
of structures, elements, and systems from their average value by
selecting the most durable elements subject to replacement during
operation, while simultaneously providing a justified reduction in
the standard service lives of non-replaceable elements.

Within the framework of current or major repairs, when replac-
ing elements that are in an unsatisfactory technical condition or
have exhausted their service life, it is necessary to take into account
the residual service life of those elements whose replacement is not
envisaged. In cases where the technical condition of non-replace-
able elements in the repaired buildings does not comply with
the regulatory requirements for technical operation, remedial mea-
sures should be provided for their rehabilitation without replace-
ment.

The reliability of complex technical systems, which include
buildings and structures, at all stages of the life cycle is determined
by the durability of their constituent elements. In mathematical form,
the reliability of a system consisting of m elements may be repre-
sented as follows [13]:

m
Pt = [ A0t @)
i=1

This reliability function is associated with the point indicator T
and the integral indicator Tofthe durability of a building (structure),
as well as with the y-percent service life T,, which are determined by
expressions (3)—(5):

T :jﬁe(r)dr; 3)
o i=1

T :ﬂﬂ[/%(t)dt: (4)
o i=1

Ty ilﬂ[ﬂ(m = )

In principle, the relationship between the reliability of a complex
system and the durability of its constituent elements raises no
doubt. However, in cases where, at certain stages of the life cycle,
requirements are imposed to ensure reliability in the form of speci-
fied quantitative parameters, the durability indicators of the ele-
ments must be determined analytically.

With a certain degree of approximation, it may be assumed
that, provided the regulatory operating conditions of buildings and
structures are observed, the service lives (durability) of their con-
stituent elements follow a normal distribution.

In this case, if the parameters of the normal distribution are de-
noted by w, and o;, and their estimates by [i, and &;, then the point
estimate of the probability of failure-free operation of the system
may be determined from expression (6) [14, 15]:

Pe) = [oln0], ()
i=1
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where the Laplace function is given by:

X 2
o= ol @)

)

3

Gj

i) =Rt =T

The minimum reliability value of the system (building, structure),
taking into account the durability of its constituent elements, is de-
termined by expression (9):

Py(t) = (D{h(t) —u, [1 - ;hz(t)}}, €)

where u, and h(t) are tabulated values of the quantiles of the normal
distribution corresponding to the levels g and P(t).

The above theoretical approaches should be taken as the basis
for selecting optimal (rational) technical, organizational-technologi-
cal, and economic solutions at all stages of the life cycle of build-
ings and structures. Their application makes it possible, already at
the design stage, to substantiate such combinations of structural,
technological, and operational solutions as ensure the required
level of reliability, durability, maintainability, and economic efficien-
cy of facilities. This approach is of particular importance during
the construction of buildings and structures, when the quality of
implementation of design solutions directly affects the achievement
of the calculated reliability indicators and service life. Equally im-
portant is the application of these approaches in the course of tech-
nical operation, major repair, modernization, and reconstruction,
since it is precisely at these stages that it becomes necessary to
reconcile the residual service life of existing structures and systems
with the standard service lives of newly introduced elements, mate-
rials, and engineering equipment. This creates the methodological
prerequisites for making well-founded decisions aimed at improv-
ing the operational reliability of facilities, extending their effective
service life, and reducing total costs throughout the entire life cycle.
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TUBHOCTUN MUCMOSb30BaHUA XUIULLHOro dponga. O6ocHoBaHa He-
06X0ANUMOCTb KOMMIIEKCHOrO Ha3Ha4YeHusa nokasarenen fonro-
BEYHOCTM YyXe Ha aTane MpoeKkTUPOBaHUS C YHEeTOM YCOBWUWA
BO3BEAEHNSA, OCOOEHHOCTEN IKenyaTaumm, PEMOHTONPUrOAHO-
CTW, BOCTYMHOCTU TEXHUHECKOrO 06CNYXMBAHUS N SKOHOMUYe-
CKOW Lien1ecoo6pa3HoCTV NMPUHUMAaEMBbIX peLLleHniA. [peanoxeHs!
MEeTOA0NOrn4eckne Noaxoabl K BbI6opy paumoHanbHbIX TEXHW-
YeCKMX, OPraHn3aLMOHHO-TEXHOMOMMYECKMX U SKOHOMUYECKMX
pelleHni, obecnevynBalroLLnx Tpebyembli YpOBEHb HaLeXHO-
CTW 30AaHUIA N COOPYXXEHWUI Ha CTaanAaX NPOEKTUPOBaHWUS, CTPOU-
TeNbCcTBa 1 aKcnnyarauuu. MNpreeaeH TeopeTMyeckuii annapar,
NMO3BONAOLLMIA YBA3ATb AONTOBEYHOCTb OTAENbHbIX 3/IEMEHTOB
C VHTerpasibHOM HaAeXHOCTbIO 3[aHuns, OLEHUTb BIUAHWE CPO-
KOB CIy>XO6bl Ha ero MYHKUMOHAsBHYI0 YCTOMYNBOCTL 1 CHOPMU-
poBaTb OCHOBY [J11 COBEPLUEHCTBOBAHNSA MPOEKTHOW MPaKTUKW,
HOPMaTMBHBIX TPEGOBAHWUI U CTPATErni SKCNyaTaumm XUnuLL-
Horo dhoHAa. Ocoboe BHMUMaHVe yaeneHo 30aHnsamM nepBbix Mac-
COBbIX CEpU Kak 06bekTam, Hanbonee HarnggHO AEMOHCTPU-
pYOLLMM MOCNEACTBUS OLLUMOOK B HA3HA4YEHUN CPOKOB CITyXObI.
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MpakTuyeckas 3HAYMMOCTb PE3YNbTaTOB 3aKIl4YaeTcsi B BO3-
MOXHOCTM MX UCMOMNb30BaHUS NMPY 060CHOBAHUM KanuTanbHO-
ro PeMOHTa, MOAEPHU3aLUM Y PEKOHCTPYKLMN CYLLECTBYHIOLLLErO
XXUILLHOTO (hOHAA B COBPEMEHHbBIX YCMOBUSIX.
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HOCTb, BO3BEAEHNE, TEXHNYEeCcKas 3Kcryatauus, rnokasaream
HanexHocTn
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Requirements management in construction

The article examines key changes in the regulatory and technical framework of the construction industry driven
by the transition to the Registry of Requirements, which applies to engineering surveys, design, construction,
and demolition. Based on a study of the interconnectedness between the registry-based principle, digital trans-
formation, and performance-based (parametric) regulation, the paper reveals the revised objectives of the Reg-
istry of Requirements as an end-to-end verification mechanism. This mechanism is designed to govern design,
monitoring, and compliance verification processes across all stages of an asset's lifecycle. The authors analyze
the reasons behind delaying the official launch of the Registry of Requirements, and synthesize early feedback
from the professional community — for whom operating the Registry will become a routine professional activi-
ty — alongside critical assessments from specialized IT developers. Special attention is paid to the challenges
and prospects of translating regulatory requirements into machine-readable and machine-understandable for-
mats, as well as defining the conditions for the further advancement of this approach.

The paper substantiates the need to modify the format for extracting and amending existing requirements. A short-
age of software services designed to manage requirement systems is highlighted. The authors propose a collab-
orative approach to developing and practically implementing corporate and local registries of requirements within
the operations of construction companies. Furthermore, the study analyzes the rules approved by the Government
of the Russian Federation for developing and publishing requirements in the Registry, as well as mechanisms for
resolving conflicts between them. As a systemic solution, the importance of integrating the registry-based princi-
ple with the performance-based (parametric) regulation method is argued. The authors present a new concept for
a Parametric Requirement Management System in construction (PRMS). Finally, new definitions of core terms are
formulated, reflecting the general concept and structural principles of the proposed System.

Keywords: register of requirements, digital transformation, automation of processes, machine-readable format,
Parametric Requirements Management System (PRMS) in construction, parametric rationing
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INTRODUCTION

he digital transformation of the construction in-
I dustry and the development of its technical reg-
ulation system are gaining momentum every
year. New resources, information systems are emerg-
ing, document formats are being updated, etc. Admin-
istrative and professional transformations are not lag-
ging behind the digital one. All this contributes to
an increase in the volume of housing, industrial, and
road construction, improves the quality of the urban
environment, and forms the economic and technolog-
ical sovereignty of our country. Against the back-
ground of budget financing, extra-budgetary sources
of these transformations are becoming more common.
In addition to these changes, norms, rules, and regu-
latory documents in general are being actively updat-
ed and reworked. For almost two years, the informa-
tion system “Register of Requirements to be applied
when performing engineering surveys, carrying out ar-
chitectural and construction design, conducting
an examination of project documentation and (or) ex-
amining the results of engineering surveys, construc-
tion, reconstruction, major repairs, operation and
demolition of capital construction facilities” has been
operating [1] (hereinafter referred to as the Register of
Requirements), posted on the Stroykompleks.RF por- increase. At the same time, responsibility for such
tal. According to the creators, the Register of Require- decisions becomes more personalized and formal-
ments should ensure synchronization of the entire vol- ized.

the basis of which compliance will be designed, mon-
itored and verified at all stages of the facility's life cy-
cle. It will be possible to switch to automation of design
processes, as well as to remove existing conflicts and
inaccuracies in the regulatory and technical frame-
work [2].

THE RESULTS OBTAINED

According to some information, the Register of
Requirements already contains more than 170,000
requirements from more than 1,000 documents.
The Ministry of Construction of Russia, together with
FAU “FCS” and other interested departments, are
optimizing and reworking the requirements, prepar-
ing them for translation into machine-readable and
machine-understandable formats. The transition to
the application of the Register of Requirements de-
termines that, for example, when preparing and ex-
amining project documentation, it is necessary to
work not just with current regulatory documents, but
with the current requirements of the Register [3].
The new format of work will require a revision of
the usual approaches to the selection of regulatory
documents, and the importance of correctly docu-
menting the justifications for design decisions will
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ume of requirements of various departments in
the construction industry, provide a unified approach
to their purpose and application. With the introduction
and development of the Register of Requirements,
the industry receives a single clear mechanism on

In accordance with Federal Law No. 653-FZ dat-
ed December 25, 2023. The Register of Requirements
will enter into force on March 1, 2026 [4]. In particular,
this is the launch date of a new format for the exa-
mination of project documentation. But contrary to
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expectations, the entry into force of the Register of Requirements did
not take place on the specified date. But on the contrary. Long before
this date, Federal Law No. 507 of 12/28/2025 [5] postponed the ap-
plication of the provisions of the Register of Requirements during
the examination of project documentation to March 1, 2027. And al-
ready this year, the Government of the Russian Federation amended
the relevant by-laws by Resolution No. 179 dated February 21, 2026
[6]. Why did this happen? Some open sources analyze the reasons for
such a transfer and note that the implementation of such large-scale
digital tools as the Register of Requirements requires quite a lot of
debugging time. And the extra time in the preparatory period helps to
reduce the number of failures and errors during the application period.
Due to the postponement, participants in the construction industry also
get time to refine their systems and corporate solutions, as the transi-
tion to working with the Register of Requirements will require major
changes in the practice of specialists and the architecture of IT sys-
tems. According to IT industry experts developing digital solutions for
construction, the primary task is to create such digital registers that will
contain all the information necessary for a specialist, understandable
application services for working with it [7]. In this case, we can already
talk about full-fledged digital technology, and this is not currently avail-
able in the current version of the Register of Requirements.

There are also criticisms of the Requirements Registry: long
loading of search results, the relationship between requests and
the data provided is not always clear, difficulties with searching by
requirement ID or document number, significant differences in
search results from the results obtained in the usual “manual” way,
lack of instructions for working with the Registry. As a result, there
is a lack of trust in this information system.

When selecting and interpreting regulatory and technical docu-
mentation, the specialist performs the following actions:

e extracts specific mandatory requirements (norms, conditions)

from the text;

e highlights the requirements relevant to the current stage of
the facility's life cycle (design, construction, operation);

e uses them as source data for engineering calculations, per-
formance verification, and development of technical and de-
sign solutions;

e aligns requirements with CIM;

e compares the prepared results and reporting materials with
the previously identified requirements, which ensures the pas-
sage of expertise.

But there are significant limitations at each of these stages:

e requirements are extracted primarily based on the personal
experience and qualifications of a specialist;

e there is no systematic fixation of references to specific para-
graphs and provisions of regulatory documents;

e structured registers of requirements suitable for reuse and
control are not being formed;

e references in the accounting documentation are usually given
to regulatory documents in general, without precise reference
to the requirements;

e there is no integration with CIM in any form (for example, in
the form of links);

e conformity assessment is performed either expertly (based
on experience) or through reinterpretation of the original regu-
latory documents, which increases labor costs and the risk of
discrepancies.

NEW PERSPECTIVES

Due to the fact that the entry into force of the Register of Require-
ments has been postponed for a year, there is time to finalize and
eliminate most of the technical problems. However, there is a possi-
bility that technological and functional issues will remain. In the case
when the only source of requirements is the Registry, a number of
issues arise related to the possibility of integration with the TIM, with
convenience and flexibility of application, with the prospects of trans-
lating requirements into a machine-readable format. At the moment,
these tasks can only be solved manually with high resource costs.

In Fig. 1, you can clearly see that today's work with require-
ments is, in fact, limited by the available formats for working with
regulatory documents. That is, the small task of updating several
requirements entails at least an annual decision on the release of
a new standard, for example.

At the same time, the introduction of the Register of Require-
ments is designed to ensure the transition from working with Regis-
ters of Documents to working with requirements. Since it is the mark-
ing of requirements, not documents, that will automate the process
of examining project documentation and information model (IM), and
in the future automate the design process. However, if the work re-
mains in alternating “Document — Requirement — Document — etc.”,
then difficulties will arise even when integrating requirements with
the Construction Information Classifier (CIC). Even now, specialists
in the field of construction and design are working with regulatory
requirements, but this process remains largely unsystematic and
non-automated. Due to the fact that in the Register of requirements
on the Stroykomplex portal. In the Russian Federation, it is not

Document change

Cancallahon of the requremm

Document section H Requirements development H Requirements H Requirement control H Document control

Change in requwement
Document change

Fig. 1. The existing format for working with requirements
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possible to create thematic collections of requirements in the user's
personal account. In previous publications, the authors proposed
and justified a separate tool for working with requirements — Corpo-
rate registers of requirements. The authors defined them as data-
bases in which the regulatory requirements that the company ap-
plies and fulfills within the framework of its specific activities are
structured and systematized [8]. By analogy, if we exclude the “cor-
porate” nature, these may be Local registers of requirements, which
can be defined as databases in which regulatory requirements are
structured and systematized, which an individual specialist applies
and fulfills within the framework of his specific activities. It should be
noted that the format of local registries was successfully applied by
the authors during the development of the SRT series last year. But
these proposals will only help builders in the transition period to re-
duce time losses, improve the accuracy of working with require-
ments and allow the use of additional services that will inevitably
appear in the near future. However, there remains a problem due to
the fact that the procedure for introducing and replacing require-
ments in the Registry takes a considerable amount of time. In ac-
cordance with the new version of the Decree of the Government of
the Russian Federation No. 1417 dated August 31, 2023 (as amend-
ed on April 4, 2025) [9], the Ministry of Construction, the Federal
Agency for Technical Regulation and Metrology will need to be in-
volved in identifying and eliminating contradictions between the re-
quirements of the Register and, for example, the draft standard
planned for inclusion. The developer of the standard, the Govern-
ment Commission for Regional Development, as well as the author-
ity that approved the standard. At the same time, the organization of
interaction between these associations must be implemented within
up to 70 working days.

There are already hundreds of thousands of requirements in
the Register of Requirements at the moment, and their number is
constantly increasing. As a result, the amount of responsible and
complex work will increase many times in the future. Obviously,
without systemic changes, this approach to norm transformation will
not be much more promising than the traditional approach, in which
regulatory documents were updated entirely and gradually. There
is another direction for the transformation of the regulatory system
in the construction industry — the transition to a parametric method
of rationing. The integration of the two stated approaches can pro-
vide productive changes. The authors justified the organizational
possibility of such integration in previous publications in the form of
an algorithm according to which regulatory requirements are col-
lected in local registries, divided into qualitative or quantitative pa-
rameters for more convenient operation and for the possibility of
configuring checklists to facilitate automation of the conformity as-
sessment process [10]. This approach can facilitate the transition to
requirements management. Due to the fact that only the require-
ments necessary for the work (both mandatory requirements and
requirements from the company's service station) will be used, up-
dated and monitored, and not the entire documents. By analogy
with the standardization tools in other industries, the authors pro-
pose to develop a System of Parameterized Requirements Manage-
ment in construction (SPTS). It should be noted that management is
proposed to be given a “parameterized” character, that is, focused
on interaction with the components of requirements. This feature
cannot be identified with the elements of the introduction of
the parametric method of normalization. Fragments of the concep-
tual framework of such a system were proposed by the Engineering
Division of the State Atomic Energy Corporation ROSATOM in
2018 [11]. But at that time, there was no need to switch to a parametric

method of rationing, structuring requirements, or switching to auto-
mated processes and typescript formats. Therefore, the conceptual
framework considered each requirement as something indivisible,
regardless of the form of presentation, volume and structure of
the content. The system of parameterized requirements management
in construction proposed by the authors is based on deeper ap-
proaches. Some proposed provisions for the current content of
the satellite are listed below.

PARAMETERIZED MANAGEMENT OF REQUIREMENTS
IN THE FIELD OF CONSTRUCTION

The first step is to define the term “requirement”. In accordance
with CP 555.1325800.2025, a requirement is a provision (regulatory
document) containing quantitative and (or) qualitative criteria that
must be met [12]. A regulation is defined as a logical unit of the con-
tent of a regulatory document in construction. There are no defini-
tions for “logical unit” and “criteria” in the document, so it is difficult
to say what should be understood by them and what properties they
possess. GOST R 59194-2020, used in the development of the afo-
rementioned joint venture, contains the following definition of the re-
quirement: This is the required (expected) quantitative or qualitative
characteristic or property of an object, as well as related restrictions
and conditions [13]. The ISO/IEC/IEEE 29148:2018 standard states
the following: requirements are statements that identify the opera-
tional, functional parameters, characteristics, or limitations of a prod-
uct or process. In addition, it is determined that they must be: unam-
biguously measurable; verifiable and suitable for acceptance of
the product or process by the customer [14]. The latter definition
seems precise and succinct, and it also traces a connection with
the basics of the parametric method of normalization. However,
there is a problem related to the multilevel nature of the industry's
rationing system, according to which almost half of the requirements
contain references to other regulatory and technical documents.
Therefore, it will be impossible to apply the definition from ISO/IEC/
IEEE 29148:2018 without appropriate adaptation. The definition from
GOST R 59194-2020 is not suitable for use in the construction sec-
tor, as it contains assumptions focused on the engineering industry.

According to the authors of the article, the definition from CP
555.1325800.2025 could be supplemented and clarified: a require-
ment is a provision of a regulatory document containing logically in-
terrelated criteria, conditions and parameters that must be fulfilled
(provided). In the context of the proposed approach (PRMS), when
the appearance of requirements will not necessarily occur “through
a document”, it is possible to give a shorter definition. For example:
a requirement is a logically interrelated application conditions, crite-
ria, and parameters that must be fulfilled (provided). In this context,
a parameter can be defined as a feature, usually quantitative, on
the basis of which an assessment, classification, and determination
of the measurable characteristics of the system are performed. Cri-
teria can be defined as a set of indicators for identifying parameters.
a condition is an integral part of a requirement that indicates the cir-
cumstances or events under which the requirement applies. It is also
necessary to separate the concept of “parameter”, which is used in
the definition of the term “requirement”, from the concept of “param-
eter”, which is used in the context of parametric normalization. In
the first case, a parameter is a sign of any requirement. In the second
case, the parameter is a sign of a requirement for the functional (op-
erational) characteristics of an object or process. Next, it is neces-
sary to define the term “requirements management”. In the context of
the introduction of parametric rationing, the following definition
can be proposed: requirements management is a set of types of
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Fig. 2. The proposed algorithm for working with requirements

engineering and management activities for the formation, analysis,
structuring, parameterization (markup), validation, updating, docu-
mentation, cross-linking, changing requirements for standardization
objects. It should be noted that the requirements under the operating
conditions of the system will be heterogeneous. Within the framework
of the preliminary classification, it is already possible to distinguish
the initial and design requirements. The initial requirements can be
understood as the requirements obtained as a result of an analysis of
the needs of an interested party, for example, a functional construc-
tion customer. Separating the initial requirements into a separate cat-
egory may be a good solution in order to combine the approach to
the transformation of rationing, namely the approach to working with
the Register of Requirements and the method of parametric ration-
ing, in its functionally oriented understanding.

By design requirements, the authors propose to understand
the requirements obtained as a result of the decomposition and
analysis of the initial requirements in the preparation of the design
assignment and the preparation of project documentation. Even
now, in a qualitative way, PRMS will be able to separate and pro-
cess “parent” and “child” requirements. This, in turn, will ensure
the traceability of the requirements. This is a property of require-
ments that determines the ability to trace the sources of their forma-
tion and all their child requirements. a mandatory function of
the system should be to work with checklists. With their help, it will
be possible to select requirements for a specific section of the proj-
ect documentation or for one of the tasks of the technical customer.
Checklists can serve two important roles. The first is the role of
a structured set of agreed and interrelated initial requirements and
constraints for the facility under construction, formulated by
the stakeholders. The second is the role of a structured set of coor-
dinated and interrelated design requirements for an object, its ele-
ments, operating conditions, etc. Using the same checklist, you can
quickly and accurately monitor accounting and compliance with
requirements. And if the requirement is parameterized, then it can
be implemented in an automated mode, without complex manual
markup, as it is found today, and without the use of trained neural
networks, as many see it tomorrow. When working with checklists,
it is possible to assign statuses of their fulfillment to requirements.
This status can be determined based on the results of verification
or validation of an object for compliance with these requirements.
The use of structured aggregates corresponds to the provisions of
GOST R 21.101-2026 [15] regarding the control of requirements
and parameters. It follows from the above that new standards need
to be developed in new digital formats. Otherwise, there is a risk
that requirements will be isolated from existing standards, and new
ones will appear, from which requirements will also need to be man-
ually isolated. The optimal solution available today

Register of controlled
parameters and checklists

Designer-defined
requirement

Design and

Estimates (D&E),
—>| Digital
Information

. Revision and

| updating process

Model (DIM)

Expert review — ) -

may be the following combination: development of GOST + parallel
development of a local registry of requirements for this GOST +
parallel development of a local registry of criteria and parameters
for requirements. an abbreviated algorithm for working with require-
ments in this case is shown in Fig. 2.

This will be a real mechanism for translating regulatory docu-
ments into a more convenient digital format for work and automa-
tion. This also allows for a faster and more balanced transition to
parametric normalization in a natural way.

CONCLUSIONS

In the context of the transformation of the rationing system,
aimed, among other things, at automating the design and construc-
tion processes, taking into account the promising development of
information technology, an important task is to change the ap-
proach to requirements management when working with the Regis-
ter of Requirements. At the same time, management should include
both the collection, monitoring of relevance and changing require-
ments, as well as the development of new documents, taking into
account the subsequent possibility of working with specific require-
ments. The proposed PRMS does not involve restructuring or com-
pletely changing the usual patterns of action and appears to be
a tool to begin to systematize the work already being done and
prepare opportunities for simple automation at the first stages, in
the future — to provide prospects for the transition to parametric
standardization, integration of requirements into information mod-
els, the development of algorithms for automating more complex
tasks related to regulatory regulation in the construction sector.
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YnpaBneHue Tpe6oBaHUSMU
B CTpOUTENbCTBE

B ctaTbe paccmoTpeHb! KioYeBble N3MEHEHUS B HOPMATUBHO-
TEXHUYECKOM PerynmpoBaHun CTPOUTENbHOM oTpacsu, 06yCcrnos-
JNIeHHble NepexodoMm K paboTte ¢ Peectpom TpeboBaHui, Noane-
Xallyx MPYUMEHEHUIO MPU BbIMOHEHNN UHXXEHEPHbIX N3bICKaHWN,
NPOEKTUPOBaHUN, CTPOUTENLCTBE U CHOce. Ha ocHoBe nccnepo-
BaHWs B3aMMOCBSA3W PeecTPOBOro NpuHLUmna, UmdpoBon TpaH-
chopmaLmMm 1 napaMeTpuyeckoro HOpMMPOBAHUS PACKPbITHI
CKOpPpEKTUpOBaHHbIe 3apayn PeecTtpa TpeboBaHUn Kak CKBO3-
HOro MexaHu3ma KOHTPOJIsl, HA OCHOBaHUN KOTOPOro 6yayT ocy-
LLLeCTBASATLCA NMPOLECChl MPOEKTUPOBAHMSA, KOHTPOMSA 1 MPOBEP-
KW COOTBETCTBUS Ha BCEX dTanax >XM3HEHHOro Lukna obbekTa.
[poaHananpoBaHbl NPUYMHBI NEPEHOCa CPOKOB OMLMANIEHOMO
BBefeHuA B gericTeue PeecTtpa TpeboBaHuii, 0606LLEeHbl NepBble
OT3bIBbl NPOGECCUOHANIBHOIO COO6LLIECTBA, A KOTOPOro B 6y-
gyuwiem pa6ota ¢ PeecTpom cTaHeT NoBCEeAHEBHOM Npodeccuo-
HarnbHOW MPaKTUKOW, @ TaKXKe KPUTUYECKME OLEHKN MPOMUITBHbBIX
IT-paspaboTtymkoB. Oco6oe BHMMaHWe yaeneHo npoéneMam u
nepcrnekTuBam nepesofa HopMaTUBHbIX TPe6OBaHU B MaLLNHO-
YuTaembl N MaLLMHONOHUMAaEMbIA hopmaTthl, a Takxe onpepe-
NIEHUIO YCINOBUI ANs falbHenLIero passutna 3Toro noaxoaa.

O60cHOBaHa HEO6XOAUMOCTb U3MEHEHUs hopmaTa BblAeneHns
N KOPPEKTUMPOBKM CyLLecTByOLNX TpeboBaHnin. OTMe4eH fe-
dnumT cepBucoB no pabote ¢ cuctemMamu Tped6oBaHui. MNpepa-
NOXEH aBTOPCKUI NOAXOA K (DOPMUPOBAHMIO U NPAKTUYECKOMY
NMPUMEHEHNIO KOPMOPATUBHbIX U NIOKaNbHbIX peecTpoB Tpebosa-
HWIN B AEATENbHOCTU CTPOUTENBHBLIX KOMNaHwi. MNpoaHanuanpo-
BaHbl NpuHaTbie MNpaBuTensctBom PO npasBuna pas3paboTku u
pasmeLleHns TpeboBaHun B PeecTtpe TpeboBaHUI, a Takxe Me-
XaHW3Mbl yCTPaHeHUs NPOTUBOPEYNIA Mexay HUMK. B kadectBe
CUCTEMHOrO peLLeHUs apryMeHTUpoBaHa BaXHOCTb UHTEerpaumm
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poBaHus. lNMpeacrtaBneHa aBTopckas KoHuenuma Cuctemsl napa-
METPU3NPOBAHHOrO ynpaBieHnsa Tpe60BaHNAMN B CTPOUTESb-
ctee (CMYTC). CchopmynupoBaHbl aBTOPCKME OnpepeneHus
6a30BbIX TEPMUHOB, OTpaXkaroLLne O6LLYH KOHLEMUUIO U NPUH-
Lunbl MOCTpOoeHua npegnaraemon Cuctemsl.
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Approaches to Parametric Configuration
Modeling and End-to-End Digital Identifier
Generation in Industrial Modular Housing
Systems

To meet the national target of commissioning 120 million square metres of housing annually, the Russian con-
struction industry is transforming its technological approaches. Traditional construction methods, characterized by
high labour intensity on-site and unpredictable processes, are giving way to industrial prefabrication. Large-scale
modular housing construction represents one of the most promising technologies in construction, allowing up to
80 % of labour to be transferred to controlled factory conditions. However, the widespread adoption of this tech-
nology is hampered by issues associated with information gaps at different stages of the building lifecycle. This
paper presents a scientific and methodological toolkit aimed at eliminating existing gaps through the use of para-
metric modelling of building configurations and an end-to-end digital object identification system. The study devel-
ops a mathematical model for generating architectural planning solutions based on constraint vectors that include
geospatial, regulatory, production, and business requirements. The structure of a unique digital identifier designed
for use as a key element of end-to-end management is presented. Research has shown that the transition to algo-
rithmic design and digital certification of building system modules improves their organizational and technological
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urrently, the investment and construction sec-

tor is facing a depletion of resources previ-

ously utilized in extensive management mod-
els [1, 2]. The current paradigm, which views con-
struction as a sequence of loosely coupled stages, is
ineffective for large-scale residential construction
projects [3]. In light of the Russian Construction De-
velopment Strategy to 2030, which prioritizes indus-
trialization and modular technologies to increase pro-
ductivity, the relevance of this problem has increased
significantly [4].

Large-scale modular construction (LSMC) is
currently going beyond simple prefabricated build-
ing elements. It is a special type of industrialized
construction in which the building is perceived as
a product created using mechanical engineering
principles. Modern factory production conditions al-
low for precision of up to 2 mm, significantly exceed-
ing the capabilities of currently common monolithic
technologies on construction sites. Despite the enor-
mous technological potential, the implementation of
modular construction projects is often hampered by
issues arising from the interaction of rigid, immutable
modules with imperfections in the foundation or ad-

jacent structures. In this research paper, these is-
sues will be referred to as “interface conflicts”.

These conflicts may arise due to the lack of
a unified digital system and synchronization that
could conceivably connect the design concept with
the production pipeline and installation stages. Ex-
isting building information modelling (BIM) typically
relies on the creation of 3D models, which can lose
their accuracy and information completeness when
transferred between different software environments
used by various project participants. To overcome
these obstacles, it is necessary to transform the stat-
ic model into a dynamic parametric function. This
function will be controlled by a comprehensive digi-
tal identifier system that will ensure continuous and
flexible control over the object (Table 1) [5].

MATERIALS AND METHODS

A parametric modelling approach to modular
building configurations

This study proposes a design system that utilizes
mathematical modelling to find the optimal solution in
a space with multiple constraints. a distinctive feature

Table 1. Comparative analysis of the life cycle of building systems

Life cycle stage

Monolithic construction technology

Modular construction technology

Design Discrete creation of drawings and the possibi- | Parametric modelling, fixing the module configuration at
lity of modifications at later stages an early stage

Production Delivery of building materials to the site Manufacturing of high-readiness modules at the factory

Logistics Flow of supplies of various building materials | Synchronized delivery of prefabricated large-sized modules

Installation Long wet processes, weather dependent High speed of module assembly (1 floor in 3-4 days)

Data management | Fragmented management, resulting in

a predominance of paperwork

End-to-end digital identification, digital technical data
sheets of module elements
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of this methodology is its form, which is not limited to functional re-
quirements but also takes into account the capabilities of the manufac-
turing process [6].

Mathematical model of constraint vectors

For the design system to function, a clear definition of four con-
straint vectors is necessary, which form a corridor of feasible solu-
tions [7].

1. Geospatial and physical constraint vector (C

Formalizes the context of the construction site:

ENV) N

Cenv = {Gsire! Ssoi/v ngv Aseis* Rc/im}v (1)

where G, is the geometry of the site;
S.i is the bearing capacity of the soil, which determines
the maximum mass of the building;
Lg, is the estimated groundwater level;
Aseis IS the seismicity, which dictates the requirements for
the rigidity of the module frame;
R, are the climatic parameters that determine the thick-
ness of the enclosing structures [8].
2. Vector of urban planning and regulatory restrictions (C,,,).
This vector allows us to ensure the legality of the project within
the framework of current legislation:

Creg = {HmaxY Kdensv K/nsv Fc/ass}v )
where H

max 18 the maximum permissible height of the object ac-
cording to land use and development regulations;
K 4ens is the coefficient of the maximum permissible develop-
ment density of the site;
K;,s is the regulatory requirements for the duration of insola-
tion of residential premises;
Foiass 18 the functional fire hazard class of the building, dictat-
ing the requirements for materials and evacuation routes.
All requirements of the Land Use and Development Regulations
(L&D) regarding the height and density of development are taken
into account.
3. Vector of production and logistics constraints (C,q)-
The vector sets the boundaries of technological feasibility:

max’ VVmodY Tcyc/ey Tr//mit}v (3)

where Dim,.,,. is the maximum overall dimensions of one module
(length, width, height) that the plant can produce;
W04 Is the maximum mass of the module, limited by the ca-
pacity of the crane equipment;

Tyele 18 the cycle time of the production line (the time it takes
to produce one finished product);
Trimie is the overall restrictions along the delivery route
(the height of bridges, the turning radii of roads).

At this stage, the maximum dimensions of the module are de-
termined, which are determined by the dimensions of the molds at
the plant (for example, up to 15.5 x 7.5 m), as well as the weight,
limited by the capacity of the crane equipment.

4. The vector is related to the economic part and reflects busi-
ness requirements (Rp,,).

The target performance function is formed for the developer:

Cprod ={Dim

Rbfz = {CAPEXtarget' Sse//v I\/I"XflaztY HOIm\n}v (4)

where CAPEX .., IS capital expenditure;
Ssey I8 the required useful (sellable) area of the building;
Mix 4, is the specified apartment layout structure;
ROl is the minimum acceptable level of return on invest-
ment.

At this stage, the desired apartment layout, budget and profit-
ability of the project are determined [9].

Algorithm for optimized generative design
and scenario-based alternative modelling

Specific optimization algorithms are used to synthesize
a space-planning solution. The objective function is aimed at maxi-
mizing the saleable area while minimizing deviations from the target
apartment matrix and complying with all constraints £ (X ) [10]:

F(X) = Max(w; - Seu(X) = Wy AMiX(X) = Wy CX)/ICAPEX e, (5)

where w — project priority weighting factors.

This system can generate various layout options, depending on
the initial conditions provided automatically:

® “investment” option: the goal is to quickly sell properties.

The selection primarily includes studios and 1-2-bedroom
apartments;

® “pbalanced” option: the selection includes a balanced and op-

timal combination of 1-2-3-bedroom apartments. This satis-
fies mass market demand;

e “family” option: in this case, the selection includes a large

number of spacious 2-3-bedroom apartments.

It should be noted that a key step in this system is the configu-
ration locking stage. This is a defined point of no return, after which
the possibility of changing the geometry is blocked. This is neces-
sary for a stable production flow.

End-to-end digital identification system for elements

To ensure an uninterrupted flow of information throughout
the entire lifecycle of an object, a universal digital identifier system
must be implemented. Under these conditions, the module be-
comes a unique element of the digital structure, containing a com-
prehensive data summary.

STRUCTURE AND SEMANTICS
OF A DIGITAL IDENTIFIER

The digital identifier of a module is not just a serial number, but
a semantically rich data structure integrated into the TIM model
(Table 2) [11].

RESULTS

As a result of modelling the target state of the lifecycle manage-
ment system using the developed methodology, the following pre-
dicted performance indicators were obtained:

1. Increased organizational and technological reliability (OTR).
This is achieved by enhancing reliability at all stages of the lifecycle
(design, production, installation, logistics). Design and production
collisions are eliminated through parametric control and the imple-
mentation of digital identifiers.

2. Reduction of the investment cycle. Using an algorithm for
recording the configuration of elements and end-to-end identifica-
tion, the construction period for a 10,000 sqg. m facility is reduced to
17 months [12, 13]. This acceleration occurs primarily at the design
and installation stages of the aboveground portion due to the elimi-
nation of downtime and rework [14, 15].

3. Cost reduction. The synergistic effect of implementing
the methodology ensures a reduction in project costs by approxi-
mately 10.35 % (Table 3).
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Table 2. Proposed structure of five functional blocks

installation zone index

Data block Composition of parametres Function in the management system
Metadata GUID, project code, module type (corner/row), Clear link to the TIM model and the plant's ERP system
production series
Spatial data Global coordinates (X, Y, 2), floor, cardinal direction, | Control of positioning accuracy, elimination of errors in installing the module

in the design position

Technical parametres
resistance limit

Dimensions, weight, centre of gravity, design loads, fire

Automatic selection of a transport trailer and calculation of the slinging scheme

Engineering saturation Equipment specifications, network routing, article

numbers of finishing materials

Control of plant assembly and support of operational processes

Dynamic status Current phase (Project/Plant/Logistics/Installation),

quality check log

Synchronization of flows, predictive monitoring of deadlines, activation of works

Table 3. Forecast of cost reduction

Cost item Optimization factor .Forecast .Of reguctlon
in expenditure item, %
Materials (supplied mainly to the plant) Production of blocks using parametric cutting, taking into account precise specifications 1.35
Logistics Improving the efficiency of transport loading and deliveries 1.50
Construction and installation works Reduced lead times, no rework 3.00
(carried out at the construction site)
Overheads Reducing the site maintenance period 2.00
Finance (As part of the payment Acceleration of the turnover period of funds 2.50
of interest on the loan)
TOTAL Complex effect ~10.35
CONCLUSIONS 5. SP 501.1325800.2021. Buildings from Large Modules. Design

As a result of the conducted scientific study, the following con-
clusions can be drawn:

1. The considered parametric design system, under constraint
vectors, can enable high-level implementation of technical solu-
tions with the ability to resolve conflicts during the assembly stage
of modular units.

2. Digital identification of modular unit elements enables
the creation of a sufficiently comprehensive information system
from interconnected elements.

3. The considered algorithm allows for predicting the economic
efficiency of the system.

4. The considered system of end-to-end identification and
parametric design meets current requirements for the introduction
of digital technical passports (DTP) starting March 1, 2026.
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Mopxopabl NapaMmeTpUyYecKoro
MopaenupoBaHus KOHdurypauum

M reHepaumm CKBO3HbIX LIMPpPOBbIX
naeHTMMKaTopoBs B cucteme
MHAYCTPUaNbHOro MoayNbHOro
AOMOCTpPOEeHUs

[na BbINONHEHWS HaLMOHANbLHOW 3ada4qun No exerogHoMy BBO-
gy 120 MnH M2 Xunbs cTpoutenbHas otpacne Poccun npoxogut
Yepes npouecc TpaHchopmaLMm CBOMX TEXHONMOrMYECKUX NOA-
X0[A0B. TpaauLMOHHbIE METOAbI CTPOUTENLCTBA, OTNNYaIoLLMeECs
BbICOKOW TPYLOEMKOCTbIO Ha NJOLLAIKe N HENpPeacKa3yeMOoCThbio
npoLeccoB, YyCTynarT MECTO UHAYCTPUarnsHon npedadpukaumnn.
KpynHora6aputHoe MofynbHOe OOMOCTPOEHME MpeacTaBnset
CO60W OHY 13 CaMbIX NEPCNEKTUBHbIX TEXHOMOMMIA B CTPOUTENb-
CTBe, NO3BONIAA NepemMecTuTb A0 80 % pabo4mnx yCunum B KOHTP-
ofiMpyeMble 3aBOfCKME YCIOBUA. TeM HE MeHee LUMPOKOoe pac-
NpoCTpPaHeHWe 3TOW TEXHONOrnN CAEpPXMBaeTCs npobnemamu,
CBSI3aHHLIMW C MHPOPMALIMOHHBIMWU Pa3pbiBaMun Ha pasHbIX aTa-
nax XM3HeHHOro uukna 3gaHua. B ,El,aHHOVI cTaTbe npepnctaB-
NIeH Hay4HO-MeTOAMYECKUA MHCTPYMEHTApUIN, HanpaBieHHbIN
Ha yCTpaHeHne CyLLecTBYOLMX pa3pbiBOB 3a CHET NpumMeHe-
HVSA NOAXOL0B NapaMeTpPUHECcKoro MoAeNMpoBaHna KoHUrypa-
LUK 30aHUSA U CUCTEMbI CKBO3HOW LMPOBOM MAEHTUdUKALUN
06bekTOB. B nccnegosaHmm paspaboraHa matemarTmyeckas mMo-
fenb Ans reHepaunmn apxXuTeKTypHO-NIaHMPOBOYHbIX PELLEHN,
KOTOpas OCHOBbLIBAETCA Ha BEKTOpax OrpaHn4eHun, BKIoYalo-
LLIMX FreonpOCTPaHCTBEHHbIE, HOPMATUBHBIE, MPON3BOACTBEHHbIE
n 6usHec-TpeboBaHus. MNpeacTaBneHa CTPyKTypa YHUKanbHOro
LUnhpoBOro MaeHTUMKaTopa, NnpefHasHa4eHHoro Ans Ucnosb-
30BaHUS B Ka4eCTBE KIII0YEBOrO 3/IeMeHTa CKBO3HOro ynpas-
nexvs. ViccnepoBaHusa nokasanu, YTo Nepexon K anroputmmuye-
CKOMY MPOEKTUPOBAHMUIO U LIMHPOBOI NacnopTM3aumm Mogynen
CTPOUTESbHbIX CUCTEM MOBBILLAET UX OPraHM3aLIMOHHO-TEXHOSO-
r’M4YecKyto HaeXXHOCTb 3a CHET CHMXEeHUA PUCKOB KOHdDJ'IVIKTOB
Ha MHTepdencax n onTUMM3aLmmn NPON3BOACTBEHHO-0rMCTNYE-
CKMX MPOLIeCccoB.

Knro4eBble cnoBa: Mofy/IbHOE CTPOUTENILCTBO, NapaMmeTpuye-
CKOe MoAeIMpoBaHne, UngpoBoO NAEHTUGDUKATOP, XNSHEHHbIV
UMK 3aHus, HGhopMmaLymoHHoe mogenvpoBaHue (TVIM), opra-
HM3aLNOHHO-TEXHOIOrMYEeCcKasi HafeXHoCTb, npegabpuxkayms,
MPOMBILLITIEHHBIV [EBETONMEHT
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Evaluation of the Effectiveness of Lean
Construction Tools Implementation during

the Execution Phase of a Construction Project
in Moscow

The paper addresses the problem of persistent cost escalation in the Russian construction industry, which, under
conditions of macroeconomic instability, inflation, and rising logistics costs, has become a critical factor reduc-
ing the competitiveness of construction companies. The necessity of implementing management technologies
aimed at reducing production waste without significant capital investment is substantiated. Lean construction,
which adapts the principles of lean manufacturing to the specifics of construction projects, is proposed as such
an approach.

The study examines the application of 5S, Value Stream Mapping (VSM), and standardized work methodologies
in a residential development project in Moscow, together with supplementary tools including 4M, 5W+1H, and
the one-piece flow principle. The research methodology comprised time-motion studies, photographic documen-
tation, employee interviews and questionnaires, and a comparative assessment of key performance indicators
before and after implementation.

Key types of waste on the construction site are identified: waiting for materials and equipment, unnecessary
worker movements, excess inventory, defects and rework. The implementation of lean construction tools in three
pilot areas (finishing works, installation of engineering systems, and installation of a ventilated facade) resulted
in a 66 % reduction in tool search time, a 50 % decrease in equipment downtime frequency, and a 60 % reduc-
tion in schedule deviations. Economic effects are estimated: savings on labour costs, reduced equipment rental
expenses, and lower overheads.

Barriers limiting the scaling of lean practices are identified (staff resistance, lack of digital monitoring tools,
the need to adapt foreign methods). Directions for scaling the experience are proposed, including the develop-
ment of industry standards and training programmes. The paper is intended for specialists in construction man-
agement and project management.

Keywords: lean construction, production costs, 5S, VSM, 4M, 5W+1H, one-piece flow, efficiency, construction
project, Moscow
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of improving the efficiency of production op-
erations, as well as the implementation, main-
tenance and evolution of lean construction
methods and philosophy;

e a matrix of tools for the philosophy of lean
construction was developed;

he construction industry in the Russian Feder-

I ation is currently experiencing a period of high

uncertainty and cost volatility. These problems

are particularly acute in major cities such as Moscow,

where the combined impact of high labour costs, lo-

gistics and inflation on building materials leads to

a constant rise in the cost of construction projects. In

these circumstances, there is a need to introduce

modern management technologies aimed at reduc-
ing waste and increasing process transparency.

The vast majority of construction projects are
characterized by unique features, which precludes
the direct application of the assembly-line principles
of classical lean manufacturing. One promising ap-
proach is lean construction, which builds on the prin-
ciples of lean manufacturing and adapts them to
the specific nature of construction projects. A shift
towards this approach is enshrined in the Strategy for
the Development of the Construction Industry and
Housing and Utilities Sector of the Russian Federa-
tion. The aim of this paper is to assess the applicabil-
ity and effectiveness of implementing key lean con-
struction tools at a specific site in Moscow.

In pursuit of the stated objective, the following
tasks were accomplished:

e organizational schemes for construction pro-
ject management, based on the principles of
lean construction, were described.

The progressive development of the construction
industry is inconceivable without the adoption of ad-
vanced management methods. The improvement of
administrative activities in construction is shifting to-
wards the rationalization of financial, material, techni-
cal, human and other resources, the use of innova-
tive building materials and the implementation of
breakthrough technologies. Modern lean technolo-
gies integrate all these aspects, which are utilized
across a wide range of industries.

Researcher T. Abdelhamid emphasizes that clas-
sical methods such as the critical path, the earned
value method and similar approaches do not guaran-
tee a high probability of achieving targets within
the specified timeframe [1].

Lean technology is rightly considered one of
the most dynamically scalable systems for strength-
ening a business’s competitive position. Its origins
are linked to the Japanese corporation Toyota Motor
and are widely known as the Toyota Production Sys-
tem (TPS).

e a description of the practical tools of lean con-
struction was provided;

e models for the business diagnosis of a con-
struction company were defined in the context
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Lean manufacturing focuses on the efficient use of available
resources and the elimination of processes that consume resourc-
es without adding value to the final product. Such operations are
identified as waste (muda). Their elimination shortens the produc-
tion cycle and reduce the final cost of the product.

The approach is based on the principles of systematic waste
elimination, the immersion of staff in a process of continuous im-
provement, and the synchronization of all links in the production
chain. Unlike traditional construction management, the Lean ap-
proach involves the decentralization of management decisions,
the active involvement of front-line production units, the standardiza-
tion of operations, and the visualization of technological processes.

In total, the Lean production paradigm classifies seven catego-
ries of waste [2]:

1. Unnecessary staff movement — effort caused by the ab-
sence or irrelevance of production standards, poor work discipline
and an inefficient workplace layout.

2. Unnecessary transport — excessive movement of raw mate-
rials, semi-finished products and components.

3. Overproduction — the production of volumes exceeding ac-
tual demand.

4. Idle time — inactivity of staff and equipment whilst awaiting
worK.

5. Excess inventory — capital tied up in the form of the com-
pany’s working capital.

6. Defects and rework — the manufacture of products whose
parameters do not meet customer requirements, necessitating cor-
rections to the process, product or service.

7. Over-processing — endowing a product with properties or char-
acteristics that are excessive from the customer’s perspective [2].

A highly effective approach to problem-solving is the One-
piece flow method. This is a step-by-step algorithm for resolving
production incidents: first, the nature of the problem is identified,
after which measures are implemented to eliminate it and prevent
future recurrences.

The starting point in the One-piece flow method is a clear defi-
nition of the problem. For this purpose, the 4M Matrix and 5W+1H
tools are used.

According to the logic of the 4M Matrix, the entire pool of poten-
tial sources of problems and losses is grouped into four clusters:
personnel (Man), machinery (Machine), materials (Material) and
methodology (Method). Breaking things down into these categories
allows the essence of the problem to be articulated with the utmost
clarity.

The 5W+1H toolkit enables the deviation to be analyzed in de-
tail. When identifying root causes, one must answer the following
set of questions: “who?”, “what exactly?”, “where?”, “when?”, “to
what extent?” and “how often?”.

The next stage is identifying the root cause of the failure. Tech-
nigues such as the Ishikawa diagram and the 5 Whys method are
used here.

The Ishikawa diagram visualizes a systematic approach to
identifying the root causes of a problem. Factors are classified into
groups and listed under each group. Graphically, the model resem-
bles a fish skeleton.

The 5 Whys method aims to identify the fundamental causes of
emerging difficulties. Its essence lies in repeatedly (usually five
times) asking “why?” to find the root cause. The number of itera-
tions may vary; the key is to identify the root cause itself.

The third stage is the selection of a method to resolve the prob-
lem. At this stage, it is necessary to generate corrective actions and

select from them the most effective and least costly ones. The key
steps in implementation are reaching consensus with the imple-
menters and drawing up an implementation roadmap.

Step four: implementation of corrective measures. This involves
carrying out the approved plan in strict accordance with the timeta-
ble and conducting ongoing monitoring of progress in collaboration
with the parties involved.

Phase five: managing the outcomes. It is necessary to analyze
how the implemented measures have affected the future frequency
of problems and what preventive mechanisms can be put in place
for the future.

The final stage is the development or updating of the standard.
Ultimately, to resolve the problem, it is necessary to draw up new
regulations or amend existing ones [3, 4].

Another significant tool for radically reducing the volume of
losses occurring on a construction site is the 5S system. The meth-
odology is structured into five phases':

1. Sorting — separating critical tools and documentation from
unnecessary items and removing the latter from the work area.

2. Order — assigning strictly defined and clearly marked loca-
tions to essential items.

3. Cleanliness — developing cleaning procedures, providing
staff with the necessary equipment, and monitoring adherence to
the schedule.

4. Standardization — formalizing rules to systematically support
organization, order and hygiene.

5. Improvement — the continuous evolution of existing stand-
ards.

The method is founded on the principle that every employee
has the right to propose initiatives for improvement' [5].

The use of Lean Construction tools can significantly streamline
operations not only directly on the construction site, but also in
factory-based house-building workshops. Optimized processes
help to reduce costs, improve quality and eliminate unnecessary
movements.

These tools provide the opportunity to analyze all technological
processes on site and transform the sequence of operations, tech-
nological equipment and resource base to multiply productivity.

It is also worth noting other tools that are quite important when
implementing lean construction tools in the construction sector.

One of these is Value Stream Mapping. This tool allows all opera-
tions to be visualized. It can be applied from the design stage right
through to the operation of the building. The tool enables the de-
scription of both business processes and construction and installa-
tion works on the building site?.

It helps to identify inefficient areas, bottlenecks and redundant
processes that do not add value. On a construction site, this may
include processes such as the delivery of materials, the movement
of workers and the handover between contractors.

Standardized work is a method focused on identifying waste
and continuous improvement. Its purpose is to provide a detailed
representation of processes and their step-by-step improvement?®.

It involves a fixed sequence of actions, clear time standards
and quality control. Standardization is particularly important when

' National Standard of the Russian Federation GOST R 56906—2016. Lean produc-
tion. Workspace organization method (5S). Effective January 2016. URL: https://docs.cntd.
ru/document/1200133736 (rus.).

2 GOST R 57524-2017. Lean production. Value stream mapping. Introduced 2018-
07-01. Moscow, Standartinform, 2018; 22. (rus.).

3 National Standard of the Russian Federation GOST R 56908-2016. Lean produc-
tion. Work standardization. Effective January 2016. URL: https:/docs.cntd.ru/docu-
ment/1200133738 (rus.).
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carrying out repetitive tasks (such as plastering or installing parti-
tions), where consistent quality and predictable completion times
are required.

An advantage of the method is the ability to assess the work-
load of all operators, which in the construction industry is most ap-
plicable to the existing organization of work by teams and brigades.
This makes it possible to increase the productivity of the entire bri-
gade by redistributing work between teams and operators, as well
as through the effective organization of these tasks.

The main trend in the evolution of lean construction tools is pri-
marily linked to the synchronization of participants and beneficiar-
ies of the investment project.

The application of lean construction tools makes it possible to
identify and eliminate bottlenecks more quickly, achieve a sus-
tained increase in efficiency and quality, and reduce time and fi-
nancial losses.

The subject of the study is a residential complex of varying sto-
reys, being developed by a major construction company in the South-
Eastern Administrative District of Moscow. The project is characterized
by a tight schedule, a significant number of contractors and complex
logistics on the construction site. The choice of this particular site is
justified by its typicality for the conditions of large-scale urban con-
struction.

Methods of data collection:

e time and motion studies;

e analysis of work schedules;

e interviews with workers, foremen and site supervisors;

¢ photographic documentation of the construction site;

e staff surveys on working conditions and the effectiveness of

collaboration.

To assess the impact of the implemented tools, both qualitative
and quantitative analysis methods were used, including a compara-
tive measurement of indicators before and after the tools were ap-
plied.

Lean construction tools were implemented between June and
August 2025. Three pilot areas were selected:

1. Finishing works in common areas.

2. Installation of building services.

3. Installation of a rainscreen cladding.

At each stage, the current status was recorded, losses were
identified, improvements were formulated, and the results were as-
sessed using metrics for time, losses and staff satisfaction (Table).

Prior to implementation, the following issues were observed:

e delays in material deliveries of up to two days;

e up to 30 minutes per day were wasted searching for tools;

e a high proportion of work in progress;

e a lack of coordination between contract units;

e overcrowded storage areas and frequent disruptions to mate-

rial supply routes.

After the implementation of the tools:

e delays were reduced by 40 %;

® time lost was reduced to 10 minutes;

Key performance indicators

e deviations from standard times were reduced from 35 to
10 %;

e discipline and safety in work areas improved;

e adherence to delivery schedules improved;

e the number of unfinished tasks in finishing areas decreased.

The results demonstrate the high sensitivity of construction pro-
cesses to the implementation of even basic elements of lean con-
struction. It is important to emphasize that the implementation of
these tools is possible without significant financial outlay —
the main resources required are organizational effort and staff
skills.

However, certain limitations and challenges were identified dur-
ing the implementation process:

e a low level of motivation among contractors to transition to
new forms of collaboration;

e a lack of digital monitoring and control tools;

e the need to adapt foreign methodologies to the realities of
Russian regulations;

e time-related costs associated with retraining staff and adjust-
ing established working habits.

To achieve sustainable results, it is important to secure support
from project management, conduct regular status audits, and im-
plement visual control tools at all stages of the project lifecycle.

The selection and application of lean construction tools must
take into account identified and potential systemic losses.

The research findings can be applied in the development of
regulatory recommendations and standards at the federal level.
Lean construction tools can be particularly effective within state-
funded capital construction programmes, as well as in renovation
and infrastructure renewal projects.

Projects involving innovative clusters and world-class campus-
es based at federal universities could serve as one of the most
promising avenues for implementing a hybrid construction man-
agement model.

It is recommended that:

e a set of rules (SR) entitled “Lean Construction: Key Provi-
sions” be developed and approved,

e |ean assessment be introduced into the system for reviewing
design and working documentation;

e regional and federal training programmes be implemented to
teach engineering and technical staff lean management methods;

e the provision of pilot projects with the mandatory application
of Lean tools (particularly 5S and VSM);

e the creation of standard VSM charts and standard operating
procedures adapted to Russian construction practice.

The systematic implementation of lean construction principles
requires a package of measures aimed at integrating the new para-
digm into the existing management structure. Without changing
the current operational algorithm, in which Lean tools become
an integral part of the system, the effect will be fragmented.

Regular meetings must be introduced: weekly and daily sessions
at which identified issues will be discussed in detail and a set of
preventive and corrective measures will be developed. Each week
constitutes a reporting cycle, beginning with a joint site inspection by

Indicator Before After Change, %
Time spent searching for tools 30 min 10 min - 66
Frequency of equipment downtime 4 times/week 2 times/week -50
Deviations from schedule 1.5 days 0.6 days -60
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all project members and a parallel management meeting. In addition,
a daily morning briefing is held to update the decisions recorded
during the site walk-around. Its purpose is to set priorities for those
responsible and develop strategies for tackling current tasks. Peak
efficiency is achieved through the standardization of the meeting
room: the latest information is displayed on the walls in an optimal
layout. A daily morning operational meeting is also held to adjust
the decisions made during the site walk-through. Its aim is to identify
the most urgent tasks for those responsible and discuss ways to re-
solve them. Maximum efficiency is achieved because the meeting
room is arranged to a standard — the necessary materials are dis-
played on the walls in the most effective order.

Every evening, a meeting is held with subcontractors to assess
the actual progress of work and any losses incurred, and to ap-
prove the work plan for the following day using production analysis
sheets.

Participants also carry out daily site inspections independently
to assess the effectiveness of the improvements and measures be-
ing implemented.

If there is a deviation from the work plan, a work analysis is initi-
ated. If a single type of work deviates from the plan, the standard-
ized work tool is applied. In the event of a deviation from the plan for
a set of works, a project is launched which involves analyzing all
types of work with the aim of implementing measures to address
the root causes of the problem.

To implement these tools at the initial stage, staff will need to be
trained in the basics of lean construction and a motivation system
will need to be established.

Thus, the implementation of lean construction tools is possible
at any stage of construction in any organization.

OueHka ap(hpeKTUBHOCTU BHEAPEHUS
WHCTPYMEHTOB 6epeXx/IMBoro
CTpouTenbCTBa Ha 3Tane peanusauymm
cTpouTesnibHOro npoekTa B r. Mockse

B ctatbe paccmaTtpuBaeTcs npo6riema ycToM4MBOro pocrta
cebecToMmMocTn cTpouTenbcTBa B Poccurickon depepauun,
KOTOpasa B yCnoBuax MaKpOSKOHOMI/I‘-IeCKOIZ HeCTa6VII'IbHOCTI/I,
VHASLUN 1 yOOPOXaHUS TOFUCTUKA CTAHOBUTCS KPUTUYECKUM
PaKTOPOM CHUXEHMUS KOHKYPEHTOCMOCOOHOCTU CTPOUTENBHbIX
komMmnaHui. O60CHOBbLIBAETCA HEOOXOOMMOCTb BHEOPEHUS
yrnpaBfieH4YeCcKMX TEXHONOrNIA, HanpaBfeHHbIX Ha CoKpalleHue
NPOV3BOACTBEHHbIX MOTEPb 6€3 3HAYUTENbHbBIX KanuTanbHbIX
3aTpaT. B kayecTBe Takoro nogxopa npepsiaraetca 6epexnnsoe
ctpouTenbcTBo (Lean Construction), aganTupytoLlee NpuHLMMbI
6epeXxyIMBOro NPOM3BOACTBA K Creunduke CTpOUTENbHbIX NPo-
€KTOB.

Ha npumepe xunoro komnnekca B r. MockBe NpoBOAMTCS
aHanus npuMeHeHus metoguk 5S, VSM, ctaHpapTM3npoBaHHOM
paboThbl, a TaKXe AOMOMHUTENbHbLIX MHCTPYMEHTOB, TakKMX Kak
4M, 5W+1H n npuHumn «ogHa 3a ogHol» (Onepiece flow). Me-
ToOMKa uccnegoBaHus BKoYana XpoHoMeTpax, doTtodukea-
LMI0, MHTEPBLIOVPOBaHVE N aHKETUPOBAHWE NepcoHana, a Takxe
CpaBHUTENbHbLIN aHanM3 nokasaTenen «4o» U «nocne» BHegpe-
HUS.

BbisiBNeHb! Kto4YeBble BUObI MOTEPb HA CTPOUTENIBHOW NJIOLLaf-
Ke: OXKMAaHMe MaTtepuasnoB U TEXHUKM, NLLIHUE NepeEMELLEHMS
paboumnx, n36bITOYHbIE 3anachkl, AedeKTbl 1 Nnepenenku. Bhegpe-
HWE MHCTPYMEHTOB 6EepeXIMBOro CTPOUTENLCTBA B TPEX NUSIOT-
HbIX 30HaX (OTAENOoYHblE PaboThbl, MOHTaX MHXEHEPHbIX CUCTEM,

The implementation of lean construction tools at a site in Mos-
cow has shown that even limited measures yield tangible results in
the form of reduced costs, shorter lead times and increased staff
satisfaction. For systematic implementation, methodological, regu-
latory and educational support must be developed. The data pre-
sented can be used both within the framework of the thesis and in
the development of practical recommendations for the Ministry of
Construction of the Russian Federation.
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Application of the Distressed Asset
Securitization Mechanism in the Implementation
of Housing Construction Projects

The construction industry of the Russian Federation faces a serious problem: the accumulation of a significant
volume of construction in progress and illiquid distressed assets constrains investment activity and creates risks
for equity holders, creditors, and budgets at all levels. Traditional restructuring methods, such as bankruptcy pro-
ceedings, asset substitution, or rehabilitation with investor involvement, do not fully restore the housing repro-
duction cycle and require large-scale budget injections. As an alternative, the securitization of distressed assets
is proposed, enabling the transformation of pools of rights of claim under Equity Participation Agreements (EPA),
collateral land plots, and project finance portfolios into liquid marketable securities. a structural model of securiti-
zation adapted to the specifics of the investment and construction cycle has been developed, including the stages
of pool formation, creation of a Special Purpose Vehicle (SPV), tranching, credit enhancement, and servicing ad-
ministration. The advantages of the mechanism are substantiated for developers (balance sheet relief, reduced
funding costs), banks (improvement of capital adequacy ratios), institutional investors (a new class of high-quality
assets), and regional budgets (reduction of expenditures for completing long-term construction projects). The sci-
entific novelty lies in the integration of a cyclical approach to construction asset management with securitization
tools, allowing the structure of issuance and payments to be synchronized with the phases of the facility life cy-
cle. The practical significance consists in the possibility of applying the proposed model to reduce the volume of
“dead capital” in the construction sector and to implement pilot transactions with the participation of development
institutions (DOM.RF, Territorial Development Fund).
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The construction complex of the Russian Fede-
ration traditionally belongs to the number of
systemically important sectors of the economy.
Its share in the gross domestic product is steadily in
the range of 6-7 %, and the total number of employed
persons, according to Rosstat, exceeds 5 million
people. The industry provides multiplicative demand
for the products of metallurgy, the cement industry,
mechanical engineering, and logistics, forming up to
15 % of the total investment demand in the country.
In recent years, despite external shocks and sanc-
tions pressure, the construction sector has demon-
strated relative stability, largely due to the implemen-
tation of the national project “Housing and Urban En-
vironment” [1]. However, systemic problems are si-
multaneously accumulating: the growth of construc-
tion in progress, an increase in distressed assets, and
the dependence of developers on short-term credit
resources.

One of the key factors that changed the land-
scape of housing construction financing was the tran-
sition from 2019 to the mechanism of project finance
using escrow accounts. This measure significantly
reduced the risks for citizens participating in shared-
equity construction, practically eliminating the pos-
sibility of losing their funds in the event of the de-
veloper's bankruptcy. However, the flip side was
a significant increase in the burden on the banking
system and a sharp rise in developer's dependence
on credit resources. Under the conditions of tighten-
ing monetary policy and the subsequent increase in
the key rate (to 16-18 % in 2024-2025), the cost of
project finance has risen substantially. As a conse-
quence, a significant portion of initiated projects has

faced cash flow gaps, which negatively affects
the potential increase in the volume of construction in
progress (including facilities whose construction is
suspended or terminated) due to the impossibility of
fulfilling obligations under Equity Participation Agree-
ments (EPA) because of inefficient project finance [2].

According to data from the register of problem-
atic facilities of DOM.RF, the number of problematic
facilities at the end of 2025 exceeds 130 buildings,
and the total area of construction in progress is es-
timated at one million square meters (Fig. 1).

Distressed assets in construction are understood
to include rights of claim under Equity Participation
Agreements (EPA) and pledged land plots [3].

Distressed assets in housing construction can
be divided into three categories. The first category
includes rights of claim under EPA transferred to
creditor banks or funds after the developer is de-
clared bankrupt; they are characterized by legal
complexity and uncertainty regarding realization
timelines.

The second category includes collateral assets:
land plots and facilities under construction pledged
to banks; their book value often exceeds market li-
quidity.

The third category includes project finance port-
folios with disrupted servicing schedules, against
which banks are forced to create reserves. The ac-
cumulation of these assets leads to a chain of nega-
tive consequences: a decrease in the investment
attractiveness of the industry, the diversion of capital
from circulation, increased social tension (defraud-
ed equity holders), and an increased burden on
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_— ) - Residential area,
Statistics Regions  Developers  Buildings thousand m?
Bankruptcy proceedings initiated in accordance with Federal Law of October 26, 2002 No. 127-FZ! 16 30 39 395
Another bankruptcy procedure introduced in accordance with Federal Law No. 127-FZ' — — — —
Construction completion deadlines exceeded by more than 6 months 9 11 23 106
Deadlines for transfer of shared-equity construction units exceeded by more than 6 months 4 4 6 43
Total 21 44 68 544
Including cases requiring restoration of the rights of citizens participating in shared-equity construction 19 4 65 542

Fig. 1. Statistics of Problematic Facilities as of the End of 2025

regional budgets forced to complete construction at their own ex-
pense [4].

In Russian practice, three main approaches to handling dis-
tressed assets in construction have emerged:

e bankruptcy proceedings of the developer lead to the sale of
property at auction; however, the sale price is usually signifi-
cantly below market value (discounts reach 40-60 %), and
the procedure timelines extend over 2-3 years; furthermore, it
is not always possible to complete construction, and facilities
remain unfinished [5];
asset substitution through the transfer of facilities to the Terri-
torial Development Fund (formerly the Fund for the Protection
of Equity Holders' Rights) allows for the completion of some
projects but requires significant budget co-financing. Over
the period 2019-2024, more than 300 billion rubles were al-
located from the federal budget for these purposes, while
the number of problematic facilities decreased by only 40 %.
The cost efficiency averages approximately 7.5 billion rubles
per completed facility;
rehabilitation involving an investor-developer is possible if
there is an economically attractive residual potential of the fa-
cility; however, investors often demand substantial prefer-
ences (additional land plots, changes to urban planning pa-
rameters, tax incentives), which entails administrative and le-
gal complications. According to expert estimates, no more
than 15 % of problematic facilities have investment-attractive
parameters [6].

' On Insolvency (Bankruptcy) : Federal Law of October 26, 2002 No. 127-FZ.

The original
creditor

Fig. 2. Scheme 1 (Classic Off-Balance Sheet)

1. Sale of combining assets

A common drawback of the listed approaches is that they do
not solve the problem of involving “dead capital” in market circula-
tion without significant budget expenditures. A tool is needed that
would allow the conversion of pools of distressed assets into liquid
resources, attracting private investors and distributing risks [7]. Se-
curitization can become such a tool.

Securitization is a financial mechanism whereby illiquid assets
(loans, rights of claim, collateral) are pooled together, transferred to
a specially created legal entity (SPV), which issues securities
(bonds) backed by these assets. The key elements of classic secu-
ritization include: isolation of assets from the originator's balance
sheet, bankruptcy remoteness (true sale), credit enhancement
(guarantees, reserves, subordination), and tranche rating [8]. Sev-
eral established schemes have emerged in global practice
(Fig. 2-5).

Assets are sold to the SPV, the SPV issues securities, and pay-
ments are made from asset proceeds; first applied in the USA in
1970 (GNMA, Ginnie Mae).

Assets remain on the originator's balance sheet; bonds such as
Pfandbrief (Germany) or Obligations Foncivres (France) are issued.

Under this model, investment units are issued, and a real estate
pool is formed.

Under this scheme, assets remain on the balance sheet, but
risks are transferred via Credit Default Swaps (CDS); applied since
1997-1998. As noted by A. Rachkevich (Bank of Russia Analytical
Note, 2025), the term “securitization” is often attributed to Lewis
Ranieri, and its essence lies in “involving assets in the issuance and
servicing of securities”.

Global issuance volumes of securitized securities remain signifi-
cant. According to S&P Global (2024), issuance volume in 2023

Specialized
financial
institutions

2. Issue of
securities

Investors




#2 /2026

MexayHaponHbI Hay4YHO-TEXHUYECKUIA XXypHan

HepBMX1MMOCTb: 3KOHOMUKA, ynpaenexHue

NPABOBBIE U COLUANbHDLIE ACNEKTbI

The original
creditor

Fig. 3. Scheme 2 (On-Balance Sheet)

Special
Depository

Fig. 4. Scheme 3 (Using REITs)

The original
creditor

Fig. 5. Scheme 4 (Synthetic)

amounted to USD 510 billion in the USA, USD 19 billion in Canada,
USD 104 billion in Europe, USD 264 billion in China, USD 40 billion in
Japan, and USD 31 billion in Australia. The US market structure is
dominated by mortgage-backed securities (RMBS and CMBS —
about 70 %), followed by ABS (auto loans, credit cards) and CLOs
(Collateralized Loan Obligations). It is important to note that securitiza-
tion actively develops only in countries with market-based mortgage
lending and solvent demand. As Rachkevich points out, the domi-
nance of subsidized mortgage programs in Russia (over 50 % of new
issuances) complicates securitization and increases risks.
Regarding housing construction, the specifics of securitization
are determined by three factors. First, cash flows from assets are
distinctly uneven, depending on the stage of completion of the fa-
cilities. At initial stages (documentation preparation, obtaining a con-
struction permit), there are no receipts; at the excavation and mono-
lithic frame erection stage, the attraction of funds under equity
participation agreements begins, but their intensity depends on
sales rates and marketing activity. After completion of construction
and receipt of the commissioning permit, the bulk of revenue is gen-
erated from the sale of remaining apartments, as well as commercial
spaces and parking places. The cash flow profile has an S-shape
with a long ramp-up period and a peak during the finishing works

1. Sale of combining assets

1. Conclusion of credit default swap

Investors

Investment fund
manager

2. Formation of combining assets

1. Issue of
sevurities

Investors

Specialized
financial
institutions

2. Issue of
securities

Investors

stage. Second, the assets that can be included in the pool are het-
erogeneous in their legal and economic nature: rights of claim un-
der EPA transferred to the mortgagee bank after the developer's
alienation; mortgages on land plots held as collateral; project fi-
nance loan agreements with disrupted servicing schedules; as well
as unsold residential and non-residential premises in completed
buildings. Each asset type has its own liquidity, realization timeline,
and legal specifics. Third, asset realization timelines are inextrica-
bly linked to the life cycle of capital construction facilities, which
can range from 2 to 5 years or more, with potential delays caused
by shifts in commissioning deadlines, changes in urban planning
conditions, or litigation. Consequently, classic securitization based
on stable, uniform payments (e.g., mortgage loans) cannot be me-
chanically transferred to the construction sector without substantial
adaptation.

To account for these specifics, an adapted securitization model
is proposed, based on the principle of phased pool formation and
synchronization of cash flows with construction phases [9]. The model
envisages not a one-time aggregation of all assets, but the formation
of the pool as facilities pass critical life cycle stages. This reduces
uncertainty and enhances the predictability of cash flows for inves-
tors.
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The proposed model includes the following stages.

Stage One — Aggregation and Structuring of the Pool. The orig-
inator (a bank, the Territorial Development Fund, a major developer,
or a specialized management company) conducts an inventory of
distressed assets, forming a pool based on the principle of eco-
nomic homogeneity. For example, a pool may be created consist-
ing exclusively of rights of claim under EPAs for facilities with an ac-
tual completion level of at least 50 %, for which a construction
permit has already been obtained and there are no legal disputes
over land rights. Alternatively, a pool of collateral land plots located
in areas with confirmed demand. a key requirement is that assets
must have a predictable residual cash flow that can be assessed
and discounted. At this stage, an independent appraiser and audi-
tor are engaged to perform due diligence, verify the legal integrity
of the assets, and calculate the discounted value of future receipts
considering default probability and liquidation timelines. The result
is a pool passport including a forecast schedule of receipts broken
down by quarter.

Stage Two — Creation of a Special Purpose Vehicle (SPV).
The SPV is registered as an independent structure, typically in
the form of a joint-stock company or fund, whose charter capital is
formed from the transferred assets. The originator sells the asset
pool to the SPV at market or discounted price, thereby removing
them from its balance sheet. This is critically important for risk isola-
tion: the bankruptcy of the originator does not affect the SPV's
rights to the assets, and investors receive protection from “contam-
ination” by the originator's problems. The SPV finances the pur-
chase of assets through the issuance of bonds placed among in-
vestors. The SPV has no other activity besides managing this pool
and servicing the issued securities, which complies with interna-
tional practice standards.

Stage Three — Tranching and Rating. The issued bonds are
divided into several tranches (classes) with different priority of re-
payment and, accordingly, different levels of risk and yield. The se-
nior tranche (Class “A”) constitutes up to 70-80 % of the total issu-
ance volume. It is assigned an investment grade rating (e.g., ruAA
or ruA on the Expert RA or ACRA scale) due to credit enhancement
and conservative cash flow forecasts. Senior tranches are acquired
by institutional investors — pension funds, insurance companies,
asset management companies — which are legally permitted to
invest only in highly reliable instruments. The mezzanine tranche
(Class “B”) — 10-20 % of the volume — offers higher yield but also
higher risk; it can be purchased by qualified investors or the origi-
nator itself. The subordinated (junior) tranche (Class “C”") — 5-10 %
of the volume — absorbs the first losses and is usually retained by
the originator or sold to a strategic investor (e.g., a development
institution). Such a structure allows risks to be distributed according
to the risk appetite of different investor groups.

Stage Four — Credit Enhancement. In order for senior tranches
to receive an investment grade rating, a safety margin must be en-
sured. The model provides for the following mechanisms: a reserve
fund amounting to 3-5 % of the issuance volume, formed from part
of the bond placement proceeds or from originator funds; this fund
serves to cover cash flow gaps during temporary shortfalls in
receipts. Guarantees from regional guarantee organizations — con-
stituent entities of the Russian Federation interested in completing
long-term construction projects can provide guarantees up to a cer-
tain amount, enhancing the credit quality of the securities. Insurance
against construction non-completion risks — specialized insurance
companies ensure the risk that construction will not be completed on
time or that a commissioning permit will not be obtained; the insured

amount covers the volume of shortfalls. Overcollateralization —
the nominal value of assets in the pool exceeds the bond issuance
volume by 15-25 %, creating a buffer against depreciation or realiza-
tion delays. Subordination of tranches — subordinated tranches ab-
sorb losses first, protecting senior holders.

Stage Five — Servicing and Administration. The servicer (a man-
agement company with experience in the construction and financial
sectors) performs operational management of the asset pool. Its
functions include: monitoring the progress of completing construc-
tion (if assets include facilities under construction), interacting with
contractors and technical customers, accounting for receipts from
housing sales (under EPA or direct sale-purchase agreements), col-
lecting debt from obligors, forming an accumulation account for
payments to investors, preparing reports, and disclosing information
[10]. The servicer also monitors covenant compliance — for exam-
ple, maintaining the reserve fund level and adherence to construc-
tion schedules. In case of deviations, the servicer notifies investors
and initiates the application of credit enhancement mechanisms.

A key distinction of the proposed model is the consideration of
the cyclical dynamics of the investment and construction process.
During the active construction phase (from excavation to comple-
tion of monolithic works), cash flows are forecast based on actual
EPA conclusion rates, which in turn depend on the stage of comple-
tion, marketing, and market conditions. For this purpose, simulation
modeling is applied at the pool structuring stage: several scenarios
are constructed (optimistic, base, stress), and critical points of po-
tential cash gaps are identified. At the final stage (after the facility is
put into operation), cash flows are generated from the sale of fin-
ished apartments and non-residential premises, characterized by
higher certainty but potentially stretched over time (realization of
remaining stock can take 12-24 months). In the proposed model,
the bond amortization structure (principal repayment and coupon
payment schedule) is synchronized with forecast cash flows: at
early stages, only coupon payments are envisaged, while principal
repayment is tied to construction completion and mass realization
milestones. This approach reduces refinancing risk and enhances
the stability of the entire structure.

The implementation of the distressed asset securitization mecha-
nism yields a multiplicative effect for all participants. For developers
and banks, it primarily means unloading balance sheets from dis-
tressed debt, which improves capital adequacy ratios (for banks —
reducing provisions for loan impairment), as well as obtaining addi-
tional funding at a rate 2-3 percentage points lower than project
finance rates (due to the higher rating of bonds compared to the in-
dividual credit rating of the developer). Released resources can be
reinvested in new projects, accelerating capital turnover. For institu-
tional investors, the emergence of a new class of high-quality assets
with predictable yields and collateral in the form of real construction
assets expands portfolio diversification opportunities. Senior tranche
bonds, possessing investment grade ratings and credit enhance-
ment mechanisms, can be included in the Bank of Russia Lombard
List and used for REPO operations, increasing their liquidity. For
regional budgets, securitization reduces direct expenditures on
completing long-term construction projects, as projects receive
funding from private investors. Moreover, the commissioning of
problematic facilities increases the tax base (property tax, personal
income tax from buyers, profit tax from developers) and solves
the social problem of defrauded equity holders without attracting
budget funds. For the financial system as a whole, securitization
contributes to reducing the volume of “dead capital” — assets that
do not participate in value creation — developing a secondary
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> Features of the Securitization Process: Purpose, Risks, and Control Methods

Methods for Controlling Risks

Risk Associated with the Feature Related to the Feature

Secutitization Feature Purpose of the Feature

Fluctuations in market interest rates increase | Formation of a reserve fund from
the risk of cessation of asset-generated cash | “excess spread” to cover losses from
flows due to early repayment or defaults fluctuations in market interest rates

Proceeds from assets are used to make
payments to security holders

Assets generating cash
flow are involved in
issuing securities

Creation of centralized state registry of
assets applied as source of payments
under issued securities

Assets used when issuing | Avoid violations in payment schedule on
securities are combined securities in case of stoppage of proceeds
into a pool from individual assets

The volume of pooled assets and limited
access to information for external
participants help maintain their real value

Initiator transfers its Ensure protection of assets constituting Quick release of issued assets leads to
assets to the pool through | the pool against claims by third parties in weakening criteria for creditworthiness
“real sale” case of bankruptcy of original owner (initiator) | assessment

Delegating rights to independent party
regarding decisions on refinancing loan
initially granted by initial creditor

market for construction bonds, and enhancing the resilience of
the entire project finance system.

At the same time, the application of securitization is associated
with a number of risks that require careful monitoring [11]. As shown
in the analytical note by A. Rachkevich (2025), securitization accord-
ing to the American model carries systemic risks. The first risk is
the weakening of credit standards (the “originate to distribute” phe-
nomenon). Banks, planning to sell loans, lower requirements for bor-
rowers. Control method: delegating the right to make loan refinanc-
ing decisions to an independent party (e.g., a specialized rating
committee). The second risk is information asymmetry: investors
cannot adequately assess asset quality due to the large pool volume
and limited access. Control method: creating a centralized state reg-
ister of assets used in securitization with differentiated access (full —
for the regulator, anonymized — for investors) [12]. The third risk is
the loss of supervisory control when using true sale: banks dispose
of distressed debt without consequences. Control method: manda-
tory retention by the originator of a subordinated tranche (at least
5 % of the volume) and the introduction of a “clawback period” for
transactions with low-quality assets. The fourth risk is interest rate
risk: fluctuations in market rates can lead to early repayments or bor-
rower defaults, disrupting the payment schedule. Control method:
forming a reserve fund from “excess spread” (the difference be-
tween asset rates and issuance servicing costs). Table systematizes
the features of securitization, associated risks, and control methods.

Minimizing the listed risks is most effective with the participation
of development institutions — DOM.RF and the Territorial Develop-
ment Fund. DOM.RF can act as a guarantor for senior tranches
(providing suretyship), as well as a co-investor in subordinated
tranches, assuming part of the risks. The Territorial Development
Fund, possessing competencies in completing problematic facili-
ties, can perform the functions of servicer and technical customer,
ensuring control over construction. Such a hybrid public-private
partnership format in structuring securitization allows combining
the advantages of market financing with the administrative and
guarantee resources of the state.

The strategic targets set by the national project “Housing and
Urban Environment” and the Construction Industry Development
Strategy until 2030 envisage annual housing commissioning of at
least 120 million sg. m [13]. Achieving these indicators requires not
only increasing the volume of new construction but also effectively
completing already initiated projects, releasing frozen resources.
Securitization of distressed assets can become one of the tools for
implementing the “roadmap” to reduce the volume of construction
in progress, approved by the Ministry of Construction of Russia [14].
The most promising directions for further development are: creating

a specialized securitization operator based on DOM.RF with the abil-
ity to purchase pools of distressed assets from banks and subse-
quently refinance them through bond issuance; developing stan-
dardized contracts and rating models for construction assets, which
will unify procedures and reduce transaction costs (estimated poten-
tial reduction of 15-20 %); amending Federal Law No. 214-FZ' and
the Federal Law “The Securities Market”? regarding simplifying pro-
cedures for transferring rights of claim under EPA to an SPV, recog-
nizing such bonds as secured, and establishing tax specifics for
SPV (exemption from profit tax on income from the pool) [15].

The conducted research has shown that the accumulation of
a significant volume of construction in progress and distressed as-
sets is a systemic challenge for the Russian construction industry.
Traditional restructuring methods — bankruptcy proceedings, asset
substitution, rehabilitation — do not fully return “dead capital” to
economic circulation without substantial budget expenditures.
The proposed mechanism for securitizing distressed assets, adapt-
ed to the specifics of the investment and construction cycle, en-
sures the transformation of pools of rights of claim and collateral
assets into marketable securities, attraction of long-term invest-
ments from institutional investors, distribution of risks among par-
ticipants through tranching and credit enhancement, and a reduc-
tion of the burden on budgets at all levels by 30-40 % compared to
direct financing.
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MpuMeHeHne MexaHM3Ma CEKbIOPUTU3 ALK
nNpo6sieMHbIX aKTUBOB NpPUW peanusauum
NPOEKTOB XXWUJIMLLHOIO CTPOUTENbLCTBA

CTtpoutenbHas otpacnb Poccunckon depepauumn ctankmBaet-
Csl C CEepbe3HOW NPO6EMOW: HAKOMEHNE 3HAYUTENBHOIO 06b-
ema He3aBepLLUEHHOro CTPOUTENbCTBA U HU3KONMKBUAHbIX NPO-
611EeMHbIX aKTUBOB CAEPXMBAET NMHBECTULIMOHHYHO aKTUBHOCTb U
€o34aeT pUCKN Ans JOSbLUNKOB, KPEANTOPOB U GIOAXKETOB BCEX
ypoBHEW. TpaanLMOHHbIE METOAbI PECTPYKTYpU3aLmum, Takme Kak
KOHKYPCHOE NPOU3BOACTBO, 3aMeLLieHe aKTMBOB UK caHaums
C NpUBeYEeHNEM NHBECTOPA, HE MO3BOSIAIOT B MOSTHON Mepe BOC-
CTaHOBMUTb LMK BOCMPOU3BOACTBA XMUNbS 1 TPebyoT MacLuTab-
HbIX GIOKETHbIX BNMBaHMN. B KayecTBe ansTepHaTuBbl Npea-
JI0OXEeHa CEeKbopUT3aLmns NPo6IeMHbIX akTUBOB, NO3BONSAIOLLANA
TpaHchopMmnpoBaTh Mynbl Npas TPe6OBaHU MO [OroBopam [o-
JIEBOr0 y4acTus, 3anoroBble 3eMesibHble yHacTKn 1 noptdenm
NPOEKTHOro (OUHAHCUPOBAHUS B IMKBUAHbIE PbIHOYHbIE LIEHHbIE
6ymaru. PagpaboTtaHa agantupoBaHHas K cneumduke MHBeCTu-
LIMOHHO-CTPOUTENBHOrO LiMKna CTPYKTYpHas MOAEeNb CEKbIOpU-
TM3aumu, BKNoYawLlas atansl GopMUpoBaHna nyna, co3naHus
crneuunanbHoro topugudeckoro nuua (SPV), TpaHwupoBaHus,
KPEeAMTHOrO YCWUTEHUS U CEPBUCHOI0 aAMWUHUCTPUPOBAHUSA.
O60CHOBaHbI MpenMyLLiecTBa MexaHm3mMa A5 3acCTPONLLMKOB
(pasrpyska 6anaHcoB, CHMXXEHNEe CTOMMOCTU POHANPOBAHMS),
6aHKOB (yny4LUueHne HOpMaTUBOB JOCTAaTOYHOCTU KanuTana), UH-
CTUTYLIMOHANbHbIX MHBECTOPOB (HOBbIV K/1AaCcC Ka4eCTBEHHbIX akK-
TUBOB) N pernoHasnbHbIX 600KETOB (COKpaLleHne pacxogoB Ha
3aBepLUeHne [oNrocTpos). HayyHas HOBU3HA COCTOUT B MHTEr-
paunn LMKAIMYECKOro Noaxoaa K ynpasneHUio CTPOUTENbHbIMU
aKTUBaMu C MHCTPYMEHTapMEM CEKbIOPUTU3aLMM, YTO NO3BONS-
€T CUHXPOHM3MPOBAaTb CTPYKTYPY BbiNycKa W BbIiNAaTt ¢ aszamu
XW3HEHHOro LuKna o6bekToB. [NpakTuyeckas 3Ha4MMOCTb 3a-
Ko4aeTcsi B BO3MOXHOCTU MPUMEHEHWUS NPeaoXEeHHON Mo-
[enun Ansa cokpalleHns obbema «MepTBOro Kanutana» B CTPO-
UTEeNbHON cdepe 1 peannaauum NUIOTHBIX CAENOK C yHacTuem
MHCTUTYTOB pa3sutus (QOM.P®, doHp pa3BuTUS TEPPUTOPUIA).
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Enhancing the Investment Attractiveness
of Construction Projects Using Green
Technologies

The subject of the study is the influence of modern green technologies on the investment attractiveness of real
estate. The aim of the work is to identify mechanisms for increasing the investment value of investment and con-
struction projects through the introduction of environmentally sustainable solutions in the current market conditions.
The methodology includes an analysis of scientific and analytical sources, the regulatory framework of the Rus-
sian Federation, as well as a comparative analysis of the practice of introducing green technologies in office and
residential real estate. The empirical base consists of cases of Russian developers implementing the principles
of sustainable construction. The results of the study demonstrate the complex impact of green technologies on
the investment attractiveness of real estate. It has been established that their implementation: reduces operating
costs due to increased energy efficiency, increases the profitability of facilities, stimulates demand from tenants
and buyers, prolongs the service life of buildings and preserves their value. In office real estate, this is reflect-
ed in an increase in rental rates and a decrease in vacancy rates, in residential real estate — in an increase in li-
quidity and an acceleration in the pace of sales. The scope of the results is the activity of developers and inves-

Boriskina Yulia lvanovna,

tors in the development and implementation of investment and construction projects. Examples and arguments
are given, proving that green technologies serve as an effective tool for increasing the investment attractiveness

of real estate properties, ensuring their long-term sustainability and competitiveness.
Keywords: investment attractiveness, green technologies, sustainable development, energy efficiency, operat-

ing costs, development, green construction

urrent conditions in the property market are

transforming existing approaches to the im-

plementation of development projects and
the assessment of a property’s investment appeal.
Increased competition, high base rates, expensive
project financing and, consequently, stagnation in
the property market are inevitably pushing both in-
vestors and developers to seek new strategic solu-
tions and directions, one of which is sustainable de-
velopment. Thus, in addition to the project’s financial
indicators — which have long remained the primary
criteria for project evaluation — new characteristics
are being introduced that reflect operational efficien-
cy, environmental sustainability, uniqueness, and
the resilience of properties.

Currently, the consideration of ESG factors (en-
vironmental, social and governance) is gaining par-
ticular prominence, becoming an integral part of in-
vestment analysis. Investors are focusing on assets
that provide a stable income whilst minimizing long-
term risks, such as the consequences of operation
and the obsolescence of real estate properties. In
these circumstances, it is necessary to apply tools
aimed at improving the quality and sustainability of
properties.

One of the key areas is the implementation of
green technologies, which reduce resource con-
sumption, improve energy efficiency and enhance
environmental quality. Such solutions have a signifi-
cant impact not only on the operational aspects of
buildings, but also on their market value, liquidity
and demand among buyers and tenants.

The relevance of this paper stems from the need
to identify the mechanisms through which green
technologies influence the investment attractive-
ness of real estate properties [1].

In a climate of economic instability and rapidly
changing factors that determine investment attrac-
tiveness, investors are placing higher demands on
the quality of investment assets capable of main-
taining value and returns in the long term [2].

Increasing attention is being paid to the envi-
ronmental characteristics of properties, their energy
efficiency and compliance with modern environ-
mental quality standards. Properties with such char-
acteristics demonstrate lower operating costs and
are more resilient to market fluctuations.

Among tenants and property buyers, there is
a growing trend towards properties that provide
comfortable conditions for living, working and lei-
sure, whilst minimizing operating costs. Environmen-
tal friendliness, energy efficiency and the quality of
the indoor climate are becoming significant factors
in property selection [1, 3].

A key factor is the rising cost of energy resourc-
es, which leads to increased costs and reduced
competitiveness for inefficient properties. In these
circumstances, the importance of measures aimed
at reducing resource consumption and optimizing
operating costs is growing.

Consequently, the investment appeal of prop-
erty developments now depends not only on finan-
cial factors, but also on operational, environmental
and market factors that directly influence the prefer-
ences of end-users.

Modern green technologies are used as a tool
to directly enhance investment attractiveness. Let
us consider the main technologies and their impact
on an investment and construction project (ICP).

One of the green technologies with the fastest
payback is energy efficiency. LED lighting, heat reco-
very, cogeneration and other energy-saving methods
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reduce operational energy costs. In real-world conditions, such reduc-
tions save up to 40 % of energy consumption. Reducing energy costs
even during the construction phase already means an increase in free
cash flow for the investor. Furthermore, lower energy intensity means
reduced dependence on fluctuating electricity tariffs and, conse-
quently, a reduction in market risk and the application of a lower dis-
count rate when evaluating the project.

The longest phase of an ICP project is its operational phase.
During this phase, it is crucial to continuously monitor the condition
of the facility and promptly address any issues that could lead to
significant costs.

loT systems are currently in widespread use: sensors for occu-
pancy, lighting and temperature. Even air quality is monitored.
The practice of continuous IEQ (Indoor Environmental Quality)
monitoring is employed — maintaining temperature, humidity and
carbon dioxide levels. Modern sensors enable the rapid detection
of leaks and the monitoring of water consumption. Not only is
the main water supply monitored, but also stormwater and greywa-
ter systems.

For investors, these metrics signify increased automation, re-
duced equipment downtime, and transparency regarding energy
and emissions KPI. Real-time data enables investors to avoid “gre-
enwashing” — the practice whereby companies merely pretend
their operations are environmentally friendly, misleading investors
and consumers.

Investment appeal is also enhanced by the scalability of loT
systems, which reduces the subsequent costs of implementing
them in new ICP.

“Green” building materials are characterized by reusability, low
toxicity, durability and local production.

The use of recyclable, low-carbon materials (such as replacing
traditional Portland cement with its polymer-based alternatives), re-
cycled raw materials (metal, glass, recycled plastic) and biodegrad-
able composites reduces dependence on virgin raw materials. Lo-
cal production helps avoid logistical problems and sanctions,
which is particularly relevant at present.

One example is the work of scientists at Novosibirsk State Uni-
versity, who have developed a building material based on coal ash
(industrial waste from coal, ash and peat). This material fully re-
places high-grade cement, whilst being cheaper and ensuring
complete waste utilization.

The use of such materials solves the problem of construction
waste disposal for developers and reduces costs for primary mate-
rials. The carbon footprint is reduced, which enhances the prestige
of the investment project. Thanks to these effects, the project’s NPV
increases and the payback period is reduced.

One of the key challenges in Russia is water conservation. Ac-
cording to the Centre for Strategic Research, around 45 % of water
supply and drainage networks require replacement, whilst the an-
nual rate of network replacement stands at 0.9-1.1 % [4].

In these circumstances, the use of water-saving technologies is
justified and delivers tangible benefits for ICP. Closed-loop water
supply systems, leak detection, water consumption monitoring, and
the treatment of stormwater and greywater enable any issues to be
resolved quickly and without wastage, whilst also reducing depen-
dence on municipal networks and lowering operational costs for
water supply and wastewater management.

Water risks are taken into account when assessing creditworthi-
ness. If ICP has high water efficiency, this improves its ESG rating,
which directly reduces the cost of debt capital.

The use of green roofs and facades, the planting of protective tree
belts and reforestation, and landscape optimization are technologies

that are not yet widely adopted in Russia but which hold significant
investment potential. Comprehensive land development enhances
the environmental sustainability of areas and also enables a project
to achieve a high level of environmental certification and access
preferential financing.

For development projects, the presence of green spaces in-
creases the value per square metre by up to 15 %. Green roofs re-
duce air-conditioning costs in summer and heating costs in winter,
whilst also extending the roof’s service life by 1.5-2 times [5]. For
commercial and residential property, greening and a high-quality
environment increase the rental rate by up to 20 %.

Itis important to understand that all the methods and technolo-
gies listed work best within a well-structured system. They hold
great potential for the Russian market. The competent, systematic
implementation of energy efficiency, eco-friendly materials, water
conservation and loT systems provides investors with a sustainable
competitive advantage and lays the groundwork for future projects
and expansion as “green” financing develops (Fig. 1).

In terms of the impact of introducing green technologies into
an investment and construction project, the following main catego-
ries can be identified: financial, investment, market and operational
effects.

During its operations, an organization incurs operating expens-
es (OPEX). Reducing these expenses is one of the benefits achie-
ved through energy-efficient and water-saving technologies, as well
as the use of recycled building materials.

This leads to the second key performance indicator for ICP:
growth in net operating income (NOI). This metric is calculated as
the gross income from the asset minus OPEX, before deduction of
taxes and interest. NOI can be influenced by reducing OPEX, as
well as by increasing operating income through higher rental rates.
The ability to set higher rental rates arises from the demand for en-
vironmental awareness. By obtaining eco-certification, an invest-
ment project automatically enhances its prestige among tenants
and, consequently, the rental rate [6].

Growth in NOI directly increases the value of the asset. If oper-
ating income increases by 10 % whilst the capitalization rate re-
mains unchanged, the value of the asset rises by 10 %.

By opting for “green” construction, the company achieves a re-
duction in regulatory charges. The adoption of green technologies
minimizes environmental fines and charges for exceeding emission
limits.

The investment benefits stem from changes in the terms for se-
curing financing, as well as shifts in the attitudes of capital provid-
ers.

Growing awareness of ESG construction has led to an expan-
sion of the pool of potential investors. One example is the BPI Fund
“RSHB — Moscow Exchange Index — RSPP Sustainable Develop-
ment Vector”, whose portfolio includes companies such as Phos-
Agro, Sberbank, Tatneft, MMK. Since its inception, the fund has
delivered a return of 18.16 %, which is a strong performance and
attracts new investors to green construction [7].

For investors, a company applying “green” and ESG principles
is now associated with reduced risks. This allows for the application
of a lower discount rate in the internal rate of return (IRR) calcula-
tion, thereby increasing the present value of the asset. Combined
with growth in NOI, this effect is amplified and results in a signifi-
cant increase in the property’s value.

Competitiveness is a key factor in the market. As a competitive
landlord with green certification, you can charge a premium rent
(10-20 % higher than the standard rate). In Russia, energy-efficient
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technologies and methods for reducing environmental pollution are
often difficult for competitors to replicate, so companies that use
them have a huge advantage. Major tenants are willing to pay a pre-
mium for energy-efficient buildings with a low carbon footprint and
a strong environmental reputation [8].

During the operation of a green building, operational efficiency
is key for investors. loT technologies enable the rapid and accurate
identification of systems requiring repair or replacement, helping to
prevent breakdowns and the costs associated with emergency re-
pairs, whilst reducing equipment downtime. Improved operational
efficiency lowers OPEX, thereby enhancing the investment appeal.

The use of eco-friendly and durable materials, green roofs and
facades, high-precision sensors and other green building methods
extends the building’s lifespan, both physically and economically.
Greening the building envelope increases the interval between rou-
tine and major repairs, reducing operating costs. Tenants prefer prop-
erties with a longer remaining service life, as this reduces the risks of
breakdowns and relocations; consequently, owners of such build-
ings can charge higher rents and attract more loyal, large-scale
tenants.

Current trends in the adoption of green technologies demon-
strate a shift towards the systematic application of such approach-
€S across various property sectors. The greatest impact on invest-
ment appeal is evident in the development of office and residential
properties (Fig. 2).

Thus, in the office segment, the most significant benefits of ap-
plying green technologies are improved energy efficiency, opti-
mized operations and an enhanced working environment.

A prime example is the development of Sberbank’s “green” of-
fices [9]. Energy-efficient engineering systems, automation systems
and solutions aimed at reducing resource consumption and im-
proving conditions for employees are being implemented. In par-
ticular, Sberbank’s offices have been awarded certification under
the green building standard rating system and also comply with
modern environmental standards. Regional offices have repeatedly
won industry-specific competitions for the implementation of solu-
tions in the fields of energy efficiency and water conservation.

From the perspective of investment attractiveness, such solu-
tions ensure a reduction in operating costs, increased productivity
and employee engagement, and growing interest among tenants in
high-quality office spaces.

In the residential sector, the introduction of green technologies
is primarily aimed at improving the quality of the living environment
and reducing housing maintenance costs.

A prime example is the work of the developer Brusnika. The com-
pany is delivering a new standard of housing, setting new bench-
marksin 2021, according to the Unified Resource of Developers
(ERZ.RF), the company was recognized as an innovation-oriented
developer in the Russian Federation.

One of the most recognizable and unique projects in Brusnika’'s
portfolio is Urban Villa 17, part of the “European Quarter” development
in Tyumen. This building was the first in Russia to receive the BREEAM
“Excellent” international environmental certification. As part of this
project, a range of engineering and analytical solutions were ap-
plied to improve residents’ health and the quality of the environ-
ment [10].
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Fig. 2. The green technologies effect on real estate investment attractiveness

The use of energy modelling and the results of acoustic studies
made it possible to determine the optimal parameters for engineer-
ing and technical solutions and to reduce the building’s energy
consumption. As a result, the energy performance coefficient was
0.69 — this indicates a significant reduction in energy consumption
compared to typical residential buildings in Russia. Analysis of heat
flows enabled a comfortable indoor climate to be achieved without
the use of additional engineering equipment.

Photovoltaic solar panels have been installed on the roof of
the urban villa; the electricity they generate is used to power
the lighting in communal areas, storage rooms and the car park.
The building is fully automated — to save energy, motion sensors
have been installed in communal areas, the apartments feature
a “smart home” system, and a telemetry system connects the apart-
ment to the control centre, enabling meter readings to be transmitted
in real time. And although the construction costs are significantly
higher than for standard projects, the developer has purposefully
implemented this concept, earning a reputation in the market as
a pioneer in the application of all possible cutting-edge technolo-
gies and gaining invaluable experience and the opportunity to re-
duce costs by implementing proven solutions in future develop-
ments.

From an investment perspective, these solutions ensure lower
operating costs, increased appeal of the property to buyers, and
improved liquidity and value stability over time.

Thus, in residential property, green technologies also enhance
investment appeal by creating a high-quality product that is in de-
mand on the market.

In recent years, the active development of the ESG agenda has
become a significant element of strategic corporate management.
This is driven by the government’s focus on sustainable develop-
ment, as well as stricter requirements regarding corporate environ-
mental and social responsibility.

The development of a regulatory framework has been a key
factor in the growth of “green” construction. In 2021, Russia devel-
oped a classification system for “green” projects (a taxonomy) [11],
passed a law on reducing greenhouse gas emissions, and issued
recommendations from the Bank of Russia on the disclosure of
non-financial environmental information by companies [12].

A new inter-state standard for “green” multi-family residential
buildings (MFRB) has been approved in Russia. The document will
come into force on 1 July 2026 [13] and will replace the national
“green” GOST R standard for new buildings, which has been in
force since 2022 [14].

The standard contains both mandatory and general criteria.
Mandatory criteria include, for example: a high energy efficiency
class for the building (not lower than A), landscaping of the sur-
rounding area, the creation of a barrier-free environment for people
with reduced mobility, and improved sound insulation and natural
lighting in the apartments.
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In parallel, a national standard for “green” construction is being
developed for offices, warehouses and shopping centres.

CORE.XP conducted a study of the office sector, analyzing
over a hundred certified properties, and concluded that rental
rates in “green” offices are 16 % higher, whilst sale prices are 4 %
higher [15].

The new standard will outline the methodology for assigning
energy efficiency ratings to commercial buildings. Thanks to this
tool, developers gain access to tax incentives — under Article 381
of the Tax Code of the Russian Federation, properties with a high
energy efficiency rating are exempt from property tax for three
years [16].

As green technologies develop, the scope of financial instru-
ments focused on sustainable development is also expanding. In
particular, Bank DOM.RF has secured market financing for projects
by the developer “Pioneer” through exchange-traded “green”
bonds. This demonstrates the emergence of new sources of capital
for ICP that comply with ESG principles [17].

The development of the regulatory framework and the estab-
lishment of evaluation criteria for “green” projects are making
the market more transparent and increasing interest among inves-
tors, tenants and residents alike. The growing investment appeal of
real estate properties is driven by the introduction of specialized
financial instruments and government support measures.

In today’s climate, the investment appeal of real estate assets is
determined not only by financial indicators, but also by operational
efficiency and the quality of the environment. The growing impor-
tance of the ESG agenda and rising resource costs necessitate
the adoption of new approaches in investment and construction
projects.

Analysis has shown that green technologies are an effective
tool for enhancing investment appeal: they reduce operating costs,
increase returns, demand and liquidity of properties, extend their
service life and preserve their value over time.

Practice in Russian office and residential property projects con-
firms that green technologies influence both the technical charac-
teristics of buildings and user behaviour, creating added value and
enhancing competitiveness; the regulatory framework, national
standards for “green” construction and financing instruments in-
crease market transparency and reduce investment risks.

Thus, the implementation of green technologies represents
a strategic direction for the development of the property sector, en-
suring long-term sustainability and growth in investment attractive-
ness.
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MoBbiLWeHne NpuBNeKaTesibHOCTU
MHBECTULMOHHO-CTPOUTESNILHOIO NMPOoeKTa
nyTeM BHepPeHUsi COBPEMEHHbIX
«3eJIeHbIX» TeXHOJNOrnmn

lMpegmeTom nccnenosaHnsa BbICTynaeT BAUSAHWE COBPEMEHHbIX
«3eMeHbIX» TEXHONMOTNA Ha MHBECTULIMOHHYIO MpuBeKaTesnb-
HOCTb 06BEKTOB HEABMXMMOCTU. Llenb paboTbl — BbISBUTbL Me-
XaHV3Mbl MOBbILLIEHNS UHBECTULIMOHHOW LLIEHHOCTN UHBECTULIMOH-
HO-CTPOUTENbHbIX MPOEKTOB 3a CYET BHEAPEHMS SKONOrNMYECKU
YCTOMYMBBIX PELLUEHUI B TEKYLLMX PbIHOYHbIX ycnoBuax. MeTo-
[ONorns BKIOYaEeT aHann3 Hay4YHblX Y aHaNMUTUYECKUX UCTOYHN-
KOB, HOPMaTUBHO-NPaBoBoW 6a3bl PD, a Takxe CpaBHUTENbHbIN
aHann3 NpakTUKN BHEOPEHUS «3efeHblX» TEXHONOrnnm B ou-
CHOW W XMWNOW HeABWXMMOCTU. SMNupuyeckyto 6a3dy coctasu-
JIN KEWCbl POCCUNCKNX AEeBesIoNepoB, peannayoLwmx NpuHLMMbI
YCTONYMBOro cTpouTenscTBa. Peadynbratbl uccnefosaHus ge-
MOHCTPUPYIOT KOMMIEKCHOE BO3AENCTBUE «3EMEHbIX» TEXHOSO-
M Ha MHBECTULMOHHYIO MPUBIIEKATENbHOCTb HEABUXMMOCTU.
YCTaHOBMNEHO, YTO MX BHEAPEHMWE: CHUXXAeT JKCrsyaTaunoHHbIe
3aTpatbl 6narofaps pocTy 3HepProa{eKTUBHOCTH, MOBbILLAET
[IOXOOHOCTb 06LEKTOB, CTUMYNMPYET CNPOC CO CTOPOHbI apeHAaa-
TOPOB M MOKynaTenen, NpogneBaeT CPoK CnyXO6bl 34aHUA N CO-
XpaHseT UX CTOMMOCTb. B odhrcHom HeaBMXUMOCTM 3TO Bbipa-
XaeTcs B pOCTe apeHAHbIX CTaBOK U CHWXXEHUU BaAKaHTHOCTM,
B XXWNOW — B MOBbILLIEHWUN JIMKBUAHOCTU U YCKOPEHUN TEMMOB
peanusauuun. O6nacTb NPUMEHEHUS Pe3ynbTaToB — AeATesb-
HOCTb [eBeNionepoB U MHBECTOPOB MpU pa3paboTKe u peanu-
3aLUN MHBECTULMOHHO-CTPOUTENBHbLIX NPOEKTOB. [NpnBeaeHsI
NpUMepbl U apryMeHTbl, JoKa3blBaloLme, YTO «3efleHble» Tex-
HONOrnK cnyxat 3pdPeKTUBHBLIM NHCTPYMEHTOM MOBbILUEHUS UH-
BECTULIMOHHOM MpUBIEKaTENIbHOCTU OOBLEKTOB HEABUXMUMOCTH,
obecrneymBasn Ux JONFOCPOYHYIO YCTOMHNBOCTb U KOHKYPEHTO-
CMOCOBHOCTb.

Knto4eBble cnoBa: HBECTULMOHHAS NPUBIIEKATENIbHOCTb, «3€-
JIEHbIE» TEXHOIOMMU, YCTOMYMBOE Pa3BUTUE, IHEPIrOIPPEKTUB-
HOCTb, 9KCIITyaTaLMOHHbIE 3aTpaThbl, AEBESIONMEHT, «3€/1IEHOE»
CTPOUTENbCTBO
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